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ABSTR"A.CT

The cluaniiia'rivo míneralogiee of foriy-five Ganadian base ¡cølal

suiphide oro depesils e,re prosCInted. Deier¡ui¡ations r+ere nado on

conposite soroplos by poinb eounting and x-ray diff,ractlo¡¡ ¡rethode"

Sanaples woro ana\rzed for lli, Con Quu Zn, Fbu Fen J"u, Âg, and S.

Ana\rseo of nebal and sul-phide r¿ineral ratioe, oro t;rpe, and.

v¡all rock aasocfatfons yielded, significanb resìrlLs with respoc'c to

grouping of bhe ores studlod and su.ggosted 1:haè a dÍff,erentialion

px¡oeess iras been operaiÍt'o riuråqg '¿heír f,oraatfon.

Conventioi:al ånt'erprete';ion metlio,.d,s åndicated bhe lnporÈance of

the pyrrhotiÈe-pyrlte and, pyrrhotåte-pyri.te*nagnetit,ø relabions ån bhe

classificatior¿ of sulphide deposl'bs 
"

Q-nociE faef;or anaþsis proved 'Lo bo an effeciive and rapld

interpretat,ior¡el bechnic,ue whon ap¡:3"ied, to conposiiåonal data.

Gonsiderabion of the n:athenrai;ical}y exbraci:ed f,actors åndic¿ieci bhe

.5-mportance of 'ohe pyrrhotl'ce-pyrl?e ::el-atåo¡r ån eiassåf,ying sulphide

oree '¿,"hen e:cami-ned ån ""ezrus Ef Ûre a¡:rå r.au. roek bype variatioa anC

thet the pyra"hobåte*pyråie-sÞheleråbe 'aerr:ary relaÈåsn eptrsers üo bs

a co¡rÈånuous s€råoe for orçs stu.dåcd.
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Goneral Stat,ement

The ¡ri¡eral resourcee of Canada contríbute much bo the øeallb

of thls country" Dovolopnent of tbe Canadian ¡ainfng indusbry has

expanded rapidþ in recent y€ars and ås sttll gror'rlng. There j-s

hor+ever, no overall picbure of the chenical composlbåon or the

quantitabive sulphlde and ellåeate rnlneralogj.es of Canadi¿n oreso

Furthenuore, data on fndåvådual propertåoe ån publåsb'ed f,oro ås

gonoral-ly seatb€red ênd dif,fåEulb 'bo Xoeate and many op€ratlng mjnes

have lib|le or ao ånfoiruatioa la publåshod Íor¡a'

Dotali.ed study of, suclã fu¡.f,o:roa'¿ioä raay suggeet, a general order

to the factual aeta oa ore depooå'bs, conpared r,rith the divorsiiy in our

Ídeas eoncerning thelr geneels. The variaiåon ån nlneral conposiLion

of dåfferon! types of ores ån Cifferont, nobail.ogenåc prorj-nces eay be

of lnberest to geopbysåeùs and nay be ìåsod es en eid 1n deiei:ain!:'g

the mos¿ suåteble prospoebåtrU:ãebbada to use and how to ånterprat tbo

resuåts.

Stat eraent o-L 
-LÞg-P{cþlets

The quenbita,¿åve rn¿,r.eralory of, Canadlar¿ otre deposlts ås unlmor'n"

çonsequentþ 1;Ì:o ,,ligaå.ficaac€ of tite quantåtabive m'i-neralo# hlas aever

been enanined,. 'Ï¿r,e ek¡ of ähe ¡:neeaat ebud,y "arasn ti;ereforo, åo proråde

ar¡d exaai¡o 'bitås da'¿a"
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Tho reseaich progrossoci ín a thrssfold nanner;

First, research¿ r¡ae directed to cieter¡rino the quantiLative

s'utphico anC sÍl-icato ¡rinoi:alogr of fofoy-fivo rnajor Canadlan baee

r¡rstal eulpÌúdo Ceposits.

Second, lho chemical conpoeåtåons based on '¿en eleneats lras

dotermined for the deposiie.

Finallyo the data colleeted was anaþzed lrlbh rsspecb tô

calculabed, ¡nineral and ¡sebal ratlos, uinoral and rætal eontenb, ore

typo¡ geographle locaÈton, and facto¡' anaþøiø.

Àclanol.""lodgements

the wrj.ier wishes to tha$l€ all of bho aånÍng Gonpanios fron

daieh sanples havo beon obtained,,

A special iaobe of bhanks ås Cue Ðr" H" D. B" Ifålson who

suggesLed 'ahe probles a¡:,d gave guidance ancl cribåsrc"

Acknowledgeinents are due tiee Mi:¡'åsber of, l'Íiaea and }Jabural

Resourees c:l 'bke Pro¡rånce of lft*.åtobe for perruåssåon t,o have a large

nr.¡¡sber of, ebenieal anaþses d,ono at ÈIze Månes Bra,neb Laboratory by

I&asors, Â" i/æKay and Ð. BreÞ'ra

The writer also exbend,g Èþ.a¡xlcs '¿o Dr" Ru Bu Fergueon, Dr". å""

C. Turaocke a¡1c[ Dr. Ð" T. é.nCerson for helpful euggest,åons and

co¡.lnonts¡ and, to nry eolleagues ab Tbe Unj.vorsåty of l{enitoba f,sr

mny atåmula¿"lng dåsÇussåons of, bb.e problene ønesunbered"



Thanks aro aLso due to Dî" Â" Turøk who ac'eed es ox'úernal

exami-ner"

h'evious_ WorE

Published, resoarch aì-ong the llnes of ihig eLud,y appears 'co be

very liraited" Tho Natio¡",al Advlsory Oo¡a¡ait|eo on Rosoarch in bhe

GeologJ.cal Sciences, durlng bhe late L95O'e, initlatod a questionnaire

survey on sulphid,o ni¡eralizaÈior¡ ån Canadiaa aulphlde d,eposita (l'¡llson,

IgóI). Eesult,s of thåe sumrey d,id i.ndLcato sono bentabåve concluslonsu

but bhe da'ue subm:i'bted by bhe nånång Gorapaaiee varied greably iå

qualåtye rangåag f,rom good, blurouglt sketeþr, ås usoless"
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}EIFODS OF STUDY

!he_-,$ênpLes

A study of thfs type required sarnples rdhlch 'Hero representative

of ore bod,les and ore types. The besð posaible sanple woufd be one

vrh¡-ich fs ropresentative of alL ore acceselble through rnlne openings"

],fll} feed compsites ropresent large lonnagos t¡hlch have been dral"n

from nany uorì<ing places in aa ore boQr or e Sroup of ore bodies ax,d

for most ¡rinee shor'rs fa:-rIy constant ireeo üetal eontenbs fron aonth

'r,o noa'¿h" This faårþ eonsÈanrl couposlàåon åndícetee reproducibility

.f* ^^--ì.i*- ^*,¡J.r¿ Ðð¡¡,o,.*¿iÉ Ë;¿¿u a good represeata'¿åon of bh'e ore uone f;hat hes been

r¡orked. Another type of sanpie {¿}iat wculd, be nepresen'sa'ci.vs of a¡r ore

body urcuJ.d be one 'ûhåb hed boen coLLeeted f,¡r¡n orE åntereectåons by a

eolaplete exploratåoa dråU-ång progrea. tr{owever, oanp}oe of bhis }atter

type aro nob readlþ evallable.

l"itlå feed conposites, eoverång periods of up to si-x, nonÈhs end,

theroforo reprosonting a lerge ioue.go, r..ì31'o treo¿uest,ed by ih,e autilor

f,ro¡a base melal er:,lphåcÌ.e ai.¡res ån Ganada, Tv.ienty-seven mil-L f,eed

compooites tdo:ro receåvod, for i;hås s'buSr" The representailåvenegs of

nos! sa.mples was gåven'!:y the n'rniag eonpâqr as è tíme facbor wh.ich

could be eoaverted to ei1 eo.uåv&lent Èonnage using the dalþ mj j-]å¡.S

rate of t,he nfi]. Ouo sa.npio t:as reeeåved l¿i;e åa the sLudy fron Ùho

llsranda ama (¿ake Ðu.fe¡¡}b länss T^å'rrirbocå) a;d t'ras oa&y'partåe}åy



ana\fzed" Eighteoa con'posltc sc.:aples ;e;aaini;:6 ln 't he dopartron'a frpâ'

Dr. L, C. Kllburn?e (L959u 19ó0) resoatrch v¡ero choson bo augaeat the

stu,{r, naking a toi;a} of .foriy-six samp}es"

ThÍrLy-six nr{ll feed, conposito sanples wero obtafned for Lhe

proJecb. Th¡e ten::E¡oaining conpositee l,,,rare aot ef 6il1 f,eeci, Sheso 1a'Brø

a conposite of total diamond drilling (represont'Lag ?2 m{Ilíon tons),

a conposite of flotatfon feede tv.ro coraposåbee of aanple roioets froe

underground s|oping, &d bhree composltes of unknowt origin. these

sampì-es are låsled and d,eeeribed ån TableE å enf¡ e (AppEndåx I), and

located geographleaiJy ån Fågrere I"

Sample Freparation

On recelp,O, sempies r,rere cruÈhed, tf neeesserye to -) incþ io

facilitate spliùtång a repreeent,sbive po:riion for tho sbudy using a

Bnuton splibter" This represonta!åvo po:faåon, about ten pounds,

u-as sèored j,n d,ou't¡ls 6 aål pleståe bags lo prevent oridation" '{ sp}ii

of thås reprosentatår'e semple was stored ån aår bagìxü gi.ass Jars for

futr¡re ånvostågabions u

$.naller sp$.bs vere drex¡¡¡ for 'Ohe eurrent atuQr. These study

sarrples tßre eereened ånto two f:raetions; f) -65+¿00 nogh end' 2) *40O

aesh" The * 65 'g3øsh overeåze lfas r€ground so thab i;ho whole Sêruple

passed *ó5 ¡¿esir. ft:"npïo ri'aei;ioâs were stored ån aår tåghb cont&åners"

l"lechanåeal acreenåeg (p.oeap) vras carråed ou¿ for at leasb ]$ ::::*utes'

Síeve eloanång, ar¿cb as a*r bXo.*ån6, ""uashånge eixd brushång v¡-åbh a cê.Reå
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hair bi.ush ,"orls dono after oacla sanple ocreea:"ng 'ao prevent con'¿a'liim'oloa"

The *ó5,r/+OC nesh f,raction kes seb eside fo* polnt coun!ång' \!øLghi"a ?at

boib f,r-ac|ions were i"ocordod"

Ifrunis for SuJ-pþ1de*Opao,ue ì"fineral Countf

Throo grain nounbs or pellets were made for eacb mlno se';aplo'

Appnoxinale}yeixgrgjasof,øaraple}¡eeusedf,oreverybhreepe}lets.

The pellets were nad,e å¡l two s'cages uslng Qulck Mcu¡ib plaslic (ndton

ÌGtallurgical Froducis Co'porabton). FlrsÈ, a saraple-plaatíc mk'

(r/3 se¡rp:;er 2/g plasbie) was poured, ånto torws yiolding abou| a3/S

inch o¿hick layer" I{exb, clear P}aegåc r,ras ad'd,ed to tho fo:ra ""o buåLd

upthepe}letforgrind,rngandpolishfng'?}resamplo*p1as.|,ienjJ€

failed to solidíl3y for ê,;¡Û sanples so that bakel!Èe pellete l:ad 1¿o be

Ead,€, l[ew wefgbte k1?re noted, for the *651-¿+@ nesh fraetåoas after

removal of sa,rnple f,or pelleb proparatfon"

Tbe pellets tÂ,-ero grounrå on åron laps uolng zOOe 400, and óco mesh

silicon carbÍd,e grains" Eacle petrle'ç of a bhree pe)ået grou.p u'as ground to

a difforene dep'ala Ïevei i:o average ouÈ any gebtlång ef,f,ect due fo

diff,eronb mlnerale anC. g:raån såzes " Feib }aps and é ara¿ I aleron

dia.nond paste uere usod for preiarai-nary ælishijûg v¡åth f,j¡al polisiÉng

on f,e1t cl-oth using Fåsber FolåelaÍ.ng Alusånê (3 nieror¡) on a Fisher

Våbronatic Foüsher.

The gråniifu€ e.rd poJåsirtng 'becluulque

åndividî¿eå grcups çf, æou¡rbs boeause of &Ìie

v¡as varåed sJ-igbbþ for

då.ff,ereab såneral asøenbleges *



conpleted. pellots had a :iaclius of approxirnat'eLy L5 nn a¡rd a

2
surfaco area of about J00 ran "

El r.ron'Ì-. Â n¡ I vsies of Fraciiorisslvli¡v¡¡v rL¡ÐÁ.I evL

Ths -65+400 and -400 nesh .frac'cions for all s¿"np1es of bhe study

groups r+ere anaþzed by the yiines Branch faboratory, Depai:Lraen',o of l¡iines

and Nabural Resources of, ManlÈoba f,or 6oldo s1lver, copper¿ }oad, zineu

lnon, eobalb, and niekel" Atl puÅps froru bhese ane"þsos were reLaånod

at bhe urrtversåtY'

Sulphur anaþeee for eech fracÈion'uisre earråed out on '¿heso pulps

in the Uieiversåty of Manåboba Goolory Departraenb Laboratory by the

uråter using a teco .&ubo¡natie Sulphur Titra'¿or"

ê, recond of screened. ',*eågbts re'úaåaed. before end afber p'eIleb

fabricatlon is sbowrÀ ån Tabio J, /oppoadåx I'

Suiphide-Opaque ¡nUf@
Polished graån ¡aoua|s r*ere s{tained, r:'sing tire silver aiçraie

method of Geud.j-n &g2il" ì'loun'be r'¡ere s'Ûaj-ned ån groups of, six arxi

counted, es soon as possåbl-o e..f,ler abaå:ríng. si;aininc Lmmersion er,j¡aes

wore varied slågh[þ f,or. eeeh oro body, '¿he averege bi-no being al¡oui

J ntnutes" sllgbi va:råablons Õeeurred j-n '¿he eolors of sbains as given

by Gaudå* so ånd,åvid.ual nouri'¿s of, a variel;y of, knol+n sulphide nå¡erals

uÊro prepared.o sLaj-ned, anc Èho eolors of tho süai"ns recorded"

Galea * }åglib 'auf,f, l'fagaetåte - Ììo êba¡ge
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Chalcopyriùe-bluesphaleriio-whl'oet"ogrøy

Pont}and'ite-yeJ.iow"[rsenopyrite-noc,nanga
p-r¡nh.|{..{f.a - r..¡ddlsh o-'1n3o cil'e}cocitg - I¡o cirango
a J 4 ¡ ¡¡vv5v

Borirli;e * no chaqge

"Lllptastica'ounbswor€countedueingaSponcerpelrographic
nicroscope (Anerican Optical Conpany) uåth a X 20 obJective a¡C a

Xt0eyeploce"Bakolitgnou¡rtswereeouni:edusångaBelchorb

petrographåe mieroscope (AustråÆ) vrith a X l+5 obJect'fve and a N 6'3

eyepiece"

s, so¿ft Aubomatic poiab Count,er (? counten") tnd sbage was useÉi

f,or couniing, S'vage movemenÈ l'"es along lJT un Nraverseg a'a L/3 nn

Íntervals. The eomple'r;er peìået v.ss traversed' intercepting about i0C0

points of r¿håch 1200 to lóOC r*ere graii:s and nere cor'¡nted" The counts

of three peLle.b groups 1,.¡ero treeo;r¿ed, ¡o¡aìfed.e and talrulated (Table 1'

.{ppendix 4)" Tne eounb.¡ for tiae sulpirlde-opque ninerals Ìdere eonverted

lo voh¡ne Pereen!"

Sa'up}es nu¡abered tr? and 33 t..çro eo¡¿::'¿ed as 45 neshÀ" No *.l#00

n'eshseparabåonwaern¿ceestbeava!}âbtreeanplev¡aaåoeem¿}l.

Sillcaie Mj.neral Point- Osg4'ligß

såIåcato (gang,¡e) nínerals 1¡€ro cou¡lted using the sç{'f,'r'

/.uboeaiåe Poin? Gounber and, o?age nounled on e Garl zoåss pe|rologi'c

aicroecope ri,;h¿ a X, 10 oìaJee'oive an¿ a X, S eyepåeee' Graåne (*65+400)

uore sprlnkieQ on å 8La8s a}j.de con'Laånång ê bhi-n J'ayer of noa-dr¡ring



imrievsion oil . Tìie are;. ¿l.niccL l¡as aì:out

noui:t r':c.s coLui'¿cd fo:* r,ach ore s:'.ipie' Gr¿-

IOCO, Rcsulic o.f ^e silic¿'.tc cor.rna;itl$ ûï'ir

10

,Y 3/h ínches. 0n1Y oile

; cor,tittcC averagcC aÌ:ou.l

-iro'..¡n in Tablo 2, tr"PPendix l+.

The re'l s,'úi"s il¿oun'cs of thc various cilicatc rtinerale trcre

converlcd. to norns,Iized rt¡lu-:le perccni;ageo basecl on l00l sj-lica'úce froia

tlre count,s for the silicate r:lÍneraJ-s alone, that is, rd'nuo the coui:ts

fOr the opcques oncounlerecl. thc volti.ne perccnt of sj-l-icafe or ge¡gue

minei.a.L ôs cAlc'ùIa'¿c.j fron tìrc s'uil-phicle-oi:l,o,lrc co"''u:tlr¡g 1'J3'3 thcn

nultiplÍcd. by the no¿"¡lalizcd sii-icato r.olt:;¡o percen'uagcs yÍ elding the

vo1tìne per.cct:tages of tl:e va::Lous sÍlica,'úe ênrf gangu'e ¡¡rinerals in the

-$J+{.CC r:esìr frection of cech cariple"

ce.lcrtatjgn- of tlgi_ßhr: lgyccntr lij-Irri13lff¡¡ -gt--tÞg. î65'i/,:qc*c-g!l'i.þcì.Fr¿'c',ùisn

voluee percen'c of ni¡crals rp.s convoruccl t'o ueight percent by

using appropri-ato specific gravi'ci-es 
"

Specific g::avj-ties for ¡ioncrd-¡:crelfi.c u¡itùg rierc taJ"en fr"oia

stanCarci I'eÍet:encos (Ðsn¿ aud Forcl, Lgt+"|s Ðor:'y and l'frson, L959, e'ni

Iioffinsi,ry, 1959). blo-,;evcru fcr uúis of ruc:ie than o¡:e ntirreral¡ alterecï

r¡inerals¡ ar¿ci ali;ercd. rock urútso a I'reighìlcci êverage of specj'fic

gra.våties r";as uscd

!gqç{r}!,rti,qå9i -H"e-i:*]*:tgsr'¡9-Ulnç::*SSU-*ç,!*t{çl*9:¡.ea*.r*Yii,9J'}-'-x

Ii, 1,ie5 orj.ginall¡, hoprc} th;rt t,he quantitative (sul¡rìrj-cÌc-opaque)

ralnerel-ogy of f;þs -J+0'3 ¡nesli .fvec'uíon ccufcl bc ce'Ìcuùe'þcd oa ti:e basls of



*\o ¡ìr.-nrianl q¡oì----^ ^Pe¡^v v¡¡vs*-*- *.*IJi\}Þ vr

ån the -65+4OO fraci;ion.

ninorals such es P!-riie,

deùeminelions for those

<Àlffracboaetetro DEtaå}s

11

each fiacl;ion and, 'bhe couiloci weighi percenbages

This hor,tavor r,'rag no¿ posgiblo for 'ohe iron

pyrrho|iio, and raagnotite. Quaatitative

'¿hree ¡iinerals ï.Iere lûado usir'€ a Phtr I ip3 x-ray

of, the procodures are d'lectlssod ln Ghapter III"

tho quantities of tho ronaining sulphfde-opaque minerals encounbered

in the sbudy and contained in the *À'00 fracfåon rru€re calculatod on Èbe

bases of the ele¡uent anaþseo anci vrclght pereealagos ån bbe eor:n?ed

frac'¿ion uslng the follotd-ng roiatÍon;

^\g,rp {+coi -

where ìfi^fP s nlnoral r"eåghi; p€reelib

E{ ã eloment anaþsis (weight pereest)

For exe.nple, ',ohe amor¡nb of Chalcopyråte åa the fine fracbion

ealer.rlated on ttre baeås of 'bhe eoppor ar,alysS.s as f,ollotrts;

Q^-sl a Iuaúvlv ¿o

***r (-.[cc) a L.6Gfi Goppe:' (*6¡+¿,oo) s ?"23ß

CÌralcop,yrå,¿e (r*etrgie-a pereent) by eouni;in8' 5"07 (-SSi+OO)

0haleopgråie r;någbb pcreoat (-+CO) = 2"2?-&l-
I"Õtj

Si-BllaråJY, tlie ¿¡rou¡zls of t}:c

ln the fåae f,raetåoes vrere e¿;çu1aÈcd

^*-ì--^-6À&ååJ .åeú o

æ 7"Q7

ofher 6stsll-åe nånersls PresenL

aeeord,åæg to Èhe foüotrång



zinc anaþsos

lead a;-aþses

silver ana\rsee

iron a::aþses

coppel' anaþses

sulphur anaþseo -

L2

sphalerite

galona

tetrahed.rito-bournonile and freib ex gLt'ø

Línonite anC heroa'bile

born5.bo, chalcoclbe, Sotrabedrit'e, bennanLåfo'

and cbalcoPYrit,e

areenop¡rrlt'e

or u,nknor.dlx nlaerals lo€re

be¡cause bhe e¡or¡nts Presenb

r;fas eaLculaied in bbo

ninus aa allor'¡anee for

ån p¡rmho**Eu (ro)

The anouabs of, l'ennanlåie, chronite'

cerråed over bo the fåne f,rection unchanged

Þ,rere saaü"

In the eopper*nickel deposits, pen'llancibe

fine f,rec"oion on tho 'oasåe of ti:e nfckel arralysos

nickel ln PYrrhotite.

The foi-i-otlång average disi;råbutions of nlckel

aad pentlandå'ee (pn) uero u'sed (itawley et ate t962) "

The a¡rounts of PYrrhot'i'oo rl'ere

of th,e pyrrhobåNe eouåC be ealculat'ecl'

f,rae*åon anaQrses fo¿" i¡åekei a;d t}:ås

IIÍ Ín Pn

4t 
^.C)4"vP

^r 
¿\f

)t+ ø v/¿
aa rtl))ø {p
ao r¡/)2" {P

lc¡own so that '¿he niclcel conleab

and. subirac!€d f,rona ths -400

re;uaånder used go ealeuf,ate 'cbe

Deccsit i{o.

f-,
!

r¡ 
^ 
ÞTç '1

¿ fÈs

ÌT.! -3 - Þa¿{j- JrÃ rv

- r rcr
. :-.227r
t *x4
J@ v ¿tp. , '¿j."/*Þ
- / -i'Jå.Þ¿Þ
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æ.oì:.:i'U oÍ poaiianij-ie prosen.; using 'ahe rospociLve a¡,ounL sf rrickci år¿

peatiandÍ'be fron Tebie L"

In d,eposl'b nuraber 6 (Graigraon'i;, Þä.nos f"lnf'Ëed) e spocìÀlarÍbe

presented a opscial probJ-en. The a"m,ount of øpecularite presenb in the

fine fracbion kres esbånatod on tho basås of 'che rema{ninß a¡rouab of åron

after allottf-ng iron to aLl other ånoa beai:lng nlnerals prosent"

}'fi-cacseus Ì'{ine{el C-orre_ctjon Facirgå

I'tlcaceoue mlneral-s tenC io iåe oa '¿beír basal cleavage r.,'hsa

nounted f,or eoun'sång" TI'rås preferred orlen'¿atåon greatþ incroases 'blxe

eoun! for u,i.ces ó

/, süandard bíobíte sanple rrfies propared 'eo correcb th,e weight

porcont as calcì¿Ieted, by poåat eou::{:ing. Quarba, orlhoclaso, ancl båotåbe

vrere crü,shed a¡rå screened ån separate i¡atehes, rotaining oaly the

*65+400 u.esh fraciiion. The sland.arci sanpio cont:{ueci 10 r+eigi^i,'o percent

båoblbe ån e 5G-50 u.i:cbure of, quarbz and, s¡/choclase, Tho saraple was wei-å

nixed and tbree grai.n mounts rr,ere csunbed" It r,,as folind Èb¿t the a.nouni

of aåcas presenè r'sas 26É CIf 'bhe eounlecÅ \tratrue,

The In'çeraa'¿ionel Nåekel Conpany of, Ganada T.i¡tted has carråed

oui sfuli}år proeedurec and hao fo¡:nc} tha'¿ bhe eorueeiioa facbor Íor ¡¡åeas

v¡as 26f' for the *1,8+65 a *65+LeO, and -10û*200 ¡eesh sl-ros æd 33í for 'ahe

*2ú+3?5 meeh såse (G, if" Thrail-, poe"aonal connunieabåon). "{11 bíoíåbo

and uuseovåÈe r*"eåghb pereønt veluoa de'¿err¿å.ned by poåaL eouaiång wero



U+

raodi.fiod by taÌclng 26"Ã o'i the value"

Reconstitution_of Fr&cirion Data for the Total Sanple

Data j.n the for¡o, of rntneralogicaï coraposi.tion (r'¡eÍghL percerr';)

and assay x'esu.lts (r-¡eigh¿ percerrg and o¿nces/ton) f,or the *6J+1',OO aad

-.1+00 fract,ions havo now been calculalecÀ" Reconsilt'ution of lhoso frJc

frac|ions into a total øarnple !¡as eeeoaplloieod by applyiag ni neral and

assay f,aetors (taUle J, Appendfx I) to the appropriabs data. These

factors r,¡ere calcula"¿ed frora the weights of, sa.nlple s etber screeeing and

polleL making, TI:e u,inereL factor was cal-eulaèed using the oråginal

weights retaiaed f,o1lovrång å¡ritial sci"eenång, end ås fn ""he forre sf a

docinal facÈor of uníty for each fractåo¡r" For each earnpLe, the

r.,inoralogical data .for each, fracij.sn v¡as nu]-|åplied 'oy iiro approl:riate

¡aJn¡eral factor and êbe resui'üs s\rürred f,or the to'oat sa.npJ-e"

Th,e assay resu,Ïte f,or each sanpl-o fraetion Iære proeessed

einLilêrily ueing the assay f,actor v¡bich r,¡as calculated fron the fraetåon

weighta sen'L for &gsay. Th.e *55+-&00 fracl:,ion roeågh! xr.zs @qì¿¿} to t'he

erigineå eoereo frectÍon u-eigh'* nåar¿s bl¿o e¡¡ou'ats u,Eed f,or pellel;

!iakå&g, rn{eågbts for Èl'¡e -4O0 frae'såeÐ, reiÊaí&ed rinehanged'

B ibl-iogqaæh:þ rQgnPilqtisê

Gener"å1y, l";fetreaces er¿d artfclos on th,e varåous depooåts are

ecaíi'eoreC *ahrough.oui; a veriø'ay of pubiåeaüåons end &he qualfty of bbe

reportång åa varåabl-e'



L)

The proporty bibilograpiq¡ comptled. for this at'udy eholrs Lj,st"L'aT

by the mos! recent com,peny nane undei' four maån headizgs;

Äppalachlan Rogion, GronvåDo, Ca:raclian shíetd, ad cordllloran

Region (Appondk 2)'

,{nel\rLical Errors

The calcuLatlo¡r of an overall analyt,åcal orror J-s very dlffj-culb

ån a stud.y of, .bhåe lype wÌ:ere rga¡sr eeny' notLrods an¡i technåquea havo beea

',*.i ì i -azlu9&avso

.{na}Jrbical p::ocåsioe .ror t}:e aesay ¡'eg¡¿}'as beve been seb dor'n by

bho I'faniÈoba }lines Brancls anaþsåabs ês follows;

gold 3 "AO$ oz/aæn nickel å 'iO waLgh'; fi

sflver å .20 oø/uon uinc 3 "5o weight É

load. ,, "5Q r,¡eigl:'e É cobaib + '01 t;eLghî %

eopper 3 .LO 'a.eigìl'o Íl åron 'i "28 nralghb É

sulphur t "20 t¡eight É

/
Ti-¡e standard er*ror (S"8") of iire I esi¿l-mate f tn" variance of ihe

I daba (nineral pereent) on X (j-nteasluy ratåo) | **u calculaied' by')

lånear rogression anaþses of the x-ray d'åf,freetoueber da'ba f,or th'e *J+00

¡iesh f::aetåsn" Resïåli;s fro¡a åbese ro8ressåon enaþsos f,or 68'26E

eonf,ådenee worc as fclåo'"'rs;

pyîåbo 3 f"i! weåght É

nagnebåbe + 1'?? treåght É

pyrrbobåbe g 2,63 h'reågbÈ É
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Conpiiaiionof&nc.voragepolni;couniínge]itroruaaea::råodgut

using t'he follo"ang equablon (Avery, L962);

ñ
e1

and averagô error

for oaeh eanPle

4

)¿-
i.ãl

s orrotr expressed as a decùaål proportion"

- d.eci-mai proprbion of, t'he ehief, ¡afneral (opaque) or ne"in

consfituent (sltieate) "

r s levei of codid,ence (l = 2 ån .i,håa casog çorreslÐnd.ing ,;o

an approxånabe 95l' conficlencs ltmtb)"

¡i æ toLal nu¡nber ef i:oints count'ed'

rg Ë auraber of sanPLes (n ã À.5)'

n - 1 Ë degrees of freed.on (fb åe åi'ore theore'cfeaiJy eo:rect' "r'o

usemrathort}zan¡a-}forbhedegreesoffreedoní¡lhe

ecl;ua}ealcu]¿¿åon&stbåslgafånåbepopulatåoar,'¡iihoub

rePiacenenf) "

Resulbs for Èho caLeulatåo¡s of i;i:e

aruå 3p and, bhe calculatlon progrz'ra

Tire average error (Avery m,e'¿Ìrod) for bhe sulpiride-opâoJåe eo''iniåag

was fou$d, to be Q"91,# (2 steÌi¿a;-d. cievåations) " Tbe nÆdj*urû varåance

( , ,2 ) 'Lha oou.al,ion of Ð^*ì*

{ 
(si;e;:i;re oev¡abi"n)Z $ v¡as calcuiaioc} usir¡g iho oo-ua'úåon of DzVLY

(1góO) r¡¡åch..ås ai6o given ås i;he eonpu!åug progrëg' (tairte I' f'ppenaix

6)" Baylyîa ¿$,øÈþ"od yåetrd'ed & i¡a:d'mun varåaeee of, aboub ?'0 f,or on]¡r

¡;r
.çr.i

dnere E1

ÞA

avorage ørrorE are sho¡,'ra åa Tables 2

in Table 1, ÂPPendfx 6'
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6L+ o 7-B 3
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23. ('1+ 5

15.51 6

10'05 7
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8,94 9

B"'IB 10
11 0 Oli 1 I

69" BB \2
T ¿+ O (>, I'J

5 "9-l lti
306J 15

16"81 16
Bol/+ 71
6.78 1B

73.34 19
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' 6.-19 22
48"10 23
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39.31 25
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T O-f /i t-
PO I I\iT S

sAi,ll)L-t:
1I¿.n
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7501
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3536
5 663
L+VLl)

5196
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t+9 22
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5461
t+20I
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1428
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4I83
.) ¿vL+

439 6
5225
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t+591
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) ¿o t
4t1 0
4625
491 6
) t'.t I
- /\--)v/,¿
521 5

5¿+86
59 25
ttiö¿

5218
tr2 /+-l

4256
êa\,Ifuo2
46f,l

AVERAGE EiìlìOR = Oô94 PEtìCINT
STAI\DARD DTVIATION = Oo35
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23 "22 21
13 ")O 25
13 "51 26
36"53 21
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32.3'¡ 29
41"15 30
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2r "22 32
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28.1'1 34
35 " t+O 35
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25 " 1+1 31
33.46 38
31+o46 39
55 "63 40
41"06 41.

35"68 42
t6.80 43
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t,q
l)o)) +)

AVERAGE ERROR = l.7B , PERCENT

STANDARD DEVIATION = 0'68
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buo samplos inclicel;ing a confidencs level of g5"tn5f .

