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ABSTRACT

Vein rock,s. Fere exa¡nine.d fron the Bissettr.Manitoba

Prea, and 25Q sanples cotrlected fron 50 Loc¿litie9, Fifty-
nine sanples were chemieall,y analysed for 26 elements, and

thin sections were prepared from 20 samples"

lrations:.of gold-bearing quartz injections areFour gen(

Located in steeply dipping fractures, shëars and faults"
The úeins occur mostly in rocks of the R.ice LEke group

(greensßones), in which the rnoçt favorabLe structural areas

aré noses and axial planes of ênticlines.
The quartz in these veíns exhibits a rride rangê öf

colors, textures and transparençies, Other nirieraLs ir¡ the

r¡ein rocks inclt¡de chlqrlte, epidote, carbonates , so¡ne

feldspars and $ulfidès (srpstLy pyrite¡- arserropyrite,

chalcop¡r¡ite, g-alena and sphalerite) , The vei.n rocks are

surrou¡rded by alteration ZoDê,s o

Gold occurs as a 4ative el.çment assocrate'd with qt¡¿rtz

and carbonates, or within countfy .roçks. The greatest.

anounts occur as "particles in the clear microcry,st.alline

quartz" $ome gold is disseninated in pyrite and ârs€no-

p{rite ¡ .and'T}'afti,ally replace5,.thep,.

Ther.e is an enriçhment of Si, Co, Cr, Cu, Pb and Ba,

and a depletion of ZrL, Ní* S, lvln, Zr, Ti, P, Li, Rb, and

Sr in veips compared to either rocks that co¡ttain thenÌ or

the equivaf.ent average crustal rocks"
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CHAPT.ER. I

INTRODIJCTION

ACKNOI{LED6FMÊNTS

ThÍs study Was, s,uigqeFt€d o'y Ðr, A. Tu.Tek, of th,e

lr,lanitoba Departnen;t of Ml¡nes ánd 'Nat,uçal 'dèsource$,
r!l

Geological -ûivisign, and was unðertaken by the author as

p,art of, 'tP'roject Pionee.rr'" iThÍéiprojqctr âÉ iqrvest-ssation
:jointLy sponsoreil by the Manitobalepat,ft,mçint of Mi,nes andr'

Natural Resources and the Dgpartnent of Earth, Sçiences at

the University of, lvlan.iteba, :i.ncl.u$es pßË,rólogå'eal r geo-
.. ) .' ;.. :t 

:

chenicô1" and geqphysicatr studies ùn thd¡ Blssett 'afea of

southeastern Manitoba (Davies, l9ó6J.
;i

Field worh was condtrcted dur,ing the field seasons o,f,'

1967 and 196,8. themicatr ;ahalyçê,.s- were dçile in' th:e Ðepart-
l

ment of ,.Earth Sciences, Univerçi.ty of Manitobao Under the

supervision of l,tr. K. Ramla1.

The üheç,i,s,vúås w'ritt'en under the supervisi.oa gf Dr" A.

C. Turnock, :whesê,intereçt and valu:abLe suggçltions are

gratefull.y aclcnewleôþed" Dr. Ð. T" Andersgr¡ hras the,cecond

reader, and Dq. l{. D:., MêRitchie !ú*s the, cutsiëe,,reader"
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residents of tñe a.rea. .Pg,rticutratr th'ars*s are due to Mr" J,
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C. Gibson, then the chief geologist-general nanage,r of the

rfnation and assist-

ance in the exa¡nination of the pr,operty, Duríng the coutrse

of field work, the writer received r¡seful suggestions and

vah¡able crit'icisms frem all me,mbetç of trProject Pioneer"

fie"Ld party, es'pecia11y., fron Drs" W" D. lçtcRitehíeo N" B.

Church, A" Turek¡ ,ar¡d Me'ssers J" Stephertson, F" C,atnp,bell

and H, Twmzig. The assistanca 'of these me,n ip deçply

acknowledged:

Mrs" D. Anukun helped with the typ:ing of preliminary

drafts. 'She was also helpful flurifig the ,preparatiorr of the

thesis with an er¡during encouragement and charm.

Finall.y t'he author is gr,âteful to the Federal 'Govern-

ment of Canada, Department of External Affairs, Canada

Internatiorfal Developrnent Ag-e,ncy for: financial. sltp:port

through their Special C,pr¡ynqnwealth African Ai'd Progran, in

whi.ch he was 'a schotrar"

FIELD WORK AND LABORATORY METHODS

On1y one accessible underground: property, namely the

San Antonio GoId lvfine, was exarnin.ed dur.ing field work"

Sgnples of .,quartz were colleéted f¡on veins represent,ing

ri.ch, mode,rate an.d,"barren o-re on various levels.
The sanples from other shear zones were co,llected on

the surfaeer arùd frotr wâste durnps of abandoned mines and

prospect pi,,ts" The ad;iacent country rocks were sa¡npled

in profiles at right angles to some qhear zgnes r

Z"



In the laborat,ory, the barren and gold-bearing quartz

were studied in hand specirnens, thín and polished sectíonso

Sone samples were then crushed and prepared for chenical

analysis, A su¡n¡nary of methods used in the che¡nical

analytÍcal laboratory is given in Appendix 2.

The petrology,,of the Rice Lake Greenstone belt has

been described by Davies (1963) and Stockwell (1938). The

location and general geology are shown in Figure 1, and a

sum¡nary description is given in Appendix 1"

3"



Figure 1. Location and general geology of "Project Pioneer"
area r
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CHAPTER II

THE VEIN ROCKS

DEFINITION

"Vein Rocks" are quartz-rich veins,.lenses, or dikes;
with other minerars and inclusions of wall-rock. Most of
the veins have a well defined outline with a clear quartz

filling" others are silicified, nylonitízed walr-trock"

so¡ne are of econonic value because of their content of gold,

but nost of then have gold contents less than an economic

value

Most of the veins are surrounded by an alteration zone,

which is a sheared and partly-altered zone of the wall-rock.

DISTRIBUTION

The distributi.on of major, ¡ninor, and barren nineral-
ized veins is,'of. great practical and scientùfic signifi-
cances, especially in an area which was once a gold-

producing district, Davies (1963) illustrated the distri-
bution in a larger area, includíng the area of study, while

stockwell (1938) described all knor4n quartz veins in the

Rice Lake-Gold Lakeo and Halfway Lake-Beresford Lake areasc

He enurnerated over 7,00 such features,

The distribution is: 1. confined within a bert bounded

by the Wanipigow-siderock and Manigotagan faul.ts (see

5.



Fi'gure 2), Z" Located mostly within the Rice Lake,Group

A¡d the rock6 intruded into it (see Figure 2) t 3" 'Çønd,ên-

trated in the region of anticlinal axee and noses of the

Beresforé and R.ice Lake folds (see Figure 2).
, The-dist,ribtrtlon of veins in. ,'the 'area is shown in

Frigure 2: :About 2-S0 sarrples lrere collected from thg' 50 ,

loc+lities shown i.n Figure 3.

' Thg f-€.irrs of the 'rPioneer'r area eccur witirirr zones qf

fracturing flnd faulting in steeply d.*pping and netamof-

phosed,volcanic, basic intrusive, and quartz d-jori.te ro:ck:s¡

all of Archean age. The,irefns-, lilße t,he strucfural
featt¡res,r- occür essentially ín all rocks of the arer, br¡t

are concentrated iÀ,'the'¡ngre b-.fittl€ and conpetafùt rocks"

MODE OF OCC,URRENCE

The veins display a cqnsideFable variation in com-

position and shape" Sgne are up to 50 feet in width and'

continuous over distances of up to 1000 feet; some are

discontinuous, occurring as stringers or lenses, and with

branch,ing vetnlets;

The oriçntation pat,tern of the mineralized frastures

of the {egion is sinilar to that of the:najor non-mineral.
l

ized fsactur,es- aud f ault9 (s'ee Figure 4) " Also there i"s

s,o¡ne distinctìon of shapé and composition amorlgst' the

three sets, viz l

6'.







1" The Northwest-Southeast Set

The poles to the strike and dip of the veins in this
set make a strong concentration plot which is scattered

between s30oW to :s80oW. The veins dip steeply to verti-
cally to the northeast, see Figure 4a and 4b.

The Northwest set comnonly exists as irregular quartz

veinlets, displaying swelling and pinching in sone Locations"

They follow fracture zones which are characterized by

brecciation and a lack of shearing. It was also found by

Stockwelf (f93S) that veins of this set are nade up of
sinuous, vein-like bodies of quartz"

These veins were the largest and best ore producers

at the following mines: San Antonio Gold Mine (tZ6 vein),
Gtrnnar Gold Mine (f I and #3 shears), and Cent,ral Manitoba

Mine (the Kitchener vein), Veins of thís set alsor âs a
rule, make up nearly a half of the veins in these mines

and other cl.airns. It is the ¡nost prominent shear

direction in the entire areac

Z, The Northeast*Southwest Set

A stereo-Dêt plot of poles to the attitude of veins

of this set nakes a poor concentration that is split up

according to direction of dip, see Figure 4a and 4b.

These veins connonly dip vertically or steeply to the

northwest r

The Northeast set of veins is usqally nade up of a

successÍon of lenticular quartz bodies, They follow shear

9r



Figure 4az Stereonet plot of poles to
fractures, shears and far¡Lts.

250 Points

Figure 4b: Statistical pLot of
fractures, shears and faul.ts.
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zones along which there has b,een differential movçnent of

the wa1ls with little or no displacêment"

The second largest ore producer in the samç mines,

that is, #16 for San Antonior -#2 for Gunnar, aRd EcJ.i.psg

#?, for Central Manitoba, were vçins of the Nort,heast-

Southwest set, The veins and lenses of this set consti-

tuted the second next abundant and significant shear

direction in thç arear

3. The North-Squth Set

The concentration of points repfesenting poles to the

strike and dip of members of this set is also poor, see

Figure 4a and 4b" The veins dip steeply.

Although there v¡ere fewe¡'veins and lenses of this set,

small anounts of gold were produced from some clains with

this shear direction" In nost ínstances the north-south

strike of the fractur.es çhanged abruptly to either pf the

sets a1rêady nentioned.

COIVÍPOSITI0N

The veins EaI be either quartz, or a silicified and

nylon,itized country rock, with the minerals: quartz (at

least 85%), carbonate, chloritei seTcite, epidote, rutile
and tourmaline. Where r'¡ninerali zation?' is present, there

may be pyritef ars.enopyriteo pyrrhotite, sphalerite,
chalcopyrite t Eãlena, henatite, nagnetite and gold" Vetn

rock chenical conpositions are described in chapter III"

L1"



DESCRIPTION OF THE QUARTZ FROM THE VEINS

Phvsical Properties

In hand specimen, the color of quartz fro¡n the veins

varies widely from colorless to bleck" The colors are

affected by transparency, texture efid luster (see table 2)"

The predominant color is white r with the following

varieties: The first variety, a milky white, for¡ns the

rnajority of the white specinens (see samples 31(2)

24(2))" Sample 3f(2) is nilky white, seni-opaque, and

very coarsely crystalline; sarnple ?4(2) also milky

white, but it is semi-translucent and coarsely crystallÍne.
They are both vitreous Ê

A second form of white specinen-s, disrrlayed by samples

5; 7 and 22(2) is snoky white. Sanples 5 and 7 are se¡ni-

transl.ucent and dense, They all have a vitreous luster"

A third type is white to snroky, a variation of the

smoky forn. These specinens are coarsely crystalline, and

with a vitreous luster" It is shown in sanples ?L0 and

3(1), which are seni-translucent and sample 27(l) whicii is
tranlucent 

"

A fourth and final variety of white quartz differs
only in its texture, which is medium to coarse granular¡.

the samples are translucent (see specimens 15(1), 41 and

92(3)).

The next most abundant color of the specinrens is
black" .There are two varieties, the darkest of which is

L2.,



Table 2z Sumnary of specinen colors and other physical features.

ColorÆ
White

Transoarency

Trans Lucent

Sample Nunbers
Texture Luster sf Exanples

Vitreous 41, 15, 92(3)Medium
granular

ìlery coarse Vitreous 3I (2)Milky white Semi-opaque

Se¡ni - trans lucent Coarse

Smoky white Se¡ri-translucent Coarse

Srnoky white Translucent Dense
to grey

White to
snoky

Black

Semi-translucent 'Coarse

Seni-opaque

Trans lucent

Seni - opaque

Coarse

Coarse

Vitreous Z4(2)

Vitreous 7 | 5

Vitreous 22(Z)

Vitreous LLOt 3(1)

Vitreous 27 (L)

Vitreous ?7,(3), 30 (2) , .18 (1)

Vitreous 26(2), 44, 30(3)

Vitreous 13(1)

Dark grey Serni-translucent Medium to Vitreous 30(1), 19(1), 46

Reddish-

'Coarse

Coarse
brown (pink)

Reddish to Se¡¡ri'translucent Coarse
grey

Yellowish- Seni*opaque Medium to Vitreous 3(f) ' 2(2), 3?,
brown Coarse Z0 (1)

H
bt
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opaque, coarsely crystafline and vi.treous (see sanples

1S(1) , ZL(L) r'22(3), and 30(2)). This variety also

displays conchoidal fracture, The second variety, a dark

greyr hây vary in texture. from apharlitic to coârs€-

grainedr or it niay be mixed up with veinlets of the white

types (see samples 19(1), 30(1), and 46, The specimens

can be opaque or translucent and have a-vitreous luster"

The reddish-brown (pink) color i.n the specimens can

be also subdivided by textural propertie.s r ranging f rorn

nediun to coarse-grained, and by degrees of trånsparency"

It is composed of reddish-brown and reddish to grey

varieties; exaniples of this type are specimens 26(2\',

30 (3) , and 44.

Finally a yellowish-brown color is exhibited only by

thqse specinens that wére collected fron the suÌfac.e or

prospect pits. They represent w'eathered equivalents of

the other colors (see sanples Z(2), 3(1)' 20(1)' and 32).

Meg4scopically, there are at least three character-

istic textu¡es in all the quartz of al¡nost all colors'

So¡ne speciÍnehs are irregular nediun to coarse-grained,

as in samples 18(1) ' 1'9(1), 21(1) ' 30(2) i and ZLD, Other

sanpLes: 27(2\,32(1), are fine-grained to aphanitic, or

even so f,ine as to give t,he quartà a cherty appearanc€c

The third type is the gr.anul.ar (sugary) texture

displayed by samples 15(1), 4L, 9Z(3),,98(1) ' and' 30(1) 
"

The density of randonly selected specimens averaged

2 
" 

6 5 gm/ cc at room çenperature .and pressure !

L4"



An x-ra)r beam was'pass,ed through.powdered salnples of
white speci+hens " Up,oÞ bei.ng expos.ed, the .powders changgd

color to grey. This in.dueed grey color is lost partially
when the powder is lef t at reor¡r ternperätule and pressure;

it is conpletely desfrCIfe& by heating"

The pouder sf black çolored specÍmens. hras aLso heated

at LO,O0oC fcr 10 hou+s. The btack color changed to a light
grey c

In hris ' study of, r the , Ogama- Rockl"and gold mine , Troop

(1949) identifted',rtwo-.pfincipal eges- ôf qüarrz injeetion
in that )nlin,e: aa.;ga¡iy: smôky quartzr 4frd a later white,

qu,artz" Boyle (1954), rcofking.in a similar type of a

gr€eabt,oîç belt in the North-Illest Tefritories" ngted tha.t

the sþear 'eones of the Yello,wkníf,çlarea.',contain:quarta of
two distÌnct agesi an older ,r+¡hite quartz and a youüger

dark type!