Conperison of, t he caleu.l-atod, effors (.+,very ¡aelhod) "¡1th 
'she

gr-aphlcal valuos as givon by Baru1n6"t (ygfi) in Figure 2 indlcate ve¡y

Close agreoneni. Galeulated. errorg and' ¡o¿xj-iuun Veriances are ahown iA

Table 2 for bhe aulphide-opao,uo poin'o eoun¿ing"

Sflicate counting resultod, fn a caleulabed avorage error of 2"76

(2 standard, devlablons) ueing Þ.veryso equation" The calculai;ed ¡naxl¡un

varfance r.¡as f,ound to be 6.0 by 'aho Bayly nefhod" The calculate'c silicai;e

erå"ors and naxin¡.¡m varåances for åndi-vådua} ee"npLea ere sho&,'rå åa ?ablo 3"

Sul-ohur Detenrrin¿tions

-

Sulphur det,o:ulnations r.¡ere ü¿cle oa each, sa-raple fraclloa u"slng tho

ro¡a Ârrrnmr*,lg Sulphur Tf'¿rai;or. For rraråous ranges of sulphuræUV .asvv€v4v

conceatratåons, standand solutåons con'baj-ruing dffferen! amounts of K'I '

(potassåÌ:a åodide) arer roquired, ldeighted' stenCards of, sulphur in a

quarroz f,åller f.i"o¡'@ nad3 up to üesb each KI solufíon used and corrocbÍoa

curves prepared. Eaet¡ sulphw d,o'soræån¿i;åon vras eomocted uaing the

. appropråate corroc'båoe eufire (figi¡re 3) " Tåtrat,*os solubåons usod wetre

l+"4 aad L?'? g::aas Kã per Ï0CI0 nå fsr sulpliur ra:rges of 0 to åø e&d

<1ø respee'båvoþ.
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QU.ôNIIIATIVE DETEA,I'üü¡"TI0I\ OF PYEIIE, ldA,GllETrTE,

}"ND PYRRHOßTIE UST{G ¿.N X-RAT DIFFB^ACTOI{ETæ

General Statenent

The proble¡n of ob'calnång the o-u¿nlfties of pyribe, rnagna'cj-t,e,

and pymhobft,e 1n the f,ine .fraction r,¡as overcone by u1;ilization of an

x-rqy dlffractoro,eter uslng the nethod developed by C. G. Brfgtol

(]9ó5)" This nethod, fs baeecì on the princfple thab i;ho e,noun! of nineral

or subs'üe&ce preoont varies ",'iÈh the ånbonsåbåes of x-ray d,åffractlon

roflect,fons for any c:rystelline eubs|ance" fu pracl;åce, ¿he raeihod. is
L^^^¡ ^^ {-t^^ ì.:.,o&Eeq on ìri-le À¿íìoaf roletionslri.p bef;uoen '¿he ratios of '¿he lni;onsi'¿ies

of speeiflc referonce reflecblons for eeciÌ sf the selec'úod ¡råneraLe 'úo

'¿h¿t of an inÈernal sÈendard and Èho eelectod mine¡'al. Iô this etud¡r,

sod,iue ehloråde (uaCf) Þras ehosea ae bhe ånbernal standard"

S t aí i s t i c al- Tr e atn e nt o:#l'i e Ð j- f, f r-s.-c tg.p.ej!æË-Ðgb a

Ðr, C" C" Bris'Ë,ol (1965) tras ånd,åcabocl thab bhe relatåoa beta,eea

'bhe percen'l; aåneral- in a senpie a::i ùhe åatensiby ra'.;åo (I , /
nrneral /

Ï. .) eould bo roprosea'bed, by a straågh'; line" Galibrabioa
Á¡¿svÀ 6æ Ð uÈÄuG u

graphs sf, th,e relabåoa bebween the Lnlensåíy raiåo (X) an¿ mineral

percenb (Y) uere es'åinåted using regressåon ar:e.þsås" Borþb X aad Y in

lh:is sùud.y are subJecL Èo emor and. cb::icbþ speakång, 'uhe såaple

regressÍon ås nob va3åci, Horrevor, ån våer¡ of 'cÌre aon-ur¿-i-fonaiby and

nagnebudo of the @axor ån å:ateneåi;y.aa coapered ta Èhs säêll" e¡ìd
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consLant error in ninoraJ- percon'c, 'cho si-rnple rogrossion v. s useci and it

Ís sar'e i;o assurÊc ùhe'¿ iL uilJ- yiold. a reasonable osLjmato of i;ho relatloa.

Tìre diffractoioeber daÈa v¡as regressed using a Single anC ì'íult'iple

Regression Anaþsis conput,er progra.B (¡¡o" 6"0"148) fron the }1brary

of the Conpuber Dopat'c,menb at The Untveralby of, ì4anttoba" The progra¡a

r+as suppliod and Íts use discì;,ssed by Dr" J" E" Klovan of the Coapute:r

DepartnonL, The general netbod ueed to estLaabe bhe rogressåon cun¡e of

Y on X was the raelhod of, leasb squares" The program ealeulabed osbin¿'ües

of bhs following staiistical peraäotors;

å) Regression coef,f,åcåen'¿ (slope of ihe line)o .

+ -l \ \r J n{. ar¡ anj-e¿/ Á ¿¿óvvå vv¡/so

iü) ì.Í:-ftiple correiaùåon eoef,f,åeåent, (fractåoa of Y varåance aecor¡ntei

for b;r the regrossion) "

fv) SLandard, erri?r of the Y data (poeåblve squ"are roob of bhe varåaaee

of the T d.a'ba) "

v) SianCard e'tror of tho es'¿inale (posj-tåve sq\¡tre roob of the

variauce ef Y lef'b uraoaplaånod. by the regressåon sf Y on X) '
.-: \ ei -Éi f.i,-^ñ^^ a€ roaæ-ooao{ n. r-ì tâ 'w¿,¿ uÀri¿uÀåv*:se of, regreesåon Lf j (f Èes'b of tb,e variaace acco¡¡¡bed

f,or by ti:o regr*oasåo;r" åpplåcable onþ ån eases of u,ulüiple

\regressl-oa anaþsås '-a bhås prcffaz)"

Pro c e Curps Ðç' 
-U=oi:ç4* 

J"å:!fþåå S'euq"y

The f,ollo',¡ång reflee'båoas lrero ehosen f,or thås str.r{y; }laGL (a-eO¡,

pyråio (aOO) u azgne';Lto (3f:)a ård pyr;,"¿oååto (fofa)(r*gsr€ &)"
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Call'oraùion l,ras cìone by using ¿ nu¡nber of p:'oduction gtandards

containing wei-ghod, ainounts of ti:o lhroe ¡rinerals undor stuciy, tho

intornal st,andard, and a qu^:r-tz fillor" JJI constituen'\,e wero gro'und bo

-l+0O ¡lssh using bhe I'JílIer" Bleul-er grånCer. T'r*o gram sbandard sa.nples

were made up conbahång seJ-ected r*eíghb percen'o rangos of bhe Lhreø

opsque ninoratrs, 5É NaCI, and the quai:bz fll}er and woro Etored ín

oùoppered glass våals, Eech aanple was nixod usi,ng a o'¿ee} ball 1n tbe

vial for ten minutios prJ.or to dåffracbÍon, Tbree moun0e of eaeh

standard u¡ere d,iffractod isver & 2 0 rar:,ge at 3Oa Lo Lv5o r.ndergoing a

tbree-fold. or moro oscilla'üi.on po,tiera so èix¿b each sample h,ad ab ieesÈ

nlne diffractogra-nrs for ar,aLyses" The åui;ensity raLlos (lrtna:eJ 
/

ïinternal stand,ard) rrore ealculated, for lhe threo opeciuo rn'{¡erais and bh,e

*aorr]f o nnnnssssd, Ì:y regresslor: ai:aþsia On &n IBl"l 3ó0 Conpu'Ler"¿ sif u4vù Ì4 vgsÐevs vJ ¿ v€tÁ wùù

PertinonÈ statistical resìåi'¿E for "r,he produci;ion standards ere sho';m l:x

Tabies Lo 3, end 5r â^ppendåx ?" The d,aLa proeessed ås sh,o'"ã in Tal¡les

' 2e lç, anC, 6, Appendix ?u anC piots of f¿he rogreesloa L1nee aro sh,o'¿,ã ån

Figures Lu 2, end. J, J.ppcadåx f"

TÌ:o *4CO m.osh proporty saraple f,ractior&e wetre prepared for

di-ffrec'';ing by e¿ki¡xg rep t'w,o grerx sa"rûples contai¡ring lS l{aCt, and ni;ring.

'in a ølsgg rrlal wåib a steel ball f,or a'¿ leas'õ, 10'co 15 ninute periocis,
ê.À e ¡ã*evv vt

Three no¡:.nts fer each, property "¡¡ere d,j3frac'l;ed end osci-llated ovEr a 2 0

r.ange of 30o to Å'5o three bi¡aes bo gåve ¡ii.ne d,iff,rac|ogrançi" Follo'*iag

caleuia;ioia a:ncå averagi;:g sÍ the åni;onsiÈy raùfos f,or pyrite, nagneùibe,

end pyrubobå'¿o of, ceeie aer,rpåe, Èlae a¡iounbe of, Èhees ¡de,erêls present



¿o

r,rtrs cslcuiaLccÌ using ths bsef f,it i-lnear eo,ua'&ion ae doternlned ìiy

the !ii-i"eo rogression aäaþses "

A Norelco x-ray genorator and, a Phlllips diffractomof;er nounted

rsith a copper targe'o x-ray tube operabång aE 58 kV/?O m"A and a nlckol

fålber r,¡ere usod" The gonåoneLer sealr speed vrae set at Io of 2 0 par

¡¡inuÈe, Tho proporllonal counter was operabed ab I"8 kV" Goneral recorder

scale f,actor settings (excep'; the 2 second delay sotting) varied witir

each saiupi-e asC. the puise lreigh'a enalryøer was sct aL a f]¡reshold vaLt¿e

of ?.0 er;,â ac r'i¡rdow1,.p's ¡:sod. fn i:h¿is stu{r, the backgrou¡å ol 'çìae

d.iff¿:aci;ogrâne poseessed a brealE åa slopo so 'bbab €he best fit background

låne uras 
"rs6¡!!¡,1f,Jr 

È-*s Lånos ",'råti: dåfferenb olopes (.?igure *") " R"¡lse

heÍghbs ",{are seeled off bhees backgror:nd }åneso

Resui'ls

Er.a¡air¿ation of bhe regression a:raþsoø resulte for tho prod'uciion

standerd.s indieatEd good. coi:roie,'¿åon eoeffictreste. calculated ni¡eral

percentages la bÌ:e -4CC Í:,"aeùåons shoi.¡ed reasonÂble agreeaenb vrith the

eounbed eounterperts" I{oi,¡ever, tbo T ån&ercepb vah.leO (nlneral perceat)

appeared. too higha and, ae.aples dr,¡-eh bed ei.1 or sxûall emounbs of thoge

,¿Ìrreo ¡rieerals åia the coun'¿ed f,reetåoas bad slgraåf,åeaat anour¡ts (by

dåffracbåsn) ån '¿he f,ånes "

À second ealåbratåoÞ vrês azad.e uøing counbed salrples as staaCards"

CounieC sbandard,e si?ouLd yield Intro represenÈaÈå'¡e and aeeurate

o.r:aubitabive resuå-te bheä 'ebe u'eåghed end ;aåxod staederds due t'o the
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following;

i) ttr.a ¡ri¡:erai pe:leen? is basod. oa r¡hat åE i-r¿ the ea.apteu îÐ', on uh¿t,

is thoughL to bs i.¡:, 'i;iro sa-repie"

åÍ) grain size ås no longsr a fae'bor.

itr) the problen of, puråty sf bhe stanråard oulphåde måneralo has beoa

renovod.

¡*\ ¡;'zêh-^tlon Ìras beon earried out on eebu^al ml:ôures of sulphid.eÀV/f U4À¿òÊW

and silicåte nineraLs of varÍed orÍ,gåne, nob on artåfåeial

s'banciarciso

A clu.rÂber of cou.nt od sanil:les (*55'¿¡.0O) wero chosen to cover 'ohe

d,osired renges of nineraL coacen';;'aùion" Theee sa.nples or representativo

a¡aounLs were grou-nC, tÕ -400 rnes!: ani uaCo up ås'co b",Å'o gfara sanples

onnroinino {{ iraQ} (godirn cir}oråd,c). The oari,p}es ri'ere r+o}1 ¡rixed usingwv¡àes¡s¡Lá JP

+ o¡.*rrìa on¡l ¡ -r:a^i 'n^'ìì f^tr pOfíOd.S Of abOUN 20 ¡AinUteg" Thg egq¡Àt€d6 ÞPê|¿t¿¿,C é.!ÀL¡ 6 ù|ytf\t-:, ¡.rsL.L:! Á(¡¡

sband.ards woro dif,frasted prod,uci ng nåne diff,racbogrÞ-nrs for each

sbaudard" Tho å:siensåby reÈåos være eaic",ùabed and åhe data proeessed

for the leasb sqì¿ares besb f,åt lånear eo"uat'ion,

Reprocesolæg of 'bleo -À,OC ¡aosh fraeiåo:¡ ånüensity rabio deta

i:.sÍng '¿he countod, standar"de regrossåon oqua'aioas (taUlcs ? n I u and }},
Å'¡r^nnrì'{r ?) 'avo rosìå}',;s såülLar to'bhose for b}ze prod,uctÍon sbaaderds¿aylæÂ¡@ ¡ rr ei(

' erd also overcar*e tiie aforonentåoned d.iscrepaneåos rega::cilng too hågh

vaiì¿es. Furbncr, *cnpar€son s.i Èho rogre3slon ênalyses res.ilts for tÌ:e

t';a 1;ypes of ealÍbr¿';iou s?anCarcls sÌ?tiorsd Èhat Èhe rcgrsggÍon ååne

aa¡or¡n4a an¡Q corrolatåo¿ eocff,åeåeata t,€re eonpar4ble or bebten fortrv¿¿å Ué¿åt,il (ãH



;

:

40

ths eounleC siandards"

Date used for the coun"ed sta¡dards regreseíoa analyses are sho'¿a

j-n Tablee B, 10, ai:d 12, Àppondix 7* Flo|s of the regressåon }å¿ea are

shov"n 5-n Figu::os l',u 5u end, óe Appondix f "

Discussion of the ResulLs anC ths Ms!þo-d

Reproducibtltiy r'as on\r fai.r v/nen dealing uåtli }arge pe:rcen'oagea

of Nhe ni.nerals, ospecia$r pyrLt,e' A large porbfon of the varía'¿ion

is due to Lhe effect of eoppr radåat'l-on or¿ åroa nånerals and tho

scaùteråqg prod,uced. UÈj-Ïisa'oåon of, âi? åron x*rey lubo night have

rosulted ia bebter reprod,ucåbiii'cy. The compLex mj.¡reralogies of, Elany of

tho sa:aples has aieo prod,uced sotro såde offects. However, the regressåoa

¿nalyses of i;he etandards gave high co;:::ela'¿ion eoeff,åcien'os indicating

a high d,egroe of, eomeLetLon of the d,a'¿ao Calibrabloa or anaJ./clcal-

effors as prevåousþ no'Oed år:, Cirap*aer lT, e.ro very 6ood for raagne'bite

and pymhotåüe but arc generaiþ Xarger fc:r pyråb€ ås eonpared rud.ib tbe

point eounti¡g etrrtrso Th,o r.o"råter foel-s tltaL bhe m,othod has givea

reasonablo resultg u:d 'cba'c .f,i:rther r,;ork åa ua¿"ranbed to åæproVe fhe

nebhod as applåed, to su-lphid,e*opaque nå¡iera^lrs,

TÌ¿e linear regregsåoa eoæ,puÈer pre€reg ueed ån &bls atudy åo

lås'¿ed ån Ta-,¡14 2, i"ppondk 6"



C:IÄPTIR Ig

.ô.PPLIC.a"TIOÌü OF Q-)ÐDB FÀCTOR ]J'i.A.fJSl.S T0 COÞtrOSITIO¡l"q'f,

Ð"A"TA OF SUÍfHIDE ORES

In a study of, Lhe eulphid,e-opao;us ninei'alory of ore deposiLs,

each aineral nây be assrrned, bo be a porLion of a contir¡¡ous rar.ge of

Conpositional varíai;lon" The amount of mlneral present can be considered

Èo be a unique aLtríbute of, the particular ore d.eposl'o sanple. Fol-Lor¿lng

ihis iåne oÍ reasoaj-nge ovsry sulplzåd'e ore deposit sanple or oîe deposi'o

can be soneådoL-od lo eonsist of, a5 aanJr eoropoaonbs as bhere are ninerala

presenb and, tberefore ¡a¿kes Èhe use of, faetor anaþsås possible'

!i f,or exa.nple, a suJ-phåio ore sampie ås analyzed ånto iea

nineral elasses (veråab}es), lhe sa.iaple ca¡l be dofined, in Èen-di¡¡,engional

space ac a vecgor whose position is unfqueþ deteræ'ined by tho a¡aounle

of ¡¡ine:rals ån eaeh of the t,en'*ineral elasses' Havång deteroLaed the

un:lque posi'oioa of each ealaplo vecrúÐr, the ang}es bet'óIeen each vector

and every other vector æ,n þe ealeulated. Tho eosåne of thoee ên81es can

Lhen represen! bhe degree of proportlonal sinllaråty betr¡raea lhe oro

d.oi:csit sanpleo" Iil '¿ur¡ eaiapie voe'ùøre e:ie coiånear, then the ar*glo

betr,,.reen theu ås øero end. bho oosíne w'ill be 1"0, tndi'catSng p€rfecl

s;-¡rj-Ieråtl" If, on tha other bad, veetors are 90o aÞa*¡ bhe coslno

urå}1 be %eTQs íad.åcaliång cornpiefe cåssi-n'í-]€rity" I¡ubråe and van "{ndel

(196/h) h¿ve d,ef,i:ied thís rneaeure of s!¡,ilaråiy as cogino theba and also

-.rv^ o ?asrrr. fotr åås cale.¿åatåon. $. tablo of eJmi-låråby eoefficienbs
BåV|ú Éå Á\r'á/Åtæ
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cûn bû.fo¡neC whj-ch wüi sho"ø Í,he Ceg;'oo of slnj-La::i'cy botr+oon ail

sanple vec'i;ors" Such e'¡,able is ca-Lled a Cos 0 raabri-x, Tho Gos A nz"uÊiK

con.bains all the inf,ornatåon oià tho :retaiåonships boivæan the sanple

vesiors bub does sob show lhose relalionshlps ån an oaslly inberprelable

For analyaing a table of, coef,f,icients of this klnd, bhe noef

suitable proced.wo tbat L¡as been d,evelopod fe f,actor analysis' À

deta{led elpiana"vton of what fac'¿or anaþslg íc and hol¡ ib L'orks ås

beyond bho scope of thåe pap€rø For a nore thorough breat¡¿eat seo

Fruehbei. (fç¡¿r), i:a'oråe and, Van $"nde} (tgSt), Irbråe and Fuxlg (lg6Z) t

Ir,arbaugh anci Derairnen (ig6+), ad Klova¡¡, (f96ó).

Tiie charac'¿erisiie feaðure of factor aneþsås ås tlis representaiion

of a table of comirosibåor,a} ea'¿a (N ore d,eposå'o salrples, n rainerai

elasses or variableg) as a set of Iü aì-gobreLe vectors åa n*di¡aensionel

spÂc€o J" Gos O na'¿råx oií sinil-ariby coe.ffÍcienüs ig e¿ùcul¿ted, ¡ron

tUis (N Uy n) daêa array resåizg ühe ec¡:a!åon of Lmbråe and Vaa Aadel;

å¿ LL

\- ,"- rZV- rv 12

l_\À3ir ¿_uoJp'
J=tr JsL

z_ (x;r) (x;p)

r¡ho:'e X,; ; re-prcsen'bs
cJ rè

(J = i, e, 6øøêe'n eaC

va}¡¿e çf Èho Jbh vsiaule ån tho åÙh saepl,r

L, 2n oøoops """I;)" Faet'or anaþsis a!ÈenpÈs
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ùo i.oì;e:"nins 'ùhc ninj-aun nun'oe:: of lr.ccpci:Cont di¡rensions (fac'corg)

n.reCeC'¿o accoi¡nl for nost of '¿hs i;io:l¡¿'¿iOn åa thc'cablo of sini'l¿¡1gy

coefficionis (Cos 0 ¡n¿trj-x) " Hcre specificalþ, factor a:ralysia on a

se'b of coaposibfonal d,ai;a uay bo ínåtlaied wå'oh one or nore of Lhroo

obJectfves; 1) io sånpllfy tho ånfornation eonbaåned ån a data table,

2) bo clessif,y tho oanples in¿o natural groups, and 3) Ls rosoive each

sanple ånto a smeil nr.uber of eonpononÈ faciore, each eonponent, tacbot

represen'r,ing Èhe contnlbubfo¡r of a funcblonåtr unå¿.

If, a fac'bor anåiysås were cerråecl oub on a 'bable of chenlcal

airaþses of p3-agioelase e:"yebe-}s (trbore n a a¡aounts of, 0a, Ita, éå, Si,

end O), objec{:åve (1) v¡ould, þe ec}xåeved by nobirg 'bhab the nunber of

d.j-nensio¡ls neod,ed to i'eprosent tho ån^fon¿abion of the data tablo ç¿s

on\r ùurc" These d*i-uensione would be ådentåf,ied as f,eciors anC be

inlorpreted, es 's'*'o end-nenber eanplos r*åth conposiiions Ne-ÀJSi306 and

ea"a.iSÍ2Qg" Thus, tho nunber of, veríables eould i:e roduced f,r'on five to

b,*o, a reflee!Íon ojí LnÈrir¿s'5-e.f,'ùncbåona} relatåonsh,ip causing the f,ive

elenonts to act togethor as t.do f¡¡ncÈioqal r:nits" Objecbive (e) ts

acirioved by graptúeal nethods enrå nobårg "bbo dlsiribubion of, observed

poinbs" ObJectivo (3) voulct be achieved by robårg for eaeh¡ given sanplo,

bhe conposå'båon of thaL sa-rq:Ic ia ter¡as of eon'þribubåons f,ro¡n bhe bço

eonpononÈ facüoro (ånte;pre'seq ond=nember nånerals).

TI:is j.s cåono ån facücr anaþsås by eree'ling nutualåy orÞho6onel

Ðæs åa nuLbå*ctå¡¿ensåou.a.l space -e suelì I tiey tþ"a'¿ '"he firsb axis accor¡ri"þs

for as,s'¿ ef *La j'nforu;'¿åoiÊ *ê '¿l:; Goa 0 aatråxp tb,e sccoa¿ ¡:á s aeeouaÈs
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for nosL of '¿hs re:ainjng lnfoinetion, and so o¡I. Ihthe:ea'¿1ca)Jyr'tbc

-r-^'^ì-.- 
-;- î.-,?. 

^.'/ ^-;-^nnl^.!.i-¡r 
i.^ 

^ß-'^- 
åha ¡aai¿içr.- o.{ nnn"¡nl.'p;oD¿g::, J.3 OIì'.3 OJ. ÇiliutÅ¿¿idriis, J-i? o.I¡Lv:J¡ ufau gJg]-úIVC eagenva¿ìle5

^a.i.^--i ^J,.i ^ ^^,.- â *^+*i-- Þ'r -a4i r- h^..r/..^.^¿-- ^ê - ^ì.-^*,\ÀvveÞ vÀ c v¡.¿c;l'aOLeîistic cqueiion) Of bho COs v .*vó øø uJ ,.'lbing hotf

nF-qy æies er€ i.rqulrúd 'do o::pl ain itost of tho ånfonm.atLon, the nlnlnun

n'lr*Ì'ow ^'P /ti*^'^siong ån lo*lichå io portray the sanple vsctors is detemåned,¡¿gvvà vÀ wvs

The mutuslþ orLhogonal axes are eaLled f,acbor &x€ss

d,s tbe factor exes loeabod by ùÌris m,ethod are rarolJ 1n bhe moeb

neaningfuX posi.tÍons r.d.ile respect to the locatlons of tbe sanplo vec'jç,orså

they ar€ usualþ roia';cd 'lc posÍÈions t;,*båeh ruake the ånbe::preLation

oasfore Thås is nost of¿en done by neans of a nathenatieai bechnLque

laa,.* ^- {.!â4 "'^lj-Ee: proeed,urë (;çaåser, }g59)s¡\¿¿\J lÁaå .AÞ þ¿¿9 V cl¡

The poså.bions of ';he sarapì-e veetors ån rela'slon to the rotated,

facÒor alces are deter,ained by projocifng the sanplo vectorE onto ti:e

axse. The proJeeèions &rB rtenaed faclior loaðångs and the såses of Èbe

nu¡nbers lndåcabe '¿i:o ot'EonÈ io "o,ihåeÌx 'i:he fac'bor a.:{,es conLi"ols 'oh,e posibioa

of e¿eh eer¡,ple vec1ior" Th.o tabl"o (aa';rix) of f,actor lcedångs shoi.æ bhs

r,¡]¿ùionships beiween ¿h.e sar*.pJ.e veetors ån Èhe uay tha'o is rlaihonabí€êå}y

aosb coacåse" .{no'bher ¿rsof¿å i¡i"eco sf ånfore.atLon can be obbaåned fron

"¿i:e f,aetor }oadín6g" The eìiì'-- o3'ohc;quarecì loadings for a sp,eeå-f,ie

saraplo voetoy ås i.cfemed 'þ es åts co¡r"aunalåiy ai:d ref,leeto bhe C.ogree

{"a r.¡t¡inh J¡ìaq.þ *r.np}o VeeÈOf åS o;pl_ai_ixod ìÐr il:,c sets Of, faeêOf aXeg" "{æ ñèå9ÀÀ U*U úú

eomnun¿iå'i';y øt J-,0 åndåee'bcs a l?crf,ecrü e;qriena'bíon'

lto¡uai.åøaêåçia çf, f,ac'¿ç:," åoad.åaga ås êonvenåoab ',shea plobtiqg of



33

iacrlo:s is 'io bs carr:j-cd oui!" E¿ch fac'co;' loaClng Ís so-'.rared ',.o ¿lve the

¡Ìû,cùor co;porronf," Each squarcci cicncn'c is divided by 'ohc co::rccpcad'fng

co:îrunslity of thst ro,r ('girat is, cach saraple)" The coeve:îgioe o! fect"or

r^^,t'(nao 4n Poa*,g¡ COmpononts raeroþ enphaSiZes 'Cho higher lOadinga.L{\,C\À¿¡{5J {r\, ¡È¡V UV¿ vvÈl/v¡¿e¡¡uu 4v¿ vÄJ s4yÀ¡se¿4vv

whieh ln effoctu sbrotches ouL lhe co::ners of Èho plot"

In interprobång :'esuaÈs, bho firs'e ro'cated f,actor is Lho nosb

sågnåficant ard should 'i¡o the eagies'Ë to interpret" The stabigbical

sågnificance of,'bhe faclors declines as successåve facbors are e>CcracLci

end Èhe l-asÈ ls iÌ:o leasb s5-gnif*ican'b, The conLribubfon of each feefo::

to bhe uean coununality ia a qìrentt¿ative Eeesltrçr of the inpor?ance of

thai; faetor" iÈ shoLll.d be n¿a.o eiear thaè faci;org e#oracted f,ro¡x a

co¡relatiou¡ratråx2 aÊea in'¿he¡o,s,;ives, on$ nathe¡aatical abs'úractions"

Thore is np gr:.aranteo tha'¿ ¡rathen¿båca} f,acÈors correspond to actual

faei:o¡.s thab exlsfu in ns'¿r¡æs, l"Íathero.atical faetors nay sf;rongþ reflecb

,ehe influence of actuaX fael;ors" ïctentåfåeatåos of f,aeèore ås a nabiior

of åntorprebatíon"

GonventÍoneï EeÈhods of inspeebion of tbe data caa be enployed

'eo aeconpllsþ så',?iia.F a.i.us" IdOueve:1, v¡hen 'Abo da'Ca are }arge, the

nanipula"bÍons ì¡eco¡ae involved e*:d ti¡ac consuinl.g" The inbrodueÈion of

hÍgh speed conputers Ì:as mad,e f,actor anaþsis a valuabla metÌ:od for

tho analyzing of 3-arge voli.incs of ånfor¡na'iion, åa tinåeh tbe rela'bionsirips

betwee¡r sanpies Lø no'* roadily apparent" TÌae ana-1yses of conposit'ional

ra.!^ lntr *p{oì 'nd orro;" esnventtOna} å:rspoctíon noblrods ÈhaL uay taket¿evë¿ aJ u¿ J-t¡.à é

eevoral uraelss 'øo proeeea eaa æaw Ìpe ¡rroeesseel åa ro,i¡utes u.si&g eLectroníe
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co.ìli)utcrs aÌtcì fec'tç¡r ajrûlysiso In ';his s'Ludy, fort¡'-five sa:nplcs of

crrlrrh.iÄr n-^: rìrnr,q.il-.q nny,'l-:, 'ìl¡'iirr. 'l:-'¡.'l:rn t¡¡r--i¡hl .-n f n-r,r.n'l'¡ nf 6"1 .^ì^.:-ì^
eqr¡/¡¡!v.v v¿v vv¡rvÞ *-,*..ii Uf¡UIVU VcLl.'J-clUI(ilj l\¿iiiuuIltJÞ U¿ ÞuJ-lJir¿U.Ë-

op3qric xiincl:als) r,ras enelyzed for r¡f¡r fac'uor compoilents (uhero f 1to

10) fu loss than fivc rninlttes"

T¡e Q-nocìe factor anal-ysis conput€r: program used jJI ihis stucly

l.ras prepariecl by J" E" I0ovan of Tne Universiiy of Calgary (Departrner:t

of Geolory),.1' listing of the progr'am is included in a thesis by

J. Sol-ohub (1967 ),



ôtiÅ D.l¡::.Þ TrV¡lU Àgb V

NESUTTS OF Tffi STUDT

Bas'Ì c Datn Ob'baiired

The basle <ia'¿a fron i;hås study ås sho"¡a ån tables as a¡oun'ae

(woighb p.ercenÈ) of sulphid,o*opaonuo and, såIåcate minerats for I)
*65+l+OO nssh fraction and Z) toual sa^nple (reconstituted) ån Tables I
gnd 9a Appendix 5e a¡ld Tables l+ and 20" The ehemlcal anaþses for thsso

¿;v;o groups are shoun åa Table 6, "\ppendk 5 s a¡C Table æ" þ.LI data azui

eelcuiatlons h¿vo bec:,: nunericelJy ind,e:reci ui';ir referenco to bhe ore

Àanac.ì&a ìiei-n¡l ara liiaor"¡'ì o-.1 i¡ î¡Ìrj¡ ì Ânnr*.ìì- Ì Qrm\a] ¿o^Ì^n.l¡ia¡!¿.(J^gi.rÞÀvit ¿¿ÞUrU(¿ L/¿¿ d..:-¡ii¿å-g å €å¿¿!{' ¿J¿ ¿at¡i-\, å, jì.:J}}irI¿t¿J--ô' -Lo tJJji¡vù& vav¿¿¡¿ku¿w¿¿

is inclucieci wii;h Î¿bies Le 2Q,1 (åpperui¿x 5), âd 9 (Appendix. Ð" Table

23 iad.ieaies 'úhe assay equivaleabs for assay reelLl'es gåvee åa verbal

Date rÐrocessint{

CalcuXa';ed ::esul'bs f,or ro;irleralogieel aad eirenical analyses for

the *65+400 f,racbion and bhe 'coàal sanpi-e rl'cre pirb oiÀ,punch card.s for

daie proeeosing usång æM lé20 end 360 coapuÈ@rs, lho nais coäputer

prograns used erø åneluded. ån Apponcllx 6.

S'¿lnhj-d e*Co¡.quc l¡rne::al-o qy ( toi:a,:-- s¿mp,l-.-q)-

The Ìrasåc suJ.phfde-oiiôqråo deta for tho toía1 sarople t¡as tabu]aùcd

. and processed to gÈvo a ni-mber of, dneraÏ reÈåos, norae]løed three

nj-nerai gror¿psÞ a¿d e 'oe'ul"c ojl no:m¿iå=ee culphido*opac;ue nåaoraiogr
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" 2B
15"36

46,15
22"66
2l " 8ó
1ì -t1
¿Lo { |

72"O6
bQol)
2}.BB
62 "95
60 "24
77 "12
óB.OB
| ) ø Lw
14"40

5 .81
2r"25
20"59
62"O6

3-l "-lB
34"48
8"J4

29"66
47 "OO
6?- "34

18 "24
22 "59
1ì 1?
1-Lo I I

25 ,65

OPA

51"47
38 "-:,9
93"73

/+[]. 86
4U,OB
3-7 " 43

J "91
2T "97
22 "38
10,77
97"63
t¡3 ' I6
I-t .63
I5"62
lrB.8B
?2"69
23"55
22"22
81 ,79
62"63
29 "9766.48
65"01
19"21
68"83
I J øYY
I9 "32
LI ,26
22"57
26.06
63"88

6"63
JÕoU0
v4"48
T2"47
)U ø I)
¡*/o0I
62,7 8

6,92
18"24
23 "02
2L "3L
12.99
28"27

Gi-iT PEIICÊiiT )

NC.

l
?