During the course øf field wofi(n as. nany as f,sur

separate a.ges of que,r'trz ia3'ections î#efe i$entifi-ed by their
crog:g-cutting reTetionshi:ps. Corffarisbn' o$,l the a,ge

.ì
relationships of oneir are:a to ânother non- juxtapossd-area

is oaly considerd af;'$oeèu1etion, euen if rhq, rypes of

quartz ob,serv.çd'have, 'símilar physiCal- or chemical pro-

pertieq. Many of thç:millty wÏlíte q,uantz ve:i.olets cr¡t

acioss black quartz. The older black quartz is character-

istically, f.i'4e-¡grrined to aph:*,pi¿i.c, and contains p[rite,
chalco..pyrite, and smail amounts of .gold"

15"



However, thene are also occufrences of the opposit'e

relation in which veins of whi'te quart z aÍe çut by younger

black quartz" This black quaftz, however, is :nedium to

coarse-grained and conta'ins 1ittle or no sirl.phides and

gold.

The yot¡nger white quartz is usuall.y coarse-grained and

shows evidence of brecciation with extrene undulatory (wavy)

extinction" Three generations of younger white quartz were

observed. The oldest typç carries considerabl.e EoLd and is

crowded with solid inclt¡sions of altered country rock,
'

carbenates, and some ârroütlts of pyrite, chalcopyrite,

arsenopyrite, and iron o,xides. it is dark white to, color-

less.

The second generation exhibits a green coloratlon

which nay be in the for¡n of bands, patches or dots. This

generation of quartz carries so¡ne sulphides and oxides,

with small quantities of visible gold"

The voungest white quartz probably f:i.1ls the surfaces

of joint sets (Figure 5). This generation. of, quaqte ís

characteristically mediun to coarsen granular, and is
nilky white. It, carries ve'ry little s'olid incluçions,"

It is pvident that ,the. sl'dest quartz is black and

that,the youngest quartz in the area fills joint planes"

It is postulated that after the deposi.tion of both bl.ack

and white quartz, there were two events: a period of

shearing which affected the yorln'ger white, coarse-grained

variety üore than the oLder, fine-grained types'" l'he

L6"



Figure 5 Youngest
Locality

quartz fill,ing the joint planes"
f 16-g-41. ,

Figure 6

L7,

Occurrence of gold
Locality f1ó-8-45.

(center) in pyrite crystals.
Scale 300x,



Fecond event was the Íntroduction of black and white quartz,
plus mineralizing solutionsr

OCCURRENCE OF GOID

1" The greatest anounts of gold occur as particles in
the clear microcrystalline quartz,

2' some gold is disseninated,rvithin pyriter ârseno*

pyrite and chalcopyrite Ín a finely divided state r or as a
partial replacenent product of pyrite and arsenopyrite, see

Figure 6.

3" Native gold al.so occurs as snal.l segregations in
adjacent country rocks, see Figure 7d"

4, Native gold also occurs as snaLl grains in the

carbonetesr nostly calcite and ankerite, and near quartz,
see Figure 7b"

Lg.



Figure 7a: SmalL
nocks 

"

goX.d segregations ( light)
LocaLity #L6-7*23,

í.n the country
Scale 30x"

Fi.gure 7b:

L9.

Snatrl grains of, gotrd
Locatr ity #L6-8-205.

in carbonates and quartz"
Scale L0x"



CHAPTER III
PETROTOGY

A petrographic study of the quartz from the veins was

carried out in a search for a possible correlation between

the type of vein rnaterial and the chenristry thereof .

several of the nines and shears zones were sarnpled across

the strike and into the country rock"

THE QUARTZ CORES

Texture

The quartz fro¡n the vein cores is made up of medium

to fine-graÍned euhedral end subhedral quertz showing

extreme undulatory extinction, with some larger strained
grains of quartz" Fine-grained quartz is invariably
observed around grain boundaríes of larger grains of
quartz " This texture, also called rtrnorter structureft is
illustrated in Figure 8a" In sone specínens (e"g. #5),

there is an alternation of grain sizes which defines a

layered structure Figure 8bn In other samples, clear
quartz not only exists as veinlets cross-cutting the grain

boundaries, but also parallels them (sanple #S(f))"
The najor textural difference betï¡een the two gener-

ations of quartz, nanrely the early black-grey quartz and

20"



Figure 8a: T'exËure of vei.n quartz-coarsen nedium and fi.ne"
Loealíty #L6-7-28 (l) " Scale 1.00x"

Figure 8b:

zL"

"Microl ayering'o
local,í.ty #1ó-7-5.

Texture of vein quartz
Scale Z0x"



the relativetry late whÍte quartz, is that the early quartz

is fine to mediun-sized and euhedral to subhedral, with
patches of nicrocrystalLíne quartz, whereas the lat,er whíte

quartz is generally mediurn to coarse-grained, and has sub-

hedral grains which also contain patches and veinlets of

microcrystalline clear quartz"

Mineralo syæ{4

By far the most abundant mineral of the veins is
quartz" It givçs an excellent x-ray powder díff,raction
pattern of Low (<) quartz"

Optically, most grains give a uniaxíal. positive
fi.gure, but some of the strai.ned crystals are pseudo-

biaxiaL with a low 2V of about 10o" Extinctíon is
paralle1 in euhedral grains, but ís undulose in straíned
grains " Relatively unsheared grains may be fi.amboyant

and eghedraL to subhedral. These may be modified by

shearing to give feathered sma1l, lameltrar-like needl.eso

with broken and 'f draggedt' grains.

Plagioclase feldspars are more common ín the vein

material than potash feldspars " The feldspars in fine-
grained mixture wíth quartz are short and stubby, with
fibrous terninations, The plagi.oelases are partly a

altered to sericite and zoisite (?), especíally in the

centèr of the grains " Feldspars withín eountry rock

inclusions in the vein ¡nateríal are not as altered as those

in the quatrtz.

22"



The amphiboles show peculiar nicroscopic structures,

being composed of feathered needles and lamelLae in a fine-
grained mixture of quartzo-feldspathic naterial"

The predoninant mica in the quartz cores is muscovite 
"

In some of the grains it is acco¡npanied by leucoxene, rutile
and magnetite

Biotite is rare, and nost of it has been altered to
very fine-grained chlorite.

A few grains of serpenti.ne (or talc?) are scat,tered in
the sections " They are thought to be atr teration products.

X-ray powder photograph patterns reveal that the ¡nost

common carbonate i.s calcite. Ankerite, nagnesite" and

siderite also occur. Also identified by x-ray nethods

were: azurite and malachite as weathering products 
"

Pyrite, arsenopyriteo chalcopyrite, sphalerite,
pyrrhotite, gaiena were identified"

Hematite and magnetíte were easily recognizable"

Epidote, ilneniten rutile, leucoxene were observed but not

confirned by x-ray analysis,

Rare occurrences of, tourmalinen garnet and graphite

hrere observed r

By far the nost abundant native elenent is gold. Its
occurrence is described in Chapter III. Traces of native

copper were also present.

Micro-incLusions in quartz, solíd and liquid, can

disptray planar, linear or random orientaions. The solid
inclusions are serite*saussurite, chlorite, carbonates,

23.



mica, ruti.le, tourmali.ne, graphite, with or without
metallic oxides and sutfides" Liqutd inclusions have been

reported in a number of thin sectior¡s of quartz from Goj.d-

seaL, wentworth (west) n cryderttran and Independence shaf,ts,
by J" stephenson (personal conmunicationsr l96g). These

have been called secondary J.iquid incLusions because their
location was such that they occur as veinlets having a

linear ali.gnment that cut across graín boundaries 
"

DESCRIPTION OF THE ALTERATTON ZONES

Texture

The characteristic textures and Structures ar€:

1"" Mortar, augen, and flaser textures, where lenti-
cles o needles, or "porphyrobrasts" and "porphyroclasts'u of
uncrushed grains are scattered in a granulatedo streaky
¡natrix of the same material (chief ly quart zo-f.etdspathic) 

"

Z, Flow structures within the granuLated quartzo-
feldspathic natrix

3" "Flinty-crush-rock'r texture withín fault and shear

zones (microbreeciation), where there are veins of black
or dark green crushed roek associated with faults and

shears. The minerals all display strain shedows and

fragnent.atíon, especially in the quartz grains¡ this
texture nay be used to trace the extent of initial stages

of dynamì.c deformation,

4" Mylonitic texture in which ontry a few scattered^

grains remain uncrushed" The grain-síze of cataclastic

?,4 
"



roeks determines whether the roek is to be referfed to &s a

catadlasùte,r a fiYlonite, or an ultramylonite"

5" All veín r.@cks of thé al,ts$ãtlon zQnes' are strongly

f oli,ated, Figure 9 
"

6o Poikiloblastic texture of porphyroblasts of quartz

or feldspar eìontaining inclusionsìsf other nineratrs.

7 " Relict texture ,ôr strl¡ct.u*ri q Diabasic (ophiti€)

texture is still reta:ined in so¡ne gabbroic rocks" Megas-

copic sçrqctqres such aS pillows, vesicles and anygdutreS

nay c,-e preserved, ves,icles being fill'ed with quartz er

calcite. Clo,se to tn*ç edges of the granitic intrtrsíons,

theré are zoRes rich, ifi'.zenoliths , giving a relict

i grreous - inclus'ion s tructu.re '

¡¿inElqlgeI

The mineralogy of thç coì¡ntry rocks is d'ep'endent Ón

the li.thology aq outTinqd i.n Figure 1" Ffowev,er,. the nost,

predominant ninerals are. gfeeh chlorite n sericite,

zoisite, clinozoisite, eþidote¡ lltuseovirte, car'bonate

(nrosçIy cale ite, ankerite o azurit'e ai¡ld r¡alaahite) ,

grapt*ite, quart z and feldspar" Fibrous anphibolest

biotite , leue,oxene And fUtí'le a è irregul,ÉrlY distributed 
"

lvletaltric oxides and sslfid.es atre ra,re"

Classification

'rc

The dístributisn of épecific minerals within.certpin

sections of sinilar alteration zones in Yelfowknife green-

stone-be,lt shear zoneõ was used by Boyle (1959) to claSsify



Figure g; Foliatíon in rocks of
X,ocaLity #16-7- L5( 1) 

"

the alteration uones
ScaLe 20x"

7,6 
"



them i.nto three schist zones: (1) chlorite, (?.) carbonate-

chl.orite , and (3) carbonate- serícite-schists . Flowever, in

t,he Bissett area, his zones ( 1) and (Z) are not distíne t,
but are here together in an outer zone; The zones are:

1" The Chlorite-Carbonate Schist Zone (outer zone)

The outer zone is rich in chlorite and carbonates,

with ¡ninor quartz, rnicas, f,eldspatrs e tourmaline, sericite,
epidote, clinozoisite, and graphite" Sulphides, esÐecialLy

pyrite, pyrrhotite, arsenopyrite, chaleopyrite, sphatrerite

and galena, are uncomnÒn and i.rregulartry dåstributed"

This zone is interpreted to be a zone of ehlorit,i-
zatíon, earbonatization, desilication and hydration of, the

country rock"

2" The Serieite-Saussurite Schi.st Zone (inner zone)

The inner zone is rich in quartz, sericite, clino-
zoisite, epidote, muscovite and graphite and contaíns

minor carbonates, feldspars, tournraline, rutiTe, leucoxene"

Sulphides ocçur as in' zone 1"

This unít ís i.nterpreted to be a zone of sericitå-
zation, saussuriti.zatíonn silicifieation and oxidation of

the country rock,

DESCRIPTION OF COUNTRY ROCKS

The wal1 (country) roeks have been subjected to

dynamic, regional and retrograde (hydrothermal) metamor-

phisrnn probably of 1or¿er greenschist f acíes (Stockwell,

1938) " They are fine-grained schists and granobl.astites,

.,n



reÞresenting metemorphosed volcanic and sedinentary rocks"

The rninerals are: quertz, plagioclase, potåsh

feldspar, biotite, muscovite, amphiboles, sèricite-
saussurite, chlorite, carbonates, magnetite, epidote,

rutile, tourmaline, and a few oxides and sulfides" Bulk

chemical analyses of sanples adjacent to veins at the

Eldorado and Packsack mines are listed"in Table 15,

Appendix 5"

The ninerals produced by retrogrede neta¡norphisn

r.lsually appear as needles within the f ine- grained Quartzo-

feldspathic rnatrix and around phenocrysts or clasts.

?8"



CHAPTER IV

CHEMICAL COMPOSITION OF VEIN MATERIAL

The sanples ere randon or n'grab" samples of different
types of vein ¡naterials, Representative naterial was

chosen for chenical analyses 
"

The methods of analysis are described in Appendix zn

A" VEIN MATERIAT WITH BTACK OUARTZ (TABLE 5)

In general, the emounts of elenents other than sioz
reflects the amount of ¡nineraLs other than quartz in the
sample. The contents of cao and c0, may be assigned to
calcite, and Mgo, Alzo3 and Hro to chrorite" The content
of ,sulfides should be reflected in the anount of S,

In more than half of these saurples (e"g, lg(1), 46

the anount of co, is more than double that of cao" It
rnay be speculated that some of the excess co, is derived
fron elemental carbono

The origin of the color of black-grey quartz has
been variously attributed to carbon (graphite) pignentation
(Boyler 1954); and to tournaríne, trivarent iron, and

lithium (Frondel, l9ó3) . Chenical composltion of black-
grey quartz (Table 5) is not characterized by the presence
of large anounts of FeS+ or Li, relative to their contents

29,



Tabl.e 5:

N{a j or
ELements

s ioz

A1 203

Fe 203

FeO

Mgo

Ca0

Na2O

Kzo

Hzo

coz

Tio2

Pzos

MnO

L6=7'7

90"55%

6.30

2.76

0.40

0"74

4,60

0 "24

0 
" 
02

0 
" 
58

s.44

0"13

0"0ó

0.04

L6-7-18(1)

97 ,50"ó

0"59

4.67

0"28

0"04

0"40

0"05

0"06

0"10

0 
" 

12

0"03

0.03

0"00

L6-7-1911)
dGa**

97 "25"6

0"19

0"61

0"48

0,05

0"20

0"02

0"002

0. o9

0"64

0"00

0"02

0"004

16-8-44

97 " 80?