4
q

6
1
a
g

]0
11

I3
I1
I5
16
L1
18
19
2A
2T
22
¿a
24
25

27
2B
29
30
3L
32

34

JO

3E
?o
40
4I
42
43
44
a)



TAfSLE 4 (CCIUTII'JUED)

SYMBOLS USED FOR SULPHIDE-OPAOUE l'1ll\ieRALS

)7

evMfiôl

ql

GN

Cø

}4I NE RA L

SPHALERITE

GALENA

CHALCOPYR I TE

PY PYRITE

MG

Pa)

HM

PN

^c.

TT

FR

SP

T-B

LM

1Þ

BO

MC

UK

TN

GAN

q.tll

OPA

MAGNETiTE

PYRRHOT i TE

HEMAT I TE

PENTLANDI TT

ARSENOPYR I TE

TE TRAHEDR I TE

FREiBERGITE

SPECULARITE

TETRAHEDR I TE-BOURNON I TE

LII'TONITE

CHROM I TE

BORN i TE

CHALCOCITE

MARCAS I TT

UNKNOI^lN

TENNANTITE

GAl\GUE

SULPH i DES

OPAQUES



I'P

(teUie 5). Tiro -65+,{OO f,¡'aci:ion dai,a r+as sir¡Jl¿¡i1y prooesseci an'd ths

results tebula;od ln A,ppendix l" Sulphr:ido-opaquo minoralogleal synbols

e.ro iacludod r¡iùh Tabls 5 "

In this otudy, onþ Èhe bot,al sample data t¡as ånLerprebted"

Basic Classification of the Oree

The ore doposiÈs t¡ere elaseifled aecorùing to the wal] roeks åa

rqhích they occur and according to ore t¡4pe,

The r¡alå r.oel< enassåf,icabåon r'ras nad,e f,ro¡a '¿he låterature (gee

Properüy BibLiograplry) and d,ivlded, ån'¿o sJ-:i groups â

Basic InÈrusions (anct aåaor 'oasåe voleanle roeks)

UlÈ::abagåc Intrusåons

Acld \rolcanie Rocke

Sed'imentary Rocks

Acid. inLruejons

0oniac'¿ ir¡eÈe.norpixle (stcarn typos)

The 'øa11 roeks sf 'bhe varåous properôåes &16 }åsted ån Tab1e 1,

é.ppendi;< 1"

The ore type eiassiiåcatíon ïras made oa the bases of, Èbe

'c::åangular plot sf no:ru,a1åzei, eopirer-isaC-Ëine eonusents (Ì¡eågli'b pereont)

of the varlolee or.oa (figure ï6, Fago lûD), Noroa1;!øed values are shosa

in TabLe 25, Såx, el¿ssi..f,åeabåoas usne used;



T¡\ilLE

CALCULATiD Luü rriF-lGH I PEiICINT SULPHIDE-OPAaUE MIhiERALOGY
( NOiìi'14 LIZED t^Jt- i GiiT PtriìCE¡lT i'11NEiìALOGY )

TOTAL SAMPLE

¿'&

qt
I Õ?

n ar

l)ow¿

0.95
48"28
0"0
0"0
0'0
o "31

38,96
o"93
¿o ¿ t

54.01
VøÔZ
0,0

Ì5"81
3-t .59
29"43
0"14
0"0

!)olU
UolJ

3"44-7,11

Uo -LU

2E.87
0.93
0"0

IO"B]
0.0

19,94
1o YO

33"11
40,81

Uø | 1
5"34
2. B4
0.0 3
0.0

3V ø 4 )
39.0I
0,0
0.0
0,04

GN
0"0
u"0
3"46
0,0

25 ,'7 9
O.O
0.0
0.0
^ 

AC.

9.8'l
0,0
0"1ì

0"0
0"0
o"4i
4"23

J J o \J$
Uol)
0.0
^ 

.tvø¿.L

0"03
o,o2
0,08
0.13
u.0
0.0
0,0
0.0

0,0
L) ø lU
0.0

)Uøl-L
27 " 

1+I

0,4B
0,0
0.0
0.0
0"0

24.18
Il " 4-l

Iø¿ I

0,38
0"67

PY
-77 

"2I
t)"v¿

-7 /, ') ç:.

2-l "Ir
11 "44

9 ,35
26 "357 

"O
38"78
Â7 ô l

B2 "16

33 .24
44 " r-7
5l .66
56,63
22 ,25
l6 " 16
32,52
5r "33
29.O6
60 .20
4a "95
64"45
42 "A'7
49 ,87
18.58
22"65

¿*? o v I
13.40

IU o | |

19 "72
4)oZl
17"11-
1\JoÕl)

29 "91ì8, ]o

1t. a1L+ O L I

36 "95
lU ø1Õ

lv¡(j

O"B5
I2 " 3'l

3 "7-V
2"92
0.0

49"57
28"69

1 12Lø L.'
? ?o
2 "11

2"O4
I2"BB
7"11
4.36
Vo IJ

0"0
2"03

11"90
3"80

26 "99

I o )4

i"gl
1" 0g
l-"u7

25 " 4-l
41 "87

5"80
I2 ,66

2"2-4
0"0
0"0
0"0

26,-l5

L"2B
0.7 0

25"43
u"0
1"87

12 " 
t+B

14,01
9.27

PO

2"32
2"16

U"O
2"92

38"69
]4.68

4"24
10.-l-l

)-øÕZ
t, 

^q
9"30

1/+"66

0.0
U oY 7
lsO /

44"96

10.84
23"0r
16"37
4"72
1.89
]"68

LB "32
7 "64

48 " 6 I
0"0
o"7g
4"29
4 ,5I

31+ " B3
67 " 6I

r1 ,53
1"1+B

26"89
4B,7 L

5 I ø l)
50.19

i-iiq P,\
0,0 0"0
0,0 0,0
0"0 0.û
0,0 0"0
U"U U.U
0"0 0.0
0"0 11"81
0"0 0"0
0.0 0,0
0"0 0"0
0.0 0"0
0"0 0.0
0.0 0"u
u"ü 0,ü
0"0 0.C/
0.0 0"0
O.U O.u
0,0 0"0
0.íJ 0"0
0"0 0.í)
0"0 0"0
0.0 0.0
0.0 0"0
c"0 0"0
0. (.) 0.0
u"0 0"0
0"0 0n0
0"0 0.0
ú"c 0"0
0"0 0.0
B "3-7 0.0
0.61 0.0
0.0 c"0
o. 0 0.0
0.0 0.0
2"82 C"0
0.0 0"0
0"0 O.\)
0"0 0"0
c"0 0.0
0,0 0.0
0.0 0"0
0"0 9,20
0"0 7"4J
0.0 11,99

I I " 70
g 

" 9B
3 '2')

32 "4-l
B .49

l9 " I6
4"49

52 "82
34"55
0.80

1Q I lLU O I I

o ,44
43,96
34 "o6

l"4l
I "23-79 

"79
lUoO¿

14 "3I
32 "93

9.02
I I ø)v
I O 1 t,t90lT

I8 "52
3ó"BO
14.48
14 "93
30 "100"0
39 "910,0

I n42
2I .47
41 " 09
T1 "4II2"I5
?-2 " TI
14.ó9

3 "2r
I7øU)
9.93
1"36

AS TT NO.
0.0 0,0 I
0.0 u"0 2

0"0 0.0 3
0"0 u,c 4
0"(i u,0 5

o.o i.0 6
ouO 0.0 1
c"rJ 0,c g

0"0 0.0 g

0.0 O"rJ 10
0,0 0"0 11
0u0 0"0 i2
0.0 c.0 13
0.0 ù"0 14
0"0 u"0 L5
0.0 û.0 16
C"A ù"0 !-l
I 1Â r'ì 

^ 
:OLøL) v@'-', -14

O.cl 0"0 Ìg
0.0 0"0 2a
0.0 cno 2!
0.0 c"0 22
0"0 0.0 23
UeU .l"U ¿4
0"04 0"0 25
0.û J.0 26
ü.\l U'0 27
0"0 0,0 2g
ùuo u"c 29
c.c 0,0 30
0"0 c.0 3r
0.0 0.0 32
0.0 c,0 33
^ ^/ ,-, ^0"¿4 Uour 34
5 "37 C.99 35
0,0 0 ,0 36
0.0 j"0 31
0,0 u.c 38
0"0 û"0 39
0"0 ù.0 4c
0.0 0"0 41
0"0 0,0 42
0"0 0"c 43
0,0 0.0 44

^^tJoU UeU +)



-iAfìl-F ( CONT I I'JIJiD )

TOTAT- S/\ivrPLE

CALCULATi.D I Oi.) l¡JI IGiIT P'RCiNT SUI_Pi-1i Di_OPAQIJi I,iIi']Ei?ALOGY

(NOfìi'iA 
'IZED 

ri'L_iGiìT PtRCEi'lT I'iii'iaRALOGY )

FR SP T-J
C.O 0"0 0"C
O"O O"O O"C

o.o o"o 0"Ù
o.o o'o 0"0
0.0 0"0 0"0
C"O ?4"53 0'0,."00"0 uou \l

o.o 0"0 0.0
o"o o"o o"il
O"O 0'0 4"56
o"o Ll"o 0"0
o.o o'0 0'0
o"o o"o 0"0
o"o o'o o.o
O"O O.O O.C
O.O O.C O"C
O.O O'C 0"0
4"BO o.o 0.0
C.O O"O O"O
o.o o.o 0'0
o"o c"o o"o
O,O O"O O"U

c"o o.o o"c
c"o o"o c"0
o.o o.o 0"0
o"o o"o 0"0
c"o o.o 0'0
0.0 o.o 0"0
c.o o"o 0'0
O"O O"O C.O
o.o o'o 0.0
o"o o"o 0"0
o"o 0.0 o"o
1"Ii o"o 0"0
o,o o"c 0.0
c"o o.o c"o
O.O OOO O"O

o"o o.o 0'c
o.o o"c 0.c
O.O O'O 0'0
c"o 0"0 0"c
0.0 o'o 0"0
o"o o-o 0"0
o.o o.c 0"c
o'o o'o Ouo

r. .( i"lc UK T¡l NC'
LJV

ó,0 o'o o.l) o*c o"c I

ó.c o"o o"o c'c o'o 2

õ.ó o"o o"o o'o c"c 3

ó"ó o"c c"o o'o c"o 4

ó"0 o.o c'o o"o o'o 5

o"ó o"o o.o o"o c'o 6

ð"ó o"o o"u o"o o'9 i
0"0 O,O 0"0 4"OZ U"u Õ

ó.ó ouo o"o o"o o"o 9

ó,ó o'û o.u o'o o"o l'o

ó.0 o.o o.o o'o o'o 11

ó.0 o.o o'o o"o ono rz
ó;ó o"o o"c o"o o'o 13

ó.0 o.o o"o o"o o"o 14

ó;ó o.o o"o o'o c'o 15

ó"ó o.o o.o o"o o"c 'i6
O"O O"O O.O O"O O'O Ll
ó;ó o.o o,o o'o o"o 18

o,o 0'o o'o o'o 0"0 l-9

0.0 0'0 O'C O'O '3"0 2A

O.C O"O O'O O*O 0'0 2l
O"O 0.0 O'O O"O 0"c 22

c.o 0.0 o.o o"o 0"0 23

c.o o"o o"o o'o o"c 24

0.0 o.o o"c o'o c'0 25

C.O O.O O.O O'O C'C 26

O.O O'O O"O O"O O"O 21

O.O O"O O.O O'O O"O 28

7"3-l 0.0 ouo c"o 0"0 29

o.o o.o o.o o"c 0"0 30

O"O O"O O.O O"O O'O 31

c"o o.c 0"0 o'o Ù"c 3?

O"O O'O O.O O'O O"O 33

O.O 0"0 O'O O'O 0"0 34

C.O O.O O.O O'O Û'O 35

O.O O"O O'O O.O O"O 36

0.0 o'o c"0 o'o Ù'0 31

O"O O.O O"O O'O O'O 3E

O"O O'O O"O O'O C"0 39

l-1"42 2"60 O'O O'O O"O 40

O.O O.O T3"65 O.O O"38 4}

O.O O'O O.O O"O O"O 42

O"O O"O O"O 1"03 O,O 43

0"0 0.c 0"0 O"O 0"0 44

O.O 0"0 0"0 0'O ù"0 15

Lf4 Ciì
O"O O.O
0,0 0"0
o,o 0.0
O"O O"C
0,0 0"0
o.o 0'0
o"u 6"91
0.0 0"0
o.o o'0
o.u 0"0
O.O O.O
o.ù 0'c
o"o 0"0
o"o 0"0
0"0 0.0
0"0 0'0
o,c 0'0
7.18 0"0
o.o 0"0
Û"0 o"[)
o"o o.o
0"0 o"o
O.O O"O
o.o 0.0
O"O O"C
ouo o"o
o"o 0"0
o"o 0"0
0,0 0.0
0"0 0.0
o"o 0"0
0.0 0"0
u"0 0"c
0.79 0"0
O.u 0"0
o"o 0"0
O.CI O"O
0"c 0'0
o"o 0"0
0"0 0.0
0.0 0'0
0.0 0"0
o.o 0"0
o"o o.o
0"0 0.0
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(coiw n'uno)

5;Ui- Pi'l i Dt--oirActuE v, i N t-lìALS

i/rl f!ERirL

s[)l-i^ t-t-fì I'l t:

G¡\L t: f'l/r

O]Ar,..COPYí-ìllt

PYRIT[:

MAGNtTTITI:

PYRRI-1OT 1T E

HEMAT I TE

PENTLAhIDITE

ARSTNOPYR I I E

TE TRAI-IEDR I TE

FREIIJERGITI:

SPTCULARI TE

TE T RAHEDR I TE-BOUfìI'iON i T E

LIMONITE

CHROI'1I TE

BORN I TE 
;

CHALCOC I T E

MARCASITE

UNKN O \{N

TENNAI\TiTE

GANGUE

SULPiII DES

OPAQUES

43

S \'l'i ll,O L S

sY i.1i-ì o L

q,t

GN

cf)

ÞV

MG

PO

llM

D t\l

^c¡\J

TT

trÞ

T-B

LM

1ñ

BO

cc

MC

UK

TN

GAN

SUL

OPA



t.t,

Cu-Ni Copper-l'lickel Producorg

Gu 9Ø copPer

Cu-Zn 5O-9Uí, copiær

Zn-Cu 20-56/, copper

Zn*Fb-Cu 5-2q, copper

Zn-Fb 0' 5'){'coPpere O* scl' leæ

Pb*Zn O* 5ß copper, 50*10ø lead

Table.6 shor*e a :åsting of the prop@xt,ies wiLiÌ their ore bypes

and geographåc locaiion"

ì'$-neral Ra-bios

The follor,ring mi-neral rali-oe i.;ero eal.cìrlaÈed ar¡d ihe results

shov¡a in Table J, ;\ppend!: ü; lyrrhotite/Pyrrhoiite+Pyrlteu ftærhoilite/

þrrho i;it e +þr it e +Ma gne tit e, rþr ite/Sryhotit e +þrít e +l{agno tite,

l.fagnotite/F¡rri:otåi;o,rÞrite+Ì'fagne'oile, Pentlanciite/FenilanÔite+IJrrrhoiite,

llagnetite/iuagnetåte+sn"å.'e, G¡al.copyriÈer/chalcopyråÈe+Sphalerite+Ga1ena,

Sphaioråte/e haleo pyri';e rsphalerito+Galena, Galena/Ohalco pyrlLe +Spi:aleriie

+Galona, íroa srrlpÌ:ide/ånon s'olphíd,e+åron oxådo, 0balcopyrite,/cnalcopyriLe

+ Spirale rit e, S phaLe råte/S pbal-e :råte +ì'Ía' gne tib e, ftfrít e/Vritarsphal eråL e t

Galona, anrå copper aic?'eraLs/eeppe:r nj-nerais + ffråbe"

The c,aleulated æatå@s uÞr€ ar;aþred relaÈåve åo ore typo and wa}I

¡r¡ek dåstråbubåon"



TAiI,LE

ír Rol)E iì T \j i\c "

i\O" LOCAT IOi\l

ç LOCATIONT AfiD Oíìt- T'/Pi-'

.l- T i i\1i'iÌ i\l-,' ONT "
2 liLT COVf , NFLD"
3 NEWCASTLE r N"ii.
4 Cfl I iIOiJGAN'1/tU s QUE "
5 LII.ICHANS r i'lF LD "
6 i''iEiìRiTTp Fl"C"
I GOiìDON L^KE g ONT '
E GA.SPE p OUF.
9 SPRAGGE¡ ONT'

IC TOtsY CREEK¡ tr"Cu
l- I VAL DOR v QUf '
12 ÀIEI.JCAST LE P l'1" ß "
I3 UACiIE LOR LAKE c QUf '
14 CTiIBOUGAþiAUr CIUE.
i5 J0RDAI\ fìiVERE ii"C"
l6 I'1AN ITCTJ''^iADGE r ONT "
1B KENO l-llLL¡ YUKON TERR"
19 TEl4AGAi4IY Ol''lT"
70 NORANI)4. g QIJE "
L] VAL DOÍì s QUf .
2I NCIìiliÊTAL I QUE "
22 CFiAPAIST CIUE"

23 itlORANDAc eUf "
24 NORANiDA ¡ GUE.
2i FLII\l FLOirt: Í"lAN'
26 FLIN FLOf{g i'ìAi\i.
21 FLIi\ FLOi\jç t\'il\i'lô
28 GRANDiJCg []'Cu
29 PR I NCTTON: 3. C "
3O SRITTANNiA SEACH: 3"C'
3I KASHABOT^J I ã, ONT "
32 KI N4BERLEY I B. C '
33 VAL DORs OUE"
34 KENO lìl LL s YUKOi\ TERR "
35 l-iAZtrL TON, 3 " C.
36 GlìEENVJOOD¡ ll"C"
31 CHIEIOUGAi"i/rUY QÚf "
3B Cl-ìltsOiJG/ri'4AUr OUE.
39 Crl, il.jGAFlAUs QUE"
4ù i-i IGiìLAND ViliLLEYg B'C"
4l \¡IALTON ' N. S u

42 GlìAND CALU!1ET ISLANDP QUE'
13 SUDTURY c ONT.
41+ SUDBURY s Oi{T "
45 SUDBURY: ONT "
46 NORANDA I QU["

l+5

,OIìE TYPT

CIJ_Zi\
CU(Ari)
Ptr-ZN-CU
CU(AU)
Zl\-P¡J-CU
CU

CU_NI
a1 I

CU

ZN_PIJ
CtJ(AU)
LU-¿I\
ZN_P ts

CIJ(AU)
t-t I

Zl'l-CU (PB )

?3-zi\l( AG )

CU(¡\U)
CU(AU)
ZN_P I]
ZN_C tJ ( AU )

CU(AU)
7i\l -ati
CU_ZN
ar t- 7 Nr

CU(ZN)
ZN-CU
CTJ

Cr.J

ZN-CU
CU(AU)
PB_ZI\
atl

P'ò-LN ( AG )

ZN_P tJ

CIJ

Ca-Z f\ ( Au )

C'¿-LN ( AU )

CU(AU)
CI-J

Zi\_P ]-C U ( AG )

ZN_Pts
Cr.J -N i
CU _I\ I
CU-N i
ZN-CU



4o

*pJl!f": -l :S ¿E¿Ìlg_tlf - P y r :i.'¿ c. i iÞ'u þ ( | o /l-o + þJ
t'lre cìistribUt,'ron of tìris ¡'¿r-i;:io rel¿iii're 'r,o ore iyp end val)-

roclc shoirs sevet:a} i¡toi'esting trenCs, Ores of a specific ì;ypo associatcd

"i .t.ì. ^ en.^n i fi n r,r:rl'l r.nn'l¿ h¡r¡n 'í n r.'nnni.âl . ¡. e.hatac'uCri$'uiO fatiO Valüe ,l'JI trll é ùP(j9-LJJv fièII r vv¡l ¡rcrv v, sr Év¿¿v¿e

Higli values occut r"dth copper^nickel ancì coppc';" oree assocj-a'¡led l¡i'tn

ultra'basic ancl basic i-nl;rrusions ancl copper orcs acsocia';eci lrith acid

ini¡rsions a¡cl contact netamorphi.c types" Erua.iic values occur but 'che

above gelleraliza'bioir hoiCs" Ra.i:ios for ores in acid volca.:ric roclís end

se'cìj¡lenit"iy rocks are cha:;'ac'oeris'¿ic€tlf¡r 1e".'¡" Several erratic ra,'i;j-os

(ie" 2o-.äorne liine, Iloran<la; 2J{uenon',o; Z\*\:ie):tn Âmu]e',o i'ü-ne; and

tr6-f,ate Dufault luüne") of the }ioranda area a.i:d 16*(Ceco l'ij:ie) of tìre

Manltouuacìge ar"aa have liigh values for 'eheir respectivo groups i;hich

may be cìue 'bo me'ø-rnorphic effccts, inì;errneclia'ue inirttsioir associatious,

or so:ûe other u4cìeÍined. replacemen'o 't¿¡pe of alterationo The deposiis iha-b

have definit:e igneous affiliations have high ratio values and t'tis,

deposits 3;6,20,23e 2i1, ancl )¿6 may ha.vo closer igneous effiliations

than j-s curreÌ1i1y apparent" Deposit J6 (Gra:rby Consolidated, Phoenix

Coppor Division) vhich is a sìcarrr 'uyireu has a lol'¡ l.aiio value r'rhich n'ray

be due to the cliste.nce of the deposi"o fronr any intrusion" Deposi'L J2

1i.ì^qi¡an er,-'rrivå.r1, l,,iino) ancl [2 (irTeri Calu:,tet l.lines), classecJ as coi:tac'Í,
\\/¡-/¡¡¿J¡iþVt vq¿Jr

rnerr,aniorphic for lio.rr'ù of ¿i bet'ber ter,t, have nnusually hig)r values for

cleposl'cs of the J-ead.¡¿j.nc'oype to'Ìr'!ch n:a.y be clue to 1he high gr'aCes of

metanro::phisin of 'u,he cìeposi'cs. Te,'[rle I s]rot'ls tho relation of this ratj-o

rolatj:i¡e to or.e t,ype ancl Tra1l i.ock" Table B sholqs the Coposiis i-ndexeci

by mine fiêir¡e âccordi:rg to'nhe grouping of T¿rble'/" rt is irnporta"n'ú to
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RTLAT ION BtTiJEEN POlPO + PY RAT IOS ¡

ORE TYPE¡ AND r//ALL R0C.K ASSOCIATIONS"

WALL ROCK

tsASIC ACID SEDS,
INTRUS. VOLC.

Lrl

CU

U¡\L
TYPE

CU_N i

CU-ZN

ZN-CU

? rl
¿ l\-r ö-L u

ZN-PB

P B-ZN

ULTRA_
BASIC

.71 4t+ '7143 "8145 "46

4 n 58
9 .88

1¿+ øZl
15 ,25
22 ,27
)> øY4

37 "6738 "Bó

^ ^^I ø\t)
19 "0920 .58
26 "O4a\-5I oUl

A /\tt uqv

r rô
I ø Iv

L¿ oUl
¿+ ø ¿'J

^-¿) eU/

^ô¿ I o vo

23 '28
^r ^aZl ovJ
^^ ^t5V o V¿*

5
" 

04
0,0

I5 olU

I1 o,o

1B .04
/\ -7+ oe (

PROP. RAT IO
NO. VALUE

ACiD CONT"
INTRUS" lulEiAM"

11 .16 6 .43
28 ,50 B ,36
29 "25 36 ,09
40 "2!

?ô
)Z ø lQ

42 ,ó1

'tÁ øZV

4I

IU 1A
'ìR

I
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VALUES SHOWN AS

2t ,08
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49

¡:oio thc abundanco of deposiis occur¡'ig in acld volcanic rocl<a" Figure

5 illustrabcs the d,istribuLion of tho Fo,/Fo+Qr ralio geographÍcally. No

signiflcanL trend v.as notsd hei-e"

Pfrrho tite /Pyrrho t, ii e +tyrit o +l'Ía qne N j- t e Ratig ( Po /Po +1-r+ Ifg)

The relaÈåon beLv¡een this ratio, ore b¡rpo, and s¡all rock (Tabfe g)

ls noÈ as pronånonb es f,or þrrhotåtc/&rrrhotite+þrålo' Á' sinilax'

variabion and Èrerd, hor¡ever ca¡a be noted"

trri t, e1h¡r ho t i t e + lyri't e + IÍr. gne t i 1: e -Rai; io ( Pv/Po t h¡+ l''rå)

The i.urporùanb featwe no'bed wåtlz 'i;ho distrÍbuiion of, these raiios

(taUle å0) 'xas the varåaiiåon ojl bhe retios w'åth chauges ån oro åfpo"

Th,ore Ls a tendancy bo lúgher vaiuee u'åbb lead-øine deposibs than tråbh

eopper*n:lckel d,eposj-ts elthougìr thås trend fs rather week'

I'h.,q n et ii e,/ìnrrho t í't c +9¡tt c +Ì-1a qne t i t e (l{q/Po + n/+ l'f e )

The d,fstråbui;åon of lhese ratåo vaiuos (taUlo i-1) ir.dicate

a goneral varåaiåon ".våüh respee'; to ore Èypo only, decreasÍag froa

eopp€r ores to zi.ae-lead otreeo

ì,þ.? nc tít e /Ì'b gre j¡ ite.'Pyr Í t e R atio ( rrlq/l'f q +qf )

topper*nåckeL and copper d.eposibs assocåa'úed witb ignoous rocks

have highor ratlo valuce (taUle l-e) tl:an }eed-zåne deposÍis" The eirange

app€ars to be proporiåonal ùo increasing Lead, and, zinc. It, nay bo

suggosåcd 'Lbat, pyrå'¿c increase¡ r;i'bh åaoroasing galona anri sphaleriçe
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TABLE

REL AT I ON 3ET\T/FEN PO /PO +PY + fvlG RAT I OS g

ORE îYPE r Al'lD 
"dAL 

L ROCK ASSOC i AT I OlìS.

ì,\TALLROCK
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INTRUS. VOLC.
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ZN-CU

ZN-P 3-C U

ZN-PB

P B-ZN
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ORE TYPES, AND
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SEDS"
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TYPE
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ZN-CU
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INTRUS"
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TABLE J.].

RELAT ION BETWEEN MG/MG + PO + PY RAT IOS:
ORE TYPIr AND U/ALL ROCK ASSOCIATIONS"
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INTRUS,
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sû .bhet the d,ecreases in ratio v¿Iue nay be d'ue to d'ecreaelng razgne'cjt'a"

This relation is siio!ín in Flgul"e ó-8. Hor^'ever, thO deCrease !e in'cçc

stages, faüing off eteopþ for copper-nlckel' coppsre and coppor*r'i.r*e

dopoeits and ra,cro gentþ f or zlne-coppelf i;o load-zinc deposi'bs '

Ch^lcop\r*ito. Snhalerite-" and' GaLona Ratios (Cp'ip+Sl+Gn'

SI/CPlSl+Gn. and Gn/CåtSl-+Ên)

There appears to be liftto o¡' no reiaÈion botr'¡eoa bhose ratlos

anc waLl roelc and ore !¡¡po (Tables i+ (.{ppendr}3 t) , Liu end l4)" The

plo! of Pyrrhoiite/Pyrrho'üi'ee+ft¡rf¿e (Po/po*ff) verew Gale¡:¿/Ghaleopyråie

+sp}:aleråt,e+Galoua(Gn/Cp+s}tGn)("'îrgi]re6-D)andieaÈoe,ehebpyrrhotåte

decreascs g¡:aduêJ'ly ï,'iilh ånercaeing gai'ena conÈeab'

ïron slùÐhid./-Tï.on srùïrhid€l Ïron od.do (FCI ÇulÐhj-de/¡Fe s*ììl-Ðhj-d'e

In biais easoe ihe ratj.o valr¿os (taU1o 15) vary tråbh ore type due

tgtheebangesåna¡rount,oftheoxåaominorals'Novariationina

r,ogul.ar aê"nlxer u.eg noLed, vribh respeei; to Hall roek" Tho plot of Nh:is

rabío againså no¡¡n¿lized e,rppor*zinc*load series values (¡'igUro ó-e )

shows a tu'o s¿ep increase f,roæ eopper doposåts througir copper-zine t'o

leed-zine deposåts ånðlcaiing a decrease ij3 oxido conlenb through tho

serles fron }eft tO rigirt" Figure 6*.å. clearþ ghov¡s lbe doereaso in

rnagaeti,ae confent vråth ånereasåug ophaleråbe and therefsre ånereasiag

. galena conlest.



TABLI L2

RELAT iON BETWTEN MG/i'4G
ORf TYPE, AND r¡JALL ROCK

!¡/ALL ROCK

+ PY RATIOSs
ASSOCIATIONS'

SEDS"UI\L

1t I Nt I

t,qø-)

CU-ZN

"oJ

Z N-CU

"0ó

ZN_P B-C U

r0L

ZN-PB
,06

0u0

ULTRA-
SASIC

I øIJ

I]AS I C

INTRUS"

44 "23
+5 s¿* f
t.É. 21t) ø J L

4 .09
9 ,3r

T4 "28
l) o I¿*
22 ,48
5Y o .L L

37 .09
38 .11

VOLC.
ACiD coNT'
i NTRUS" METAi"i.

CU

2 rl4
19 " L1
a 

^ 
1'7LV ø L I

^-¿O ø l.rj

5 L ø Zé
^/\3) uøv

1 
^1I ovf

^^I¿ øVZ
at, lÃa* ø L)

^-¿) oU-)

2l .06
^ô¿5 oUÕ
^^¿ I qv¿

30 'OB

"040,0

13 "o5
17 0"0

lB 0"0
34 0'0

1i " 19
28 .5E
?9 "6840 '46

6 "93
5A ø 3ö
5O ø 2ö

32 ,14.^
4¿ al-U

5
6

4L 0"0

i^ 

^ ^LV U@v
A-5> oU I

VAL U ES SHOh/N AS PROP. RAT I O

NO" VALUE

2I 'OB

AVERAGE VALUES TABLED UJITH ORE TYPE



li\BLE L3

RELATION i]ETWETN CP/CP + SI* + GN RATIOSE
OR I TYPE s AND WALL ROCK ASSOC I AT I ONS "

I,VALL ROCK

SASIC ACID SEDS"
i N TiìUS. VOLC "

í.rl

atl

ORE
T YPE

CU_N I

CU-Z N

ZN_CU

? Àr - ^

7ñl -Da

UL TR A_
aA<.Ìr-

I.0 44 "9643 "9145 "91

4 .98
9 ,99

14 ,99
15 1"0
¿¿ Lo(J
39 1"0

2 ,91
1Õ 1 rìI> 'L ø v

¿V l-øU
¿6 -L"U

1^))- 1eU
33 "95

ACID COI.ìT*
INTRUS. METAM"

11 "95 6 1.0
28 "99 B 1.0
29 1"0 36 "9740 1.0

32 0.0
^.+¿ ø UO

31 "89 I .Bó
38 " 86 12 .83

24 "7825 "63

2T "4823 "JO27 n39
5V ø) [

t
5

" 17

" 10

1f

"47

4I "2I

lU OUI
^^7) øUZ

VAL UÊS SI-iOWN AS

LJ øUl.
î - ^ôL I ðVJ

ì ô 
^1l-() ovL

34 0,0

PROP. RAT I O

NO" VALUE

2I o UÕ



RELAT i ON t]ETVJEEI{
ORE TYPE, AND

o.o

\Ä/ALL

BASIC
I NTIìUS"

frô+) vov
44 0"0
45 .UI

' ^^+ oV )
g .01

^1,L+ oUl
15 0"0
22 0'0
39 0,0

TABLi 14

SL/SL + CP + GII RATIOSg
\,IALL IIOCK ASSOC I AT I ONS.

ROCK

5'¿

CU

oil E

TYPE

CU-N I

C U_ZN

ZN-CU

ZN-P B-C U

PB_ZN

ULTRA-
BASIC VOLC.