0.25

0 ,47

0"20

0"09

0"1.8

0 
" 

03

0"00

0"12

0"25

0 
" 
004

0.04

0.00

97 .7 0Z

0,26

0"97

0.02

0"05

0 "22
0 

" 
x.2

0,00

0"08

0. 44

0. 00

0"04

0"002

Analysis of Veín Roeks Containing Black Quartz

(J¡



Table 5:

Trace
Elenents

Analysis of Vein Rocks Containing Black Quartz

S

Ni

Cu

Co

Zn

Pb

Zr

Cr

V

Sr

Rb

L1

Ba

Totals

Total includes

135OPPM

t7

34

22

33

68

1ó0

188

58

80

0

I
400

100,03

all. elements

16-7-18(1)

9OPPM

1.0

26

0

I
16

110

236

I
7

0

I

100

100 
" 
19

with pertinent

1,6-7-19f11

T6OOPPM

I
28 50

28

43

z8

60

238

6

0

0

0

400

99 .55

correction 
"

1ó*8-44

1890PPM

t7

14 50

10

6

16

110

160

6

0

0

2

600

100.77

16- 8- 46_

I 94PPM

6

1400

9

35

22,

160 
_

232

14

0

0

z

2s2

100 
" 

18

(}l



in white quartzÇ

The color of most bLack-grey specinens was destroyed

by heating at l000oC overnight. It is also noted that a

simíLar color was produced by gamma-rays passed through the'

powdered white-colored specimens for several hours 
"

BO VEIN MATERIAL WITH WHITE QUARTZ

The chenical. analyses of vein rocks containing white

quartz are listed in four groups: aphanitic, Table 6ai

banded, Table 6b; coarse-grained, Tabl.e 6c; and grenularn

Table ód"

The aphanitic and banded types (Table 6a and ób)

contain more sulfides than the coarse and granular groups

(Tables 6c and 6d) " The forner are thereby enriched in
S and Cu"

The principal constituents of, all the white types are:

Alo Feso, Ca, HZO and COr" The white quartz is simil.ar to

the black quartz in trace element quantities of Mg, Na, P

and Ti, (except a and b), Some amounts of Mn, Cu, K and S

(except c and d) are also contained in the white quartz

types" The other significant el.ements in smal1 quantities

are: Zr, Cr, Ba, tGo, (except c and d), Ni, Zn, Pb, V, Sr,

Rb and Li,
White quartz fron the vein materiaL contains more Ti

and K than black-grey quartz fron the vein rocks, but

comparable or Larger a¡nounts of these elements are found in
other colored types.

One sample of vein ¡naterial. # 16- 7-3 (1) , Tabl,e 6a, was

32"



TabIe 6a:

Major
El_gnentå

sio2

A1203

FerO,

FeO

Mgo

CaO

NatO

Kzo

Hzo

coz

Tio
2

Pzos

MnO

Anal.ysis of Vein Rocks Containing White Aphanitic Quartz

L6-7 -27 (2)

97 .304

0"21

0"90

0.72

0"01

0.21

0"016

n.d"

0"08

g.27

nodn

0.04

0"009

L6-7 -3L( 2l#

76,602

2.66

3.5S

L"76

1" g8

4. 93

0.87

0.10

0"90

4 "L7
0"08

0.07

0.05

16-8-44

97 ,80eo

0,25

0 ,47

0 .20

0"CI9

0.19

0.03

0"00

0. 12

0.2s

0 "004

0 ,04

0 ,00

q4kness

98 
" 
70f

0.11

0 .43

0.20

0.01

0.20

0.009

0"00

0.00

0 
" 
l7

0"00

0.05

0.002

gg"45g

0"56

0 "L2

0"44

0"02

0"13

0"03

0.01

0"11

0.06

0"00

0.01

0.003

(¡¡
(¡l
c



Table 6az

Trace
E!etneqlå

S

Ni

Cu

Co

Zn

Pb

Zr

Cr

V

Sr

Rb

Li

Ba

Analysis of Veín Rocks Containing It¡hite Aphanitic Quartz

L6-7 -27 (2)

Totals

Total includes

31OO PPM

5

530 0

0

z

0

600

256

19

0

0

2

800

100 
" 

31.

aLX. eLements

L6-7-31-12)

29600 PPM

39

35

L7

46

30

0

255

0

z7

0

J

200

99,2,2

wit.h perti-nent

I6-8-44

1890 PPM

L7

14 50

10

6

16

110

160

6

0

0

¿

600

100 " 77

correct ion,

Vnkrleug

520 PPM

15

99

I
6

19

0

125

L7

0

0

I
500

99"99

L6-7-3III

2060 PPM

L2

950

4

900

32

0

L9Z

10

0

0

200

1.0CI"07

þ.¡è



T'eble ób: Analysis of Vein Rocks Containing White Banded Quartz

Major
Elements

sioz

41203

FerO,

FeO

Mgo

CaO

Na2O

Keo

Hzo

coe

Tio2

Pzos

MnO

16-7-25(1)æ
92.45q

1" 0l

2"59

0"56

0"02

0.20

0"02

0.29

0"19

0,59

0"00

0"03

0"003

L6-7 -30 l1ì

96,05?

0 .35

0.84

1" 16

0,09

0"10

0,02

0"00

0.15

0"51

0.02

0"06

0"005

L6-7-3s(2)

70 "652
3"72

LL,7 2

3"60

0"28

0"59

0"59

0.83

0.32

0.86

0,74

0"19

0.005

16-7 -36 ( 2'lÉr¡æ#

96. l0å

1.02

0 
" 

78

0"25

0.07

0"14

0.54

D"dn

0"35

0,65

Il,du

0"05

0"009

91 
" 

g0g

L,62

0 "47
0"48

0"52

2"01

0 ,39

0"20

0"25

1" 98

0,004

0"05

0"02

(rl
(/t
ô



Table ób: Analysis of Vein

Trace
Elements 16-7 -25(1)

Rocks Containing

16-7-30(r)

59OO PPM

5

41.00

0

48

18

150

170

8

0

0

0

700

100, 1g

with pertinent

S

Ni

Cu

Co

Zn

Pb

Zt

Cr

V

Sr

Rb

ti
Ba

T77OO PPM

10

240

L5?,

I
18

s10

288

30

7

0

1

500

110500 PPM

36

72

98

14

0

0

2L8

94

10

30

0

400

99,72

correction"

ltlhite Banded

L6-7.35(2)

Quart z

16- 7- 36(2)

590 PPM

11

z3

I
39

L2

160

304

6

7

0

0

400

100.08

L6- 8- 42

1790 PPM

L9

nqs
L4

9

2L

0

223

L2

37

1

2

500

100 ,0 LTotals 99 '01
Total includes all elements

br
0\
E



Table 6c: Analysis of Vein Rocks Containing White Coarse-Grained Quartz

Maj or
Elements L6-7-17(1) L6-7 -L6(2)

sioz

A1z03

Fe zos

FeO

Mgo

CaO

NarO

Kzo

Hzo

coz

Tio2

Pzos

MnO

98.40%

0.32

0.19

0"36

0.01

0"1.0

0"02

0 
" 

11.

0"11

t,zz
0"02

0 .03

0,001.

98.60%

0 .21

0"19

0.32

0"tr.1

0 "24

0 
" 

0z

0"04

0,13

0"19

0"01

0"05

0"008

L6-7-24(2)
d

99.10%

0"08

0.57

0.L2

0"003

0"11

0"007

ilod"

0"00

0"04

0"00

0.02

0.005

L6-7 -36 (?)

96. 10%

1.02

0"78

0"25

0.09

0 " 14

0"54

nud,

0 
" 
35

0"65

n"do

0"05

0"009

ó *8;,21,0
-@

g5 
" 30%

1.03

0,51.

0.54

0"33

0 "6v

0.05

0"11.

CI"57

0"79

0"05

0 
" 
005

0"00rt

(^
\¡



Table óc: Analysis of Vein

Trace
Eåemenrs. 16-7-16(r)

S 90 PPM

Ni3
Cu 27

Co 10

Zn 17

Pb0
Zr0
Cr 192

v30
Sr0
Rb0
ti0
Ba Z0A

Total.s 99.96

Total. includes a1.1 eLement,s

Rocks Containing

L6-7-16(2)

White Coarse-Grained Quartz

50 PPM

10

4

3

4

0

110

L3Z

I
'l

0

0

300

100 
" 

1,6

pertinent correction"

L6-7 -24(2)

O PPM

4

7

0

0

0

530

zL7

0

10

0

0

0

100 
" 

14

I0-.2:éÉ.1-?)

390 PPM

11

z3

8

?o

L2

160

304

6

7

0

0

400

100 .08

16-8-210

PPM

29

387

I
L2

305

0

27,5

0

57

I

2s0

100 " L9

(r,¡
æ



Table 6d:

Maj or
EJe¡nents

si02

A1203

F"zo5

FeO

Mgo

CaO

Naro

Keo

Heo

coz

TíO2

Pzos

MnO

Analysis of Vein Rocks

_1,6- 8:al
99. 30 ?

0 .06

0,17

0"04

0.01

0"31

0.003

0,004

0.01

0.03

0.00

0"05

0"00

Containing White

16-8-92t3)

99.30?

0"03

0.19

0.1ó

0,01

0.14

0. 01

' 0,00

0 .03

0"¿$0

0.00

0,03

n.d.

Granular Massive

16-8 -346( Zl

90, 54 t

1.02

0"44

l"z8

0"83

4 "02

0,0?,

0"002

0"05

2.37

0"00

0 ,06

n"do

Quart z

(â¡
(o



Table 6d:

Trace
Ele¡nents

S

Ni

Cu

Co

Zn

Pb

7r

Cr

v

Sr

Rb

L1

Ba

Analysis of Vein Rocks Containing White

16- 8- 41 16-8-e2 (3)

Granular Massive Quartz

16-8 -s46(2)
-#

80 PPM

L7

z3

I
19

2L

100

240

38

0

0

4

500

lOO PPM

I

z3

9

13

0

220

140

3

0

0

1

400

99"89

elenents with

O PPM

4

14

11

13

1s

30

207

15

0

0

1

400

99"99 100"13

pertinent correction"
Total,s

Total includes all"

à



yetr l.owi.sh-brown in coLor due to weathering ef,fects of

sulf,ides. It was originatrly a white aphani.tic type, and

its composition is similar to other aphanit.ic quartz vein

sampLes 
"

CO VEIN MATERIAL WTTH REDDISH.BROWN QUARTZ

This color of quartz from the vein rocks is simiLar to

traditional rose (pink) u The color is not uniform

The analytical results (Table 7) wetre expected to

contaín large amounts of el.ernents typical of major color

types such as Fe (violet) n Ti (rose) and Mn (víolet) 
"

Reddish-brown quartz in the vein rocks contains about

equal anounts of trivalent and divalent íron, which may

account for the color. However, comparabtr.e otr larger

amounts of iron are present in other coLor varieties 
"

Mn and Ti are present.in amounts of the order of

0-0 "00x%.

DISTRIBUTION AND ASSOCIATION OF ELEMENTS IN VEINS

The results of, the vein-rock anal,yses shor¡ld only be

considered as a guide to more detaíled work on specific

minerals and in a specif,ic sulfide or síLicate phase.

The abundance and distribution of najor and minor

elements is hereby discussed for indivídual elements ¡ or

groups of elenents " Abundance data for elements i.n average

crustal rocks are listed in Table L2, Appendíx 3, and elenent

ratios are given for these vein rnaterials and for average

erustal rocks in Table tr4, Appendix 4.

41. 
"



Table 7'. Analysis of, Vein Rocks Containing

Maj or
Elernents 16-7 - 26 (Z) 16-7-27(Z)

Reddish- Brown

Trace
Elenents

S

Ni

Cu

Co

Zn

Pb

Zr

Cr

V

Sr

Rb

ri
Ba

Quart z

L6-7 -26(2)

-Ð¡õ-r60 PPM

z

,"t2
LKJ

z?,

11

18

15

LZ2

16

0

0

0

l.00

L6-7 -27 (2)

3100 PPI{

5

3300

0

?

0

600

256

1.9

0

2

2

500

sio2

41203

Fe 20,
FeO

Mgo

CaO

Na2O

Kzo

Hzo

coz

Tio2

Paos

lvlnO

98.95%

0 "û6

0 "3?,

0"40

0"003

0"08

0.01

0.00

0 .04

0"03

0"00

0"02

0.002

97 .3Q%

0.2L

0"80

0 "72

0,01

0"21

0.02

n.d"

0 
" 
08

0 .27

nod"

0 .04

0"001

Totals 99" 97 100,31

Tot,al ine Ludes all etr ements wlth
pertinent e orrect j.on 

"

Þ
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A distinctive feature of alr of, the vetn sarnples is the

.enri-ch¡nent' of SiOZ.

The' AlZOS contents are variable, depending on the

arÌeïiats éf çountry rock inclusionsr'or of chl.orite and

epidote in the sampLe.

The ratio SiOZ:Alr0, n is aLso variable, ref leictíng the

sporadiC. ATZOS content-" By comparùssn with dat.a published

by Audle -charl.,es (1965') , these veíns have a silíca-alumina
conpositiorr sùnilar ts cherts.

The nost abundant iron mi,neral observed is pyri.te"

srnax.l amoung's of rnaggretite and he¡natite are present, and

Fczog:Fêo' ratios are v.ar;iab,le" The Fëzos,tAlro, ratío
approxirnates thÊt Òbtaiaðd by Audley-.Charles ,(1965) for
cherts" The concentration ranges of Fe2Og and Fç0 are

rather erratic, being lo¡ver than i.n averag€ crustal rocks,

but similar to cherts (jdudX'ey-Charles, l96S) 
"

The concentratio¡r r'anges of,, Na, K, aÈrd Ca, is sini-
larl.y erratic, and çonsidetabLy lower than, Ín Bv,erage

rocks. The rat.i.os discussed a.nd given in Table 14,

Appendíx 4 are: CaO:MgO, Na20 + KZO:CaO + MgOr Na20:CaO,

Na20 + KZO:AI r KUO:B,ÊO,¡, KZG,iRb, CaO¡Sr and CaO:BaO" The

variation of these ratios reflects the wide range of
concentätion, which ín turn is dependent on Ëhe number of
country rock mineral ir¡c1usÍons in the sanp.le,

The value for water. is the total for water of crystal-
X.ization, wâter of, .ar{Uit.rtion and adsorbed. t¡ater" Carbon

díoxide analy,ses represent elementgl" carbon and reduçed

43,



carbonates. In the veíns, graphite and carbonates of

calcium and copper are irregularly 'distributed"

The only trace eLe¡nents 1n which all the vein rock

sanpl,es are enriched conÞared with average rocks are Cr

and Co, the forner occurring as the chro¡ne nica*fuchsite"

However, in sone veins, the follow.ing elenents are also

enriched: Cu (in veins fton rhyolites and granites),

Pb (in veins fron sedimentary and basaltic-gabbroic

rocks), V and Ba (in veins from sedirnentary rocks) and

S (ín veins from'basaltlc-gabbroic rocks) " The enrich-

ment of Co is consistent with studies on cherts by

Audley- Charles .

Average values for Ni, V, 7t, Zn, Sr, Rb, Li, P (in
part), Mn (in part) are found to be Lower than crustal.
rock averages.

The elenents whose concentration ís about the same as

in averege crustal rocks are Ba, Zt, Pb, Ti, Pr Mn, and Cu"

The Ni:Co ratio ranges from 0"35 to 3"33, with an

average of 2"0" This averege value is conparable to that

of average crustal rocks" The Ni:Cr ratios, like those of

cherts (Audley-Charles, 1965), do not vary greatly"

The concentration of Pb , Zrt, Li, P and S are likewise

variable, being dependent on nineral inclusions fro¡n the

country rock 
"-
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VEIN ROCKS FROM VARIOUS TYPES OF CRUSTAL ROCKS

Tables I to 11 are lists of the chenical conpositions

of quartz vein rocks, groupéd accordíng to the types of

country rock in which they occur" These conpositions are

conpared with average values for crustal rocks (Table L2,

Appendix 3), and the comparison is sunnarized in Table 13.

In the veins from the gabbro-basalt family (Table 8)

and fon the sedínentary rocks (Table 9), there ere

relatívely larger arnounts of Ca, Mg, Al, Sr, and C0, than

in other veins from the nore acid rocks" These fanilies
have been referred to as the 'rcalcícr! rocks by Davies

(19ó3), and in these ilcalcic" rocks are located r¡ost of the

productive ¡nines and exploration shafts" Compared to their
wal1-rocks, these vein rocks have much higher SIOZ values,

The values for Alunina, total iron, Magnesia, Line, Soda,

and Potash are variable, dependíng on anounts of chlorite,
clinozoisite, and epidote inclusions.

In conparison with the average composition of sedinen-

tary rocks (Table L2, Appendix 3), the vein rocks from

sedirnentary rocks (Table 9) contain nore SiOZ. However

they are sinil.ar to siliceous sedinentary rocks, as

reported by Audley-Charles (19ó5)" Total íron has val.ues

equivalent to averege sandstones and everage sedinentary

rocks r

The veins fron the Granite-Grano-diorite-Quartz

diorite fanily (Table 10), and those veins within the

RhyoÏi,te-Daclte fanily, (Table 11), contain a gretter

45"



Table 8:

Maj or
El,ements

s i02

41203

FerO,

FeO

Mgo

CaO

NarO

Kza

Hzo

coz

TíOz

Pzos

MnO

L6-7-311)

-.*g8 
" 
45å

0 .36

0"12

0 "44

0 "02
0"15

0"03

0"01

0,11

0"06

0"00

0"01

0,03

L6-7 -7

80"55

6.30

2"76

0 ,40

0"74

4.60

0 "24

0.02

0"58

3 .44

0"L3

0"06

0.04

L6-7-1811ì-#

97 "50',6

0.59

0.67

0.28

0.04

. 0,40

0 .03

0"06

0"10

0.116

0.03

0"03

0 .00

L6-7-19f1)æ
97 .252

0"19

0.61

0.48

0"05

0.20

0.02

0"002

0"09

0"ó4

0"00

0"02

0"004

Veins from Gabbroic Basaltic Rocks

è
o\
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Table 8:

Trace
E 1 euents

S

Ni

Cu

Co

Zn

Pb

Zr

Cr

V

Sr

Rb

Li

Ba

L2

9s0

4

900

?',

0

L92

10

0

0

0

200

100"07

1350 PPM

T7

34

22

33

68

160

188

58

80

0

1

400

L00"05

L6-7-8r11

-ù.á.
9O PPIU

10

z6

0

I
1.6

1L0

236

I
7

0

1

100

L00 
" 

19

L6-7-19(1)

7600 PPM

I
28s0

?,8

43

z8

60

zs8

6

0

0

0

400

99"55

Veins from Gabbroic Basaltic Rocks

L6-7 -3 (1) L6-7 -7

2060 PPM

Totals

TotaL includes

è{

aLl elements wíth pertinent eorrectíon"



Table I

Maj or
Elenents

si02

41203

FerO,

FeO

Mgo

CaO

Na2O

Kzo

Hzo

caz

Tioz

Peos

MnO

L6-7-51t11æ---ê--tÉ

97 "604
0 "34

0 "77

0"00

0.15

0"40

0"05

n. d.

0"16

0"35

CI.01

0.05

0.01

L6^7 *3L( 2)
æE-à-¿.

76,602

2.66

5.55

L "76

1,98

4"93

0"97

0"10

0,90

4 "17

0.08

0"07

0.05

L6-7-3411ì¿æ¡ds'

96"808

0.40

g 
"62

1"60

1."19

5"L6

0.05

0 .01

0"00

4"7tr

tl "d"
0"09

0.03

L6-7-35(Z)
¡¡¡ærded¡¡

70 
" 
65?

3"72

l,L,72,

3.60

0.28

0. 59

0"59

0,83

0,32

0.86

0"74

0"19

(Cont,): Veíns from Gabbroic Basaltic Rocks

è
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Table 8 (Cont.): Veins from Gabbroic Basaltic Rocks

Trace
ELenents L6-V -31 (1) L6-7 ^st(Z) L6-7-34(1)

S O PPM 29600 PPM 2O3O PPM

Ni659L4
Cu73521
Co0179
2n14650
pb0300

Zr 1560 0 0

Cr 32,6 2 55 98

vz70
Sr02753
Rb000

0Li13
Ba 500 200 0

Totals 100 
" 
10 99 "22 98 

" 
76

TotaL inclt¡des a1l. ele¡nents with pertinent correction,

L6-7 -5s t2)

110500 PPM

36

7Z

98

14

0

0

218

94

10

50

0

400

99 "7 2,

Þ
r.o



Table 8(Cont"):

Maj or
Elemegts

sio
z

A12O3

turo,
FeO

Mgo

CaO

Naro

Kzo

Hzo

coz

Tio2

Pzos

MnO

L6-7 -s6 (?,)

gó.10?

l,0z
0"78

0"25

0"09

0"14

0"54

D"dn

0"35

0"65

Dod.

0 .05

0"01

1ó-8-346

99 "452

L "02

0 "44

1."28

0.83

3 "02

0 "02

0"002

0"53

2"38

0.00

0 .06

n.do

lq- 8- 2 10

95"309o

1"03

0"51

0,54

0"33

0 .67

0 .05

0.1x.

0.57

0,79

0"05

0 .01

0 ,004

Veins from Gabbroic - Basaltic Rocks

1ó-8-46

gv 
"702

0 "2,6

0"97

0"02

0.05

0.22

0"11

0,00

0"08

0"44

0 ,00

0"04

0"002

ß¡o



Table I (Cont):

Trace
Ele¡nents

Veins from Gabbroic - BasaLtic Rocks

r.6-7-åq(¿I 16-8-46 1ó-8-s46

S 590 PPM 194 PPM 80 PPM

Ni11óL7
Cu ZS 1400 ?3

Co898
Zn 39 35 19

Pb 12 ?,? ZL

Zx 160 160 100

Cr 304 Z3?, ?,4A

v61438
Sr700
Rb000
Li024
Ba 400 2SZ 500

Totatr s 100 
" 
08 100 

" 18 100 
" 

13

Total includes all elements with pertinent correctionsc

rÉ:.!J-19.

205O PPM

29

387

9

L?

503

0

225

0

57

9

z

230

100.19

t1



{able 9:

Major
EIenet!å

sioz

41203

FeO?s
FeO

Mgo

CaO

NarO

Kzo

coz

Hzo

TiO2

Pzo5

MnO

L6-7 -L4 (?)

92,602

2 "63

0"91

0 "44
0. 19

L,0z

0 .63

0 .54

0"59

0 .3ó

0"10

0 .03

0.û08

Veins from Sedirnentary Rocks

L6!-TL(ZL
g3 

" 
55å

L.28

0"87

0"52

0 "26
2,02

0"15

0 "002

0 "L7

0.17

0.12

0.ó8

n"d"

16-8 -?LA

95.30?

1.03

0 
" 51.

0.54

0"33

0,67

0"05

0.11

0 "79

0,57

0"05

0"005

0 .004

(,Î
t\)
c



Tabl.e 9: Veins

Trace
Elements

fron Sedimentary Rocks

L6-7 -L4(.2) L6-7 -ZZ(?) 16-8-21,0

S 1OOO PPM 50 PPM 2O5O PPM

Ni L2 L7 ?g

Cu 59 7 387

Co489
Zn84L7,
Pb 38 22 303

Zr I20 50 0

Cr 2,L0 210 225

v23580
Sr 17 37 57

Rb009
Li31Z
Ba 200 0 230

Totals 99 
" 
97 99.83 1 00 " 19

Total incLudes all etrements wi.th pertinent corrections"

ç,t'l
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Table 10: Veins from Granitic Plutonic Rocks

Major
Elements L6-7-16(1)

98.40å

0 "32

0 .19

0"3ó

0.02

0"10

0 "022
0,11

0"11

0.zz

0.02

0"03

0"001

!6-7 -16!z)

gg,609

0.21

0"19

0,32

0"1.1

0 "24

0"017

0.046

0 ,13

0,19

0 ,01

0.03

0"01

L6-7 -26 (2)

gg"g5g

0.0ó

0,32

0. 40

0.003

0.08

0.008

0.00

0"04

0"03

0.00

0.02

0.002

L6-7 -27 (2)

97 "302
0"21

0.80

0 "72

0"01

0.21

0.02

û"d"

0.08

0 "27

11 "dn

0.04

0"01

sio2

AL 2O3

Fe,O,

FeO

Mgo

CaO

Naro

Keo

Hzo

coz

Tio2

Pzos

MnO

(ttè



Table 10:

Trace
Elenents

S 90 PPM 50 PPM 60 PPM

Ni310Z
Cu 27 4 ?23

Co103Zz
ZnL7411
Pb0018
71 0 110 15

Cr LgZ LsZ LZZ

v30816
Sr070
Rbo00
Li000
Ba 200 300 L00

Totals 99,9ó 100"16 99,97

Total includes all elements with pertinent corrections.

Veins from Granitic - PLutonic Rocks

16- 7:16 ( I.I 1ó-7-16 (Z) L6-7 ^26 d2\ 16-7 -27 (Z)
æñl*

31OO PPM

5

3500

0

2

0

600

256

19

0

0

¿

800

100 , 31.

l/l
t¡'l



Table 10¡ Veins From Granitic - Plutonie Rocks

Maj or
Elements

sio?

A1203

FetO,

FeO

Mgo

CaO

Naro

Keo

Hzo

caz

Tl02

Pzos

MnO

16-8-4l 1ó-8-44 Elenents

lOO PPM

I
?3

9

13

0

220

140

3

0

0

1

400

99 .89

all elements

16-8-44

I89O PPM

L7

1450

10

6

16

I t_0

160

6

0

0

z

600

L00,77

with pertinent

99 
" 
30?

0"06

0.17

0"04

0"01

0.1.3

0.003

0 .004

0"01

0"03

0"00

0,05

0"00

97.803

0"25

0"47

0,20

0 .09

O. fA

0 ,03

0"00

0"L2

0"25

0.004

0 .04

0"00

s

Ni

Cu

Co

Zn

Pb

Zr

Cr

v

Sr

Rb

L1

Ba

Totals

Total includes
corrections.

Ctt
Ot



TabI"e 11: Veins from Rhyo-Daci"tic Rocks

Maj or
Efg-uer!å

si02

41205

FerO,

FeO

Mgo

CaO

NarO

Kzo

Hzo

coz

Tioz

Pzos

IfnO

L6-7 -?s(2J

98.908

2 "26
0.99

0,48

0"21

0.48

0.?,3

0,45

0"59

0,37

0 .04

0"05

n.d.

L6-7 -24( 2\
¡r.-¡¡¡ròcl¡

99,108

0.08

0,57

0"12

0 ,004

0.11

0"007

ñ.d"

0"00

0"04

0 .00

0"02

0.005

t6-7-2511)

-rd-'

92.451.

1"01

2.59

0"56

0.02

0.20

0.02

0"29

0"19

0.59

0"00

0.03

0 .005

16-7 -50 Í1)

96.053

0"55

0.94

1"tr6

0"09

0 
" 

10

0.02

0"00

0 " 15

0"51

0"02

0.06

0.005

(tl\¡



Table 11: Veins from Rhyo-Dacitic Rocks

Trace
ErgnentE

S

Ni

Cu

Co

Zn

Pb

Zr

Cr

V

Sr

Rb

Li

Ba

Totals

Total incLudes

L6*7 -2s (Z)

550 PPM

rç-7:2,!(z\

O PPM

L6-7-2s(1) 16- 7-30 ( 1)

59OO PPM

5

4 100

0

48

18

150

170

I
0

0

0

700

100 
" 

trg

L77OO PPM

5 4 10

46 7 240

s0lsz
901

L7018
140 530 510

L67 ZL7 288

20 0 30

23 10 7

000
201

300 0 300

L00.06 100.14 99.01

all elements with pertinent corrections.

l¡r
oo
c



Table 11: Veins

MaJor
EleIrèJts

s io2

AL205

FerO,

FeO

Mgo

CaO

NarO

*ru

Hzo

coz

Ti02

Pzos

MnO

fron Rhyo*Dacitic Rocks

L6-8-42 16- 8-43

91.90%

L.6?,

0 ,47

0.48

0.32

2.01

0 .39

0. 20

0,25

1"gg

0.004

0 .05

0.02

7 Z.LOZ

1,04

2.05

0,76

3.94

8.21

0.13

0 .06

0.25

l,L r37

0.002

0.11

0 " 14

16-8-4511t#

99.55%

0.00

0.76

0. L2

0.01

0.16

0.00

0 .00

0.41

0.000

0 ,04

0.00

16-8-4sf2)
.¡ûEÐrrd

9g 
" 
709

0.03

0.39

0.24

,0.01

0"15

0.01

0.00

0"04

0"36

0 .000

0.05

0"00

(tl
@



Table lL: Veins fron RhyolDacitic Rocks

Trace
Elenents 16-8- 42 16- 8-43 r.6-8-4s(1)

S 1790 PPM 190 PPM 4240 PPM

Ni 19 30 Z4

Cu L245 15 14

Co 14 15 11

ZngZI6
Pb 2L 33 14

7t000
Cr 223 140 91

v IZ LZ ,0

Sr37620
Rb100
ri234
Ba 500 300 400

Totals 100.01 100 
" 
24 100 "08

Total includes axl eLements with pertinent corrections"

16-8-45121*-..-.-..-Æ
2930 PPM

2T

l2

I
5

19

0

118

0

0

0

I
300

100.02

6r



Table 13: Conparison of Trace Ele¡rent Concentration in Veins to that of Crustal Rocks

SEDIMENTARY R.OCKS:

Shales:

Sendstones:

GABBRO/BASALT:

GRANITËS:

RHYOIITES:

ENRICHED
(in veins)

Pb, Cr

Co, Cr, Cu

Cr, Cu,

IMPOVERISHED
(in veins)

Ti, Zt, Zn, S,
Ni, v, P, Mn,
Cu, Co, Sf, Rb,
Li, Ba

Cu, Co, Zn, Ni
Sr, Rb, Li, Mn,
Ti, P, ltr 7t

Zft, 7t , S, Ni,
Sr, Rb, Li, Mri,
Ti, P, V, Pb,
Ba

Ztt, Ni , Sr, Rb ,Li, Ba, V

ABOUT SAME(in veins &in crust)

Mn, V, TiP, Pb, Sr, S, Rb, Zn, Zt
Ni, Cu, Co, Cr,
Li, Ba

Pb, s, cr Ba

o\



abundance of Potassium than those veins fron gabbroic-

basaltic and sedi¡nentary rocks o In conparison to granite t

granodiorite and quartz diorite (Table 12, Appendix 3),

SiOZ contents are higher, exceeding 97?^ ín all vein-rock

sanples, The values for oxides of 41, F"3*, Fu2*, Mg, c:r,

Na and K are lower in the vein rocks than those acid

plutonic and crustal rocks cited

The analyses of vein rocks fronr extrusive acidíc rocks

(Table 11) show irregular variations r but ere generally

sinilar to veíns fron granitic terrains" A conparison of

these analyses with the analyses of "average low Ca

granitet' (Table !2a, Appendix 3), and "average granitef'

(Table 12b I Appendix 3) reveals the following: St0Z

contents are higher in the vein rocks, while the val.ues for

the oxides of Al, F"3*, FuZ*, Mg, Ca, Na, and K are lower

in the veins, The distribution of the minor elenents in

veins fron acid extrusive rocks is sinilar to that in veins

fron the acid intrusive rocksi

THE ATTERATION ZONES AND COUNTRY ROCKS

The alteratÍon zones are described ín Chapter III"

The material. in them fepresents various degrees of metanor-

phism of the country rock¡. The distribution and variable

emount of netasonatismilrelated to the developnent of the

veín c

Detailed sanpling across shear zones u¡as conducted in

the Eldorado (16-8'100'11ó) and Packsack (1ó'8'205'209)
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nines" At the Eldorado mine, the country rock is a quartz

diorite (Rice Lake Bathorith). The mein shear zone strikes
in the direction of 3200 azimuth, and sanplíng was done at

l@,-foot intervals fron the shear, in a NE-SW profile at

right angl.es to the shear. Analytical data is given in
table 15a (Appendix 4). At the packsack mine, the country

rock is en interriedíate to acid volcanic rock with numerous

cross-cutting quartz-feldspar-porphyry dikes. The major

shear strikes at an azi¡nuth of 1400, and sarnpling was done

at 0.5t, 2,, 3r and 5f away fro¡n the center of the shear,

al.ong a NE'sw line at right angles to it. The analytical
data is given in Table 15b (Appendix 4) " Ratios calcu-
lated across the shear are given in Table l5c (Appendix 4).
The behaviour of elements wíth distance towards the vein
derived fron the analyses and trend diagrans in Figure

10-19 is used to classify the elements into groups as sun-

narized in Table 16.