^ ^4Z øUj
1ô 

^ ^I> vov
.)^ n nLv v 6 rr

^^¿O UoU
^/ìtL vov

33 oU2

,66
"59

13 "9611 ,87

18 .46
t^l+ ø ¿*u

PROP. RATIO
NO " VALUE

AC I D CONT.
I NT RUS ' i/rE TlrM "

11 "05 ó 0.0
28 "02 I 0.0
29 0"0 36 "0340 ou0

SEDS"

'ì Á. @JL

47 r44

10 "5935 "19

-aJ¿ ø2 t

+¿ ø I a

37 ,r2 1 "I238 ,L4 12 "1"624 "2225 "37

2I "5I^^¿t o iV
2'7 . 61
5V e /* 1

3
q

VALUES SHOWN AS

2T no



rABLE t5

RELAT iON iJET\,JEEI\ FE SULPHI DE /FE SULPHIDE
RAT iOS r OlìË TYPt I AND WALL ROC K ASSOC

¿/

+ I-L UAIUL
IATIOI!S"

CU

ORE
T YPE

CU-N i
Ô-

@ u¿

.88

CU-ZN

" 9ó

ZN.CU

,94

L¡I I V

r 99

ZN.P B

r91

P B-ZN
r^
I@V

ULTRA.
BASIC

1 '63

WALL

BASIC
INTRUS.

44 "8443 .85
45 .90

4 "96g "951 t. -1 1l-+ @ t I

15 "89
¿¿ oOU

39 '99

31 "9138 ' 98

ROCK

AL.l lJ )tr Uò o

VOLC"

2 '8619 n90
20 , 87
26 '98ar\tI o f v

1/\5) Io\.r

I " 99
12 "98
24 "8925 '97

2I "95 16 "94
23 "9421 ,98
5V øYé

6
"961nr@v

4I l"U

ACID COI'IT.
INTRUS" rvlETAM'

I1 "8428 "5929 "3940 n60

ó ,08
B ,95

36 "62

32 ,96
42 ,96

13 .95
rt ì fì
Il Løv

a^|ö IoV.^5+ -L o U

10 ,94
r^5) Iøu

VALUES SHOWN AS PROP" RATIO
NO. VALUE

2.L " 0B

AVERAGE VALUES TABLED WITH ORE TYPE



TABLE IO

RELAT ION tTETUJEEN PYlPY + SL + GN RAT IOSv
ORE TYFESç AND WALL IìOCK ASSOCIAT IONS"

ÇrJ

^{) -\J ¡\ i:

TYPI
TJLTRA-
,3AS I C

rô

i.i/rLL

ßASIC
iNTiìUS"

1+4 " 99
43 "9245 "97

4 "919 "9514 .98
15 I"0
11 1 

^¿Z L@w
r^

JY l- @t-.,

1/tl o/O I
38 "19 12

24
25

ROCK

ACID SEDS"
VOLC "

^Z Le|'J

19 "98a^ 1 n
LV I O V

i^
¿O Iov

r /ì
3l Iov

^15 ) ø'1 |

.98

.97

.84

. Bó

ô^
¿ | e ÕV

23 "95
¿ I o bJ
30 .85

ACID CONT.
INTRUS' MfTAVr"

atl

CU-N I

7l\l-al I

ZN_PB-C U

Zi\-P B

P B-ZN

1l "9828 '96
¿9 -LoU
40 1"0

6 1.0
B 1"0

36 *98

5

5

L3 "4I
L I ø J9

18 ,26
34 .1I

PROP. RAT IO
NO. VALUE

4L ,35

I0 ,44
35 "22

32 ,28
42 "26

"82
" 19

VALUES STIOWN AS

2T no
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This ra.lrío d,ocreegss wili: changing oro type through coppor to

iee<Ì, deposibs indicebing a g::oaùer* rate of increaso of galena ard

spb.aleriÈe than pyrite (taUts ló) " te¿^d-zine deposlts aro genera}]Y

conposod, of galena anà ephalerite wibh onþ ¡air:cr pJrrite"

l{oå-nalized throe Minoral- Groups

Four norualized bhree ¡rineral Sroups of eulpfride-oPaque rc'inorals

for bhe totel semple data v¡ere ealcula'aed and t'abuLated (Tableg 1? aEC

å8) " T¡ae *ó5o¿*OO fraeååon caleuLaÈåoxts &re shor.r¡ in Appendi:r 5'

Py'rrhot it e -Pyrit s -Chai c opyr j-t e ( P o.-P,v -C p )

Poin! scatler is elEosu conpJ-eie ån the tråangular di-agran

illustrated, ia Ffgr.l,ro f " copper-nåcÌ<ei and copper deposits have a

concenÈratåon on tbe pyrrho¿å?e (po) eiOe of the d'iagran (ie' assoeiated

rrd.Èh higher Pyrrhotå'ce/Sprho'aièo+$rrile ra!åo values). Gopper-øinc aui

øine*eoppor .ûJ/-pes ocsl¿py an inlez:nqdieÈo posítåon betweon pyrrhotíte

¡*4n.re{f.o-7{ng-}g¿san'd'}ead..øi:aeoreiyposargelustercdabouiibeúi¡g 
^vJ¿¿vvo 

ú44.

pyråie corner. Field ìround,aries have boen skobched around deposÍfs

essociated l¡ibh u}'¿rabasj-e, basåe o and acåd ånLnrsion t¡aLl rock acc t'åbli

eonbacb metaraorphle typas" The grouping is noL eoiaploteþ diagnos|ic,

althougli lheso types appear ¿o be concen"i,ratod in bb,e pyrrhotiÈe*

ah.lnn.nwroi{-.e, f'î.e}d" Grouplngs bascd. on bhoso Èbree nånera}s are nOt
\r¡ÁC¿evyJÀàvv ÀÞvÈ ro- -

road.ÍJ-y apparoni[, aro poorsr dofj-nec], and are håghw ånfluenced by i;he

soppr eoaiont oi3 êho êlr6en
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iAL] L F- L7

CALCULATfD 10C \/iEIGf'1T PEfìCËNT M

( ¡'IORMAL-I 7_ED GROTJP S )

TOTAL SAillPLE

i I\]ERAL GIiOUPS

CALC IUO PCT
PO PY CP
8"6 l" 19"31 12"02
2"66 85.9?- rr"43
3,44 92,47 4"09

38.16 28"74 73"'lo
0"0 6-7"?5 3?-"15

11"25 14"90 13"85
J?"65 17.E0 B'r5
15.64 28.A-l 56"28
,6"45 1"68 35'BB
9.68 BB'48 l'83

12"54 66 "38 21 " 0B

i,90 86"09 12"01
9.58 89.38 1'04

10"75 38"43 50.8?-
l)o/ö 4lo)2 Joooo

16.60 65"08 r8"32
0.0 91 "51 2 "43
3 "83 9:l " 13 5 ,44
1" 71 16 "55 Br "14

51"03 36"9r I2"06
6"38 -15,91 17"71-

14"89 39"90 15"2L
?5 "23 65 "99 B "79
19"30 48"28 32.43
5,40 73"82 20"78
1"9Ì 42'58 55"5r
2,39 71"I8 26"43

24'86 25"2I 49"93
17.06 50"60 32 '34
2"84 79.!0 18"06
4"13 57 ' 00 3B . B7

18.39 2I'61 0"0
0.0 59"23 40"-l-l
6"82 93"I8 0.0

16"88 Jl"5¿¡ ';"59
6"52 62")I 30.9'l

3-l "43 I8.40 44 "11
10"51 11.33 18"16
8i.95 5'Br 12"24
14" 0 B 49 "40 36 "52
3"29 64"01 32.64

56"43 36"83 6"-75
ó4.0-7 r8"7-l 17'16
40"00 41 "29 12"'lr
64"32 26'25 9 '4?

CALC IOO PCT
PO i/ic P Y

9"69 0"99 89"32
2"59 13 "19 83 "62
3"44 4"43 92"5?

55"]?, 4"23 40'65
0,0 0"0 10o.oo
5"18 87"95 6"87

50"42 31,40. I2"19
34"0r 4"94 61"05
83"58 5'u5 r1"31
9"21 6.u5 84"68

13.30 16.28 70"41
2"r2 r"14 9ó'15

Õ/ 1-
Yol5 ¿*oOS OOo 1¿

16.7 9 23 "23 59 "98
?-2,23 10"78 66,99
19"04 6,30 14"66
0.0 0"23 99"11
4 "a3 0.0 95 '91
8.39 1C.20 E1.41

^^)Ao5U L5ø)L tOo)>
1.34 5"4r 81"26

L6ølL 4úø)) 42o**
25"Au 6"u0 68"00
l)oJl !Lo)) oJor+
6.63 2"-l-l 90"ó0
1"19 l"4Z'J5øJ'J
3"19 2"03 94"-/9

29,38 40.83 ?-9"79
9ø ll ó\oZ) ¿öø')ö
3 "19 

-7 
"89 88 "92

5"35 20"'18'13"8-l
75 "66 3 "49 2a "860.0 0"0 ],J0"00
6"82 0"0 93"18

17"87 û"u B?"13
6"u5 35"89 58.Û5

65"02 3"03 3r"95
öI-olö IoOl LjøO¿.

92"61 0.80 6'51
13,V5 39 "82 46 "B?
4"88 0.0 95"12

58.01 4 "03 3l "90
64"55 16"54 1B '91
38"01 I7.0¿+ 44"94
62.19 11.59 25"62

CALC lOO PCT
SL CP GN

13,15 86"25 0"0
3"01 96"99 0"0

65"81 I6"63 11"49
2"54 9-1 "46 0"0

)ö"4ó L\)øZY )Lø/2
0"0 100"c0 0"0
c"0 1oo,0u 0"0
0.0 100.00 0.0
1,04 98"83 0"13'18"49 I"62 19"89
4.88 95"12 a"0

r6"30 E2"92 0"18
96.28 0"78 ?-"93

I"¿+0 98"60 0.0
c"0 I0o"oo 0"0

5r "37 47 "2r 1 "46
86 "95 3"26 9"-Ì9
46,?-0 1"93 5I"81
0"17 99"5i o'28
ù,0 i0O"0t 0.Û

51.16 46"L5 0.70
0"4c 99'50 0"10

3ù.0i 69"86 c"I3
lL"9ó lJøóL Uø¿¿
36"66 62"90 0.44
0"19 99"81 0.0

6J.92 39"a8 0.0
2,20 97"80 0.c
û.0 100"0c 0.c

4û "94 56"54 2"52
0"0 100.c0 o"c

56"15 0.0 43"2,
4,68 95"32 0.0

39"83 0"0 60"17
5ù"6Û 2,Ù4 39"36
3"2A 94"56 2,)'4

11"50 88.50 c.c
14"00 86'00 0'0
0"26 99.14 0'0
0.0 l0o"0u 0.Û

43"9I 2I"24 34"89
[1"ó) )oY'/ ¿)ø)o
0"0 91"15 B"B5
0.0 96"21 3.13
ü'44 9L"23 B'33

NO.
I
aL

;

¿

1

9
10
1l
T2
T3
L4
I5
16
L7
i8
t9
LV

2i
22
23,
24
25
26
21
28
29

3!
32.
33
34
35
36
)l

3B
39
4c
47
42

44
45



TAilLf_ 16 61"

I|-t"D Py-PO-.SL (!,/Ê-lGl-lT PtiìcENT )

TOT/rl- .Sh!1PLt
N ORY¡A L

l)Y
38"29
96"61
B2 "41
/+ 1.89
26 "53
56 "98
19 "46
6L¡ "22I1.90
41 "3482.9J
95.28
39 "43
11 "OA7i"08
64.05
60 " l0/,) )ô
89 "91
4I "97
-7 2 ,58
69 "4662"9r
Bù " 

g 2
95 "48
62 " 01
49 .24
14"78
83 "2493.24

96 "-/ 3

24"01
3e"42
89.20
29 "B-/

6"ó1
]-t "BI
47 " 4-l

^-l!o\t)
lløó)
)- o L I

28"96

PO
9.51
) o2
3.u6

56.80
0.00

1+3, U I
BO "5?
?-,5 "11
87"50

)ø f I

2"49
t+"22

2l,55
)/, ot

I6.33
0"c0
L .17
9 "27

)lJøvZ

2-7 "ÒB

25 "r4
4"26
2.08

/,Q Áq

25"2r
2,98
6 "15

59 "3I0.00

9"30
6c .-l9

93 "?4
22"L8
2"43

32.22
1J "34
45 "8270,98

\l

2,13

I4 " 
tr)

1 2 iì

lJø4O
O"UU

rì rlíl

4J r ';2

2"6r

I"44
0"ù0

I9.60
39"89
55"93

0"0ü
I Q Á.¡-,

5 øa I

1i"93
I5 o l)

ø a_J

J)øö2
Z ø L'1

O"UÛ

0"00
14ø1)

3"26
1/, 1^
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1 ./,o

9"32
3.4¿i

"03
c,00

46.-14
ô nr'l
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^UoVw
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l
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4
6

6
1
B

9
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4.1
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12
43
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C i-" :. l-c o n-¡r i'¿ c -S nhr.ic rl'¿ c -GaIe nr' ( C p-S1-Gn )

The grouplng in FÍgure 8 is essoniia}ly t,ho sajto ag the copper-

øinc-Ieed diagrara (niguro 1f , Page 99) " Deposils occur along '''he

chalcopyri,;e-sphaler-ite (Cp-Si) and, spbalorite-galena (Si*Cn) tie }ånes

only, ores of, chaicopyr-lte ar.d galor:a are exbrenely rare" ores occurrj'ng

Ín ultrabasicu basic, and acid intruslon walt rocks plus the contacb

me".,anrorpiric t¡rpos are concentrated al the chalcopyrlte cornor" Froperties

3e (Conj¡co., SulLlvan Mino) a¡rd 42 (New Calu.¡reb Mlnes) aro erratlca duo

perhaps to a poor v¡a}l rock group classåfication'

Pyr¡hottte -Pyr ite :Sphal- er j't e ( Po -Py-Si- )

Tho triangular diagra¡i of nornalized (Po-Py-SI) vaiues (rlsure 9)

L,ras plofbsd to conparo lhe ac'¿ua} variables to bhe interpreteo factor

conponenbs of tho factor anaiysís" Tho ore d'eposiÈs 3-ie along the

pyrrhotite-prfite (p*-ry) and pyrite-sphalerit,e (w-si) tie }ines' No

doposi.ts fa11 on t]:,o pyrrhogåto-sphatreråbe (Fo-St) tie Li-ne" Poin'L

C¡.istrj.bution suggests a con!ínuous seríes varytng frora hlgb pyrrhoiiie

(po) ttrrougli pyråte (v) to oph,ale*1¿s (SL) as the ore type varies fron

copper-nÍclcoletil'ro'*ghcopperreopper*zincrzínc-copper'tozinc-Iead

types" lÍa}} rock variation shor+s a eoneen'¿ration of ågneous associaled

bypes along 'ohe Po*Qy joån ånd,ieatång appreeå"able anounbs of pyríte and

pyxrhotíte in these ores".Replaeencab Èypes of deposlbs are eoneepSrabeiå

along the !Y-S} t'åe Låae'
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A.a

F:'r rLo-f ii e - Pyrif e -ìia ryre t ilf¡ ( Fo -Pv -ì{q \

P:rcperty distribution based on the Pyrrhotite-Pyrite-M"agneilto

(po-py-^',g) t,riar^gular dlagram (figure I0) indtcatod nodera'¿o 6ca'r.+uer "

Sone ord,er horr'ever was shown ut¡on t,he wall roclc and one bype dis'oributioa

r¡as ad,d,sd. to the diagrana" Three Broups have been oublined. Group A"

(figure 10) contalns ore boùies lhat occw in ultrabaslc or basic

intrusive r¡al} rocks" Ore types are coppor-nickel and copper" Propertieø

32 (Co¡oj.nco, Sullfvan Mino) end. 42 (ìüow Calwoet ÞÍines) are agaln erratlcs

due to their hi-gh pS.rrhotite contents and zinc-Iead ore t¡4pee, Doposit

20 (ìtorand,a, Horno Måne) also fali-s in tbås field, or group bu'a because

of i'¿s HalI roek type (acid volcanåc), ¿t ås aLso cor¿sÍdored to be

erratie

Group B (Figure 10), in general, contairrs ores w1th aci<i intrusion

and coniacg netamorphic r^¡a}} rocks and, copper plus copper-sinc ore i;ypes"

.a nu¡cber of erratics arc present sr¡ck¿ as 23 (Que¡c'on'c }fine), 24 (waite

AnuLet }"Line), /+6 (take ÐufaulL I'tj.ne), 2e (Ope¡¡tska Copper), Ì4 (eatino,

Copper Rand, Divisfon)e ad 15 (gomchan Copper, Sunro Mine)" The

variation in i;híg group eppears t,o be due nrainly to r"+al} rock type.

ÐoposÍts L|u L5p ed 22 should falf r,riti:"Ín Group Á. due to lheir basÍe

1;ypes of r¡ail rocks holtever, ihese <ieposí&a nay have been affeeied by

}a'ee hydrothe:na} fluids. DoposåLs 23r 24, and' 46 (Noranda area) oceutr

i¡, acid volcantc rocks anc 'úi?,eir posíùåons in Group B nay bo due to

netar,orphlsn otr reaobåliøa'oåsn of tbe suLphide ¡¡,inerals' Deposlts 32

(goaånco, SulJivan Ì41åe) a'n"a & (New Caluneb Mines), r'båcb have beea
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p'ìêcûC. in G::oup A anct lie closo ',,o thc bound'ary betl"een Groups A and B,

-,^,- L^1^*- -.i.!L,L¡iiJ uur-vj¡s H¡v¡r Group B bocause of their oro typoo and r¡¿ll rocks' Group

B gird,les Gncup A possfbþ indicabi¡g no cloan cub divÍsion between

tho groups on ihe bases of igneous aÍfiU-ations"

Group C (Figure I0) contains nalnly ores in acid volcanlc and

sedimentary r.raIl rocks and ore types ranging from copper*zinc to lead-

uinc. The Group C d,eposits have rro disti-nc! or obvious ignoous affiliabio¡r'c

and may be classed. as replacemen! types" One shoì¡}d no|e again lhe

apparenL change of d,op,osåbs from basic rocks along the pyffhotfte-

nagneNlte (po-l€) Join to tho acid. Ì:ocks ai t,he pJnriie (Py) corner,

and i;ho progressive change in ore lype fron copper-rrtckel to lead-zinc"

The d.istributions of i;he chalcopyråLo, sphalerite, and galer.a raíios as

shov¡n by tho snall triangular d,iagra-ns in Figure I0 further indicaio

ihe chenge in ore bypo lor,rard. bhe high pyrite ore bod,ies' tho chalcopyrlte

ra1io (Cp/Cp"St+en) docreases er¿d. th¡o sphalerlto and galena ratios

(SI/Cp+Sf+Gn and, Gq/Cp+SL+Gn) åncrease ae the deposits ci:a'-rge fron baslc

to acid, volcanie uail melce.

Anaþses of ihe pyrrho¿ito-pyrite-nagnetiíe (po-Py-''lg) d'iagran

wå'ah respecË io physåea} and geologieal boundaråes were ¡nade and bhe

folJowing observatíoix.s l-16r€ nade"

Canadia-q Sþkl-d GqouP

Tbe fielcl.s for rfrirabasic, basie åabrusåon, âd replacea'ent 'Í;ypes

(ån aeid volcanåe and eedlÄentary ua1l r-çeks) were eoastruet'eA (figure 3J) "



thesc i,hreo <iivÍsions are cleariy Ceíined. and' ehow a roguia-r o*tiutiol

of deposits fron basic to acid r',aI] rocks as bho ore Lypoe varT f::on

"o'*r-*ckel 
to zinc-l-ead,. Ths disLribution of the gold/golcl+silver

rabio (Au/Lu+.Lg) (ffgul.e iI, snai-I triangular d,iagran) shows a sjráilar

variaiior paltern vdtir gold, values d'ecreasing lrith lncreasång py: i'co

contont. Deposlts 20 (Norand,a, Horno t{1ne) ard 42 (New 0a}r¡ueb }[nBs)

again appear as errat,Ícs.

.doualachian Grouo

The nr¡nbor of d.epcsits in bh'ås group ís sioall and the polnL

CrÍstribulion (Fig.¡re 12) bherofore nct clearþ d^efJ.necl" Ho',';ever, the cirango

in oro type tor.rrard the pyråte (Py) *o*our ís roadiþ apparen'o íron

copFÆr bhrough zinc-Iead-eopporo The gonosis of tkre Appalachi¿n area

d,eposits ]rave not been cleariy cicfi.ned. However, {:hro point dist'ributioa

does ind'j,cato a d,iffsrenÈiation type of r¡ariation of ore Nypes fron

acici intnrsåon assocÍations Èo undefined replacc¡aent 'f;ypes. The gold

ratlo (.tdLu+.{g) AistriUubåon suggesbs a clecrease in tho gold conienf

of the ores 1;ou,erd irågh pyråÈe deposits (pig¡¡re 12, snaü briang¡rlar

¡¡ ^ *^*\!À¿rá¿Þ H¿f o

C-ordj-U-eran GrouP

The ch,ange in ore 'o¡¡pe fron copp€re Èirrough copper-zincu to lead*

øinc is clearþ ind.åcated in Fågure 13, This group appears io be

coaposed, nafnJ.y of pyr'í-tc-nagno'bile ores for th'is study ar:c the varia'iiioa

of deposåts åa f,ron æagno'eåte to pyrå'be" Þeposit 32 (0oüfneo, Suüåvan
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ì'änc) is again eno¡ralous. Tho locabion of the point (re: conposition)
nqy be duo to tho ,:roxi-aråty of an lntcrnedfato Ínt,n¿sion. Ðepceií Ij
(cowichan coppor, sunro Mine), a Tertiary copper doposÍt in gabbro and

basali and having a postulated þd,ro|he:nral origin, is clearþ soparabed

fron the other oros. The d'iagra^n inùicates a progressivo change in ore

typo rriùh a chango in waLl rocrc bypo, varying fron copper cioposits ia or
near acid intruslons to zinc-copp€r and lead,*zlnc ores in volcanj.c or
secìinentary l'lêlJ- rocl<s wi'¿h no d.efinito igneous affitiation, The gold,

ratio (¿v¿u+¿s) aå"trtuutåoa (r:.gure g, srnall triangular d,:iagran)

sho,*'s a decrease frc¡r hågh nagne-cåte to iiågh p¡nråíe doposiÈs"

Theoroùica} æagneÈic euscepùibilit,ies and ance.elies,,+ere caicurLated
fa* ¡"1 'l J^*^^:¿Åer ar-¿ qeposlùs bo dote¡E'ine Lrge,úher a rel¿tioa between a specific
¡¡inerai ratio and t'he nagnetåe susceptåb{ìtties or nagnetfe aao-ary

e>åste d.

The nagnetic susceptibålåÈies wsre eaLcuiated usåqg the followång

relatåon (Dobrin, igóO) "e 
:

Ifa.gaeÈfe ausceptibi-Iå.ty (lc) e (Mg X ,50) + (po X "13)
v"/nerE Mg and Fs are r,;eågÌ:,'u pereentages of nagnetite and pyrrh.oti,ce"

ThE 'bheore'¿åeaå aj.rborne .i d ground magnetic e¡romr,1Íes ware

caleula&ed, usång the foLlo",rång e quatåon (Dobrån, I9ó0);

I * (k.,".+ ko^)H
. 6V
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v_".".=2xLo5 [l À\r,€iL.; ( %.1 ,ån l\¿ ¿/

u,hore H Ë carih$s f,ield

f Ë intensity of, nragne'iisia

k ã nagnetic suscepLlbility

v Ë narCnr.¡¡a vertlcal nagnotíe intensåty-itÂx

b s thicknesE of vortåcal ore shçet

el ã dePt'h to toP sf, shee'6

zZ ã dePth to base.of sheet

The values obtainod represent only an averege value thaÈ coul-d be

pncdueed fr-om ores of . that par'oicuJ.er conposit,ion. Variations in grain

-¡-^ ^;-^ ^,^^ãÀ an¿ì ¡r^*¿:ra ^f bu¡,j_aL of the ore body, re¡arrantÈtj-úvg JJ,:,99 Þ¡¿ÞiJìt, q¡¡\À r.i,VPVrj Uå Uq¿-¿ai- (JI À,¿¿g (J¡\i UVUJ, ¿-€.j¡Ui;¡¿\

r,agaetisn.o aÍìd other physJ-cal properbJ.es have a profound effecL oa the

síze and bype of, nagnebic atÐr¡4ly thab nay be actt¡a}}y eacountereci åa

ùhe fleid. As oach doposit r.¡ouLd havs to be evaluated in de'c,ail bo

erråvo at a nore realås'båc calcuJ-etEd aronaþe and as the re¡urranù

nagnetic effoe'b ab each deposit is noÐ knorrn, on\r broad general,iøations

can b,e ¡rade o¡l t,he bases of, the i[heoretiea] nagneËie data" TheoretJ.eai

nagneÈic daba r.¡as calculated by corepuËetr *s prograrüeed ån Tablo $,
Þ ). //"ppend:ix 6" ¿JI vahies ag ealcu-l.atod are showl Ln Table 19"

T he ratio, nagraet!'L e+ p;rrrhot åb e,/nagnetåte + pyrrhot ii;e+ pyribe

(Mg+Po/{€+Fo+fu) (taU:.e }9), te,s eonparoi, Èo tho tl¡eorei;Ícal nagneiic

a¡¡cn¿lies (faUXe 19) " Tne rela';1oa be'¿r¡een ühese t'¿¡c pa¡aneÈors l,¡as

conpletoly e¡ratie ånèleaÈing that ihero åo apparenÈþ r*a ,nineral raÈio
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CALCULATfD SAþ1PLE MAGNETIC ANOMALY

SUSCEPTIi]ILITY CALC" MAGNÉTiC
K (CALC. ) ANOi'IALY ( GA;\4iqAS )

(CGS U¡\ITS) GROUND AIR
0.8 7B0 \3
2 "5 2516 44
1"9 IiJ5l 33
2"2 2193 39
0.u 0 0

10"1 10071 r79
J"3 77,52 I29
o "2 ?-31 4
1"9 I90B 34
0"4 433 7
0.9 BóO 15
0.9 902 16
0.7 667 1 I
r"3 1348 24
0.9 852 15
1"9 1902 33
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0"0 28 0
4"3 273 4
9,6 9645 11 2

1,6 1609 28
4"5 4467 79
3"8 3153 61
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0.-t 7 23 12
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o"2 r92 3
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A/C ALTITUDE = 150 FT*
DYKE IIASE = -300 FT.
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iRAT I O

ù"1u7
0"164
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0.0
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0 " 390
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o ,144

MG-PO RATIO = ¡v16+POliV1G+PO+PY
K (MG) = 0"50 CGS
DYKE THICKNESS = 50 FT.
DYKE TOP = -j0 Fï 
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';hai can bo ac.uatcd to '¿ho intensity of the aagnoí1c responso. A n1nerai

rat,io Ís no aeêsure of, t,ho e¡c.ounts of nagnet f c nateriai presen'u n ,^n4

Èhere.fore cannot be rçlated 'Lo ühe quantitatlvo magnotÍc ofÍects.

Several plots relating the average value of, tho nagnøt"Lc

susceptibility to ore t¡4pes and walL rockg wsre coastrucied froa tho

data in TabLe l, Appondåx B" The relation be'E"araea theoret,ical

suscepNibiLlries and ore i;¡rpes ("ç:-gure l4-A) ahows ihe decrease Ín

suscepbi.bÍååty wiùh È]:e ehange Ía ore type fron coppor-aickel to lead.-

zínc oros" The grapir of i*al-} rock vereus suscepLibility (fig¡re i4*ts)

i¡dicates a decrease fa suseep'cibilåby fron, deposiis asgociated wå¿h

igneous roclcs ('[rasic or acåd,) 'ao replacemen8 ore t¡rpes assoeiaÈed wiÈh

aeid volcanle ar,C sedir¡reaiary v¡alf roeks

Silicate l'S.n,:raloff

Tho total sa¡ople sìl ig¿¿s n{ neralogr as deterni.¡:ed in bì:is stuciy

l.ras tabulated (Table 20) and. a grouping of, ssvea aoro otr less key 'i;ypes

; . .far*as produced (Tabls 2L) usÍr4g'che corapu'bor. Tbe si]-icato da'ba fo:: tlle

icial sa-'"f'le aad the *65+400 frac'cion were pub on puncb cards" The

=65+400 silieate d,ata is tabi¿Iated, in Table !, Append,lx f " .{ }åsiing

of synbols used for sj.låcabe nånerais and alteratåon ås åncluded witbr

TabLe 20 and Table 9, S"p:;endåx 5. I{o aÈ'u,enpb r,¡ao n¿do at this tå:ae i;o

anaþze th,e silåee?e d,ata. Tho nunber of siì.:lcato variables dete¡=ained

/q

W4È VÁ6

The ciXåeate må¡Ìera3 groupångs eomplled ur¡ro aø follor*s;
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0. r.j

U.O
0"0
0"0
0"0
0.0
0"0
0"0

.5Sl(R ilAS rifì AUi^/tì
0"c íJ.0 ù,0
tJ"\) û.0 0,U
(J"0 rJ.O O.û
0",J c"0 0"0
0"0 0"0 0"0
()"0 0.0 0"c
o"(.) 0"0 0"0
0"0 0"0 0,0
0. rl {.r.0 0 " 00"u 0.0 0,0
ù"c t.0 0,0
0"0 0.c 0.0

29"95 0"0 0"0,J"O O.O O.O
0"0 Cr "0 0.0
0"0 û.0 u"0
c"0 í)"c 0"0
0"0 'J"0 0.0
0.0 0.0 0.0
I"11 0.0 0"0j"o 0"0 0.0
0.0 0,c 0"0
û.0 J"0 0"0
u.0 0"c ü,0
U"O UOIJ O"O
0"c 0.c 0.0
c.c c"0 0.c
0,0 0"0 0"0/ì^uoU 29"53 16"94
0.c 0.c 0"0
c"0 0,0 c,0
í.r"0 0"0 O"C
c.c 3"C a).0
0.0 0"0 0"0
0.0 0,0 0"0
0.c c"0 0"0
c"0 0"0 c,0
0,c 0.0 Lì"0
L"o t"0 0,c
0"0 c"0 0"0
0.c c.c 0"0
c"0 0"0 0"0
0"0 0.0 0*0
0.c 0.c 0"c
0.c 0"0 0"0

A d R Liilrs
0.0 0.0
0,0 0"0
0"í) 0"c
0"0 0"0
0.0 0"0
0"0 o"a
0"0 0"0
c"0 0,0
C) "O O. O

0.0 0"0
0,0 0"0
0.0 0 .0
O.O C.O
c.o 0.0
0"0 c"0
0"0 c.0
0"0 0"0
0.0 0,0
0"û 0"0
0"c c.c
0"0 0.c
0"0 0.0
c"0 0"c
c,ù c"0
0"c c.ù
0.0 c.0
û.0 c,0
c,û 25,69
0.0 0"0
0"c 0,0
0,0 0"0
!øoJ vov

0.0 c"0
c"u 0.c
0"\,1 0.0
c"0 0.0
c,ü 0,0
0"0 0.0
c.0 0"c
c,0 0"0
0"c c"0
(.J"U UAU
0.0 0.c
0.0 0. 0
c.0 0"0

l"

i\io "
l
)
7

4
6

1
I
()

1u
1I
I2
T3
i4

Ìó
t?II

?)
))
23
24

a1LI

28

âl
,I

a)
31

)I

JÕ

4l
42

41

i¡iALL ROCKS SHOvJN IN TABLE l" APPENDIX



TÂlìL I: 2A (CCNTII'll..ltrD)

:) I L I CA TI i\1i fì[R^LOGY ( i^lË I Gl]T PEiìCE AlT )

TOT¡\L Siri'iPLE

Ci'iS Siri:
0.0 0.()

.0.0 0"0
0.0 0"c
0.0 0"c
0"0 0.0
0"0 0"0
0"0 u"o
0"c 0"0
r\ ^vov f o+3
U.0 O.t)
C"0 cs"44
0.0 0"0
0,0 0,0
0.0 0"0
0.0 0.0
0"0 0.0
0.0 0"0
c,0 0.c
0.0 0.0
0,c 0.0
c,0 c "g70"c 0"0
û.0 0,0
0.0 0"0
0.0 0.0
0"0 0"0
0"0 c"c

28"54 0"cJ
0.0 0"0
0.c 0,c
0.0 c .0
0.0 0,0
u"0 0.0
0.0 0"0
1,at\t-V o V V ø \-)
c,0 0"c
0"0 0"0
0"0 0,17
0"0 0.29
0.0 0 .0
c"0 0.0
0.0 0"0
0"0 0"0
0.0 0"0
û"0 0"0

SPI-
û"0
0"0
0"0

35 "36
O"O
0"1)
0"0
0,0
()"0
U.L)
0"0
0.0
0.0
0"0
0,0
0.0
0"0
0"0
0"0
0"0
0"ü
0.0
0,c
0.u
0"0
0.0
0.0
0"0