The elenents showing strong trends decreasing towards

the vein on the east side of the Eldorado vein are: Ca

(except 40fE), S (except 40tE), and Cr. There are no

strong trends showing an increase towards the veins sanpled

probably due to inadequate sarnpling techniques.

Fron the east side of the Eldorado vein, those elenents

showing weak trends of a decrease towards the vein (except

40fE) are Si,41, Total Fe, Sf, and Zt, 0n1y Na2O shows a

weak trend decreasing towards the vein on the west side of
the Eldorado vein " Those elenents with a weak trend that
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Figure 10a: Trends of Silica and Alumina (in wt.8) - Eldorado Mine
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Figure 10b: Trends of Silica and Alunina (in wt.â) - Packsack Mine
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Figure 11a: Trends in Ferric, Ferrous and Total lron (in wt.%) - Eldorado Mine
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Figure 1lb: Trends in Ferric, Feirous and Total Iron (in wt,å) - Packsack Mine
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Figure LZaz Trends in Masnesiq , Line, Soda and Potash (in wt,%) - Eldorado Mine
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Figure L?b: Trends in Masnesio , Liner:Soda and Potash - Packsack Mine
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Figuúe 13a: Trends in Carbon Dioxide and l{ater (in wt.%) - Eldorado Mine
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Figure 13b: Trends in Carbon Dioxide and Water (in wt.?) - Packsack Mine
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Figure 14a: Trends in Phosphorus and Titanium (in wt.å) - Eldorado Mine
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Figure 14b: Trends in Phosphorus and Titaniun (in wt,8) - Packsack Mine
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Figure 15a: Trends in Manganese and Bariun (in wt.%) - Eldorado Mine
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Figure 15b: Trends in Manganese and tsarium (in wt.%) - Packsack Mine
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Figure 16a:Trends in Nickel, Lithiun, Copper and Cobalt (in wt.%) - Eldorado Mine
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Figure 16b: Trends in Nickel, Lithium, Copper and Cobalt (in wt.å) - Packsack Mine
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Figure TTat Trends in Zínc, Sulfur.and Lead (in wt.?) - Eldorado Mine
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Figure 17b: Trends in zinc ' Sulfur and Lead ( in wt. ? ) - Po cksoc,k Mine
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Figure 18a: Trends in Strontiun, Chromium and Rubidium (in wt.?) - Eldorado Mine
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Figure 18b: Trends in Strontium, Chroniun and Rubidiun (in wt.%) - Packsack Mine
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Figure 19a: Trends in Vanadiun and. Zirconiunr (in wt,Z) - Eldorado Mine
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Figure 19b: Trends in Vanadiun and Zirconium (in wt.?) - Packsack Mine
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TabLe 16: Sumnary of Trends fronr Figures 10-l.g

Concentration increase towards vein:

An Well-def,ined trend - Don€

B. Poorly - defined trend - Mg, Kn Rb

I,

I I. Concentration decrease towards veins:

A" Well-defi.ned trend - Ca, S, Cr

B, Poortry-defined trend - Si, Atr, Fen Na, Sr, Zr

IIï.

84"

No

A,

B.

Trend:

Uniforrn distribution - Bao Mn, P

Irregular distribution - AL, Li, Ti, Nio Co,
Pbr,Cu, V, HZO, COZ
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indicates an increase towards the Eldorado vein on the west,

side are: MgO, KZO, and Rb" There are no elements showing

an íncrease on the east side of this vein"

The elenents with no trends are sub-divided into two

groups. Firstn those which are unifornly distributed areS

PZOS (east and west side of Eldorado vein, except 40 ?E, LOli¡)

BaO and MnO¡ second those which are irregularly distributed
and include: Al on the west side of the ELdorado vein;

Fe2*, F"5*, HzO' COz' Tiozn Ni' Li, Co' pbn Cu, and V, or

the east and west side of the Eldorado vein" The behaviour

of both Si and A1 (Figure 10) is irregular, but on the

east side of the Eldorado vein, the Si:Al ratio steadily
increases towards the vein.

From the analyses and trend dlagrans in Figures 10- ¡,g

it, is suggested that most of the lithophile elenents,

especia11ythea1ka1i¡neta1s(K'Rb)genera11yincrease

towards the vein" The alkaline earths (Ca, 41, Fe, and Sr)

on the other hand decrease towards the vein.

The increase of Mg near the vein (Figure 12)

corresponds to the intensity of developnent of chlorite"
The loss of Na and an inçrease of K close to the veino

is thought to correspond to the alteration of feldspars to

mica (serícitization) " K is also lost during chloritization
of biotite.

Calcium decreeses towards the vein, probably because

Ca is gained during saussitization, and this alteration
increases autey fro¡n the vein.
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Water, which is added duri.ng urali.tization, sericiti-
zation, and chl.oritization, increases towands the vein, but

is low in the vein itself (Figure 13) 
"
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CHAPTER V

SUMMARY AND INTERPRETATIONS

The rocks of the Bissett area greenstone belt contain

at least four generetions of quartz injections that are

located in steeply dipping fractures, shears and faults,
Gold-bearing veins ere concentrated in basic plutonic and

volcanic rocks at the noses and in the areas of anticlinal
axial planes of the Beresford and Rice Lake folds" They

carry recoverable anounts of gold and have been subject to

repeated investigation since 1911.

The nost abundant nineral of the vein rocks is quart¿.

Thls nineral exhibits a wide range of colors, textures and

f,racture patterns t

The black color of quaitz may be caused by graphitet

chlorite, tourmaline, rutile, or sulfide inclusions or by

irradiation,
The yellowish-brown and reddish-brown (pink) colors

are pignrentations of black or white quartz.

Other ninerals present in vein rocks include carbon-

ates, tournalíne, rutile and also nunerous inclusions of

other quartzo-feLdspathíc, ferro-magnesian ninerals of

the country rocks " The most abundant sulfides and oxides

ere: pyrite, arsenopyrite, chalcopyrite, pyrrhotite,

nagnetíte, henatite, sphalerite and gal.ena.
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In these veins gold occurs as a native element in the

f,orm of snall plates and segregations r+ithin the country

rocks, within the carbonÊtes (mostly calcite and ankerite) ,

and with the quartz. The largest anounts of gol.d occu.r as

part,icles and nuggets in the clear rnicrocrystalline quartz,

Some gold is disseminated withln the pyrite and ersenopyri.te

ín a finely divided state as a replacement product.

Most of the quart z in the veins was probably deposited

Avl"ilica-rich solutions that flowed along fracture zones,

shear zones and fault zonesn However, the late granular

white quartz within joints, which nay crosscut the foli-
ationr Dêy have been derived fron the enclosing outer

alteration-zone rocks by alteration and diffusion" This

is speculated because there ere no visible channels fór

solutions, and their lack of gold.

The mylonites and augen gneisses of the alteration

zones are believed to be shears and fault zones n and

probably developed under conditions unfavorable for recrys-

tallization" The other vein rocks within the alteration
zones are products of dynamic, regional and retrograde

(hydrothermal) metmorphisn"

The behaviour of some najor and sone trece elenents in

the alterat.lon zones surrounding the veins, corresponds to

netanorphic alter.ation of: feldspars to mica (sericiti-
zatíon), feldspaïs to clinozoisite (saussuritization), and

biotite to chlorite (chloritizatíon).
The contents of major and trace elenents in the veins,
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conpared to averege conposition of the rock types in which

they occur, indicate a relative enrichnent of Co, Cr, Ba and

Pb in veins fron sedimentary rocks; of Pb, S and Cr in veins

f,rom gabbroic-basaltic rocks; of Co, Cr, and Cu in veins f,

from granites ¡ and of Cr and Cu ín veins from rhyo-dacitíc

rocks" Those elenents which are impoverished in veins are:

Zr, Zn, Sf Ni, Sr, Rb, and ti (frorn sedíments); Cu, Co, Zt,
Zn, Ni, Srn Rb, Li, Mn, Tí and P (frorn gabbros); Zr, Zn, S,

Ni, St, Rb, Li, Mr, Ti and P(frorn granites) ¡ and Zn, Ni, Sr,

Rb, Li, Ba, and V (frorn rhyolites), The concentration of

Ti, V and Mn (fron sedirnents), and Ba (frorn gabbros) n is
similar to that of average crustal rocks"

This behaviour is interpreted as reflecting on the

relative nobility of elements or their geochemical

affinities.
The elenent ratios given for vein rocks (except for

Ní:Co) are not similar to those obtained frorn data on

everage crustal rocks, Futhernore, the ratios are highly

variable because they are affected by inclusions of country

rock minerals,

No analyses were nadq of separated silica-sulfide
phases, but nost of the elements, especially'those whict¡

concentrate in the sulfide fdrn (chalcophile) are assuned

to be associated with the sulfide rather than thè silica
phase" There were also nany inclusiOns of quartzo.

fel.dspathic ferromagnesian ningrals, probably derived

fron the country rocks. Those inctrusions are,,variable
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i¡r*amount in the vein, and account for erratic
concentrations of eleñents.

The similarity of concentration and element ratios

of the vein to that in cherts and radiolarites, as

reported by Audley-Charlesr i.s thought to depend on

the relatively sinilar silica saturetion environment'

and consequently on a si¡nilar geochenical behavior

(mobility, migration, enrichnent, depletion (irnpoverish-

ment)),

It has been suggested by nunerous authors that gold

in the quartz veins could have been derived from the

country rocks themselves, The origin of gold and the

vein naterial is subject to a nunber of possible

interpretations i

The author favors the following sequence of events

to explain the gold mineralization. The mineralizati.on

history probably started with injectíon of relatively
barren fine-grained black quartz into shear planes,

This was followed by a period of defor¡nation and near

contenporaneous injection of relatively barren coârsê-

graÍned white and black quartz. A second period of

deformation nay have affected these coarse-grained

younger varieties of quartz and induced o'r initiated
migration of relatively small amounts of gold and other

highly mobile elenents, especially fron the surrounding

basic country rocks t into dilatíon zones " A later
period of quartz intrusion that carried the mineralizing
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solutions was foll.owed by more

and deposition of nore quartz.

which is granular and contains

the last stage of deposition,

surfaces n

less severe defor¡natlon

The youngest quartz,

no gold, h¡as probably

and co¡nes from the joint
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APPENDIX I

SUMMARY OF GENERAL GEOLOGY AND IOCATION OF THE AREA OF STUDY

I,0CATION , SIZE AND ACCESS

ItProject Pioneer" area(Figure f) is located in the Rice

Lake Mining District, about 120 miles to the northeast, of

the city of Winnipegr Manitoba" It covers an area of 27

Townships, approxirnately 750 square niles, and is access-

ible by boat, road and air. Generally, accessibil.ity with

in the area itself ís good" Where it is poorn sampling

was done by helicopter!

PREVIOUS WORK

The rocks'of the area have been repeatedly investigated

since the first discovery of gold in 191t, A good summary

of the previous work in the area is given by Davies (1963,

p.1)" Briefly, early geological studies of reconnaissançe

type ürere done by E" S. Moore (1912) , J" Sn Delury (1921,

I9?7 ) and H" C, Cook (1921). More extensive geological

works of, J. F" !{right (L923, 1925, L927 ù L93Z) ø C. Ho

Stockwell (1938, 1.945) and C" Su Lord (1938) folLowed,

The nost recent studies on the area were done by Russell

(1948, 1952), and by Davies (1949, 1950, 1953, 1963)"

Unpublished theses by Troop (1949), Bell (1968), Paulus

(1968) o Freund (1968) and Twanzíg (1969) have been
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written on specific probl.ems wíthin the atreac

Currently under preparation is a final neport of
rrProject Pioneer" investigators and more theses on specific
aspee ts by J" Arthuro A, Bailes" F" Campbel.l, Jo Marr and

J, Stephenson aLL for the University of Manitoba"

GENERAI GEOLOGY

The consolidated rocks of the Rice Lake greenstone belt
are Precanbriano A table of formations, af,ter Stockwetrl.

(1938, 1945) , wit,h revisions by "Pro ject Pioneern' investí-
gators, is presented in Table l,

The gold-bearing quartz veins are íntrusive into the

rocks of the Rice Lake Group and the Rice Lake batholitho
and therefore are younger in age"

Rocks of the Rice Lake Group nake up the oldest known

rocks within the erea" They form a belt which trends

northwest*southeast (see Figure 1) " This group consists of
ínterlayered metanorphosed volcanic flows and fragnental

rocks (pyroctrastic breccias and tuffs) upon which clastic
and tuffaceous metasedimentary rocks rest conformabLy

(Stockwe1l, 1938),

The Rice Lake Group has been divided into lithologic
units by Stockwell (1938), Davies (1949, 1953, f963) and

Zwanzig (1969) " A simplified classification has been

derived from these sources and is here in employed.

The basic volcanic rocks have been metamorphosed to

chlorite*amphibole*schists (greenstone), with steeply
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TABIE 1: FORMATIONS

ACID INTRUSIVE ROCKS

Granite, granodioriterquartzdiorite, quartz monzonite"

ENGTISH RIVER GNEISSIC ROCKS

Granite, Gneisses, Pegmatites,

SAN ANTONIO FORMATION

Arkosic quartziteo Conglomerate,

RICE IAKE BATHOLITH

Quartz diorite, Quartz-feldspar porphyry"

BAStrC INTRUSIVE ROCKS

Serpentíne, Peridotíte and other ultrabasicso

Quartz diorite
Meta-Gabbror Meta-Dioríte, Meta-Diabase 

"

RXCE LAKE GROUP

Pyroclastic breccias and tuffs (Fragmental rocks) 
"

Clastic and, tuffaceous sediments ,(Sedinentary rocks) 
"

Basic lava, acíd lava and derived schi.sts (Volcanic
rocks) 

"
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dipping foliation and complex folds o

The internediate to aeid lavas comprise the bulk of the

Riee Lake Group in sone areas (Davies, t9ó3)" They consist

of rhyolite, dacite and trachyte which have been netamor-

phosed by shearing"

The sedinentary rocks of the Rice Lake Group are pre*

doninanttr.y thin beds of arkosÍc greywacke, i,nterfingered

with tuff , shal.e (slate), chert, and iron f,ornation, quartz*

ite, comglonerate and ninor limestone" They have been meta-

morphosed to schists and meta-sandstones 
"

The fragnental rocks of the Rice Lake Group were not

described by Stockwel.l" They form the Long Lake Fo'rnati.on

of Zwanzig (1969) " He (Zwanzig) stated that in his area of
study

the tong Lake Formation consists of layered and cl.asti.c
volcani.c rocks",,oThe fornation is light green on
weathered surfacss c c o " 

It consists of predourinantly
pyroclastic rocks which can be divided lnto volcairic
breccia, tuff breccia and sand-size crystal tuff"
There are subordínate a¡nounts of epiclastic roeks whieh
consist of tuffaceous sandstone and shal.e,

These rocks are interfingered with the voLcanic sedi.nentary

roçks,

The rocks of the Rice lake Group have been intruded

by sills and dykes of meta-gabbro, meta-di.abaseo meta-

diorite and quartz dioriter'StoekweLl (1938)" The Ríee

Lake Bathol.ith is an oval i.ntrusion I by 11 rnites of,

uniform quartz diorite (Peul.us, tr968) .

Overlying the intrusions with an apparent uneonformi.ty
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(Dayies, 1.9ó3)" They are predominantLy arkosic quartzite
whi.eh is interbedded with narrow bands of conglonerate"

The forrnation outcrops in the axea inmediately to the west

of Rice Lake, with large-scale fol.ding shown in the outcrop

pettern,

The Engrish River gnessic rocks outcrop on the south-

west of the Rice Lake Groupn south of the large fault that
is the southern boundary of the greenstone belt" They

consist of quartzo-feldspathic gneisses and granites (Freund

19ó8). Tur;k (1958) has rieËermiaeci a ininímum age oi 263c m"v. ror
Èì-:ese ;ocks

North of the fault boundary at the northern side of the

greenstone belt, there are two or three plutons of granitic
rocks" The rocks in these plutons range in conposition fro¡n

quartz diorite to granite.

STRUCTURAI GEOTOGY

The conplex struetural history of the area includes at
Least three separate periods of deformation (Zwanzig, 1969) 

"

The distributi.on and concentration of the ele¡nents of
study in the area (see Figure 2) o atre dependant upon the

following structural features:

A" Shears, trgctures and Faultå

Shearing, fracturing and faulting of the area was

studied in considerabl.e detail by stockwerl (19ss), Davies

(1965) and Rr¡sse11 (195s) " These workers observed rhat
cataclastic deformation is widespread except in the san
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Antonio fornationo They further noted that the principaL

directions of faulting, fracturing and shearíng trend north-

west-southeast, northeast-southwest and north-south; and

that nany of thern dip steeptryn Figure 4,

The northwest-southeast set usuall.y stríke at low angles

to the foliation of the country rock n where as those of

the northeast-southwest set commonly strike at hïgh angi.es

to it and the north-south set strikes almost at right
angles to it.

Two large faults, roughly making the courses of the

Wani.pigow and Manígotagan Rivers, are continuous throughout

the entíre map area (McRitchie, Wn Dcr L9ó8, personal

communicati.ons), They will be referred to as the Wanipigow*

Siderock and Manigotagan faults respecti.vely" The vein

rocks and dykes of the area confined within a bel,t

bounded by these tÌ¡o faults 
"

B. Folds

A najor anticline, hereby catrled the Beresford fold
(near Beresford Lake) and an anticlinal-syncl"inal pairr to

be called t,he Ríce Lake fold (near Rice [ake) were recog-

nised by Stockwel.l (1938) and Davies (1963)" The Rice Lake

batholith separates these two folds (see Figure tr and Z)

and the veins are concentrated withín them"

Elsewhere in the area, the veins fill fract,ures and

shears n and ere associated mainLy with anticl.inal noses

where there ís evidence for intense deformation (Davies,

1,9ó3) and (McRitchieo WuD", 1968, personatr" communicati.on) 
"
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C. Joints

Joint planes occr¡r in aLX. rock types, but are best

developed in the Rice Lake Group and rocks intrusive into
ít. The orientation of these pLanes is genetically related
to the major shear directions (McRit,chie, W.D", 1968,

personal. communications, and Zwanzig, 1969), Sone of t.he

joint sets are filled with vein materi.al,

ECONOMIC GEOLOGY

All the known gold-bearing quartz veiqs in the atrea

occur withi.n shear zones in greenstone of the Riee Lake

Group and rocks intruded into it. The producti.on of gold

has co¡ne from San Antonio, Central Manitoba and Gur¡nar

mines, plus smal,ler amounts from Gold Pann Poundmaker, Jeep

Diana. and El.dorado nrines o

Sulfides occur in nost veins " Pyrite is the most

common sulfide; chalcopyrite, sphalerite, galena and arsen*

opyrite are uncommonly present6
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APPENDIX II

SUMMARY OF METHODS USED IN THE ANATYTTCAT IABORATORY

DEP.ARTMENT OF EARTH SCIENCE, UNIVERSITY OF M.ANITOBA

ELEMENT METHOD

Sir 41, Fe (total)
Mg, Ca, K,

Ti, Mno Zt

NarO

Cu, Ni, Co,

Cr, Pb, Zn,

and other

trece netals

X-ray Fl,uorescence Spectrometry"
,

Andrews, Moxhan and Ranlatr. (1965)"
In this nethod, 0"5000 gtn, of sample
(-200mesh), plus 0,5000gm. of
Lanthanu¡n oxide (ta2o3), and L"000gnn,
Lithiun tetraborate (ti2B4O7) r are
thoroughly nixed in a platinurn
crucibl.e using a pLatinum spatul3.a"
The ¡ri,xture is then treated in a
graphite crucibLe at abor¡t 1050oC
for 30 ninutes, To the resutrting
gl.ass bead is added enough boric acid

5itä3¡)r;: '"*" a totar weight or

The bead and bori.c acid are
ground to -200 nesh in a Bleuler
rotary grinder f or about L mi.nute,
then compressèd to 501000 pusoi",
using boric acid as a backing
materialo The resulting pelLets
are used for analyzing t,he elements
sinultarteously,on a multi.=channel
ARL x-ray Spectroneter,

Atonic Absorption Spectrophotomet,ry.
e

rock is dissol.ved with hydroftruorie
acid (HF), sulphuric acid (HrSOr),
and nitric acid (HNOI) in a flLatinurncrucible. The resulfing solution is
diluted to a volume of 100 nls " Each
element is then separately analyze.d
using a Perkín Elner 303 Atonic
Absorption Spectrophotoneter o
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ETEMFNT

Pzos

FeO

HZO (Total)

coz

co
¿̂

In sulphide and
graphite containing
sanples 

"

METHOD

gil" of the sampl.e is
dissolved with the acids as for
elenents for Atomic Absorption" The
absorption at''"n7 of the mðlybdivan-
adophosphoric" acid complexf;used to
determine the concentration of P"Oc
using a Colenan Spectrophotonetef"'

The method consists of decompos-
0"5000gn, of the rock with hydro--
fluoric acid (HF) and 1:4 sulphuric
acid (H?SOr). The solution is ti-
trated fritñ potassium dichromate
(K1Cr7O7) o using bariun diphenytra-
¡niñe Sulfonate as an indicator"

1,000grn. of the rock powder is
heated in a stream of dry oxygen i4
an induction futnace at about 1200oC"
HzO is coLlected on a nagnesium
përchlorate and weighedô ,

Any traces of SO2 are removed by
manganese dioxide (Mn0r) (activated),
and then carbon dioxidë (COe) is
collected on Ascarite and wëighed,
This gives total C as COZ 

"

For sulphide and graphi.te con-
tai.ning sanpLes, 1,000gm. of the sâfi-
ple is deconposed by hydrochloric
acid (HCL) and heat, The carbon
dioxide gas thus evolved is passed
through a drying train, and is then
collected on Ascarite"

Sulphur is deternined by heating
1"0000gru" of the sanpLe in an Leco
induction furnacer with oxygen flow.
ing through the combustion chamber"
The resul.ting,,sulphur dioxide (SOz)
gas evolved is thèn titrated usin[
an automatie Titrator"

S



Tab 1e

Constituent

Precis ion

s ioz

41203

Fero, (Total)

Mgo

CaO

Keo

MnO

Tioz

NarO

HZO (Total)

coz

Pzos

and Accuracy of Major Elements

Concentration
q

ó0"0

9 "0

10"0

4"0

10"0

2.6

,41

.48

4,20

I .60

1,15

0.20

Instrument
Precis ion

"LZ

"05

" 
017

"04

,02

.01

"01

"02

.01

.05

"05

"01

Std" Dev"

Accuracy of
Repl icates

"20

"13

"03

.10

.07

.01

"01

"02

"05

"06

,LZ

.01

o
(tl
a



Table

Constituent

Precision

FeO

S

Zt

v

Ba

Sr

Ni

Cu

Co

7n

and Accutacy of Minor Elenents

Concentration

10 "9%

"185å

.027 %

380 ppn

790 pprn

260 pprn

7 7 pptn

40 ppm

53 ppm

108 ppm

34 ppm

ZZg ppm

10 ppn

Pb

Rb

Li

Instrunent
Precís ion

0"003

0"003

10

10

5

I
1

1

1

2

,5

,04

Std" Dev"

.Accuracy of
Reolicates
nèàææ

0.04

0"005

0"005

'15

z0

I
3

2

2

2

1

I

"05

o
6



Table LZaz Average Values, After Turekian and ttledepohl (1965)

Major
Elenents

sio2

Aleos

FerO,

FeO

Mgo

Ca0

Naro

Kzo

Tio
2

Pzos

MnO

Ultrabasics

20.50å

2 .00

9.43

20.40

2"50

0,42

0 
" 
0040

0"03

0"02

0,162

Gabbros

23"00å

7 .80

9"65

4 ,60

7 "60

1" 80

0.83

I .58

0"11

0.15

High Ca'l
9feno¿iorite!_

31,409

9"20

2 "96

0"94

2"55

. z"g4

2.52

0"34

0"092

0"054

l1
Low Ca'
Granites

34,704

7 "20

I "42

0, tr.6

0"51

2"59

4.ZA

0"12

0"06

0"059

Shales

7.304

8"00

4,72

1" 50

2 "ZL

0"96

2.66

0"46

0"07

0"085

Sandstones

56"90å

2"50

0 "gg

2,50

5"9tr.

0"53

1..07

0"L5

0,017

0 
" 
00x0

e\¡



Table LZa:

Trace
Ele¡nents

s

Ni

Cu

Co

Zn

Pb

7x

Cr

V

Sr

Rb

Li

Ba

As

Average Values,

U ltrabas ics

3OO PPM

2000

10

150

50

1

45

tr600

40

1"0

0"2

z

0.4

t

after Turekian and Wedepohl (19ó5)

High caf 
*;

Gabbros Granodiorites

3OO PPM

130

87

48

105

ó

140

170

250

465

50

L7

330

z

3OO PPM

15

30

7

60

15

140

zz

88

440

110

z4

420

19

*î
Low Ca1
granit.eå

3OO PPM

4.5

10

10

39

L9

L7S

4"1

44

100

L70

,40
840

tr,5

ËþgJSå Satdstones

24OO PPM Z4O PPM

68

45

19

95

z0

160

130

L50

300

140

66

580

L3

z

x

0.5

16

7

z?0

20

35

20

ó0

0.x

XO

¡A

Þ
æ



APPENDIX X T I

AVERAGE CRUSTAT ABUNDANCE

OF VARIOUS ROCKS CITED



Tabtr.e IZbz Average Values,

Trace
Elelnents

Ni

Cu

Co

Zn

Pb

Zr

Cr

V

Sr

Rb

ri
Ba

As

Crustal

75 PPM

55

z5

70

12 " 5

1ó5

100

135

375

90

20

425

l. .8

after Taylor (1965)

B,gq al t
].50 PPM

100

50

100

5

L50

200

250

465

50

10

250

z

!ranodigrjljlg

ZO PPM

30

10

60

15

140

z0

100

450

L20

zs

500

?

cIanltg.

0"5 PPM

t0

1

40

z0

180

4

z0

28s

150

30

600

tr"5

Greywacke¿ræfuæ

50 PPM

40

20

50

15

140

140

70

450

r2a

30

500

2,

,l

l

2 PPM

10

z

250

50

2,A

30

5

e>
(o



1.10 
"

TabIe 12c: Average Values,

Maior Elenents

PartI-Pl.utonicRocks
All Gabbro

Diori te

,Quartz Diorite
Granodiorite

Grani te

Syeníte

Part II - Volcanic Rocks

All Basalt

Andes i te

Dac i t,e

Trachyte

Rhyol.íte

Part III - Sedi¡rents

Sandstone

Quartz it.e

Shale

after Heier and

*ur:

1,89

2.52

2 ,50

2"75

2"58

2"95

z,3L

2,66

z.9s

3 079

2,49

0.97

Adams ( 1e63)

*f

4"74

r,76

L"74

2,28

.3"41

3.73

L "26

1"69

2,?2

4"76

5"80

2"89

5. 80



11.1 "

Table LZcz Average VaLues n

Trace ELe¡nents

PartI-PlutonicRocks
All Gabbro

Diorite

Quartz Diorite

Granodiorite

Granite

Syenite

Part II - Volcanic Rocks

All Basalt

Andes i te

Dacite

Trachyte

RhyoLite

Part III * Sediments

Eandstone

Quartzite
Shale

after Heier and

Rb

28

77

76

99

1.7 0

LZ4

47

73

97

zs8

2,L7

63

273

146

Adarns ( le63)

Li

10

20

2g

zo

30

10

7

LZ

25

35

50

L6

70



Table 12z Chenical -ggrypgtiti-o¡s-of Ch-erts 'and.Radiolarities - After Audley-
Charles (1965).