0"0
0.0
0"0
U.O
o.ù
UUU
0,0
o"ù
o.c
0"0
0"0
0"0
UoU
0"0
0.0
0.0

q\Dl

u"(j
0"0
o " {'-l

0"0
0"0
0"0
O.r)
o" 0
0"0
U"O
0"0
O"O
0"0
0.0
0"0
0"0
0"0
û.0
0"0
ù"c
û"0

o"c
O"U
O"O
0"0
0"0
0"0
0"0
0"0
0"0
0"0
O..t
ü.Û
t. ,J

0.0
U"U
0.0
0"0
0"0
Û.0
0"0

I I L/,

36"13
I1.01

S[JA F
(J,0
ri"0
c"0
0"0
0.0
0"0
û"0
c"0
0"0
0.0
0.0
0.0
0.0
c"0
0"0
0.0
c"0
0.0
0"0
0.0
o"c
c.o
0.0
c.0
0.0
0"0
0.0
0.0

16.83
0"0
0.0
0"0
U"O
0,0
ú"0
0"0
0"0
0"0
O"C
c"0
0"0
0.0
0,c
0"0
0,0

Sf--'v/iì 'dOL
C,O û,iJ
0"0 0.0
0"0 0.u
0,0 0"0
0.Cl 0"0
0.0 0..J
rJ"0 0"c)
0.0 57 "-l Iû"0 0,0
0,0 0"c
0"0 0.0
2"86 0"0
0"0 0,0
0,0 0.0
c.o c.0
0.0 0"0
0"0 0"c
c,0 0"0
0.0 0"0
0"c 0"0
0,0 0"0
0"0 0"0
0"0 0.0
0"0 0"0
0"0 o"o
0.0 0"0
0.0 0.0
0.0 0"0
0.0 0,0
0"0 0.0
0"0 0.0
0.0 0.3
0.0 0"0
0"0 0.0
0,C íl"O
0.0 0.0
0"0 0.0
0"0 0"0
0.c Onc
0"0 0"c
0.0 0"0
0.0 0.0
0.0 0"0
0"0 0.0
0"0 0,0

NO"
I
2

4
5

6
1
E

1Û
11
T2
I3
11+

I7
i-B
19
¿v
2l-
22
23
24
25
26.
27
¿o

3\
32

35.

l+0
1T
+2
13
14
45
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r'ry

TABL . zo (cclnruu:il) "'

SYNiSOLS USEL) FOIì SILiCAIi MINIRALS ANi) ALiTi<ATiON

.SYIILìOL PRODUCT

a^r alt af TçLAL L¡\L\ ¡ ¡ L

OTZ QUARTZ

Ci.lL CHLORITE

SIR SERICITE

OLI OLIVENE

BAR BAR I TE

TRF TREMOLI TE

ACT ACi INOL i TE

AUG AUG ] TE

URA URAL I TE

rP I EP i DOTE

CI]D CHLOR I TO I D

FLU FLUORITE

SUL OTHER SULPHATES

HB ] ELUE GREEN
HORI\BLINDE

I.1B 3 GREENISi-] BROh/N
HORNBL ENDE

PLA ,PLAGIOCLASE

,,\iOL r,{OLLASTON I TE

SM STlI TIìSONI TE

FOP FELDSPAR AND GìUARTZ
DI ORITE EQUARTZ PORPHYRY

OCB OTHIR CARBONATES SRP SERPENT I NE

SYi\4BOL PRCDUCT

BIO ti IOT I Tã (PHLOGOPI TE )

GAR GARNET

FEL ALKALI FELDSPAR

PYR P YROXEi"III

DIO DIOPSiDE

HYP HYPERSTHENI

UWR UNALTERED'dALL ROCK

SlD SIDERITE

APA APAT I TE

ZOI ZO I S I IE-CL i |!OZO i SI TE

I'4US MIJSCOV i TE

SLL SILLIMANITE

GYP GYPSUi"i-ANHYDR I TE

APL APLITE

I-iB 2 PALE GREiN
HORNiJLENDE

QFiq MICROGRAPHIC QUARTZ Ai\D
FgtDSPAR

Fh/R FELDSPAR + ¡IALL ROCK

WRP IVALL ROCK + PLAG i OCLASE

CCS CHERTY CHLOR I TE SCrtI ST



TAIIL€. 2Q (rtONT I NUtD )

SYi"iSCI-S USi-D FOii SILiCATE IVIINEfì¡.LS AN) ALTTIIATIOI.J

'ü

SYlißOL PRODUCT

Si{R Si:RICITIZiD tiALL ROCK

C'wR CilL0R I T I Z-tD \.lALL ROCK

Ht.JR I-JORNBLENDTZED UIALL íIOCK

CL]WR CARiJONAT TZEÒ IdALL ROCK

Pì,^JR PROPYLLiITZED ì'ALL ROCK

AI.IR ALÉ] I T I ZED WALL ROCK

SCWR SERICITIZED-CARBONATIZED l^JALL ROCK

SCTI\/R SER I C IT IZED_CARBONAT I ZED_TOURMAL IN I ZÊD !,\iALL ROCK ,

STWR SERiCIT IZED_TOURMALiNiZED i,{ALL ROCK

SAI^JR SERI CTT IZED-ARGI LLI T TZEÙ WALL ROCK

CSCWR CHLOR i T ] ZEÙ- SER I C TT TZED-CARBONAT IZTD ',{ALL ROCK

CS\.IR CHLORiTIZED-SERICITIZED WALL ROCK

SSbiR SAUSSERITIZED-SILICIFIFD WALL ROCK

SLUJR SiLICiFIED ì//ALL ROCK

BASI¡/R B I OT IT IZID-AUC IÏ IZED-SER I C I T IZID ì¡iALL ROCK

ABWR AUGi TIZED-BiOTITIZÊD t^JALL ROCK

Gi'4S GREEN 14ETASEDIVTENTARY ROCK (CHLORIIã RiCH)

BMS BROUJN I.4ETASED]IViEi{TARY ROCK(3iOT ITE RICH)

SAF SERICITIZED ALKALI FELDSPAR

SPL SERiCITIZED PLAGIOCLASE

SiJAF SERiCITILED_SIOTITiZED ALKALI FiLDSPAR

SFWR SiiìICITIZED FELDSPAR + I,JALL ROCK

SSPL SAUSSERITIZID PLAGIOCLASE

SSAF SAUSSER i T TZED AIKAL I FELDSPAR



TABLE 2I

GANGUE iqINÊfìAL GROUP.i¡ ( h/EiGIiT PERCEI.]T
TOTAL SAiqPLt

i,--i i

CARIJ_i\
4"04
0"59
0"0
?"87
5"Bl

10,19
0"28

14.6E
Uoöl

18"74
3"43
I"24
9"22

i5.22
4"44
i"41,
JO )a-

¿¿ø I)
1l_"69

I"rl 4
i "95l"t3
2"-lI
0"0
9.54
i"93
3,19
4.95
0"69
UoU

24 "91
4"08
rì ô?

37 "38ll"óB
2?-"-13
f.iJ
2"16
l.B2
2 .39

l-I)ø¿-)
7 "2I
^ 

i?

0,0
1 aLLø L9

SILiC_N
4I"34

I ?ÁI O JU

JOUU

2\"65
l¡ 

" 
lr9

) o UO

ó " 38
¡ @ TU

ôvoll
I4 ,31
L I ø )V

4 .I'l
LT,22
Ì4"36
6. B6

29 "35
LLAI)

J)ø I \J

10"78
3"BJ
8"74
3 "924"2J
lo J9

a- 1a
9OLL

4"43
3"22

0"0
25,19

5 ,I2
I / oOÕ

22"45
a1 a-7
L I OV I

1.8.59

2I"49
22"11

2"29

9 "36
2 "11

Cl-lL-l"l

3l "43
0.E6
4"6J
ô oe

19"42

0"t)

0.û
I5,60

UøU)

5 "42
24,9 J

0uû
0"0

L I oU I
0"0
7"Bg
'7 
"i79"\5

tJ.U
I4"93

¡ I jt

4"ôO
1"I6
0"59
0.0
Uo j. J

!løôV
Ê l1
)ELL

9.20
i6"78

26 "ù9
5'1+3

3/+"24

9"1 2

B,o2
0"17
0.0

10"79
I./+4
Q ,/, r',\

A;'1Pil I 5
(J"O

0"û
!9 I J

(i"(,

0. i)
- -1,I O )9

O"(l
L' .rJ
0"0
0"0
\J OV )

UnU
0.0

7T.98
!ø)L

^ 
/,t^voa)

0"0
0"í)
u"û
c.0

IT"47
U.C
cr.o
û.0
U"0
0.0
Lo l\)
0,û
0"0
0"ua

0"óB
oo0
ü.ù
ue /O

o"c
c"0
0.0
a 1n

0.0
J4 o Õ\J

I ) ø Lv

).2 " 64

P YROX
(-) . ()

0"0
0.0
t.íJ
0.0
0,0
A ø l()
3 .6I
0"0
0.0
U.'J
U.O
0"íj
Ürü
O. 

'.)

0"0
0"0
0"0
0"0
o.c
0.0

\f"0
(-r"0
U"O
UuO
0,0
0"0

15.93

0.0
c.o
0"0
t.0

0,0
u.0
O.LI
Ü.0
0"0
0"c

LZoYw
22"56
23"95
i4 "97

S AUS S_ I\
0"0
0"0
c"o
0"0
0"0
0.0
0,0
0"0
0"0
u"0
0"0
0.0

29,95
0.0
0"0
0,0
0"0
0,0
c.c
1"Ll
,Jr0

3-l . B5
0"0
0"0
u"0
0.0
0.0
0"0
0"0
c.o
í1 ,0
0"0
0,0
'-1"0
0"0
0"0
û.0
0,0
0.0
0"0
0"0
0"0

1 I L /,ta@97

JV ø L )

11,01

SER I C-N
u"Û
0"0
O.C

J)OJV
a 1a
IøI¿

0.0
0.0
0"c
)o-)

0.0
É /,/,) øa+

2"86
0"u

27 "BO0,0
0"0

33"55
O"O

/+7 .43
0.û

13"63
0.0
B " 48

1L^AL
0"L)
J ô IU

l3 " 09
c"0

i8"83
)a ø v )

0,0
12"25

LE )J

0"0
¡l /.cvøï)

o.ü
6,57
6"52
I"92

50"89
0"0
0,0
0.0
0"0
0,0

i> t¡ i4

38"98
6"27

L9 "OO32.61

25 "71'/8"C9

42"0i
E"3l

ö1ø 1l
I Y ø lÕ
iZoZI
66"69

7'/ "-l E

I4"09

3A.?9
26.92

')l 
^1

25"09
1 ç) /, ')

35"63
14"58
4O ø I I

)!ølU
3-l " 46

4'l "5i
65"59
48.05
34"95

15.69
63.5.¡
69 .'7 2
76"94
69.89

fr.lo,
I
)
.i

1
5

6
7
?,

9
trì1V

t1

L1

-l- o
1-7

20
2L
22

21

)^
a1L(

¿Ö

a!

35 ,

JO

12
43
44



9a

Carbonatizalion C.q.I+CBl'[ì+ffB+SD

v¿+w¿¿ ¿wù9ÁvÁ¿ \{Àg I v&uL

Chloritizaiion Cll¿+ChD+CI'A+CSCl,n+CSl^m

â,nphiboles Aìtr+FB1+m2+TRE,TACT+¡MR

Snoxonos PfÀ+DIO+HYP+UR.{+ÀUG

SausserÍùiza{:,ion SSI'fi+SSPL+SS¿F

Ssricibization ffi,+SPL+SI'&,+SCr¡&+SCTI^R+ST'!^ß,+SÄ}A

+SAF+SB.åF+S¡'I.JR

The -65+400 fraction silica|e nj.neralory and grouping is Èabuia'ced

in Tables 9 ard J.0, .A,ppendix 5" The sillcate minorafory coraput,er

progrea ås IÍsi:ed ån Tabl"e ?, é"ppendix é"

El-enent Anal-¡ses

Tho ore saraples r¡ore auelyzed for elne olenenls" The resulLs for

Èire toNal sample aro sho'*it ån Table 22, Res'ûÌts for t.he -6J+40C fracèåon

are showÂ ir¿ Tab}o 6, AppendLx 5" OnJ"y êhe io'¿a1 sarople resìiLlts are

eossidered in tiris sÈr.ld¡r,

I'fetal- Ratios

Tr"nalvo raetal ratåog were calcuiated for eae}¡ saieple. The total

sanple ratios are srÀovrn i¡ Table 2d., Flotis of nargr of tbeso total saiaple

raiio vaLues are bo be found r,,"ith various fågr:res to be d,åseussed, ís

'¿]:e follori.ng eee'båon" The -65+tçg fi.ac'oåon ratåo values aro in Table f,,

A -^â*J.'-. Ã
¿rLLJbþëL¿ ¿¿¿É J ø



T,AiJ LE 22

I'1I-TA L A,\A LYSES
TOTAL SAi'1PLi

C U Zl'l
i GhT PIiìC Ef\ T

Lt!

|\r T

0"u0ü1
o.ù001
0"00c1
0"0001
0"00c1
0.0001
1"3990
0.0001
0.0130
0.0001
0.00u1
0,c00I
0"0090
0.C00/+
C"00tl1
0"00ül
0"c001
0"0001
0.1230
0"0001
0"0001
0"0005
0"0003
0"000i
0.0001
c.0001
0"0c01
0"c001
0"0001
0,0001_
c"0c0l
0.0001
0"00c1
0"0cc1
0"0001
0.0001
0" 17c0
0"0001
0.08t0
0,000I
0"0005
0"0001
0 " 3l'00
0"3500
t"151.)

\.rl !

u,0650
v. uu l5
o.lo50
ü"u6 10
0,c015
0"0050
0,06 00
0,0015
0"0830
UOUUI)
u"tJUI5
0"c250
UøUUI)
0"0400
/l ,1a /,\Uo\l¿O\/

u.'Jul5
0"0001
0"0001
0"0020
0.0340
0"02û0
c"0200
0"003c
f) ar2 tr r'lvovJ)v

\.) "a2500.074û
0"0300
0.0200
0"0001
0.0001
0"0400
0,0001
0.0001
0"000I
0"û001
0 " 00 01
0.0600
c"0ó00
u.0870
(j. ou 0l
0.0300
0"0001
0.02 00
0"0060
0.0700

1.92ü0
ì. I4Ù0
0"92u0
2 " 4BAC
r " 2?_aa
2.0800
0.5600
r " 2400
1"9800
û.c800
Uø)/UU
3"21O4
U"OBUO
2 " 430c
1"5900
2"19uA
0" 1000
0 " I 1û0
4"9444
2 " 00û0
2"470C
)o?JUU
1.4500
ç /, a (\1,
-/oTUVV

4"32vO
I2"ù800
4.3lUr)
1" 6BU0
0"Bg0c
0.gg0c
2"0800
0"0001
0"9000
0"00c3
0"2900
0"6400
3"460c
2.38U0
2"01ù0
0"9500
0"81c0
0" 1500
0.7600
0.3300
0"420c

c"5500
0.0uol
5 "650CrJ.10Ou

l4 "¿+VOÙ
0.0001
í).ûü01
0"0001
0.0001
4 "-7 400
u.0u05
1.450u

13.Bi0O
0"0001
(j,0001
4"BOOU
3"6000
5.7I00
rJ"000l
o"00,ol
5"49CCt
0.0005
2"OBOO
2,830C
3.80OÙ
0,0400

' 
. f\''\IJo¡*OVU

0.r:)(i0l
0.0001
I "24000,0001
7"0200
c.1000
- r 

^ ^^/ o IJUU
I " 310c
û"0005
1 1 r 

^ilÌ o I l- Vw

0.7400
0"0001
0.00ù1
^ r ô 

^^Jo-LÕUU
)ø¿+)l'JU
0.0001
0.000I
0"0002
ó"6

?'j

û"000i
0"0001
2 " 0500
0"(i0u5

l0.87oc
0.c001
0"0u03
o"0ilc1
c.0300
2,27CC
0"û.1 01
a I I JVV

0"97rJ0
0"0u0Ì
0.0003
0"1500
0" 5üc0
8,6000
0"0001
0,O0Jl
0.19C0
0"c005
c"0006
0"0300
O.2uùO
0 " O..JO Ì
¡\, ,"r ; I t-L iVøvVw,L

0.00c1
trorJUUl-
3"0JOI
0.c001
7.0500
c"c00l

17" 1800
ó"0100
c" 0û01
0.0,i0I
0.00c1
0.0ù01
0" 00cI
3.9800
2" 0800
0" 1000
c" 1600
0.00c1

NO"

1

2

a

4

6
1

I
9

].O

11
I2

I1
L5
ió
I-l
1B
19

2L
22
?3
21
25
26
21
2E
29
)')

32

35
36
31
3B
39
4û
4l
4?-

+)
4+

4ó

NI_CO_CU-ZN-PB-FE-AU*AG [JY iViAN" N4INIS I]RANCII LAO"
SULPIiUR ßY TI-IE UNIV. OF N'iAi\"



T 
^ 

iìl r 22 ( COi\iT i NUi:D )

NlL:TAL 
^AIALYSL-STOTA L SAMP LE

,-t
I'/EIGIìT - - ñ - - \l I

AU
OZ

u,0280
0 .049,..)
v "425o
0,0340
0"0430
u .0040
0,0005
0.0060
0.0070
0.0030
0"004c
0"0070
0.0250
0"0700
UorJlYU
u.,J4I0
û"û35,J
-, -\r 

^^VoUIJU
0.0120
^i-rr\rJoI?IU
0.0530
0.051i)
0 " 1390
0"0420
c'lolo
0"0130
û,041c
UeUIJU
O"OO4U
0 " 0410
0"0200
c,0001
0"0005
o "02340.0900
o "0294c.0650
voL)(U
ù"u350
û.0001
0.00(jj
c"o27c
0 " 0001
0.00c1
0.0001

^aÉ\ \J

TON

u " 40ao
o.I(r00
2"58Ò()
0.7900
4 "'l BOO
0"u0uI
0"52U0
O.2BCO
^ - / ",^Uo¿OUU
! ø L ) v \J

c.i5uc
0.7cc0
7 "I2CA
o "?Zaorj.200J
3"0ó'J0
5.üC0íl

3B"1EUO
o "?8-l cc.50c0
2 "J-l80
0"795C
i,0t4o
1"17v0
1.8400
0"3090
1"2910
0.c00i
a.¿6-lc
o. J6I0
A "u 22A
2 .0140
0.0001

58.8940
42"4310

0 "22cc0.t-5íJc
0,9690
0"16c0
ù"J0cl

13.7û00
3 "44500"0001
^ 

J\^^r\, o v \; U I

0,c001

1

2

?

4

6
7
B

9
'l 

l^)

t1
I2
T3
i4

.Irs
16
T7

1"9

1V

?-L

22
?-3

24
25
26
21
2E

3L
32
33
)+

36

38

liO
4i
42
43
44
t, ç\
-J

28.û6ù0
2ó"3-ju0
3B"77UU
16.49L\o
4"/+900

24"950',J
I9 ,21 00
6"5400

13.3800
3"2600

11"16C0
39,23C0
LL"650t
LY ø4JVt)

--r¡',ìL) ø | lvv
l8"i4u.J

5 ' 190U
B " 24Ci)
8"9400

43"S50C
1- 1r 

^^/-)o¿LVw
-^ 1 r 

^^L\) ø ) L\/W

33.1AOO
- r 1/\Z I ø I I9v

29.6c00
i ¡\/ì/ì

Jlol-rJUU
¿ \ ø )C)wv

9 " B t 0o
- ^ r /\/l? ø 5 LUv
7.7800
9 ' l4o0

^ / ^^l1o t)4|J¡.J
ì øôt_rriu

i r. .6 2 00
1 "47C0
9"9C00/ ' |.\^Z /- ø o4vv

24 " B +A\)
^^ ^ry 

r,3U ø 79tJv
3"13UÙ

- ì 
^¡l1Yø)l.UU

7"0000
1I.8700
9,31C0

19 "5200

21"3500
l6,U50u
4u,95U0
11"8ÛCù
15.60C0

Zø Z)UU
6"7500
1.6500
6.8500
8"2500
3"1r000

3B,7500
14.1000
5"75u0
2"55¿U

18.75üU
1U.4ùùu- ^- ^,\2ol)\Jv

5 "-l500
30.65c0
¿La I)vv

8.35C0
21 "rroo
20.ôû00
3û.0500
2,3"8500
2'7 "34vt)

3"3000
0.8u00
- â/\/\i1I o¿VVU
? ^,\ a^l ø1v0v

19 " 30 00
3.2000
B " 55 C0
7"7û00
I ")4UUl0.09cc

Ì5"7r00
2u"u4ü0

Ù.65u0
7'81'Jt)
5.9400
1"8140
3"c100
9.BlC0
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TAßLE OF ASSAY EAUIVALÊNTS FOR
USE \d I TH THE COMPUTER.

ASSAY

LESS THAN O"OOl

L ESS T HAN O . r.) t'2

LISS Ti-IAN O.OO5

TR AND FAINT TR

NÏL

COI',iPUTER

0.0005

0.c015

0.c040

0.0005

c"0001



T/\ilLt 2l+

lETÀL iìAT IÜS
TOTAL 5AJ{PLT

qJ,

CO/CC)+N
0.ggg
0,938
0"999
c.998
u.g3g
c.gs0
/\ 

^ 
/ r

U ø !.-r !f

0"938
0. E65
o,g3g
rì o" a
  ^^¿UøYY()
0"158
0"990
[/ø'.iYt)
,l ^-rìUs ) lO

^ -^^Uo )(JU

^ 
- '\,4Vo )\rU

^ ^r 
/uo iilO

0, gg7
Uo'j'-t)
0"976
0.9c9
o " 

gg-/
n ô^/lro>)/O
û"ggg
0,997
L).9ct5
rì tr'rì^vo)vv
a - ^^vorvv

0.ggg
v o )\JJ

0"500
0"500
0" 500
^ 

c n^
\.t ø ) J \)

^ ^/ ^U o ZtJ I
n ô^ôvo>>()
vø.tLa

^ - ^^Uø)U!.¡
0.9E4
Uo f UU
l\ 1. 1v o UO 1
a! 

^iìvøvi /

^ ^-^UøJ)5

N I /CO J-N i
0,002/ì ^/ -ir o t.i r3 f

0.001
ì 

^ 
/\ a\./øw9a

0"053
¡ r-\, ¡ìvo!1, 1/

.'"959
I 'lz-weut')J-\ . ^-v o - 7)
^ ^/ -VotjtJJ

^ ^.-\-/ 6 l.,t () J

0"001+
o,842
¡1 

^liìvøvfv

0"004
^ /\ / -UoUÔJ

o.5oo
/l Ê/\'1' Uo'-)Ur';
c "gg4rî fì r^r:vovv)

^ 
/l^âvovv)

0,024
c.0gì
lJøt.)JJ

^ ^^ /UøUUr*
'ì rlr\rVøL'VI

n nô1vovv-

UoUU)
vø-)VV

UO)UU
vøQUl
0"500
Uo!(JU
^ -^^Uô:)UU
0"r;00
0.500
^ 

?aÕ!o t ))
11 

^^-w6|Jv¿
a, t -r\vol l')

\lo)uJ
'l^l/
woUIO

UO)L'U

a "93c)
o "gg3
0"947

CU / CiJ{'i\l I

I " 000
1.000
I " Cü0
l. "0Û0
1.0c0
r /l ,\ /llouvV

u " 23ó
f. irÛt)
o "r)93
0 " 

ggg
1,000
1"000
0,909
1" 000
l-.000
1" 000
0"ggg
u. ggg
o"c)16
I " Ü00
1' OÛO

]" " OOO

1" 000
l, "000
1.000
1"000
l.OOC
]- " OOO

i " ou0
i " u'ru
I o UUU
0"500
1.000
c ,-7 5A

, 1.000
1.00c
o,95?
-L o UUU
'J.962
I. UJO
0 " 

ggg
o "ggg
f ì ? 1 , \vo I rv

vø-9)

VøL)L

NI/CU+ftI
O.OOO
.i " 0ùo
,J"0íio
0"cûo
0"000
0,0{)L)
uo /1Ç
,j 

" 0,Ju
ri 

" cu7
c"0ùl
0.000
0.000
0.09 l
0"000
0"000
U"OJO
0"001-
U E UU I
J OU¿1
,J"OÛU
T"OOO
0"0ùû
0"000
c "c000"000
O. OOÜ

0"00í)
0.0,J0
0"i00
J"0i\)
0"OiJ0
c.500
0 " 00c
0.250
0"000
0.00i-l
0 "a470,000
UÐUJõ
Û.0ùù
/ì /\i\rVeUv-1,
ô a',1vovul

volYV
íl qì Ãv9)L)
l\ -t ^V ø l+Y

CO / C-O +CJ
/\ ^-,-'Jøt)i)

0 " 00 t
a"r(,i2
4"a24
u"00Ì
/l rr^.wøVVL

v"a9J
v€uu1
0.04j
o"()19
0.003
0.008
0"018
a\ 

^1/rJoUJ.D
0"016
0.001
O.OCI
UoUUI
c.00.j
UOUI/
c"00E
0"004
0"0c2
0.c0ó
0.006
0"0ûó
O. OC7
,1 /. lawovLL

0,00c
ü " 000
ü"019
0.500
0.000
^ ^-^.w' a I 2t.)

0 " o0c
c " 000
^ 

a, 1-
t,r o l/ I /

^ ^â-UøJl)
,l 

^. 
, rUOU+1

û.0cJí\ /\-/VoUJO
0.001
4"026
O.OIB
^ 

a /-Uø L1)

A\)/l\J+AG
0,o65
4"2C5
0"ü10
0,041
0.u09
U øY I6
u.vû1
Q"a¿I
û,o?_6
o"ao2
vau¿b
c "0100"0c3
^ 

l -r^VøIIY
0"0E7
,'-, /l a -UOUIJ
O.UO7
û,u0u
UOUJU
volSZ
u ø0 ¿2
0.c6U
UøIII
\)ø\J))

o "a520.û4û
^ 

/l - ìw o9 ) L

U cY9l
UgU)b
J .4a2
^ / -.VeÇ/O

0"ûc0
^ ô^-
vøa))

0"c0()
^ 

¡l^-t)ø\)\)L

^ 
11/

\JEÌIO
.'l -^^¿ø.)\JZ
^ . ^/Vo.LJ0
UoI /Y
u"50c
c.o0û
0.009
0"500
O.5OÙ
0"5Cr)

AG/ Ai',+/rG i\0"
')ø..t1) I
4.1')5 2
o "gga 3
a "g5g 4
0"ggl 5
c,a24 6
J ø'JaJ I
'¿"979 g

o"g'74 g

o,ggB l_0
4.9-t4 11
c"990 12
c "991 L3
UøöIT L4
¡\ 

^ 
i -\f oYlt L)

^ ^-u øYö / 15
uu993 L7
I 

^^ 
aì 1 ôaovww .LÕ

a.g7 c 19
c "-t6g 20
A .97 5 2't
c "940 22
^ 

ô?.a -^vøCI> ¿J
^ ^r'l¡ o YO 2 ¿L+
1 .,t Õv o>+O ¿)
0"9óa 26'
0.9ó 9 27
0.008 2g
0.944 29
^ -^r ø )Y O i J
vø)¿+ J;
I 

^^^ 
- ^-!êUU\) 5¿

iì r/?\ro-LO t )a
ì"004 34
^ -.^Jø'JJ Õ J)/ì Õ-UoO0* 3C
^ ,^uoOYö J I
^ 

3/ rr,'o(]O+ Jö
\ ôa r'JøöZI )Y
u,5C0 40
: a,nJ-oUVU +-|
0, gg 2 42
uulù J 43
ù.5C,j 44
^ Ê^uo)UV 4>
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Yrí- T^L- RAT I O.')
Y.aT^r c¡'.,1-,1 ÉI \/ I /\L J/\r',i- L:

CU/CU-iZiri+PLì
4"777
I "000
0. j tl7
c. gó L

0"0i*ó
I 

^^^I o\fllv

0"999
1"000
0,985
0"011
0"999
0"671
0"005
1"00c
1.000
0,307
4.o24
0"008
1"000. ^^^-LoUUU
^ - l^
U ø Jv )
i '0000"411
o " 65-l
0.519
0"997
0"243
1"000
1" 000
o .444
1"00c
0.000
0.900
0.000
0.020
c,ggg
a "15-lo"763
i"000
I"000
^ 

r 
^^V ø LU I

¿l 
^.nW O J LV

0u884
A / -^UoO/J
0"ggg
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;l a-^VoL¡:)

0"u0c
^ 

/ r-
v 0\) ) )

ù"039
0 .5 t+4

0"000
0"0c10
0.000
O,OOO
^ 

/ a^v øO ( Z
0.0u1
o"2gB
a"g29
O.UOO
0"0c0(\ / -^w øO I Z
^ ô--UoÕ) /

UêJyt)
0.000
0"000
^/-lUoÕ /¿*

0.000
0"589
0,339
^ 

/, c:"7vøa) I

U.OO3
^ 

a--.v@ I ) I

0"000
0"000
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o"4gg
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UêUU.L(\ - | -VoZLl 3

o "23-/
0"000
0"000
a "3ggc.710
0,000
O"OOO
0.000

Plj/cu-i-zi\j+P3
O"UÛO
ù " u00
J "2380"000
0"410
0"u00
0.001
0 " 000
0,015
^ ^1¿UaJIÔ

0.000
^ 

\^ rUovJI
0"065
0.ooo
0"000/\ /\ ^ ì9avZI
0.119
0.596
0.000
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^ /\^^UoUZT
0"000
0.c00
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9øU14
0.ucc
0"000
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0.c00
0.0cc
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0"00c
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^ -^/vø)éô
0,û00
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0"982
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0"ggg
o.ggg
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a"gg2
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416 " 661
J | ø ¿VV

100"000
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I21,593
r 

^^^L oUUU
1'00c
1'0u0
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)
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o
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CALCULATED lr0 irrÉiGiiT PEtìCfÀtT CU-P3-Zi!
TOTAL S/rivrPLi

PROP.
NO.

I
2

3
(+

Ã

6
7
I
9

l0
t1
T2
13
14
15
16
17
1B
19
20
2l
22
23
24
25
LV

27
2E
29
30
3I
32
33
34
t)
^/JO
)t
3B
39
4a
4I
42
43
44
lLq

CU

I l o li\J
co on2t t ø Jv )

i^
I tJoô / 1

96"105
4.600

99,990
9 9 "92999"984
98"5\r3

LE LJ )

99"995
61 "146^ .-^

VOJJA

99,992
g9 

"91 5
^/\)v øO I Z

I -ôrI ø )a I
l, - / 

^\-iolOJ

99.996
99.990
3A "3ùlg9 

"gB2^. ^¿* I o UO Y

65 "7 01
5I "923
99 "66924"254
99"988
99,9-t1
4Lr ø 5Y 7

99"990
0"001

99"991
U O UU I
i " 98 5

99"946'/5"709
-ô^IOø1OU

99"990
99"9't9
1U.163
r.953

BB "362
ôloi)j

9 9 "929

ZN

22. ? 66
0"009

65 " 5t+5
3"8-75

54,4I2
U"OO5
O"Û18
U"OÛB
rJoUU)

61 "234
O"OBB

29 ,J7 t+

92 "934
0"004
c.006

67 " 221
eÃ -]11
AJA I L+

39 " 599
O "C¡u2
aì 11 .\ Ê\feuv?

67 "3620. üûg
JVø /LJ

33 "933
45 .67 3

^ -ô^V e f JV

I ) ø I a)

0"006
0"011

))øt3¿5
0"0u5

49 " 893
9,999

29 " 329
56.879
0,078

24 " 2BB
23 "-t r70,005

^ ^a 
rUo9ll

^^/,7'J ø'1 9v
70"961+

0,012
0.020
u"u48

PiJ

c"004
0,009

23.-t82
0.019

40"988
O"OO5
uou54
0.008
I"492

31"631
uoulö
3"OBO
r)e-'L9

0.004
0"0Ì9
2.l_01

1I"905
59 " 639

O "ttA2
C"OO5
2 "33I0"009
0"017
UoJÕU
2"404
c"001
0.001
0"006
ar i1 1tvov_Lt

0.u04
0"u05

50"i06
0.010

-^/uoo /\/
4L"L36
0"016
c,002
0.003
0"005
c.011

49 "93-l
21 "'jB31r / ^-¡IOIJ¿ I

32 " 646
U ø¡J 11

TOTAL

100.0ü0
100"(lc0
100,000
101r.000
1u0"000
100 " 000
100.000
100 "000
1c0.000
100"00ü
100,000
1(i0"000
100.000
100.000
100"ùü0
100,00,0
100 " 00c
ìûo " 00c
Iü0,û0u
1U0"ii0û
100"000
100"000
100"000
100"00c
100"ûCt)
1c0"000
100"000
100.000
100"u00
I 00. o0u
100.000
100"000
1c0.00/.)
1C,0.000
100,000
1c0,000
100.0L'r0
100.000
100.000
ic0"000
l0o,û00
i00.000
100"00c
100.000
100 " 00ù

AU/
AU +AG

UoUþ)

^ ^^-Q ø ZU)
0.010
0.041
0"009
0"976
0, c01
a"o2L
f\ (,1/
\JøvZO

^ 
/ì/l-w o vv L

^ ^i/wêUZO/ì /\ì \UoUfU
0,0c3
/l r -^vøII')
\J o Uó /
U6U1.J
0.007
0,c00
^ ^-^UoUJU

Uøl7l
4"425
0"c60
0,121
^ 

,\a -Uø9J)
õ, a\- ^wo|.J)l

0"040
UoUJI
v øYt ¿

0"c56
Jø4Ul
0"476
c.000
^ Õ--9øô37
0"000
0,002
^rr/UollÞ
uøjQ/_

^ .^.
\u o 1JÒ

0. Ì79
,.ì trf\ô! o /vv
c.00c
O"OOB
0.500
,0,5c0
0"500

Fi/
íE+ S

4"568
Uøl)li
0"486
^ -ñ^ltjø)ój

0 .223
0"9L7
0"74I
o "-7 9g
^ 

//1rJoÞOI

0 ,284
4"766
Qe)U.i
U ø +) ¿
a, a-^tJo I I ¿

C"E6O
^ 

t 
^-\.)øL+1 I

ve )J7
UoOII
0.609
0.599
a ,5I2
0"707
v9))-

4"574
^ 

t.\/U s ¿*Yö

v ø ) \Y
o,439
a "l4g
UoÕtlY
'1 -r^Uo)1Y
0"559
vø)))

JøJJ1
a .5-/ 6
a./+92
o,'796
U o õ-J I
tt^A | ¡

c"6c2
0,928
0,7l4
0"541
0"709
c"75ó
0"66ó



CALCULATED lvU

TOIAL

rABLE 26

ATOPiI C Pi RCENT CU-P;J-ZN

SAivrP L E

Çrr/

PROP "
NO"

i
2
J

4
5

6
1
I
9

10
T1
T2
13
I+
i5
1ó
II
1B
19
¿v
2i
22
23
24
25
26
27
?g
29
30

32
))
34
35

31
38
39
¿+u

42
.-1. )
44

CU

7-t "225
99"962
6"856

95,956
2,368

99.9-t g

99"8J7
g9 "965
9 5 "2810"654
99"853
62"272
rì ,/.Âovø-¿\)

gg,gB2
99 "93 2

2B "-t 4'l
Ì.840
il ---v o )1)

99"991
99"979
2B "26599.9ót
r*UoJô)

64 "548
48"636
99"658
23 "-733
99"9-74
99 "95 r
43 ,68 5

99,97 g
0,0u0

89.711
0,0ù 0
a ,1^ ¡\LoV¿V

g9"g6g
I )èLI I

I J ê I )+

99"9-lg
99 "9554,748

1"1_9ó
69.968
38,13E
99 ,87 4

¿/\

22 "-t620"009
43 .324

3 "98I
28 " 822

UgUU)
U"ulB
O.OOB
0.005

?Q AQ"IJ ¿ ø VV L

0"090
28 " 4I3
Bl.4l7
0.004
0.006

64 " 832
68" l5B
r-l " ?_65
0"()02
UdUU5

64 " ó44
U. ÙU9

59"580
34 " 299
44oUZI

0 "3t¡o76"26'
0 " 006
U øV IZ

JVøJVL

UOUU'

23 " 947
. /lLw ø l) I

11.579
"N 

ÕALJ v 0 vvu

u"090
24"8\6
24 " 236
0"0c5
0"011

19.l7B
44 "'l I6

0 " c)09
!-l ,\ r 

^v ov Il
o "o49

P3

UOUIJ
0 "J2949"824
UoUt).1

68.810
0"016
v,174
uoulb
4"7 0B

59 .465
o "o5-l
9 "3!518"124
0"013
0"061
6"42L

-^ ^^-JUeIJUZ
öZo*J-Z
0.007
0"u16
7.ù9u
0.u29
0"054
T"I52
J "3¿r3
0.003
0"002
0"019
^ ^^?UoVJ /

UoUl¿.i
c,01ó

'ì^ ^/ b o vY J
^ \^^ttøv51

8B " 42I
68.915

UoU)l
0"007
c"010
\lorJlO
0.û34

16"074
54"ûgg
^^ 

¡l^^)vøvl)
^.i'OIøZ)v

UoU/ö

100"000
100,000
100"000
100"00i)
lOO.OOU
1u0,o0u
1u0"0ü0
100.c00
1cro.o00
I00.000
1O0.0Ot)
I 00.000
100.000
100"t00
100"000
:t00"000
100"000
100 "ù01)
l0O.O0u
1u0.000
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NÌo r::,¡.1-i- zc{ Threo l'Íe'¿a.l- 9rorrps

A nunber o.f the raoro i-raportant no¡:¡,alized three ¡netal (or elenen'a)

gr:ou.Ðe were calculated, tabulat,eC¡ ad the resÈ}is analyzed graphlcalþ.

Qopper-Zinc-Lead (Cu*Zn*Pb)

The no¡aalized coppr-zinc-Iead values (r"eight perconb) as shor,B

in Table 25 r'¡ere plott,ed on a trlargutar diagram (¡'igure 15) ',æ sLudy

Èlre distríbubion of the ore depoaibs and to classj-fy the deposåts

according to ore t¡qpe, Thie ore bype elassfflcation has beea d.iscussed

prevåous\r,

T!¡e cilstributioa of points ån Fågure 15 sholvs '¿ba'o these ores

faü aì,ong the Cu*Zn and Zu*Fir tåo lines as prevåousþ no'oed, by KiJ.burn

/*^-^ r¡la\ , /-^-^\(1959, 19óOj and ÞJílso¡r and Andorsoa 1L959). Coppor-lead deposits

eiiher do nob e>d.s1, or e¡r6 exi;rerceþ trse, Figure 16 illusLretcs a

einiisÌ" disilrÍbu'bion of, the ores r;foen plotting rtas done ugÍng atoaic

porcont veJ.ues for copper, ziric, and lead" Tbe a'¿onåc percen'o values aro

sho,,rn in Tabie 26. T'ræ d,isüri-buìríon d,iagran of, Èhe averaged valuos of the

py:'rho|íbe/pyi'rhotite+-pyråte ra!åo (Po/po+py) (pigure IJ, svrall triang:*lar

cìiagrar) illustrates 'ûhe varåation ån i:atåo r¡aår¡e r¡it,ir chenges in oro

Qpe" tirgh raiio vaåues eeclir ab t"he ea corne:: of tho diagra.m and ihe

retio desreases tor,.iard "rh,e Fc*Zn såd.e of 1;ho diagra¡t" Convorsoþ, the

sílver*Eor-d ra",,åo (Ag,/*g+.\u) is }eâsb ín the Cu çorner ac,C increases

toi,¡ard ,che Fb-Za såd,e of Èþe diagras (f;g¡åre 15, snå-].]. briaryular
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I::o n-Sul nhu.r*Ot hc r Ì'f c'¿ :-.1s

Anaþses for iron (rtu), suJ-pÌ-rur (S), ard other ros'cals (Co irlt Cu

Za Pb) \,¡Ere nornal-Ízsd and tabulated, (TabLe 27). Ths triangular plob

of tho ore cieposits basod on Èhese calculated values (nigl¡re f?) r,¡':tU

tho ores differentiated accordlng to ore type and wall rock, showe

considsrable poinL scatter and poor grouping' Exa¡ai¡atlon of the poinb

disiribution according to tbe gr'oups defined in Figuro I0 (PaSe ó9)

shoros 'i;he Group A (uLtrabasfc ar¿d. basåe r'rall rocks r*'ith eoppe:r-nickel

ar..d, copper ores) deposåbs l1e elose to '¿he Fe*S tie line abou'; rriêway

botween Fe and S. Group B d,eposits (copper and copper-øinc ores !n acÍd

inbrusion and, conl[acb metauorphåc r."411 rocks) fa:.I e]ose bo the Fe

corner along the Fe*S tie låne" Grau¡: C cieposlts (zinc-copper ar.C zine-

lead i;ypes in acid voLcanie and sedimen'bary wall rocks) have consider¿blo

scattor Èhroughout the center of tho diagran. Ores r¡åth defin!'oe igaeous

associations falf ciose to Èho FE*S tie lino whereas ores wiih less

d,efinå'oe ågneous affilia'¿ions (replaeeneat type) tend to occì:py

ånte:roedia'Ue positions ån the dåagrarn"

The disèråbut,ion of the d,oposåts accordfng to the above neial

reiios å¡ their respectS.ve physlogi.'aphie dj.vision of the couatry are

sbol,,rû iil Fågu,res 18, 19, and 20. Tlie grouping of the ore iypes fov Èhe

CanaCian Slrield, group (Figures 18 and, ei) fnriicates a veriation of

d,eposibs frora high to low åroa as Èhe bype ehanges from eopper-niclcel
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',,o lcai-zinc, Sitila::iþ, the cj.is'¿ri'ouLl-ons oî o¡szrLz 1n ganguo and

cobalt co:rter.t oi- 'uhe orcs (Figuro i8, snall irianguiar cii^e'gra;s) sho'x

Èhc{- ¡r-'¡r-rlo inôl.eages and coba}{, decreases as the oree c}'.ange fronv¡¡Þu lig¿ v& ¿¡Àv¿

eoppsr*niclcel '¿o }ead,-zi.nc types ard bhe wa]l roeks vairy f,ro¡a basie Lo

a ^.5 J

Sìmilar rosrålts wero not,ed, f,or the CordÍIloran group (n:gures 19

and 2i.) and. the AppalacÌeian group (niguroe 20 and. 21) " Fleu.ro 2i

sìj.na.arizes these veïiê,{rj.ons of the ores in the three physlographic gro'dps

eccording to tali rCIek anC. ore t¡rpe and fron, suLphur, and other nei¡al

coni;en'¿g sf ühe oire s. It ig rcradily apparen¿ thet Ith'ere is a regular

verieiion of ores rCi;h Cojiin:iie igneous associa'oions to ores oÍ

quesbionable igneous or nagnatåc affilåalions as Lhe åron and cobalù

con'ùenb of the ores decroases and the qr:artz content increasos"

C op'ce r+ Ni cke t-Zi nc-+ Iead - Iro n ( C u*'lJ i-Z itPb -F e )

Partiai. tråangular d,iagrans fo:r these elenent groups aecording

to p\¡siographi-c groupings are shoun 5.:a Figwe 22" The non¡ialized values

aro sho$.I} ån Table 26, The ciisíribuiion of 'che }ead, ra'bio values (yo/gu+

Znr-trb) is also sho'"¡n" The deposiLs have lreen grouped aceording io '+al-L

:rock Q¡pe" In lhe canadian shield groìåp, oros vary fron ultrabasie-

basic v¡a11 rock types ån ihe Fe corner tol,ranl bhe Cu+lti anC Zn+Pb sides

ojl the dlagra.ns as tho r*ell rocl<e ald ore types cliange' Sevoral specifie

rninång aroas irave been singled oub regarding lheso changes' ÐeposiNs 39

(Caropbell Chibouga^nara, tlinøe Zone), 38 (Ca¡apbell Ghibouganau, B Zo::e),
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î-4 ?? /flrnnho1 'l n'^iìrnrrn¡*n,r '.renCerSOn i4ine) of tha ChiboUgarcaU d:CifiC?¿I:\¡ )l \le¿I.¡pU(fiJ vI¡IUvuóá¡¿u, ¡¿\

.-\n,., annn.o.* .{nnns¿sing rri,ch ciecroasing iron frora d.eposit 'to deposit.ìr¡¡9!'J \/V!iJVò ri¡¿w¡ eøù¿¡¡ii br¿vrÄ qvv¡ vÞe¿¡

Sj.¡rilar changes occur vrith deposibs 20 (Noranda, Horne l'Íj.re) n 23 (Quenoe""

Iäne)p anci Z4 (l+atte Anuleb l&no) of the }Iorand,a area6 Deposlts Z6 ('æUS,

North Star l.íine)u Z5 (fn¡Ë, F}ln Flon l,fine)e and 2? (HBlfS, Schisl Laks

IÍine) in Northern I'lanttoba shou a progressive chango frora copper to zfuP

ores l,righ d,ocreasing lron. Deposåts 33 (¡4anitou Barvue, copper circui'c)

and ¡J (y,anitou Barrnro, lead-zinc circuib) are closeìy associabed j-n

VaI dr0y area ênd sf¡or,¡ thaii the oro typo chaiges -*i.ih va¡ia'bions in tbe

Lron contenb sf tho ores, Sireilaråly, the load rablo (PU/Cr¡+Zn+Fb) values

also increaso rç'i{;h doereasirg åtron"

The Cord.illeran and, AppaLashian group d,iagrams inCicato 'LL:-is eæle

relation" Copper ores are aasociated $riLh bigh ír.on valuos a¡d zinc-lead

orcs r.rith legser e¡ounis of åroa" Tho lead ratlo va^l-ues also i¿crease

r+åth decreasång iron eon'oenis of 'ehe sa.utples '

l4ela1:årùphur Relatiops

Figure 23 shor,¡s the dis'oråb¡¿tioa of a}l ore sa.nples besed on bbeir

sulphur anC 'os'o¿} ¡notal conben'ts (Cu+Zn+Pb+Se+Go+Ni) (fa¡fe 29) " lne

rej,alion ís somet,lha'u linear bri'þ i;here app€ers èo be soveraå dåffereaÈ

trexis i¡volved." Tþe sma[er plotis íllustraÈe the r'elabion accoi:ding t'o

physiograpi:ic groups. the Canadian Shield group and i;ho rþpalachian

rF.nrrn hrrra q.ini't.ar i;ronds and slopes v/nereas the CordiHeran group has
óôVÉJ a¡evv Ùæó6

a steepor elope, ånCåcaÈå;¡g ¿ iouer sulphur conteab of Ûhese ores" This
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u4
Io'"; sulpi:ur con'bent fs pro'oabþ duo bo a p:.-edon:ixtancc of hiil zinc:

icaci oros coi:taÍning rainorals Hith a lor¡ oulphur*;etal re'Éio"

G-i.f:cÌo F¡"ctor Aira.l-y'sÍ-s

The n'unber of variables r¡as reduced bo 12 fro¡n 20 tox Lho Q*;eode

factor analysis by groupiry of, variablea of less numerical significance"

The L2 r¡ariablos used l,rere;

St - sphaleråNe GN * galer,a

CP * chalcopy-rite FC * pyrrhotite

PN - pen'bl-andi'be ¡G - nagneùite

Pï+iç - pyriùe+marcasibe BO+CC - borr¿No+chalcocåle

Hì,Í+SP * he¡aatite+spocularåte l,If+GR - limon:lLe+chroniie

ÀS+UÀ,r:( - arsenopyrite+i:nlcnortrl

TT+TN+FR+TB - teirahodriLe+ienr¿anlite+froiborgitettotra}¡edrite-boumoaiÈe

ocpressed, as vreighÈ porcentages.

I" signuificant rosu]L of the factor anaþsÍe for tho forty-fivc

deposits under study r^¡as the outpur) showing ths varfous factors and the

¡pnnn¡*inn af +he CorupOsilrionåL variatfon LhAt each faCtor aCCOUnf;ed!¡V¡ryÁ V¿Vs V¿ 9¡¿v Vv¡A¡ryg¡v¡v¡€+ v9¡4@v¿v¿a vrsv vsv¡ô

for (Ta¡Ie 30). Inùerpreta!åon of, the ouipuL and input for ihe anaþsis

åadieated'¿he following factor-veråa'olo eo,uivalence;

Fac'cor I (T) * Fy Fac.Lor ¿, (iV) = cF

Factor 2 (Ir) I FO Facior 5 (V) ã ì.ã

Factor 3 (f¡¡) " St Factor 6 (Vf) E GN

' Factors L and, 2 (pyrite and, pyrrhobite) accoun! tox 76í of the
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EiGiNVALIJfSy PTRCENT SUPlS OF
PEfìCINiT SUMS OF SQUARESJ FOR
OF THÉ SULPHIDE DATA (TOTAL

't't 
5

SQUAREST A,\D CUYTI.JLAT IVË
THE PRi ¡IC I P/TL CÛI,'iPOi.iENTS
SAI"lPLE) Q-MODã AiIALYSIS"

FACTOR E I GENVALUTS PERC ENI SUMS
OF SQUARES
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1a /I lo

coapositio¡al variation j-n iho sulphido-opaque da'¿a in thia study

íi:,iìicati-qg the i-n.oori;ance of the Po/Po+Py raiio âs a parane¿er for

doscribing er:d classÍfyit¡g oro doposiLs" The pio'o of varj-jãæc îactor

co;nponents I anC Z (tablo 3I arui Fígure 24) clsar'}y indlcalog tha'o bhe

oirrision of i]:e deposits inbo various oro types can be explained by

tho relationship of these tr.¡o factor colaponenba, r+hich reflect

nathen¿iicaUJ¡ tho pyribe and pyrrhotiüe contonts of these orese

DeposiLs 32 (Co¡aineo, Sullivan lllino) ard t+2 (Ner,r Cah:neb i'[inog) eppear

as orraLics due Lo thelr anomaloug pyrrhoÈite contents, DeposÍ-t lp

(Copperfieids, Temagami ¡fine) should fa}l tritt¿ Èbo otber copper Qpesu

bu1; iÈs higb chal.copyrite eontenb iras lor.rered Lhe con¡o,ì:rleliby of ihis
'seaiple , Sj¡:.llariþ, doi:csLb 6 (Cralgnonl; ]'Unes) has a Lor+ connur.ality

Cue '¿o åts Ìiigh nagnetibe conbeat and thor,¡fore ploie ou'G of tho

generel fåeld for eopper deposits" fn gencral, deposi'as associaied rrith

acåd ini::usions and, the skarn typos (ó-CraignonL }íines; 8-Gaspe Copper;

li*SulLico, Eas'i; Su-l}ivan l{ine; 26*Grandue M,.ines; Zp*Granby, Copper

IÍcuntaln rrßne; 3ó4ranb'yu Fhocaix Copper Ðiuåsi.on; and {O*BetÌrLeben

Copper) lie ån e fåeld assocåatod elosely vråth the ultrabasic-basåe

ånin¿sion fieid"

Fig-ero 2J, showåqg the relatåons botv¡oon nonnaÌåzed faeLor

conponents 1 end e (ta¡le 32) versus Gp/Cp+Si-,-Cn rai;io values (*pp"

por';icn of figure) 
"n* 

Fo/æo+"ry versus Gp/Cp+Sl*Gn rabio values (Io'*'er

porlion of fåg'*.'e), eloarþ ånCåca'ços a relaÈåon be'¿woen chalcopyri.bo

eonte#¿ and the Fo,/Fo*4r raÈåos of, tbe or€s a,ecording to physåographlc
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ei-o¿o Tho Cp/Cp+Sl+Gn and Fo/Fo+þ rai;1o values arc sho',m in Table 4¡

innorrìi -- 'l -t-n 't'ro ô^-^l .^r¡i -h r.aai^¡ -r,ii-- ôa¡¿ e¡¿v "a¡v¡u*c¡v¡Är6,¡¿ ¿v¿5¿v¡¡, ù.*Þe '" is ¡¿ailC.y copp€:î deposíte

r,ihoreas suite B is ma:inLy zinc-]sad deposåts " In fhe Car,adian ShieIC

rcgion, e srpe;'e¿loa of suibes is rcadily epp,nren¿ as suiis C israinly
copper-nickel and coppor ores and suibo D 1s m,ainl.y zj-nc-lead ores. Tho

boueCa;y zono botr.;oen suites C arrl D contains coppor-ziae oroe. Si;rilarily,

in ùhe Cordilioran region, ouites E a¡rd F show different ors tJæes,

varying from coppor in suife E to zine-lead i-:r sulte F" F¡:r{:her, Lhe

Cj.stribulÍon of poín¿s in all diagr¿r.,e åndicaioe a diff orenti ation

tronC froa copper and eoppei'-äåckeL ore a agsocíated. r¡:ib Ìdgh p;"rrhoti'¿o

through copper-zínc to øinc-Iead oree r¡åth high pyrite" lt is åntereeiing

to note the bei'lor separatåoa of suites rosui'aiag fron the factor piois

of the faci;or ai':a,þsås.

Figure 26, the plo! of nor¡nalfzed f,actors L, 2o end 3 (taUfe 33)

t'res coü,parcd, i;o the p¡rrrhoLfte-pyribe-sphaleriLo diagra.n (pfgu¡c 9, Page

ó?), The inprrcved, separation of poin'bs is apparent in iÌ:e facior

diagra:1" The varj-ar¿j.on in oro typo fron coppsr-aickel through copper,

copper-zinc, lo zinc-copper as relabed, to facùor 2 (py:rho'"ite) and

factor i (pfrite) illus'rrate¡ the chango ín ore type l'rith cÌranges ia

ihe pyrrhotite*pyråte ratio (Po/no+fy) " 'tdal} rock b¡rpes also foliow

ti:is trend, v¿r1¡ing fron ul'orabasic to acid t;rpes"

Go¡rbinations of fac'cor 2 (pyrrhotfte) and facbor 3 (sphaleriie)

in ores appear îo bo e>Èrenoþ rare and wiren bìrey do ox!st,, nusb be

rela|ed to areas of, conpLex origåas.and types of mebâmorpbisn" Ðeposåb
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J2 (Co:riuco, Sr,.'j-Iiv.an ì'iii:c) a.nC /:2 (l'ic',r Ca.hurL.ui l-ü¡rcs) falf inLo 'i;his

Eroui) anC ir^ry be cI¿rs,scd- as olratics. A conti¡ir.tot'.s scries ot cor:rpoci'uion3l.

l"¡.r"-'latiorl â".Dp3êrs cv-idc¡rb fi:on f¿.c'¿or" 2 thi'ougìr factor I to îacLcx ) at

siior.'ir ì:Jr ihc postuli',tcd fielcì boui'iciary for tho oreo in this study" Thc

disLribubion of coppor rai;-ioe (Cp/Cp+S1*Gn) as relatcd bo the ncrinalized

pyrrìrotite-pyrite-sphaleriie (po-Py-Sl) plol; (nigure 9e Page 67) shous

the conceltLraifon of high chalcopyr'í'¿e values at t he Fo corner anC

ex]endinS along the Po-Py tio }i¡:e

A ploi; of fouv nor'nalized varj.p¿>l factors (nigure 27 e'cÅ' Table

34) r'¡itli factot' &, clralcopyrÍte (Cp), repi'escnfcci by vclgi'it percc:,:,i

contowc again shorvs iiha'o iúgìr ciralcopyrite is rel¡,tcd. tc tÌre Po*þ,

stde of i;lic diagre¡n rrit,h a preforenee for hr-i.gh pyrriro'cj-'oo (po) 
"

Obscrva'cion of tlie change in r'all rock of ihe ore bodiec in

Figures Zj {Page I}3), 2J, arrJ. 26 ilfu'çtraic 'che shfft fr"cr ul|r"abasic*

úasic associa'ölons 'uo acÍd, volcanic and asid, intrusion aesociations

uith tire cÌ:ange in orc t¡rpe"

Sgir;nq;f o-f Ros;uJ.{;s

Sol'eral- ¡eeiirods rror:c cniploycd to bring so¡ne orile¡ to the abur:dance

of data coarpilcd" The da.ta ic gciicraJþ cupiriceJ. anii the range of

pcssiblc or]'or s¡nall but nerrerthelcss preøcnil 'vìr¡r-cforc d,efinltc

corrclati-olis t¡ore nof o.':1:ectcd-, anC onl.y gcnerall trend.s lÍore anfi.cipateC ,
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Slll.:5 -;-Cc *O ¡aq u,l- ilner.r-t.o ßl

if-ir:ial Ra.ti.og

The anaþcos of 'r;ho varlous minoral ratlos calculated ínCicaied

severel stgnlfican! tronds" Tho p¡ærhotite*pyrfte ratio (?o/Yo+*y) t

coupled with ore type and ua}1 rock groupiags, yielded a signiJican'o

fu:doxing ¡o,ethod for bheso oros "

Tho pp'rhoÈlte*pyrÍte ratio (Tablse ? arå 8) aro grcai;þ affee'¿ed

bJ'ore typo variatlon. Copper-nlckel- and copper ores gene¡a.l1y irave

ìrigher rabfo valuss and thc¡ raiio docreases as ths oro t¡rpe changee

io copper-zLne u øinc-coppor, to lead,-ziae typos (nigu¡.o 6-Ð)" $ir:rtl-ariþe

'¿his ratio is iidlusnced by the t¡aÐ- roclt b¡rpe ' There is a spreai of

vaiucs in eaeh r+a}å roek grûup, hov;everu the average values cloarþ

j.nd,icato a ratlo chango wåth walå nock veriaùåons as sho'úffi b;r iho

follor^ring vaiues;

llal-l Bock ore T*"foc Io/Por-Rv (-lver" )

Ultrabasic-,basLc intrusios copper-nåckeI, co;oper" 0"62

Rare eoppsr-zinç

Contac| I'btarnorphie i/.ainly copper A.U5

À^.(^ T*+*.-{^"iàsle l;¡uÁ'usreÂ eoppcf O"ZE

ÅciC Volcanic anC copper Èo lead-zinc 0"}}
QnÄioon*¡s¡yvugv¡ÁÞaJ

Ores wi'¿h the higher raiio valuo are essociated gonerâ.'lly rriih plutoui-e

rockg" Ores vribh no epparcnÈ plutonie or igneous associatÍoa Beneralìy

have 1o',+ r¿ti-o val-ues. Sone enomalous deposåts ds exåsÈ arui raay be d¡:,o



- 44,

t,o n^c'l::;c:.-phic ef.iccbs or rhe pro;ir,'iiy oí a hicidcn in'l¡rrsion" !'o t.4¡t

ì¡¡ cr,.'rq'i-.¡rrì th.1';'úhe;raiio is affecicd direcLly by ihe proxi-ni'q o!vv vboÕvsvve

f '¡a '{ nf q' ci nnuÀ¡v ¿99¡ Èg¿v¡¿o

.4, high ratLo valuo (ie" appreciable a¡*oun¿e of pff,rhotÍte)

indicaie a closo igneoue affiliation wheroas a lolf ratio value (ie'

kr.igh rela¡ive pyrite) ney indicabe e more di.stanL ignoous affjJ-iation

(d,uo to tryd,rothermaì- or volcanic enan¿tions) " Iù is i-npor/can'o io noie

tho J.arge nruaber of d,eposits, wibh low pyrrhobite-pyri'¿e ratios (Po/Po+Fy) 
e

that occur i.n acid volcanie v¡aL} rocks ånågIquch ac 'åhis nay bo aÊ

j;rporient prospeeLång eid"

The disiribution of pyr-rhotåte*pyråbe ratios (po/po+By) (average

val-ues) relativo to the coppor*zånc-Iead conteuts of the ores (pågure

t5) å¡:Oicates tha! irigtr ratåo valuos êre H.ain"l;r assocåateo v¡z-r,h copp€r

f¡pe ores.

The ratio pyrrhotite/pfrrhoiå'ue +pyrite+lxagnetite ( Po/po +Py"l'fg)

generally indåcates '¿he sene trend,s but the groups ap.oear to be less

weü d.efined, ospecíally ån netenorpbosed etreas whereia large ¿mou¡rLs

of nagnetite aro prosen'o.

Ratj.os involving pyråtee such as pyriie/pyrrhotite+pyrite+nagnetite

("ry/foufy+ìrrg) ar:d pyrJ-te/p¡ri'oetsphaleråte+galena (Py/Py+SI+Gn), shoi*

a narked, variation r",'1th ore type only. 1;ía11 roek variatloa Ís erratic"

BaElc and ultrabaslc wal-} rock t¡rpes gonor:-Ily have ior'¡ rablos, acid

intrr.:sj.on and con'¿ec'¿ aete"norphi.e -*a11 roek types haVe ånts::uiediato
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It-lucs, a::d, acid. r'olcenic e¡:O scdìåen1;ary'Cypes haVe -"he )-e"tgc: values.

It, ìrss bce¡ shovn: tb.a'i iho ratio vaiue varies l¡iíh oro typo (Tablcs l0

a¡c 1ó) froll coppcr to l-ead-zinc ores'

F

Ratios iLlustreting tl:o raagne'cite variation in orcs lnagnet'Lie/

py:,.rhotite+p¡rrite+nagneLit,o (Mg,/fo +"?+ Ifg) ø rnagnoii'co /magrre't í'"c+pyri'ce

(¡lg,Atg+qy), and iron sulphld,e/i¡on sulphide+iron o:d-do] :-nAic"to tb¿t

copper and copper-nlckel orea ¡rith igneous or plutonf.c associa'¿ior¡s

have idghermagneblLe raLlo values (tables 11, l2e ar-C I5). Figures

ó*4, ó*8, and. ó-C shor,¡ the decreaso ån magne'eite (l¡rg) as the oree

change fron eopper to J.ead t;rPes.