L2
Surnplo

no. SiOz

7rl0: 85.8
7803 Ct.8
?lì0{ 06.7
78I I 00'7
78 I rl (t$.5
?8 t fJ 77.9
7S1.1 87.3
?sî5 9:¡'0
7.q76 87.7
7S?7 90'5
ì879 0.t.3
?s79 75 7
?8¡i0 s9'l
?88:¿ 89.3
?8S3 8C.0
7SS4 83.3
7SS5 80.0
7886 I t.!

s

Al.O3 ForO, MnO C¿O trIgO TiO,

5.18 1.0!
2'58 0'3I

I I.ú0 6'26
2.68 2'09

10.43 8.02
8'02 9.38
3.88 1.74
3.10 0.44
2.97 1.00
9.55 0.9?
2'17 0.85
7'87 4.08
l..r I 5.0I
3.17 t.t0
2.4t I.{ I
4'23 2.38
3.85 9.04
3..r7 0'56

0.02 0.81
o.ot' o.oz
0.r9 2.52
0.05 0.44
0.04 l.l?
0.04 ].t 3
0'40 l.r0
0.01 0.54
0'?t 0.57
0.8t 0.4r
0.03 0.70
0.87 0.8t
0.1 I 0.54
0.Il 0.90
0.62 t-r0
0.93 0.54
0.I8 0.53
0.02 0.29

i'I2 0.39 80
c.49 0.03 40
1.6õ 0.91 40
0.73 0.t4 35
l'87 0.69 380
1.38 0.43 250
t-45 0.03 1t0
0'56 0.I0 90
1.26 0.26 t20
0'50 0.08 50
0.15 0.00 60
t.09 0'36 280
c.37 0.04 I50
o.st 0.3t 60
0.8I 0.20 lr0
2.27 0.19 280
l.3r 0.10 ]20
0.70 0.15 80

5

Chemical composition of radiolarites

12 (d)

Samplo
No. SiOz FerO. AI,O. C¿O

35.45
l0 6 2'o
10630
30 20
40 60
30.õ0
40 l0 35

30
60 30 30
35.15

9R

100 60 õ0
45 40 30
20.30
õ0 40 20

ll5 70 30
65 30 30
10525
6210

T8t9 95.3
?8I3 9õ.8
7852 90.3
785ô 96.1
7857 95.0
7858 9õ.5
?859 03.0
785t 95.9
?85{ 96.2
7855 95.4
7853 85'4

s

Co

0.53 0.72
0.t2 0.37
0.08 0.t8
0.03 0.33
0.13 0.6I
0.29 0.82
0.09 . ì.39
t.93 0.12
2.ó1 0'0t
1.80 0.4r
0't6 0.43

220 370 50 520
90 200 300

360 830 . tt00
90 t20

330 900 100 400
260 600 40 300
50 270 40 tt50

lr0 200 40
Ir0 tro . 2I0
90 8õ . 530
2085.80

285 430 100 400
200 50 . 75
105 I80 . 560
?0 80 . 420

220 90 70 230
100 50 40 70
170 r20 40 210
10 40 40 50

P? M

S¡ Rb. Ba

0.07 0'12 0.0t
0'8r 0'06 0.0t
0.3r 0.02 0.01
1.34 0'03 0.0t
1.50 0.01 0.02
0.r4 0.08 0'04
0.67 0.16 0.0r
0.04 0.0r 0.00
. 0.0r 0.0t

0.r0 0.05 0.02
7.69 0.07 0.18

IfgO TiO2 NtnO ; Cu

CO, * Totaì
YZTZnH.O%

Chemical composition of chorüs

rio r
80

50
80

50
40
20
60
60 r00
50 50
.15

45
40
70
40
õ0 100

0.44 30
0.18 õ
0'07 6
0.03 5
0.03 t0
o.I2 l0
0.03 5
0.003 5
0.003 20
0.06 l0
0.02 t0

2

50

Ni

5.5 . . 99.8{
3.0 t00.{9
0.7 09'50
3.S t00'63

10.7 100.49
9.t 100.38
4.7 100'50
3.8 100.55
5.6 100.:6
4'3 r00.r0
4.t t00.59
9.3 100.08
4.2 100.88
4.4 l00.il0
41.5 100.0õ
6.2 t00.54
5'7 100'6r
4.2 100'i19

25 90 70
2õ 5C 35
t0 4a 35
. tro õ0
. tto 60
lõ 80 75
t0 130 60
l0 50 35
.9040
l0 90 40
.7035
õ520

Co

õ0

S¡

90 50
50 200
. 200
30 60

?P ¡^

Rb

õ0

en 50

50
40

900
r00

90
80

são
40

t.^
g.ô
9, t
l.o
q,r

. J'J

. t.3
" 1.4
. 0.6
. t'l
. õ.5

20 20 õ0
1900

50

co? + Hso
Total

o/
.,o

93.!0
99.{ 8
99.0û
'99.î 7

90.69
9C.3 r

t00.05
99'{ {
99.3+
99.ó3
99.62

ts
H
ì\)



APPENDIX IV

ELEMENT RATIOS FROM VEIN ROCKS,

AND AVERAGE CRUSTAL ROCKS CONTAINING THEM.



Tabl.e:

No.

3

7

L4-Z

16* I
T6-2

18- 1

14at Sone Element Ratios from
(Ratios calculated using

Rk. Type Si/At Si/MS

Gabbro 274 ó563

Gabbro LS tr09

Sed .35 489

Granire 508 6150

Granite 470 888

Gabbro 165 2566

19-1 Gabbro

?,2*2 sed

?,3-Z Rhyolite

7,4-2 Rhyolite

ZS-L Rhyolíte

26-Z Granite

27 -Z Granite

Vein Rocks
wt.8 of oxides fron

Fes+/A1 p"3+ ¡ps2+

0"35 0.27

0"44 6"90

0"35 2"07

0.59 0 
" 

53

0,90 0,59

¡. 
" 
1.4 2,39

51r.

73

44

L2,39

9Z

1649

463

1945

560

470

28314

3934

32983

14309

Tables 5-7)

FelMg

37

4

7

34

5

zs

?z

5

7
I

L97

134

240

zz4

3 "2\
0"68

0.44

7 "L2

z "56

5"33

3"81

FelTi

z4

14

55

z6

32

L2

36

l.z7
L,67

z "06

4"75

4 "62

0"80

1" 11

pe/Mn

187

79

169

550

64

273

trs8

tr0 50

360

1ó9

C¡¡



Table

No,

30-1

31- 1

l.4a: So¡ne Ele¡nent Ratios from
(Ratios calculated using

Rk" Type Si/Al Si/Me

Rhyolite 274 1000

Gabbro 287 ó5f

3l-Z 6abbro

34-l Gabbro

35-Z Gabbro

36-Z Gabbro

41

4Z

43

44

45

46

z9

?,L7

19

94

t ó55

s7

69

391

3277

376

3310

89

Granite

Rhyolite

Rhyolite

Grani.te

Rhyolíte

Gabbro

Vein Rocks.
wt"t of oxides f,rom

Fe5+/A1 p"3+7pç2+

2 "40 0 "7?,

2 "26

40

73

249

1092

9930

287

18

1099

14455

1994

2LL28

1 090

92-S Granite

346-2 Gabbro

1,33

L"68

3"15

0 "76

2 "83

0,zg

1" 97

1" g8

1,00

3"73

6"00

0"43

Tables 5-7)

relMg Felti
I 100

59ó
z "0?,

0 ,59

s "26
3,25

4"25

0"99

2 "70

2,35

0.09

48"50

1.12

0. 34

3

z

54

TZ

2L

5

I
I

135

20

72

z

FelMn

400

86

111

74

5064

115

50

?,L

495

óó

2L

2,38

1405

168

Þ



TabLe

_ No"

3

7

t4-z
16-1

t6-z

18- 1

19-t

22-2

?,3-2

24"2

25- I
26*z

27 -2

(¡

14:
A

Some Elenent Ratios from Vein Rocks 
"(Ratios calculated using wt"8 of oxides fron Tables

FelNi Mg/Ni Li lMe Ca.lMg Na+K/Ca+Mg

467 13 0 g"67 1"10

1859 455 l. 62L.62 0 "05
1125 158 16 5 " 37 0.80

1835 53 0 6"25 0"32

510 111 2"16 0"18

950 3g 26 10 "53 0 "22
1363

818

29 40

1725

3 150

3óCI0

50¿$0

63

r,53

420

9

24

15

L4

0

4

l0

0

45

0

294

s- 7)

Na/ca

0"25

0"05

0.ó2

0.22

0 .07

0,09

0"09

0 "07

0"05

0"06

0 
" 

12

0"10

0.07

4"00

7 "77

z "29

8"51

Kl Ca

0 ,09

0.00

0"35

1,tr0

0.19

0.1ó

0"00

0,94

1.45

0.41

0"07

0 .99

0"06

L"40

0"10

0"07

Na+K/41

0"44

0"04

0,37

0"38

0"30

0. tr6

1. L5

0,12

0"30

0"08

0.31

0,1.3

0,07

H
(/l



q
Tabtr,e 1.4:

^

Noo

30- I
31- I
3L-2,

34- I
35*7,

36-Z

41

42

45

44

45

46

92-3

346-2

Some Elenent Ratíos fron Vein Rocks 
"(Ratios calculated using wt.8 of oxides from Tables

Fe/Ni Mg/Ni Li ll'lr CalMg Na+k/Ca+Mg

4000 19 0 0"10

12 83

L36Z

15 8ó

4ZS6

927

263

500

937

394

259

16 50

850

r0trz

250

49s

85

79

80

13

168

13 13

5Z

2

8Z

11

519

0

2 ,55

2,66

2.08

13"00

ó"28

2"08

3 .64

0

0

100

6

1

23

405

L2,Z

z13

5

0"09

0"14

0"01

1.65

2.37

0"05

0 "26

0"02

0"10

0 "05

0"43

0"05

û "t¡.

s-7)

ña/Ca

0"20

0"12

0"18

0"01

1" 00

3"86

0 .02

0"20

0"15

0,16

0.05

0,52

0"05

0 ,01

kl ca

0"02

0 .00

1."41

0"03

0,10

0 .08

0 ,00

Na+K/Al

0"06

0"15

a,37

0"09

0"38

0"53

0"12

0 .57

0. 1.8

0. tr.1.

0,26

0. ¿$4

0"04

0"05

o\



Table 14a: Sone Element Ratios from Vein Rocks 
"(Ratios calculated using wt.8 of oxides

No " KlBa K/Rb

5

7

L4-2

16-1

L6-Z

18- t
19-1

27,-7,

2s^z

24-2

z5-L

26-2

27 -2

0.50

0.40

17 .00

5.50

15"33

6,40

0"05

15"00

I "67

0.23

CalSr

575

600

L43

57L

546

209

286

Ni/Co BalTi.

3

from Tables 5-7)

BalSr CalBa

3

0 .31

0"?0

2"00

1,50

0"33

1

3

5

L2

29

14

l3

43

z

7

115

51

5

I
40

5

16I

Ni/cr

0"06

0.09

0 "0ó

0.02

0"08

0 "04
0"05

0"08

0"03

0"02

0,03

0 "02
0.02

0 
" 

75

I

Rb/Sr

0"88

7

P\¡



TabLe L[az So¡ne Elenent Ratios fron Vein Rocks"
(Ratios calculated using wt,å of oxides

-No" KlBa K/Rb CalSr "Ni/Co Ba/Tí

30- I
31- 1

3t"z

34- 1

35-Z

36-2

41

42

43

44

45

46

92-3

346-Z

5"00

20,75

0. 10

4"00

2L,33

0.03

0.20

1826

596

590

545

L324

2

2

3"50

6"65

0"25

0"05

12"50

1.5 " 
00

tr5,00

fron Tables 5-T)

BalSr -CalBa

I
1

I
I

40

57

14

5

246

15

3

40

274

60

Ni/cr
0"05

0"02

0, 1,5

0"14

0. 16

0"04

0"06

0,08

0,21,

0 " 1l

o.zz

0.03

0"02

0"07

Rb/Sr

3 ,00

0,.03

2

æ



Table

Noo

3

7

L4-?,

16-1

L6-2

L8-1

19-L

22-2

2,3-Z

24-2

25- l
26- 2

27-2,

14a: Some Elenent Ratios fron
(Ratios calculated using

Mn/Ni Cu/Mn Ti/AL

0"25 32

25.53 0 0,43

6,67 1 0"04

3,33 3 0 "03
9,00 0 0 "09

- 0"05

5"00 7L

- 0 "09

0"02

12 
" 
50 0

5"00 g

L0,00 Lz

1g "00 37

Vein
wt"8

Ti/ Zr

9"13

8"53

1.82

2.73

¿4,00

2 "86

Rocks 
"of ox ides from

CrlFex 105

34

5

?,

35

3

2

z0

15

11

31

q

T7

17

Tables 5-7)

Cr lMe

1 ,28

0,03

0"11

1" 20

0 
" 
l2

0,62,

0"48

0"0g

0 .09

6,20

L.Z3

4.07

3 "77

V/Me

0 "07

0"01

0"01

0"19

0 .01

0,02

0"01

0"02

0 ,01

0"01

0"53

0,28

?€
o



Table 14a:

No.

50-1

31- I
sL-2

34- 1

3s-2

36-2

4t

4Z

43

44

45

46

92-3

346-2,

Some Element Ratios fron
(Ratios calculated using

Mn/Ni Cu/Mn Til41

10 "00 g2 0"06

15.00

L7 "31

zL,43

1"39

8"19

10"00

45 "67

3"33

0

Vein Rocks
wt"oø of oxides fron

Ti/zt CrlFeXl03

1"33 g

0

0

0 "02

0"03

0.02

0 .04

0"02

0"02

I

0

0"05

0"56

0

Tables 5-7)

cr lMg V/Mg

0 "02 0 "01

70

47,

5

4

14

50

61

20

50

?4

14

z3

81

14

0.22

0 ,00

0"01

0"09

0"35

1" 40

0"07

0 .00

0.19

1 ,99

0 "47

4. 40

0 "03

0.02

0"03

0 .01

0,03

0,01.

0 .00

0"01

a "32

0"01

w
(>



Table 14b:

Samplo
no. Fe/IIn Mn/l00Ni Mn/100Cu Xd:r/r00Ba Mn/l00Mo Fe/I0OCo Fe/IOONi FeiTi Ni/Co Ba/Cu TilZt AlsOsiTiO¿

A
?s09 35
7807 20
7S08 5'1
7806 0.2

B
7898 0.44
7887 0.04
?820 0.014

c
7821 0.002

)

Somo oloment ratios of the ferromanganiferous sediments from Timor

0.t
1.I
5.5

t 4.l

5-5
17.5
12.6

t0.I

D
7827

3.8
8.0

3I.3
22.3

E
7823 2.4

r
7889, 0.S9
7890 r.2r
7891 1.06
7892 1.21
7893 0.97

G

?817 0.05
7816 0'07
7815 14.8
?glil 7-7

0.001

18
I6
L4

18.6

17.0

0-57
0.79
0.85
0.78
0'89

16.5
Ð. 1

-

ò
4

t9
t30

t.2

77 4.3
120 2'3

240 29
4.3 3.2

89
160
.98

4.9

9'5

3.334

After Audley-Charles (. L965)

0.5
u.Ð
u'b
0.7
0.6

o.t
I.7
0.9
1.3

t8

l9

13õ

7.t 2-1 lr 2.9 12
2.5 0.5 2 5.3 rr
r.7 0.2 ? 8.9 - ll 60

200
300
350

6

8.8
7.0
6-7
7.2
8.5

50
t:

0.6 0.03 4.5 24

t8
b.r
8.5
1.3

0.1

72

'0.9
1.8
t.I
I.7
1.3

1.0

2-6
2'8
5.5
4.ô
o.a

9o

0.04

45

0'51
0.95
0.s9
0.94
0.86

6ô
4õ

3.4

3'3

700

13.4
12.8
t t'7
I2.3
t2'0

õ-4
2.2

20
It

25
34
bc
t0

33

9.3

r.6 r00

r.7 0.58
1.9 0.75
1.3 0.77
t'8 r.00
1.5 0.65

t,r)

o..)

0.80

ï'

2.3

200

lÐc

35
oe
Ão

7L
87

v

L23

t0
I
5.4
4.3
7.9

l{
ll
J.D
3.9

0.45

:
;
üÐ
t.1

H
¡\)



Table 14c:

'Sample
No. Mn/Ni I'e/Ni Ni/Co

7802 6
7803 8
7804 r40
7811 t3
7818 I
7819 t0
7824 75
787 5
7876 27
7877 ,180
7878
7879 67
7880 t9
7882 42
7883 95
7884 63
7885 2t
7886 l5

200
220

4400
490

1050
550
300

200
r90

2SO

780
490
200
140
220
400

Soms olement ratios of the racliolarites

;
2

Y
4

;_

o

I

I
1,õ
2
a,

Ni/Cr BaO/TiO, Ba/Sr CalBa Ca/Mg Ca/Sr

0.8
0.4
0.3

0.6
0.6
1.1

2
2.3

2
t.5
0.7
2.5
3.8
2'l
0.4

0.r5
l.t
0.13

0.06
0.08
4.3

0'09
1.0
0.1
0.L2

21.0
0.2
0.23
0't3
0'008
0.18

After Audley-Charles (- 1965)

L.4
l.õ
1.4

o.++
0.5r
4.3

t.s
6.2
0.94
0.93
1.5
3.2
5.3
2.5
L.4
2-0

t1
l6
t6

2t
27

I

-2

5
60
T4

50
tt
19
t7
55
I

1.8
3:4
3.8
l'5
t.6
2.0
1.9
2.4
I'I
2.1
2.2
1.9
3.5
2.8
3.4
0'6
1.0
1.0

t6
24
22
o<

I
13
29
20
ól

34
59
t3
78
36

100
43
76
t7

46
5

45
t3
68
52

4
t3
40

5
l2
44

38

,,
t2

¡\)
t\)

I



APPENDIX V

ANALYSES AND ELEMENT RATIOS

OF THE ALTERATION ZONES



Tabl.e 15a: Rocks From Eldorado Mine

Major
ElSUgnts_

sio2

Alzos

F"zos

FeO

Mgo

CaO

Naro

K'O
z

nzo

,oz

Tio2

Pzos

Mn0

108

63.80%

1ó"70

1".10

2,78

1"ó1

2"86

4 "70

1"83

2,32

1,53

0"48

0"125

0 "030

208

63 ,9 5?