Ghalcopyriie, sphaleri-Lo, and galena ra'¿ios shor+ variatior:s r'dtb

ore t¡,pe bu'¿ ¡:oL w-ftle v¡a}l'-rsck type (Tables 13, 14, and Figure 6*D)'

Iiloï¡la.lized j{lneral Groups

îh.q nrn,-hotiio-pyri'¿e-cbalcopyrfte (no-¡yæp) Ciagra¡¿ gevo no¡gv ¡{¿.À.vv*vv , s.

r¡ell d.eÍåned, groupings buí díd índåcate ihab nost depoeits l'riih ågneous

affiåiations tiere concen"rrabed in 'ahe Po{p portåon of bhe diagra:r'

(figure ?) " Chan€es in ore t¡rpe resuL'¿ ån a nig::abion of points tor;¡¿rd's

tho Fy eorner as the ores become sine-lead rich"

The chaleopyrite-sphaloråle-gaiena (Cp*Sf*Cn) ¿iagran (fig¡¡re S)

fouows the brend as d.efined ì:y 'oho co'pper-zlae-leaC (Cu-Zn-Bi:) relaiÍoa

(figt¡re 15) ard lr"Cåcat,es Èhat ao oras of bhe ehalcopyråle-ga*lena tpe

are present, Orcs vråi;h ågneous af,f,å1åations are concenirated at the
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in acid volca¡¡-lc arC seCir4entarT r'.lz1å

aloag tho CP-SI and Sl-Gn 'eio lines,

rela'oionshiP"

Tho diegran of pyrrhoii'ue-pyri'co-sphalerits (po-py-Sf) (fieure 9)

appealgsignifican!asthosothreenineralsSrouptheoresina

nci:eviorÈiy rû8nner" Tho raaJo::fty of, t'ho oros eôre grouped along iho

Po-Py and Py-s} tie iånes r,riih a s¡nall n¡¡nber of orrafiss f¿l i i ng along

the Po-sI Join" Poini d.istribution along the Po-Py JoÍ'n clearþ shows

tlie differentiaLi-on trend' of oros of copper and coppor-aickel ín

ul¿rebasic anC basic w¿Li roeks from tho pyrrho'cibo (po) corner to

copper ores occurrång ln anc associa,ged r,i.¿h acicå plutonic roclis to i]ho

pyrite (py) cornor" The roplacen'ent type of ores (copper' coppoi-ziac'

zinc-coppor, and zånc-1ead.), occr:*ing ån acåd volcanie ad seci-n'enèary

i+aü rockse hrere concentrabecl along Èho pyrüo-splea1orite (Py-Sf) ioj:r"

Diagrans of 'l;i:e pyrrhotite-pyrüe-nagneiiÈe (fo-fy-lig) goup

d.isiråbutioa insicate that dÍagra.,:rs of, thie b¡4po uere d'iagnosliic Íor

the or"es stud,ieci. Fågure 10, r*hich shol¡s lhree groups as outlåned by

i:,he r,riter, åndicatos thag cåepoeibs (ores) ean be effeciiveþ classÍÍied

in this Eanneru Foin! scat,¿er and, groupings viero not rrsll d'efinecl, bu';

the g::oupe wor€ preøoitÈ" No rigorous statísLical treatrsen! l¡as lnr''olved

in the anaþsie. /+s a dou'oie varia'bion r,+as involved' (!e' r"rall rcck a¡:d

o:lotype),suehad'isbråbutioneou].dnoiboprod'ucecå.oythousoof

randon an¡nlrerg" Groupa A aæ B con,aain copper anc eopper-nie}:e} ores

v¡åth d.efån:.ite ågneous eff,ilia!åons barrÍng several erra'¿åcs (Eigr:re IO) '
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Soi:e of 'Uhe or:latic ores nay bo Cuo i;o ihs coun'¿ing of ¡¡incials such

as r,agneùite, in the r,G,II rocld I.aLher tþan in the actual ore body'

Dcposibs 14 (Patino, Coppcr B¿¡:d Division), 15 (Cor"'ichan Coppcr, Sunro

r\ine) o ffid 2Z (Openiska Copper) occur in basic uall rocke bui plo'c

r,¡iÈli, ores of acid igneous associatiorrs" Theee deposite bave beea

classec as iyd,rotherinaÏ d,eposite in the literaturo !¡d,ica|iag thai they

occur aù sone d.istanco fron the fgneous source and' thercfore '¿heir

positions in the d,iagrara may be a roflection of tho dletance Íron ths

lgncous eource" I'b is suggesied that oros containi¡g abundant' re)-¿''a"Lve

anounts of pyrrb,otlli:e and, roagno'eile have close igneous affiliatior'g"

Group C ores (figure 1O), rdalch e.re nainþ p)l^ritíc, have been classed

by the w::iter as rei:Iacenen',G ores and baVo no closo igneous affiLiabioa

according bo lhe Literature, It ís fur'gher sugges'ced i;hat tho migration

of copper and copper-nlcke} ores .fron ùi:e PO-I'fg side of 'che diag;e¡r "''o

ores oÍ copper, copper-zinc, zlnc-copper to lead-øinc ty.oes to tho ly

(pyrite) cornor roproseng a iiifferentlabioa procoss analogous to lhsè

f,or ågneoì:e rocks"

.[naþsesofi;},¡eoregi?ased'onl,heprfrhobit6-pyrito-nagnetii;o

(po-.ry-y€) reLa,üíons for threo physiograpliic rogio¡:s (ganadian Sirield,

Appaiach.ian, ard. Cer¿illeran)e Figures J-le I?, and 13, also suggest such

a CifferontiaLåon proeess hae been aetive'

Ì'h. qneii e C }:¿.racterislXgg
-Æ

Analysos of tÌ¡e '¿heoretåcal nagnotic ciraraet,eråsbics of tiro ores
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s'¿u<Ìictì in..liceiod tjra'¿ '¿he nagi'ret'lc cffcc't's should' ciccrea'cc Irith ciie'ri3es

in orc tylrc (FiSil.y.c 1/¡-Å) " Fuifher', nrLg¡c'oic offcci¡'; appcer to docreaso

vij;h dis;tance frot 'i;ì':e ignloì]s eo.utiîcc a3 reill-cctcd by the ciranSo in

r,¡aLl rcclc fror:r igneous t51pec 'r,o acicl volcarrj.c er.c eedinen'cary typcs

(figure U!:B). Hor¿ever, as i,hc actual nagilolúLc characèerisilcg of t5o

d.opccii;s r.;oi"e no|, calcu-1atcd èuo to soveraL flrn<Ìan''ent'a1 probleas' any

conc.lusions based, on 'bhese theorotical consicieratíong are oirly suggcsblveu

$j-e¡lgnt' {tqJv. sl-eå

}i9,!ê.i-Æg'Lqs

Tì:c clisii.ibatlon of tÌte evci.a8e values of thc sih'er*gc}Ì

(ÂS/ÂSr¿u) ratio r.cl-a'¿ive to '¿he coppcr'-zÍtrc-Icarì co:ri;ciii:s of thc orcs

(Fig!ri.,e 1!, s,,:*3. lria:rguJ-ai' dia.gr"ulr) shoigs a grad.ual lncree'se Ín tha

sil-vcr conten! as t]:e otes chaü3e frotn cÛppct't's zlnc-Iead' t'ypes" this

gene::aù trenå indicatec highor" gold values itr c}'es a'seocia'ocd' rá'cli

coppsr ores uith close igaeous associations and i:ighei" silver" 1fith

zinc-leacl orcc r¡iiìr l:c dLsì:ir:cL igneoue or in'úl'ilslvo affiliatlons "

Excepi;ioris aro to be e>q:acicd"

The gol¿i-si1r.,¿r ratio (.¡iu/\g+Lg) ¿istribu'tione (Fi5r-r'i"cs ]le l'2'

er6 l-3) shoir a ge::,c::al- difjlcrc;:¡'ci¿'¿lo:r i:rcird i* r'¡Jr-ich gol¿*silrror ratio

,¿aiuos dec¡caec fr.olr be.sic assocla'ccd coppcf Ûi"es tc zinc-lead or"es r'¿'r'Ï¡

aciCassociaïionsornocìofiniicign:cusassc'ciai'ions'

ÌiiscclJ-an¿ouc netal a.¡,â nincral ç113!v:i-bn!j'oir siudios, such as

tì.¡e col>alb end q*-art z eo¡:tor¡! of ì;hc Sell'il'o of tÌ:es'¡ oz"cs (Ini*ur"cs 1t'
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1!, and. eO) in¿icato bhs'ô, a dccreasc in cobai! occurs as ího ores

a..-n.n¡,,- f:onrr nnnnor and Coitpsr*AiCke} O¡"s t¡pes in (aCid arC 'oasl0)
v:.;.ijv Àòv¡r vv¡viJ -*¿-t--

piuionic associ-a'ciong io zinc-copper anC zinc-Iead orog r'"j'ih }iL'cio or

ra^. Õ,i11.ïâ-rr¡ n] :rf,o¿¡g affi-liaiions, gugg æli:nT't"naþ a diÍforentí¿t'Lon
¡:ll ÈilJ^UvJ v¡.v YÁqe

process izas been ac|åvo. J"Lso, as bho anoìÀn¿ of qi¿arbø ln bhe garyUe

genoral-\y incrcases as '6Lle cobalb docreases, bhe differentiation trerd

is again suggested'

No nla-Ii z ed }le baL9rou.P s

D1agraus of noraallzed coppor-zånc-lead valueg (Cu-Zn-B¡) in

L.eíghr: anC atonic pcreen¿tagos (FigUreg i5 end 16) shol+ a disiributioa

si:niler- lc thêi r,ctec by lßIburn (1g59, f96,0)' Ðoposibs occul'a-io:rg tho

Cu-Zn anà Zn-pb tie Lines anå nc,? along '"he Gu-Fb join excopt for d'eposits

43 (lnco, Creighbon i"Íine) arÅ t+5 (Falconi¡ridgo, ïfcKin I'tine) rdaich have

sone lead. d.ue Èo late l:yd,rothornal Copoeii;ion"

Tiie reletion beù.;¿oen ncr¡na1ized, å¡'on-sulphrrr-othsr ¡acLats (Fe-

S-Other Ue'¡¿}s) (figure l?) suggesÈs iþ,ab bÌre ores ielgrate frora high

iron ía bagic a¡.c acid plutonie enviror,nenis bo lor,¡ i;rca in replacenesb

npa 1l.\rnrìq i a acid. volcanåe and sedi¡aentary ereeg r'riblr ¡ro appgrcnåv
v¿ v vJ Hvv ó..

igaeous affålåations r,+åiih and acconpanyång a change in ore 'oype frca

- copper and coppc::-n'iclcef i;o zinc-Iead, a¡d' leed-zi¡c ores " such varlabion'ç

again suggeoac, a dj.f:ierentiaíloa Èrerd" si¡uilar rolations wenc nâied

in Figr-ires 18, 19, êd ão" Figure 2I sìtËlnåråses uoÌ¡ås Variation aecording

iåo tu-elt rock end oro i;rPen



)-34

Figure 22, showing the coppcr+nicko} (Cu+l,li), zinc+}ead. (Z.c+?a) ,

arui iron (fe) relatLon, illusiratod' the change fn ore i;ype l:'i?h decreasing

i.ron" IL can be shor.¡e (i'iiteon an^d Andorson (t959), l'filson (L953) o aú

Sheno'oocì (i964) Lhat dgring fraciional crystallizabion of an lgneous

nel.ü contarning sono eu}phur, copper, nickei, arrd. åron aro renoved a?

anearþstagoandthabthe}atcrpbasesareenriched'inzj.¡rca¡"diead"

Therefore, the relabion ln Figure 22 Ls sugges'oive of such a prosees"

T*e sr:,Iphur-netallics relation (Figur e 23) i-nd'icates that '¿he

various physiograptråc areas have diffe::en'o srilphr:.r-raeLa} relations"

Such varialions ruay be d,ue ,oo ,o}te sanp}ing of, ores ab dif,feroat }eve}s

of bhe earth'¡s crust'

Fac'Lor An¿IYsÍs

Fac.í;oranaþsisprovedtobeaneffecbivemebhod.ofreducingjÕiie

nr:¡iber of variables f,or .ohe anaþsos of t}ie su}phid'e n'ineraiog¡ data"

such analysis illustraied natheroaiically lhe j'nport'ancs of pyFho|iåe

and. pyrite and bhe rai;io of Nheso tr¡"'o minerale in il:istinguisþin8 ihe

variousíypesof,oresandbher,ra]}roclcsiat¡hichtheyoccur"

The use of f,ac'oore I end, ¿ (Fig.l're 24) u "¡irich 
h¿ve boon interpreted

as co:f::elatåvo wi+chr pyråte end pyri.hoiite conlained in bhEse orog,

d.efined f,j_eld.s coatain:i-ng or€s r,råi;,h clear*cut igneous associabions aE

op¡,osedtooreswit}iquosbionebleigneouscrplu,conlcassoeialions"

Fågure 25 eonparoe 'bhe use of, f,aetora '¿s thE use of inlerPrebed
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variables. Tìic Ciagran of factors L and 2 has been conpai'cd wi'¿h a

sinì]¿¡ dÍag::an containing tho pyrrhotito-pycito (Po/po+py) :ratio valuea

and, ib tilas noled that si.rdlar plots resultod ìrut better grouping of

poin'i;s tiÊ.s givsn by tho factor plot"

Factor analysis åg suit ed to d,ata wìrich is pat'o of a continuous

series .,,rith respecb to conrpositlor¡a} variation, Analysio with respeCb

,oo factors Iu 2, &nd 3 (nigi:res 9 and 26) clearþ indicatos such a

conilinìrous rel-ation for p¡T rhobite, pf,råto, and sphalerite' In 'shie

case, the rolaLion betr+eeI] ore type anc, ç¡el} rock nas clearþ shov'ra"

The analysis of a largor e¡aouni of d'ata '.'¡ould bs inberesbing and urould nc

coubt alter soveral of t}'¡e facbors of Less 5:epor',oance" tio"¡evere as

factor I and, z account, for such a rarge pari; of tiie coraposiiion¿I

variarlion (1af:fo 30) u rc change u"ouLd bo orçected he::''. Copper anC'

coppsr-nickel ores associated, lriÈh basic and ultrabasic aveas con';aia

a strong pyrrhotit" (Po) factor whicir d,sereasog r+åtÌ: ihe chango in ore

typo to nainþ coppêr orss wLth acåd, int:rusion aseociatio¡rs' cres r^¡å1ih

a preConinant pyrå¿e (Fy) factor are generally 1ocaÈed ån areas of

poorþ ciefined fgneous or plubonåc assoeiations"
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CONCIIJSÏONS

L, lbo sutphide-opaque and silicate ¡olneralogies have beet

obtainod for forty-five canad,ian baso metal sulphide ore deposibs"

lr*anty suJ-phico-opaquo and sÍxty-one si-Iicato 'inerals rære noied"

2" The Po/Po+Fy mj.neral ra'ülo v¡as fouild to give the r¿osf

significan! resulis with rospec'o to grouping i;he various oros s1'udied'

Ores of a specifi-e 'c¡1pe, associa'¿ed' \4ilh a specific '¡iê11 rock (or

enuironnont), in general, havo a eh#aelerisi;ic ratio value" Coppcr

.and, 
copper-n:lcke} ores associat,ed. v¡ith ultrabasic and basic inirusions

ar:d copper ores associailed. vri""h acid in?rusioiis (plus conr)acb meLelorpirie

types) have the higher ratio values" Such high ra',,io vaLues are possibþ

due to tbe highei' 'oeiuperatures associated r'¡ith such inf;rusions" Acid'

intrusion ar¡å conLac! mete.norphic types of ores, r¿ilich are n'aånly

copper, have an inbermeciiate ratio r¡alue lùich r.:ay bo suggosfive of

their sonewirat lov¡er tomperaÈ'ares of f,ornation. copper, copper-zine,

øinc*copper, zinc-ioado aIlc Lead-zinc o:les r'¡h:ich are associaleci r'¡.!!h

acid volcanlc and sedjmen'bary vall mcks (Replace¡lent Types), have

åndefiniùe igneous associations anc lorv ratlo values" Excep',cions do

occììr and. nay be due bo the presence of a hid'con inirusion for deposits

r*i!h ano¡:,alous high values or tile d,istaace f::on the igneous sourcc for

the <leposåis L'ith anoigaious low valuos, Later raelanorpirie offects n¿y

also have aff,ected and a}Èered ihe prinary si¡erêl ratåo valuegu
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The geogx'apiric disLribuiion of the pyrrhotito-p¡ri'ce ratlo

(lo/no+:y) ald not iadicato any sÍgnificant 'crends" Thj-s ratio appeared

Èo þe nosù sr,rongly afÍectod by 1) o:re iype, end 2) r.laìI rock of çha

do'cosi'cs o ,

FIigh l,iCPo+fy+ft rabio values êre assoeiated vriih acid or basåe*

ultrabasic intrusive r.,aL} rocke whlch con&aln rnainly copper ard copper-

ulcli'el or€s respecLlveþ,

j" The nonealized d.iagra.u of ¡:ymho'bite-pyriLe-sphaierite (Po-¡y-SI)

indicaicC thal, for the ores studied, these ihree minerals ropreseaied

e¡:,C-ae¡ibers of a con'bLnr:ous ternary syst'en f,or classifying bho ores"

li.gain, the Ímportance of the pyrrhoiite-py:rite relalionship vec j.ndica'eed

ae ores wåth ígneous af,filiations plot along the p;rrrhotiio-p¡æi'¿e '¿io

J..l,lÀ9 o

Tho Nernary Cåagran of r¡¡nreliøed, pyrrhotlte-pyrito*aagne',ite

(fo-fy-llg) for theso ores åndicated that sÍgaiflcanL groupings can be

ob'uained. Tbree postuLated groups, sonLaåni.ng anonalous l¡¡pes were

ou'clined;

Gro.io fì-¡n tT|rma
v¡ v ¡"y vv

^ n^^*^,- ^.^.ì¿\ vvu^ug¿ @¡s
cepper*leickel

B Goppe::, rai¡acr
zinc-lead

^ ^^**(/ tr0¿Ð:lC:-.', COppSx"-
zíaeu to }ead-
*] wFa¿aLv

I'IaJ-L Rock

lTl +-^1-^ ^; ^ ^. ,ìv!V¿éVGJIW s&
basic intrusioas

Acid intrcsjon ani
contecÈ neie.:ro:lphic
t.\(.erKêli1 tJæCSJ

Acid vo]-caníe and
scdi¡ienùa^ry
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Foin'; Cistributior¡ in ûho diagraras is euggesiivo sf e

dif:loronLiai:ionai tr"cnd as oro typos and l¡aü rock va:¡r"

4, Predictions regarding ths thcoretical reagnetic charac'¿eristics

of the ores wero found bo bs incongruous duo to the nany indeíei:¡linaüe

cffoct,s possossed by oach individual- oro body" Houevcr, theoreiical

considerations ir.dicate bhat coppor and. copper-nickel ores assocj.ated

vribh plubonlc rocks shoLr,Ld give Èhe groatesù inagnebic effec'çs.

5 " The distribu|åoa of tho gold.*sllver ratios (AVå.u+"dS arri

eg,/.ô.u+eg) indicates tha't golC decreases and silver increasos ag ih¡e

oros chÂnge f;:ora copper and, copper*nickel 'oypes ån ultrabasic and basic

ereee ta coppor-zinc, zinc-copper, end ainc-lead ores in acåd inir¿sive

âreas anci acíd voi-canic-sedine¡¡'ç¿3'y llal} trocks. Thi.s sugges'bs theb a

fraetionaL crystai.lizatåon proeess nay bave been oporaiive"

ó" T¡:e ternary relatisn beir-+een i:lon, sulphur, and other ¡re'çals

sugges'oed tÌra'c ores nigrai;e fron bigh iroa in ul'crabasic-basic and

ecid pluionie enviroræenbs ts low iron in replaeement ores occurring in

aciC volcanfc anct sed.i,aenta{F arees tl-r'ch }itt}e or no apparenb igneous

^ -t.îi'l .ì ^+; ^*- r¡1
cò¿¿r-r.J-€ler.erliJø +rfiS CLiangO ie ifOn COntenja, iS aCcOrapaniCd by a

coryespcnding change ån ors '¿ype fron eopper-nickerL ai:,C copper, through

copper-zinc, zinc-copperu to lead-uinc, suggeståvo of a fracNional

dif:le¡:entiatåon trond.

?" The grouping of ore d,oposibs âceordiag to rtel-l rock Qpe

índicatcd th¿L a iarge ar.:mþer of deposibs oecur in esåd voleanåc Ì,'a}.l
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i'oclis, This ney bo usofuL as e prospecting aid"

6" Factor anaì-ysis proved fo bo an effec'vive rneihod oî a'raLyzLng

a}argeejiiount,ofconposit,ionaldalainasho]Íbperiodofbl.ue"Tho

i-iaporbance of Nho pyærhoti|e-pyriie conlen,¿s of bhese oros as a rae,ohod

of classification v¡as shonn ¡cathenatically" Utirizaiion of e:lcractcd

factors resulled in ossentialLy the sane iype of classificaiion as

given'oy conventionaL lnspcction mefhods in consic'erably iess tiÉe"

In bþåe sbud.y, forty-five sarop)-es containing tl'relve variabisg each t¡ere

analyredfortenfactorsin].esa,chanfjveminutes"Theuseofsuch

rapid. anc, ejlficient reetb,od.s }åberates the reeearcher froic raany r'æekø oÍ

e:¡d.uous iniorpro'ca¿àoa by convenlior:.+L ne',ohods, 'bhereby pernttiixg hi.,a

íouti].ize}ILst,inoin¡rcrefundaraenlalltj?"yg'Theusesoffacborar^a}ysía

reoSiresirrvest,igal,lononthepar,oofgeologica}researchgrsrthoare

often faced, r,¡rbh the problen of anaLyzlng ard interprefing large a¡ounts

of propor.i;ional d,ata" tho math,eraabåca} fac'r'ors exbracted by faclor"

anaþsís may s.orongly refleci the iiefiuonco si act'ua} factors' iroroevotr'

identj.ficatioa of bhg fac,¿org is a Eåtjjor of iaterpretation"

9" Ðlstråbulion sludies ef ti:o eoba}ù end quarbø in gang:ue con,¿onts

of ti:,ese oree etlggegbsd tha'b a diffsrsat'iation process had been ac'bíve

inbi:,eformationofbheorosofvaråoust¡4oou.Cobalbdocreasedan'c

quaz.bøincreased,astheoresvaråedfromcopper-nl.ckela¡:^åeoppertypos

to zinc-Iead t¡4Pes"

10" Tho

Cote:minailon

usoof,x-rayd'iffract'lonpovrder¡roihod'sfort'hoperbial

of thó o,uan!ålaLåvo sulphÍCe*opaquo nineralogåes of ühe
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o;û dcpogit sa::,pies provcd ì;o be very effoclivo arÅ gave reasor"eb}g

res'clts "

I'r!Þ:-l'ro:!
Theres\ri'csofthisstudyrevealeciseveralin'ceregNing'orenc's

and, noihocs of clasaifying oulptr-Ldo oro deposlbs. Addltional sulphide

oresshouldbeinvosLlgatodtoaugnøntthedatapresont'edher@"

.{}argeanounbofthodalafron¡,uhiss|ud.yrenaineunprocecsc¿at

ùhe presonb ti¡.e, Soae s¡udy of tho *61*aO fracfion dal;a is "r¡âr¡ê$1'cd"

significanb variatÍoa in ihe basie results of thie etudy rsouid nci be

^n{¡inin¡+.^..o¡1 - .ô corrc¡laiion beto¡een i;ho suiphide-opeque mineralory and' bbe
ci¡Åvi.vl}JÉ evu o 'ô

r.¡ai].rocka}iera|ionshou]-dproveinteresting.

Furiherinves?ågationofbhex-raydiffractiong'ethodfortbo

c¡antita,oive d,eterra:ln¿tion of sulph-ido-oPaquo ¡ùinerals is "darranted bo

inprove asd, refino 'i;ho method"
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1,,¿Jiri

KAIV KOÏ I A PORCUP INE MI l\ES LTD" NO' I

SAMPLE TONS=I¡O35EOOO PERIOD" 1963

WALL ROCK = SHEARED RHYOLITE AND ANDESiTE.

Jåltå¿*

FIRST MARITIME MNG' CORP' LTD' NO" 2

SAMPLE TONS= IZZCOOO PERIOD" I96V

WALL ROCK = BRECCIATED ANDESITIC FLOWS AND

nCOlOtqeRATESg PORPHYRY INTRUSIONS'

'* J+ ì+ *'

HEATH STEELE MINES LTD' NON

SAMPLE TONS=363 sOOO PERIOD" 1963

I1lALL RocK = 
;åLåin?:'-ä:l^:ãiål;T'Êll,ulB*oHyRy*

ìl Jf * rÁ-

MERRILL ISLAND MNG' CORP" LTD" NO" 4

SAMPLE TONS=I 18 r95O PERIOD' 1963

WALL ROCK = ALTERED ANORTHOSITE"

-**'J+*

ASARCOs BUCHANS UNIT" NO' 5

SAMPLE TONS=191 c25O PERIOD" 1963

',rALL 
RocK = 

x3::åiåi.BD*i:Fåê: 
AND

Jf ìi +Í 'Ìt

NO" ó
CRAIGI'1ONT MiNES LTD'

SAMPLE TONS=22s515gOOO PERIOD' 1963

t¡iALL ROCK = LIMESTONEE ARGILLITEe SKARN"

*Jf-ts+l

= ^.\l -ti\ÞLtr i

PiìOPERTY DAT A TABLI SF]O\/J I NG PROPERT Y NUMSER ø

PROPTRTY NAM[ ' NTPRESENTAT IVE SAT4PLE TOI'{Sg

sÀv,pr-r PER ióD, AND PRoPERTY \tALL RoCK *



T,ô.ßtE I (tloNT I NUED )

PRoPERTY DAT¡\ Tl\BLE Si]oVJ,f NG PRoPERTY NU|43ERg u,5
PROPERTYN¡\N4E'REPRE'StNTATiVESAf4PLETONSp

SAi'4PLI PERIODu AND PROPERTY UJALL ROCK"

|,4ETAL i\4ÏNtS LTD.pGORDON LAKE' NO" 7

SAMPLE TCNS=128 e10O PERIOD" 1963

WALL ROCK = PERIDOTITEC PYROXENITEg HORNiJLENDITES'

*'*+åìÉ

GASPE COPPER MINES LTD' NO' B

SAMPLE TONS= 3 g354 c OOO PER IOD" 1963

l¡JALL ROCK = SKARN (L IMESTONE ) s PORCELLANITEc
CHERTY HORNFELS @

i-*ìfì+

RIO ALGOiq MINES LTD" yPRONTO DIVISION' NO" 9'

SAMPLE TONS=I3B EOOO PERIOD ' 1963

WALL ROCK = HORNBLENDE AND CHLORiTE SCHISTS'

**x-+

SHEEP CREEK MiNES LTD" gMINERAL KING MINE" NO'10

SAMPLE TCI\S=92 Y OOO PERIOD' L963

WALL ROCK = L I MESTONE C SED I MENTARY SCH I ST '
.Jí*-Få¿

SULLiCO f"lINES LTD" sEAST SULLIVAN MINE' NO"lI

SA['4PLE TONS=573 gOOO PERIOD' L963

WALL ROCK = ANDESITE Ai\D RHYOLITE(SILICEOUS
TUFFS)"

*jÉYxeñ

COMiNCOcWEDGE MINE" (MASSIVE PYRITE ZONE ¡ NO"12

SAMPLE TCNS=gOgOOO PERIOD" 1963

h/ALL ROCK = PORPHYRITTC AND TUFFACEOUS RHYOLiTES
ARG I LLACEOUS TñNOIqTNTAL HOR I ZON g GRAPH I TE SCH i ST "

/c ì+ )k à-



TAtsLE I (CONTTNUTD)

PROPERTY DATA TAtsLE SHOhJiNG PROPERTY NUi¡ItJERS

PROPERTY NAþ18ç REPRESTNTATiVE SAMPLE TONSE

SA¡4PLE PERiODs AND PROPERTY WALL ROCK'

THI CON I AGUS Mi NES LTD ' 
NO" 13

SAMPLE TONS=ó3|350 PERIOD' 1963

\^JALL ROCK = AGGLOMERATÏC TUFFS'

+É +t -ts ìt

THE PATINO MNG" CORP'sCOPPER RAND DiVISION" NO'14

SAMPLE TONS=V}|sZOO PERIOD" 1963

WALL ROCK = ALTERED ANORTHOSITEe GABBRO"

*x-{-f

cotjICHAN COPPER COo sSUNRO MI NE s JORDAN R IVER ' NO' 15

SAMPLE TONS=3 24gooo PER IOD ' L963

hIALL ROCK = SHEARED GABBROp BASALT"

:klÍ+Ê#

GECO MI NES LTD' NO' 16

SAMPLE TONS=603 sgOO PERIOD " 1963

WALL ROCK = MUSCOV I TE SCHI ST ( ALTERED OUARTZ i TE ) "

*.***

MANITOU BARVUE MINES LTD"TPB ZN CIRCUIT' NO"17

SAI.'Í PLE TONS=79 c 300 PER I OD' 1963

WALL ROCK = SHEARED RHYOLITiC TUFF"

ì+ ;l +Ê i{'

UNITED KENO HILL MINES LTD' NO'18

SAMPLE TONS= 33g550 PERiOD' 1963

WALL ROCK = ALTERED GREENSTONEC QUARTZTTf-^

x- lê -F ')+

il-r::'



IABLE t (CO|'ìTINUED) 3)'7

PROPERTY DATA TAtsLE SIiOVJING PiìOPEiìTY NUMUËRr

PROPERTY NAMt s REPiìESEi\TAT IVE SAMPLi TOi!Ss

SAMPLf PÊIT IOO' AND PROPERTY WALL ROCK'

COPPERFIELDS lvlNc' CORP' s TEMAGAMI MINf " NO' 19

SAMPLE TONS=IBSOOO PERIOD" 1963

t,,jALL ROCK = RHYOLITE BRECCIA AND TUFF'

{' ìf li à¿

NORANDA MI NES LTD' E HORf"lE MI NE" *O"zQ

SAMPLE TONS=Z cOOOsOOO PERIOD" I953sI954

WALL ROCK = RHYOLiTE FLOWS AND BRECCIAu

ì+ fi- -F +f

NO"21
NORMETAL MINI NG CORP" E LTD.

SAMPLE TONS=35O'ooo PERIoD' L954

r,^IALL ROCK = RHYOLITE AGGLOMERATE'

xìt**

OPEMISKA COPPER MINES (AUEBEC) LTDU NO"22

SAMPLE TONS=67POOO PERIOD' 1954

WALL RocK = åxåilåruhål'å.RI[?äiiå:"
ìt Jl lt -F

NO"23
AUEMONT MNG' CORP' LTDu

SAMPLE TONS= 2gSOOgOOO PERIOD" 1952s Ig'V

WALL ROCK = RHYOLITE PORPHYRY AND BRECCIA'

-* -F l+ ìl

N0"24
VJAI TE AMULET Mi NES LTD"

SAMPLE TONS=IOBgOOO PERIOD' 1954

WALL ROCK = ANDESITEs ¡[(]TEr RHYOLITE"

It '* -x if



T ¡\Bt-F i ( CONT I i\LJED )

PiìOPERTY DATA TASLE SiJOI,JING PROPiiìTY NUt,lBERç
PiìOPERTY NAMfI REPRESENTATIVE SAMPLE TONSE

SANiPLE PãRiODr AND PROPERïY It/ALL ROCK.

HUDSON BAY M.AND 5. sCO" p!-TD" r' FLIN FLON MINE '

LL¿J

¡i0"25

SAMPL E TCNS=UNKNOIì/l\ " PãR I OD" T9'5

h'ALL ROCK = QUARTZ PORPHYRY AND DIORI TEy ANDESITEç
PYROCLASTICSS TALC SERICI TE SCHIST.

'Ìi- YÃ l{' rÁ

HUDSON BAY M.AND S'pCOøELTDøg NORTH STAR MINE' NO" 26

SAMPLE TONS=UNKNOWN"

WALL ROCK = ANDESITEv QUARTZ PORPHYRY'

PER I OD. 1955

rí_ )k rÉ 14

HUDSON BAY M"AND Se sCO* sLTD. c SCHIST LAKE Mi N[" NO"27

SAMPLE TONS=UNKNO\¡JN' PERIOD' 1955

I.JALL ROC K = SHEARED QUAR TZ PORPHYRY
( SERICiTE CARBONATE SCHIST) "

X- YÃ J+ {-

GRANDUC MINES LTD.

SAI"lPLE TONS=L iM ITED.

i\U e Z Õ

PER IOD" T955

h'ALL ROCK = METASEDIMENTARY ROCKS (SILICIFIED
TUFFSe GREYWACKEg IMPURE AUARTZT,l ES).

,íX-YÃà

GRANBY CONS" M. S"AND P.gCO.ELTD"gCOPPER MTN. MiNE. NO'29

SAMPLE ïONS=1 ç 871 ç 860 PERIOD. T955

WALL ROCK = BASALTIC VOLCANIC BRECCIAs DIORIÏE

.x J+ -ts Jt

BRiTAI\NIA M.AND S. sCOo eLTD. gBRITANNIA EEACH MINEs NO'30
(NEW NAME - ANACONDA CO" (CAN) LTD.)

SAMPLE TONS=200c000 PERiOD. L955

WALL ROCK = SCHISTOSE ALBITE DACITE TO OUARTZ
LATITE PORPHYRTES.

X &



TABLE 1 (coNT I Í\uED )

WCT

PROPERTY DATA TAtstE SI-iOUIING PROPERTY NU14tJERS

PROPERTY NAi'1EI REPRÉSENTATiVE SAMPLE TONSg

SAi"IPLE PERIOD: AND PROPERTY WALL ROCK'

NORT|] COLDSTIìEA|'4 MINES LTD' NO"31

SAMPLE TCNS=IBO9OOO PERIOD" 1967

!IALL ROCK = CHERT ROCK (SILICEOUS VOLCANIC SHISTS)"

#jê*x'

COMINCOç SULLIVAN MINE" NO"32

SAMPLE TONS=3oocooo PERIOD. 1955

h/ALL ROCK = ARGILLITEs MINOR QUARTZITEs
SILTSTONE"

x- ìê ìf lí

MANITOU BARVUE MINES LTD" s CU CIRCUIT* NO'33

SAMPLE TONS=7g sOOO PERIOD. 1963

WALL RoCK = SERICITE SCHiST ( SHEARED RHYOLiTE
AND TUFFS ) .

ì++t*ìf

MACKENO MINES LTD'

SAMPLE TONS=UNKNOWN.

IdALL ROCK = ALTERED GREENSTONES"

NO.34

PERTOD" T955

l+ r* ìt ìÉ

STLVER STANDARD MINES LTD" NO"35

SAMPLE TONS=]c8OO PERIOD. 1955

WALL ROC K = T UFFACEOUS SANDSTONE s ARG I LL I TE s

GREYWACKE"

Yr ll 'Jf it

GRANBY CONS. MNG" gCO. g PHOENI X COPPER DTVISION' NO'V6

SAMPLE TONS=4Bocooo PERIOD. L963

WALL ROCK = LIME SILICATE ROCK (JASPEROiDi ø

L I MESTONE @

tf+t{-*



TABLE I (CONTINUED)

PROPERTY DATA TABLE SHOWING PROPERTY NUI"lBER O

PROPEiìTY NAMã y REPRESENTAT IVE SAMPLE TONS ¡

SAMPLE PERIODs AND PROPERTY WALL ROCK.