16,84

2 "L6

1."78

1.58

5,84

4"25

0 .63

1"64

a,26

0 ,46

0"tr20

0"037

(Feet ar,úay fron Vein Indicated)

39E

64 "ZSz

1ó"97

2"08

1"90

l. .68

5.73

4 "3V

0"63

0 "95

0"00

0 ,47

a,L?7

0"040

408

0"506

Ló,58

3 "07

2 "78

2.23

6"05

4.17

0"89

L,76

0"84

0 .63

0"511

0"065

z

508

62,902,

L7 .32

2.0tr.

z "34

2 .03

6"45

4,54

0"ó6

0"82

0 ,02

0"49

0.105

0 "052

ss4
67,.952

17"30

2 "2L

2"19

1.96

6.45

4 "32,

0 ,79

0"88

0 ,00

a "47

0.126

0"055

È.t
t¡l



Tabl"e 15a: Rocks

Trace
ELelnents

s

Ni

Cu

Co

Zn

Pb

Zr

Cr

v

Sr

Rb

from Eldorado Mine

10q

10

24

2Z

15

6Z

l3

10000

90

70

320

66

28

23000

99.97

PPM

3sE

30 PPM

2,2

2T

L2

64

45

0

L0z

85

415

19

1.9

11000

99.64

(Feet away from Vein Indicated)

l0E
40 PPM

L7

20

13

65

2

0

t18

48

440

30

l5

2 7000

99"30

ri
Ba

Totals

408

700 PPM

38

34

13

85

5

0

ilr
50 PPM

36

25

19

69

I
8000

114

ó0

447

23

16

z 3000

99.94

q0å

50 PPM

31

24

13

ó9

ó

5000

97

60

47s

26

L8

5000

99.92

LzL

88

390

46

27

37000

99"88

.NÞ



Table 15a:

Mãjor
Eleeeflg.:.

sio2

Ar2o3

FerO,

FeO

Mgo

CaO

Na2O

KO
",L

,ro
cQz

Tio2

Peos

MnO

Rocks fron Eldorado Míne

10ttl

62 "25Z

17"58

2 "03

2.34

2.t3

6"10

4"15

l.08

1" 40

0,03

0 ,49

0"048

0"052

¿gu

61.95 å

L7 "44

1,63

?.s2

2 "03

6.LZ

4"50

0"97

1"33

0. L4

0.49

0 
" 
113

0"047

ågu

6L "Z5Z

17.88

z "06

z,s4

1.92

6,7 4

4 "62
0"84

0"87

0 ,00

0"55

0 
" 

105

0"053

39r,

61"55?

L7 "79

1"99

2,50

L,97

ó"45

4 "49

0"87

1" 28

0"08

0"55

0"105

0,047

ågg

ó1,309

¡.7.56

2.06

2.34

1,87

6"60

4,42

0"94

1."77

0"19

0 "52
0.107

0"05ó

100+lll

62.50 z

17"39

2.2,6

2. ng

L"86

5.97

4"42

0,81

!"67

0"x.4

0"54

0.092

0.043

N¡
Itt
o



Tabl.e 15a: Rocks fron Eldorado Mine

E1
Trace
ements

s

Ni

Cu

Co

Zn

Pb

Zt

0r

V

Sr

Rb

ri
Ba

Totals

19I{

10 PPM

z9

25

14

ó5

L7

5000

110

67

450

30

z0

1000

99.67

¿gI'

70

(Feet Awawy

50

z5

15

ó9

I
4000

103

60

425

29

2?,

27 000

99"38

PPM

¡01{.

40

from Vein Indicated)

L7

41

LZ

70

L7

0

9ó

76

440

29

L9

0

99"51

PPM

1gg.

40

z0

34

15

69

14

0

106

84

410

28

2S

1000

9 9"74

PPM

5g-u.

75

15

38

t4

65

1ó

5000

100

60

460

L7

?,0

25000

99.74

PPM

loo+w

80 PPM

2,5

z7

18

66

18

0

134

56

448

26

z5

21000

99"89

¡\)
o\



Table lSb: Rocks fron Packsack Mine

Major
,Elements

sio2

41203

F"zos

FeO

Mgo

CaO

Naro

KO
z

HO
2

coz

Tio2

Pzos

MnO

00

95 "ó0?

2 "44
a "32

0,?,2

0.05

0 ,00

0.16

0"57

0"45

0.17

0"04

0,002

0"000

90"5 S

7 4 "L0?

14 "76
0,74

0"50

0"19

0"59

3"94

2 "43

1"39

0 .67

0 "27

o "1.26

0"009

(Feet Away from

0_2.0 N

70 "604
14,77

0.63

z "30

0 .99

1"06

4 "ZL

1"94

L. g6

0 "65
0 ,35

a "077
0"023

Vein Indicated)

gå,9-9.

ó9"903

15.51

0.6?

| "67,

0"56

2 "02

4,94

1.71

1" 3g

r "29
0,29

0"107

0.023

05.0 N

68, Z0g

14.59

0.05

z.\4
0,75

3,49

4.50

L,77

1" 51

2.09

0"29

0.110

0 "027

E\J\¡
I

j

'i

I



Table 15b:

Etr enents
Trace

S

Rocks from

0g

1780 pPM

5

55

11

Ni

eu

Co

Zn

Pb

Zx

Packsack Mine

00"5 s

Z73O PPM

13

36

ó

l4

3

6000

110

45

190

80

I
4 1000

gg"g4

Cr

v

Sr

Rb

ti
Ba

TotaIs

(Feet Away from

02,0 N

90 PPM

t2

2T

7

46

z

1 1000

80

35

23s

75

z0

40000

.) g"95

5

0

0

104

7,7

115

50

I
18000

100 
" 
16

Vein Indicated)

03"0 s

2OOO PPM

l,g

2t

7

20

14

t.5000

85

10

330

56

L2

2 1000

Iû O, 06

9tu9_a
250 pp¡r,l

2Z

L?,

6

51

13

4000

88

LV

385

56

LZ

35000

99 "ó4

;

I

I
I

:

I

l
l

I

I

1

I

F¡
N)
æ



Table 15c: Sone Element Ratios

Eldorado Mine

Quartz Diorite - Distance

P¡åg.g-

108

z0E

308

408

508

608

00

0óltl

l.0l4I

20l'/r

30ltl

4olrJ

50l4I

100lÀ¡

g¡./4¿ gi/l'Ig feso/Rr Fesn /F"2* Lez*/r,re Fe/ri uglNå
3 "82
3"80

3 "79

3"65

3"63

3"63

39"63

40.47

38 "24

27 "t3
30 "98
32.L2

from Alteration Zones

from the vein and

0"66

0"15

0 
" 

12

0"19

0 
" 

12

0"13

0"51

0"1.0

0"12

0 .09

0 
" 12

0 " 25

0"12

0"L3

50"12 216,74

3"83

3"54

3"55

5.43

4"46

3"49

3,59

direction indicated,

0"40

T.ZT

1"09

1."10

0"86

tr "03

L.27

0 .53

0.97

0.65

0"81

0"80

0"89

1"04

30.75

30"66

30 "5?

31 ,90

3L,?4

32 "79

34,53

tr."73

1.1.3

1.13

1"25

1" 15

L 
" 
l1

L.7 Z

r "47

1" 15

L,Z4

r "32

L.27

L"25

1" l7

7 "97

9"5ó

I .47

9"29

9"06

9.45

z4 "0a
g 

"76

8"92

8"ó5

8"36

9.16

8"4ó

8.22

67r

718

988

587

só4

632

860

1000

700

677

1129

985

1.247

744

dtoo¿rg*
T7

L2

9

L2

I
9

23

16

10

11

10

tr5

t1

15

N
rc)



Table 15c: Some Ele¡nent

Packsack Mine

Acid Volcanic - Distance

Dist"

00

0%N

02N

03s

05s

så/A¡. si/Me r"3nlAl

39"18

5 "02

4"78

4"50

4.67

Ratios fro¡n Alteration Zones

from the vein and direction indicated"

1.912 
" 
00

71"3L

390 
" 
00

r24,64

90 .93

0"05

0.1,3

0"04

0 ,04

0"00

3+ 2+Fe lFe

1" 45

1.48

0 "27

0.39

0 "23

4,40

2.63

2.3?,

2"89

2"85

FelTi

15.50

4"60

8.88

7 "77,

7,55

Ug/N.i ,tx¡'04/¡"t.

100

146

825

311

541

160

42

z0

ZT

16

t¡¡o



Table 15C: Some Element Ratios from Atrteration Zones

ELdorado Mi.ne

Quartz Diorite - Distance from the vein and direction indicated"

gis.t.-

108

208

308

408

508

ó08

00

06l,ìl

10l{I

20¡ìi

30l{

40[lI

50ttl

10oltl

CalMs.

7."77

3 ,69

3 .41

z "7L

3 "L7

3 "29

1.51

2"39

3"00

5 ,01

3,51

3,?,7

3"53

5"1ó

Na+K/Ca+l"lg

r "42

0"60

0 "ó7

0,61

0,61

0"61

0 "67

0.58

0"ó4

0 "67

0"gL

CI"64

0 "62

0"ó8

Na/Ca

1"ó4

0.73

0"76

0 .69

0.70

0 "67

0"28

0.05

0"ó8

0"75

0"68

0"69

a.67

0"75

X/-ca

0"ó4

0 
" 

11

0"11

0"15

0.10

0.L2

0,83

0 "77

0.19

0"16

0 "L2

0"13

0"1.3

0"1.4

Na+K/Al
@

0"58

0,29

0.29

0"51

0"30

0"30

0.39

0. z5

0 .30

0"3L

0"31

0"30

0 ,30

0"30

80

s7

2S

z4

29

158

49

65

1080

3é

00

870

54

39

277

332

210

194

287

504

245

2ó0

360

535

7,90

3L0

494

3LZ

C¡¡



Table 15c: Sone Element Ratios from Al.teration Zones

Packsack ¡Vine

Acid Volcanic - Distance fro¡n the vein and direction indicated"

!is!g
00

0%N

02N

03s

05s

CalMe

3"10

1"07

3"60

4"ó5

Na+K/Ca+Mg

14 "60

8,17

5.00

2"58

1"48

Na/9a

6 "67

3.97

2 "44

1"29

Kl Ca

4 "IZ
1.83

0"84

0,51

0 .43

0 "42

0"43

0 .43

K/Ba

l

l

l

I

I

I

I

i

l

ì

.

j

ì

l

3Z

59

48

81

51

505

e59

30s

31ó

(d
N)



Table 1.5c: So¡ne

Eldorado Mine

Quartz Diorite

Då'"
108

z0E

308

408

508

ó08

00

06t{

t.0ltl

z0l,li

30ttl

40ltl

50l1I

1CI0lll

Elenent Ratios

CalSr

894

141

130

1s5

L44

1.36

41

2L0

13ó

1,44

153

157

tr44

131

Distance from

Rb/Sr
T
0. z0

0.05

0 .07

0.lz
0 "05

0 "05
0"14

0,62

0 ,07

0 "07

0"07

0"07

0"04

0,06

fro¡n Alteration Zones

the vein and direction indicated.

Balsr

0.72

0 "26
û .61

0 "95

0"51

0"01

0.ó9

2"50

0 "02
0,ó3

0 "00

0"54

0"47

Ni/co

tr .60

1"80

1" 30

2.90

1"90

z "40

0"40

2"00

2"00

2"00

L"40

1"30

1"00

1."40

Ni/Cr

0 "27

0,22

0"14

0"31

0,31

0,32

0.02

o,zz

o "26

0"29

0"lg

0,19

0"15

0"¡.9

Y"
LZ6

L07

100

93

84

84

140

83

84

88

87

96

79

tr03

FelNi

1575

1,790

234L

t 540

120I

1429

5360

224S

150 7

1383

2706

2¿45

2953

L776

y/-:
12,5

1ó"8

23.5

16.6

L4"4

17.1

24.0

27 .A

17"9

1.5,7

5L"2

23,5

37.3

17 "z

(¡l
lt¡



Table 15c; Some

Packsack Mine

Acid Volcanic

Dist.

00

oLN

02N

03s

05s

Element Ratios

calså

0

Distance from

3L

45

61

91

ßw
0,26

0 "42

0.52

0 " 17

0"14

fron Alteration Zones

the vein and'direction indicated.

BalSr

1" 57

?,L6

1, 70

0"64

0"91

Ni/qg

0"50

2,20

1, 70

2.60

3,70

Ni/çå

0 .05

0.12

0 
" 

15

0.22

0"25

Til&
0

15s

LZ7

97

81

955 9

z44Z

L244

9955

Mn/Ni

6"1

19.2

12.8

rz.3

(¡¡
&



Taole l5c: Some Elenent Ratios fron Alteration Zones

Eldorado Mine

Quantz

D!s.g"

108

z0E

308

408

508

608

00

06lll

10lll

20lv

30ltJ

40lì'

5 0t{

100l{

Diorite - Distance from the vein and direction indicated"

Çu/Mn

0,07

0.0ó

0"05

0"05

0"05

0"05

0. 10

0 .04

0"05

0"05

0 .08

0,07

0"07

0"06

BalTi

0 "05

0 "02

0"06

0"0ó

0"05

0" 01

0"16

0"12

0"02

0"06

0,00

0 .02

0"04

0 .04

Ca/Ba

L24

531

2L2

163

280

tr"u90

591

839

6 100

z27

6450

?64

280

4.63

ó.94

3.19

3 
" 
17

3"13

57 .40

4"55

3"80

3"43

5"65

5.30

6,67

5"36

0"03

0"03

0 .03

0"04

0"03

0"03

0"04

0.03

0"03

0"05

0"03

0"G:

CI"05

0"05

w
48

79

9ó

307

98

120

104

0"003

0. 003

0"002

0.003

0.002

0.017

0.002

0"003

0"003

0"002

0"002

0,002

0 ,003

C¡¡
lJ'r



Table 15c: Sone Elenent

Paeksack Mi-ne

Acid Volcanic * Distance

Dis9"

00

0táN

02N

03s

05s

ct¡/M3

0.45

0.09

0"09

0"04

Ratios fron Alteration Zones

from the vein and direction indícated"

BalTi

0"45

0,16

0. Lz

0,07

0.12

Ca/Ba

14

z7

96

100

CrlNi

z0 .80

9"46

6.67

4.6L

4"00

Til_A1-

0.02

0.02

0.02

0"02

0"02

Ti/Zr

45

30

193

7Z

gsÆe

0.0L9

0.009

0.003

0. 004

0.004

(¡¡
e\