CAN1PBELL CHIBOUGAMAU MINES LTD* c HENDERSON MINE" NO"3'7

SAMPLE TONS=70r000 PERIOD. 1963

h'ALL ROC K = META GABtsRO i C ANORTHOS I TE "

*'lr+f+i

CAMPBELL CHIBOUGAMAU MINES LTD" ç MAIN MINE B ZONE" NO,38

SAMPLE TONS=70g000 PERIOD* L963

l^rALL ROC K = META GABBRO I C ANORTHOS i TE "

ll lç 't+ +f

CAIVIPBELL CHIBOUGAMAU MINES LTD* s lalINZE ZONE"

SAMPLE TONS=70 g 000

I{ALL ROCK = META GABBROIC ANORTHOSITE"

NO*39

PER IOD" 19ó3

NO"40

NO,41

PER IOD. T963

SAMPLE TONS=I e020s000 PERIOD" 19ó3

f'JALL ROCK = iGNEOUS BRECCIAs MATRIX = FELDSPAR s QUARTZ g

FRAGMENTS = QUARTZ DIORITEg DACITE PORPHYRY'

-xl+*+

BETHLEHEI'4 COPPER CORP" E LTD'

**lÊìf

MAGNET COVE BARIUM CORP' E LTD.

SAMPLE TONS=2 2g50O

l4rALL ROCK = LIMESTONEe SANDST0NE'

i+l+:kx

NEhi CALUMET M INES LTD.

SAMPLE TONS=213 g70O

WALL ROCK = B IOTITE GNEI SSg L iMESTONE.

+t lr -x x.

PERIOD. 19ó3

N0"42



TABLE t (CONTINUED) 
Liz

PROPE RTY DATA TAISL E SHOI,J i NG PROPERT Y NUMBER ,
PROPERTY NA;qE, REPRESENTAT IVE SAMPLE TONSg

SAi'1PLE PEiliODs AND PROPIRTY WALL ROCK,

iNTERNAIIONAL NICKEL CO" cLTD" ¡CREIGHTON MINE 
"

SAMPLE TONS=200 ç000 PERIOD. 1954

WALL ROCK = QUARTZ DIORITE, NORiTEs MICROPEGMATITE"

í\10 ,4 3

NO"44

PERIOD. L955

Jf'Ëi+*

N ICKEL OFFSEÏ LTD.

SAMPLE TONS=UNKNOWN.

WALL ROCK = QUARTZ DIORITE"

# lú -x' J+

FALCONBRIDGE NI CKEL MINES LTD' gMCKIM MINE' NO"45

SAMPLE ïONS=UNKNOWN" PER IOD. 1955

t/ALL ROCK = GRANIïEg NORITEE GREENSTONE'

lÉ -F -x -x

LAKE DUFAULT MINES LTD. N0"46

SAMPLE TONS= 19 s500 PERIOD' 1967

h,ALL ROCK = RHYOL ITE FLOI^/S AND BRECCI AS"

{"Xfc}k
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.1/tr',PLE TYÍ)E

L52

i'r iì " ¡).-, iì i ', D
\r i " \.\! T -. ^

i 2j .lil,i- fi.l-) COj':íTOSITE(CL¡'5S,lFIliì OVI-ÍìFLO,',')"
? ? 'liiL iri-f:) C(IIIDOSITE(CLASSiFIIR OVi:i]FLU,'l)"
3 ¡j )llLL i-¡l.i) COi"li)C.SlTi-"
1i ó i.:iLL l-LIi) COi,lPûl;li:"
5 a, \jll-t- FL[:D C.ri"if)CSIT:"
ú - Cii,lPOSi'fE .SAiv,PLF: Oi' TüTl\L ;iii,"l,;ii) ,l(iLL:irG.
1 6 i"liLL Fl-E) Cui,iljüSITi:(ll,JD lllLL JISCTiARGT: r:(iJaCTS).
8 17 I,]ILL F{_ED CO|,IPOSiTi-"
!r ó i'llLL Fi-i:D COÍ'IPO.SlTi-(JiiLL:'ìlLL F;tù).

1O ó IlILL Fi_ED CCi,lÍ)OSiTI-(CLÂS.SiFIIíì ÜVãRFLU,'J)"
:l. l 6.I i'4lLL FËi:D CCr1POSiT["
1? 4 l"1It-L FEFD CO|IPOSiTE(CU RICH P'ii?TIC,rl : PYi?.iTt ZOlií) "
l3 ó r¡ll-L FEF.D CC|"]PCSiTE"
lLr 5 )'1ILL Fh-trf) COI1POSITE(CLaSSIFIEtì OV:¡ìFLA'ti> ),,ili,ES,

l.iACf-ìI l.'J PC Ii\T : Cil I;ClJGiii'l,rU JACiJLET : POrìTiiGi ISLiii.:,J r

'.ìl,Jl_ijÍrC Ci-ì I 3OUCr\:'f ;\l.J CCLDF I ELDS g COPPiR ;<A¡jD
C r-l I r-iO tJG Ai,ìAU ) .

i5 3 "]JLL F[E) CÛI'IPCSITt"
ló ó ¡ilLL i:i:l,D Cur"iPûSIiä"
I-l 2 I'iiLl- fc.È, Cüi"rPO.SlT¡(CLASSiFiER üVLiìrLO',r)"
ifJ 2 IIiLL FEED CO}1PUSiTi,-(CLASSJFIEiì CVIRFLU,.I)"
lç 3 ¡4lLL |--EI_D CCi";POSlTi:"
?0 ( Ì2 )iTl-L Fi:[) COl"il)OSITi:"
2t K 12 l.llLL Fi:,i-D CO\1P{)SIr5"
2? K r1 )llLL Fi--faD COi.'1POSiT["
23 K 48 ¡iiLL l'EID CCfiPOSITt"
24 K 3 i,iILL FEID COi,1PO.SIT:.
2i K _ \,]ILL FTED CO;"IPOSiT!"
?6 K - CJ;'ìPOSITt- OF Dilti''iOirl, r)RILL CCiìi-"
21 K - ;"1iLL i.¿f) COi';PaiSiT¿"
2à K - Cül'iPOS)lT! OF Lii,ìiT-,.) iRiLL CCiìt SAi.4PLe íìaJECTS.
29 K T2 i"ì I LL i:i: ãD COi']POS i T E "
?'A K 3 i'ilLL t-rãD COI.IPOSlTt.
3\ ó ,!1ILL FirD CC).1PúSiTE(¡ll¡lr C^R Slrirì?Lã íìÈJLCTS)"
?2 K ]. FLÛTATiOi'I FEED(SiI\K PLUS FIi\:S CC:'lPOSiTf)"
')?, 2 i"iiLL ítiD CO|.1POSiTiI(CLASSIFI|:lì OVãRFLO!^J),
?tr K - l',iOT i(Nloi/i\l
3' i< I"? i,iILL FEEI,' COi.IPOSITF.
36 I :'ilLL FE{:D CC]''iPOSIT--"
31 6 SA|"IPLE REJ:CTS v STOPE.S 314 A¡lD 312.
?8 6 SAi4PLE KEJf-CTS¡ STOP!-; I-15 ¡ I-25¡ Ai\D z-ii.
79 ó SA .iPLi R-J:CTS: -9-û FOüT LiVrL "r*0 6"5 i¡lLL Ft!D COi,]PCSiT:"
4L 6 fii LL FEED CO|"ìPOS I T: "
42 K ].2 ;'i i L L FE iD CCi,]PÜS I T,: "
47 K - i'ilLL FEI-D CC¡4irCSITi.
44 L - i'lOT (irlfì,i¡\1.
/+5 K - i.l OT K|lOWi'1 .
46 n5 i,iiLL FE[D COi.1PO.SirE.

i( DE)'jOTES L.C. (lLLlJíì,\ S¡\,ii)LE"
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^^ 

f 
^lUøOZ

28 ,41
l) o'1 I
24"81
32"17

NO"
'l

)

6

1

1Ô

t1
1)

rt
I4

II

]Q

¿w
)1
-a

24

¿o

1n

34

Lra

4L
42

+4

CO+N I +CU+PI¡+ZN
4,AE
2 "36
I o ¿)

8.23
54 "97

)ovv

6.49
10"49

B.T2
38,23

2 "90
TO/r

lY o4(J
^ ^-Yø9)
7. 81

r2 "13
I I o lZ
55"66

^,aZÞqUÕ
IO9)

g .65
l-IoYIô ^-lø))

t/
11 o LIO

10.53/^I¿tooY
24.84
10"07
I1'33

9 "95
ro "5318"59
11 ,25
5L'O1
48"01

-o t J

12'49
6.11
3 ,43

l-9"78
23'43
32,-l r

6.BZ
6 "33
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-
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TASLã

LICATE MINERALOGY ("/lEiGHT PERCENT
+400 MESH FRACTION

2Lß

CAL ATZ CHL HB 3

3.98 40"16 3,12 0o0
0.55 r,21 34"r4 0"0
O'O 5'51 1"30 0"0
2,-lI 20"41 4"41 0"0
6.4/+ 4"98 1"08 0"0
9"BS 2.9-/ 0"0 0"0
0.31. 6"91 0'0 0"0

15,22 1"15 0"0 0"0
0,6_? 61"41 l-4.1,1 0.0

19,50 14.96 0"0 0"0
3,43 17"66 15"6-1 0"0
I,62 5"46 0"07 0"07

10,51 L2"86 6"21 oou
12.03 i4'09 3"-11 000
o,4l -/ 

"41 000 50"21
I,5J 32,51- 0"0 0.0
3.52 i2"r5 0"0 0"0
3.ó9 5r"11 0"0 0"0

I1"62 I0"12 0n0 0.(,/
l"oc 2"5r r"53 0"0
0.41 10"4i B,B8 0n0
f i4 4,2L 0"0 9"81
l-,4c 2,2r r"37 0.0
7"-1 5 5,4-l 1"49 0o0
6"12 8"03 0.0 0'O
5"43 4.05 6"56 o"o
3"66 3.69 0"0 O'O
5.12 12"lB 0"0 0'0
I"43 0"0 0.14 0.[,
0"0 26"I4 0"4, 0"0
O'8ó 16n7t¡ 0'0 0nO

5"29 6"63 0.0 0"0
0,97 r-1 "68 4.99 0.0
7,47 23'12 0"36 0'0
6.5 B 27 ,1 5 0.0 0.0

22"85 18"69 5"45 0"Ù
B"5g 14"62 22"53 0"0
?-"71' 24"4O 9"05 0'0
1.gó 23"01 4,81 0"0
2,45 22,'73 B"Z2 0"0
7,87 2'24 0"]7 0"0
1"78 9'48 0"0 0.0
0"19 1O'3E I1"97 0o0
O.O 2'83 l-'47 0n0
I'25 3"57 8"38 0"0

-ñDIñD¿
0"0 o.o
0"0 0.0
0,0 0"0
0"0 0"0
0"0 0.0
0"ù 0"0
-7 

"99 0.0
0.0 0"0
000 0,0
0.0 c,0
0"0 o"o
0"0 0,0
0"0 o.o
0.0 0n0
0"0 û.0
1 / a /l /ìJ-oO/ vov

0,45 0,0
0,0 0"0
0"0 c.0
0u0 0"0
0.0 0.0
0,0 0"0
0"0 0.0
0,0 0"0
0"0 0"0
0"0 0"0
0.û 0"0¡\ ^Io /O \JøU

00u 0"0
0.0 0"0
0"0 ù"0
000 0"0
0"68 0"0
0n0 0"0
0u0 0.0
0"0 0"0
û"0 c"0
0"0 0.c
0"0 0'0
0,0 0n0
0"0 0'0
Ono c"0

^/\LOoÕO vou

12r87 0'0
5 '34 25 "21

1ñ- Aaf| 11, c" ¡\\- |

u.0 0"0
0"0 0"0
oo0 2"60
0.0 0"u
o"(i 0"0
0.û o,o
0n0 0.0
U"U UoU
0uo 0.0
0"0 0"0
0"0 c,o
0"0 O.ii
0,0 0"0
0,0 0"0
0"0 0"18
0u0 0,0
0"0 0,0
0,0 on0
0,0 0"0
0"0 0'o
^/\^^UoU vov
U " U Z ø'*O
0,0 0"0
0"0 0.0
0"0 0"0

^/\U.U UoU
0"0 0u0.^^^UoU vov
tloU Uou
0,0 0"0

^a\UoU UoU
^ ?^ ,1 .ì
Uo /V uev
0"0 0"0
0,0 0"0
0,0 0"0
0"0 0.71
0o0 u'0
0.0 0"0
0,0 0.0
2"85 0"0

^^UoU UÕv

37,36 0*0
c,c 0"0
^^^^UoU !/ov

0.0 0.0

A.UG
0"0
0"0
0"0
0.ü
(i"O
íi"0
0"0
0"0
0"0
0"0
0"0
0"0
0,0
0"0
0.0
0.c
0.0
0"0
0"0
0"0
0.0
3"80
0,0
0,0
0n0
0n0
0"0
0.0

L I o )>
0"C
0,0
0,0
0"0
0"0
a "240"0
0"0
0"0
0.0
C"0
0"0
0"0
0"79
0,49
0"63

i
')
L

3
4
6

6
1
?,

ln

11
1')

T4

L6
i-7

'lÕ
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22

24
25
26
a1LI
)A
29
)v

34

a1
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/, 1

42
43
44
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WALL RocKS SHOWN I N TABLE l, APPEN0ÍX J"'



TABLE 9 (CONTINUED)

SILiCATE i'liNEiìALOGY (I,JETGIlT PERCEhIT
++OO ME.SIJ FRACTION

âiå

tlRA ËP i 510
o,o 0,0 0"0
0,û 0.0 ii,O
0"0 0"0 0,0
0"0 0.0 0.0
0"0 0"0 0"0
0"0 1"49 0"0
0"0 0.0 2"46
0.0 0.0 0*c
0,0 0.0 0"0
0"0 0.0 0'0
0.0 0"0 0"0
0.0 0"0 0u0
0.0 0"0 0"0
0"0 0,0 0.0
0.0 0.60 0'0
0.0 0"0 2"-1 5
0.0 0n0 0"44
0.0 0,0 0u0
0.0 0"0 0.0
0"0 0'64 0.0
0.0 000 0"1ó
000 0"0 1.1.99
0"0 0"0 0.0
UoU ¿+oYb usU
0. 0 0.0 0.0
0.0 0r0 0"0
0.0 0oo ono
0.0 3o92 L"2B
0r0 L"43 O'95
0u0 0o0 0"26
0.0 0o0 0"28
Oo0 0,0 5.10
0u0 A"4.9 0"0
0"0 0"49 0'0
0,0 0.0 0"0
0.0 9'6ó 0'0 l

0"0 0"0 0u0
O"O O.B4' O"O
0"0 0"15 000
0"0 4"31 0"40
0.0 0u0 0n0
0r0 0o0 4"50

12.59 I "35 
-/ 

"5Iôr 1 'a"7 1 7Ê
ZSoa I -Lo I I Lø t)

10"80 0'90 0'93

GAiì FEL
u"0 Ù"0
Ù"0 tj"U
o"o o,o
0"0 0"0
o"o o.o
.l.eV¿ .Ls )4

0'0 5"91+
JøjO Uø4t-
0"0 0"0
0.0 0"0
0,0 0"0
0.0 ouo
0"0 0"0
0"0 0"0
0"0 0"0
I n48 2.C9

^^ô ø 12 rJ o U

0"0 0"0
0"0 0"0
000 0"0
0.4ó 0"0
0"0 0.0
0.0 0"c
coo 0.c
ono o"o
0"0 0,0
0,0 0, 0

0.0 o"o
0"0 4"86
0"0 0"94
0"0 0"0

11 "7 0 0"0
0"17 0"0
(/ou uø)5
0"0 o"o

¡l^Io I ) UoU
ouo o.û
0.0 0"0
0"0 0"0
0"0 0"0
0"0 0"0
3"49 2"84
^ 

r- 
^ ^UoL2 UoU

0.0 0"0
0"0 0.0

DIO IIYP
0.0 0"Ü
'J"0 0.0
0. 0 0,0
0"0 0.0
0.0 0.c
0"0 0"0
0"0 0.0
3"14 0.0
0.0 0 " 

c.)

0"C 0n0
0"0 0"0
0"0 0"0
0"0 0"0
0"0 o,o
0 .0 0.0
0,0 íi"0
0"0 0,0
0.0 0"0
0.0 0.0
0.0 0"0
0"0 0"0
0,0 0"0
0"0 0.0
0.0 0.0
0.0 0"0
0.0 0.0
0"0 0"0
0"0 0.0
0.0 0"0
0"0 0"0
0.0 0,0
0"0 0"0
0"0 0"0
Ll"O 0.0
0"0 0"0
0"0 0,0
0"0 0"0
0,0 0"0
0"0 0,0
0"0 0"0
0.0 0"0

^,1I5øY) UoU
0.0 11.6ó
0.0 0.0
0"0 3.52

PYR
0"0
0"0
0,0
0"0
0"0
0"0
8"93
0.0
0.0
0.0
0"0
0"0
0"0
0.0
0.0
0.0
0"0
0.0
0"0
0"0
0"0
0.0
0.0
U.O
0,0
0.0
000
0.0
0"0

0"0

0u0
0.0
0"0
0"0
0"0
0.0
0"0
c"0
0"0
0n0
0.0
0.0
0u0

UYJR

0.0
0.0
0,0
0"0
0.0

0"0
5.08
0.0
0"0
0"0
0.0
0"0
0.0
0"0
I " 05
0"0
0.0
0.0
2"03
4"C3
0.0

0"0
I "7 60.0
1" 05
5 øUY
0.0
0"0

2-t " 2I

55"25
o.-lJ
0"0

26 " 90
0 " ig
0 ,29
0.20
0"0

30 "13
3 "-120,0
0"0
0,0

NOr
1¡

Ê

6

E

111

11

L2

14

1-7

/tl
')1

22
23
a!,L+

21

29
av

32

34

36

"Â
3Y

4t
42
43
44
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(CONTINUED)

SILICATE f"1lNiíìALOGY (l,JËlGl-1T PEiicIi\T
+ 4OO I'1ESH FRACT i ON

21?

SID APA ZAi
0"0 0.0 0.0
0.0 0.c 0"0
0"0 0.0 0.0
0"0 000 0"0
0"0 c"0 0'0
0"0 0.0 0"0
0"0 0.0 0,0
0"0 0.0 0.-
0"0 0.0 0"0
0"0 0"0 0,0
0.0 0.0 0,0
0"0 0,0 0"0
0.0 0"0 0.0
2rBB 0"0 0"0
0r0 0,0 0'0
0"0 0"0 0"0
0"0 0"0 0.0
3"10 0.0 0"0
o"o 0"0 o,o
0"0 0.0 0.0
1,85 0.0 0"0
o,82 0,0 0"0
0"0 0n0 0"0
0u0 0n0 3"48
0.0 0n0 0"0
0u0 0,0 0"0
0"0 0n0 c"0
0,0 0.0 0.0
0"0 0"0 000
000 0.0 0"0
0u0 0.29 0"0
0"0 0"0 I"50
0.0 0"0 o"o

25"42 o"o o"o
5"39 0,0 0"0
0,0 0"0 0.0
O "O I "23 2,Il
0"0 0u32 2"82
0r0 0"29 I"-1 9
0,0 0"0 0"0
5"05 ou0 0o0
0"0 0"0 o"o
0"0 A"34 0"0
0"0 o"30 O"t)
0,0 0,0 o"o

N1US SEiì OLI
0,0 0.0 0"0
0,c 0"0 0.0
o.o 0"0 0"0
0"0 0"0 0*0
0"0 o"o o"o
0"0 0"0 0.0
0"0 0.0 Ì9.99
0.0 0"0 0.0
0.0 0"0 0,0
0"0 0"0 0,0
0.0 0n0 0,0
0,0 0"0 0"0
0"0 0u0 1"18
0,0 0"0 0,0
0"0 0,0 0"0
9"13 0"0 0,0
0"0 0,0 0"0
0"0 0"0 0"0
0oo 0.0 0"0
0"0 0"0 0"0
0u0 0.0 0"0
0"0 0"0 0"33
0,0 0"0 0"0
0,0 0"0 0"0
o.o 0"0 oo0
0.0 0,0 0.0
0,0 0n0 0o0
0"0 0u0 0"0
0"0 0.0 0"0
0"0 o"i2 0"0
0u0 0oo 0.0
0"32 0no 0o0
0"0 r"35 0,0
0"0 0n0 oo0
0"0 0"0 0"0
0.c o"o 0"0
0*0 ono 0"0
0.0 0"0 0"0
o,o 0.0 o.o
0"0 0.0 0"0
0o0 ono 0,0
o.o 0.0 o,o
0"0 0.0 0"0
0"ù !)"ü 0"0
o,o 0.0 o"o

IJAR F LU
0.0 0,0
0.0 0.0
o.o 0.0
0.0 0.0- ¡\ /

JfloÞ t 2n''/9.
0"0 0"0
0"0 0,c
0"0 0"0
0.0 0"0

46 "3 2 0.0
0,0 0"0
0,0 0.0
0.0 0.0
0,0 0.0
0,0 0.0
0.0 0.0
0n0 0.70
0.0 0,0
0,0 0.0
0"0 0.0
0"0 0"0
0.0 0,0
0,0 0n0
0n0 0"0
0u0 0,0
0"0 0"0
0"0 0"0
^^^^UoU UoV
o"o ono
I aÃ n ñL6VJ vOv

o"o Ono
0.0 0.0
0.0 ouù
0,0 0"0
0.0 0"0
0,0 0.0
0"0 0"0
0"0 0.0
0"0 0,0
0"0 0"0

^rì55o lÖ Vøv
ono 0"0
0.0 0"0
0,iJ 0"0
ouo 0,0

APFBNDü }.

c"0
0.0
0"0
0"c
0"0
0"0
0.0
0"0
0.0
0,0
0,0
0.0
0"0
2.23
0"0
0"0
0"0
0.0
0"0
0"0
2"00
0.0
0n0
0"0
0.0
0"0
000
0.0
0"0
0"0
0.0
0"0
0'0
0,0
0u0
0"0
0.0
0"0
0"0
0,0
0"0
0.0
0"0
0"0
0.0

NO"
1

2
?

4
i
6
1
t
<)

1t
I2
T?
T4

16
1-7

20

))
LJ

z4

26
11

¿Ó

29
)w

36

JO

40
4t
42
43
44
I,A
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(CONTIi\UED)

SI LICATE M INEíìALOGY (IJF i GHT PERCENT
+4OO MÉSH FRACT I ON

'?J3

SLL \.!'iìP GYP
o,o 0.0 0"c
0.0 0,0 0.0
o"o 0"0 0"0
o"o ouo 0.0
o.o 0"0 0"0
o"o 0'0 0.0
o"o 4"3B 0.0
O.C 0.0 0u0
o"o 0.0 0.0
O.O O"O O"O
o.o 0'0 0'0
o.o 0'0 0"0
o"o 0"0 0.0
0"0 0.0 0.0
o"o 0'0 0.c
?"64 0.0 0"0
o,c 0.0 0"0
o"c 0"0 c.0
o.o 0"0 0"0
o"o 0,0 0"0
0.0 0u0 0.0
o"o 0"0 0.0
o,o 0"0 0"0
o"o 0"0 0'0
o.o o.o o"o
0"0 0.0 0"0
o"o 0,0 0"0
o,o 0"0 000
0.0 0o0 0"0
O*O 0.0 0"11
0"0 0o0 0"0
0.0 O'O 0"0
o.o 0.0 0.0
0,0 0"0 0"0
o.o 0.0 0.0
o"o 0"0 0"0
o.o 0.0 0"0
o"o o.o. o"o
o.o 0"0 0"0
0*o 0"0 0"0
o.o c.0 0.0
c"o 0"0 0.0
o"o 0"0 0"0
o"o o"o 0.0
o"o 0.0 0"0

OC iJ ZIO
c"0 0"0
0.0 0,0
0.0 0"0
0.0 0u0
0"0 0"0
0"0 0.0
0,0 0"0
0"0 0.0
0.0 0"0
0.0 0"0
0"0 0.0
0"0 0.0
0"0 0"0
0 " 

o i.).0
0.0 0"0
0.0 0u0
0.0 0.0

14.98 0.0
000 0.0
0.0 0"0
0"0 0"0
0.0 0"0
0o0 c"0
0"0 0"0
.0.0 0.0
0"0 0"0
0.0 0,0
000 0"0
0.0 0. 0

0.0 0"0
^^U"U UoU

0"0 0u0
0,0 0.0
5"59 0"0
0,0 0. 0

, 0,0 o"o
0"0 0"0
0"0 0"u
0"0 0"0
c.0 2"22
0.0 0"0
0"0 0"0
0"0 0"0
0.0 0"0
0"0 0.0

GTM SRP
0"0 0.0
0.0 0"0
c.0 0"0
0.0 0"0
0"0 0.0
0.0 0"0
0.0 1l '820.0 0"0
0.0 0"0
0"0 0.0
0"0 0,0
c.0 0"0
0"0 0"0
0"c 0"0
0.0 0.0
0.0 c"0
0"0 0.0
0"0 0.0
0"0 o.o
0.0 0"0
0.0 0.0
c"0 0"0
0n0 0"0
0"0 o.o
0"0 0.0
0.0 o"o

^^UoU vøv
0u0 0"0
^^^^UoU wou
0n0 0n0

^^UOU \JêU

0"0 0n0
0.0 0"0
0"0 0'0
0.0 0"0
0.0 0,0
0"0 0"0
0.0 0 .0
0.0 0"0
0"0 0"0
c,0 0"0
c"0 0.0
0"64 0.0
6"42 0"0
0.0 0"0

AP L FAP
0"0 0.0
0"0 20"14
0"0 0"0
0.0 0.0
0.0 0.0
0"0 0"0
0"0 0"0
0,0 0'0
0.0 0.0
0,0 0.0
0.0 0"0
0"0 0'0
0.0 0.0
0.0 0"0
4"95 0'0

^^UøU U@U

0"0 0"0
0"C 0.0
0.0 0"0
o"o 0"0
0,0 0"0
0u0 0.0
0,0 0.0
0"0 0"0
0,0 0. 0
0"0 0.0
0"0 0"0
UoU UoU
0"0 0"0
0"0 0"0
0o0 0"0
0"0 0n0
0.0 0"0
0"0 0.0
0"0 0.0
0.0 0'0
0.0 0"0

^^U"U UoU
0"0 0.0
0.0 0"0
0.0 0"0
0"0 0.0
0"0 0.0
0.0 0"0
0,0 c'0

NO,
1

L

4

A

1
A

l-v
't 1

1)

It-

io
1-7

IO'rq
¿t)
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?1,
L¿

26
-1

¿a
29

34

36
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4t-
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(CONTINUED)

LICATE i'4iÀlIRALOGY (vJEIGHT PERCEi\T
+t*ii !ilsi-i FRACiI ot.l

Si

=_: a:.
;"; a".;
i.0 c"0
^^Ô^\/orl wov

0.0 0.0
0"0 0.0
0.0 0"0
0,0 0"0
0"0 0.0
0.0 0.0
0,0 0.0
0.0 0.0
0"0 0"0
0"0 0.0
000 0.0
1_"72 0u0
0"0 0n0
0o0 0.0
0.0 0"0
0"0 0"0
0"0 0"0
0.0 0u0
0"0 0u0
0.0 000
0"0 0u0
^^UoU Jo)l
0.0 0"0
0"0 0,0
C"0 0n0
n^r\n
0n0 0u0
0"0 0.0
0.0 0"0
0"0 0"0
000 0"0
0"0 0"0
0"0 0"0
0.0 0"0
c,0 0"0
000 0"0
0n0 0n0
0r0 0"0
0,0 000
0,0 0,0
0"0 0"0

7t'. r" :-".;
a "c c " t0"0 c.c
0"0 0.c
0,0 0.0
0,0 0.0
000 0,0
0"0 0"0
0"0 0.0
0.0 0,0
0"0 o,o
0"0 0"0

27 "24 0.0
U"U UoU
0"0 0"0
0"0 0.0
0.0 0"0
0"0 41,L8
0.0 0. 0
0"0 0n0
0"0 0,0
0"0 0"0
0"0 0"0
000 u,0
0"0 ü"0

2a "15 0, 0
0.0 0"0
0n0 0n0
0"0 ono
0n0 000
0"0 0"0
000 0"0
0.0 0u0
0"0 0,0
0.0 0.0
0"0 0"0
0.0 0. 0
0"0 0"0
0"0 0u0
0.0 0"0
0"0 0"0
0"0 0"0
0.0 0"0
û.0 0.0

;".4
c "a
c"0
8 "5'l0.0
0"0
0,0
0"0
0"\)
0,0
0r0
0.0
0.0
0"0
0,0

33 "55
000
0"0
000

r É (\L
I J O V9

0"0
4 "39

17 "39
0 "L)
) ø Ia
0"0
0"0
0,0

5 I oY Z

0"0
0u0
0uo
0"0
0.c

6,25
I "-15
0u0
0"0
0"0
0"0
000
0"0

iuC'
0"c
0.0
0.0
0,0
0"0
0"0
0,0
ù,0
0.0
0,0
0"0
0.0
0"0
0n0
0"0
0"0
0u0
0,0
0"0
0.0
0.0
0u0
0"0
0"0
0"0
0"0
0"0
0"c
0.0

15.88
0.0
0"0
0"0
0"0
0"0
0.0
000
0"0
0"0
0"0
0,0
0"0
0"0

;"";,
c"a
0"0
0.0
0u0
0"0
0"0
0,c
0"0
0,0
0"0
0.0
0"0
0"0
0u0
0n0
0,0
0"0
c.0
0"0
0"0
0"0
0,0
0,0
0"0
0"0
0o0
0.0
0r0
0"0
0"0
0.0
0"0
0"0
0"c
0"0
0.0
0u0

52'16
0.0
0,0
0"0
0.0
0.0

'_,.,--::'_,"-
-"- -"-
1"': l:"1
C"C 

'"C0,0 a"o
0,0 0"c

18"82 0"0
0"0 0"0
0,0 0"0
0"0 0.0
0,0 0, 0
0,0 0.0
0*0 0"0
0"0 0"c
0,0 I8 " 47
0.0 0"0
0,0 0"0

17.02 0"0
0"0 0"0
7"84 0.0
0,0 0"0
c"0 0"0
0n0 0,0
6"34 0u0
8"60 0"0
4"65 000
0"0 0"0
0"0 0"0
0"0 0"0
0"0 0.0

LZoôJ UoU
0.0 0u0

11"94 0n0
11"79 0.0
0"0 0,0
0"89 000
0.0 0r0
9"52 0n0
4.67 0,0
)a) | vov

0"0 0r0
0"0 0o0
0"0 0"0
0"0 0.0
0'0 0,0
0"0 0.0

,1- r

z

4

9.

1a\

1i

L4

1-7

1C)

L9
LV
LL

22

24
L¿

21

tv

34

/, 1at

42

44
t,q+)
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TABLE 9 (CONTINUED)

SILICATE I.IlNERALOGY (i''JEIGHT PERCENT)
+4t]tJ MESFI FRACT I Oi\

?J5

CSi.'jR CSfiriì
0"0 0.ù
0.0 0"0
0"0 0.0
0"0 0.0
0.0 0"0
0"0 0.0
c.0 0u0
0.0 0,0
0"0 0"0
0,0 0.0
0"0 0"0
0 ,0 0.0
0.0 0.0
0n0 0,c
0"0 0"0
0.0 0"0
0. c 0.0
0"0 0.0
0u0 0"0
3.38 0"0
0"0 .0.0
0. o 0.0
0,0 0.0
0, 0 0,0
^ ^ 

. 1-uou Oe-L /

0"0 o,o
^ .-UeÕ/ UsU
0.0 0n0
0"0 000
0.0 0"0
5 "14 24"22
0.0 0.0
0.0 0"0
c"o 0"0
0,0 0"0
0,0 0.0
c,0 0u0
0.0 0"0
0"0 0"0
0"0 0n0
0"0 000
0"0 0"0
0"0 0,0
0"0 0u0
0,0 0.0

P !ÀlR

0"Ù
0. cl

0"0
0"0
0"0

16"56
0"0
0.0
0"0
0.0

47,40
0"0
0"0
0"0
0,0
0"0
3 "230"0
0"0
0"0
0.0
0.0
0"0
0"0
0o0
0"0
0.0
0"0
0"0
0"0
0"0
0"0
0"0
0"0
0"0
0"0 i

0.0
0"0
0o0
0.0
0"0
0"0
0"0
0"0
0"0

HìiiR
0.ü
0.0
0"0
0"0
0"0
0"0
0uo
0.0
0"0
0"0
0"0
0"0
0"u
0"0

21 "220"0
0"0
0"0
o"o
0"0
0.0
0"0
0"0
0"0
üuù
0"0
c"o
0"0
0,0
0.0
0"0
0"0
0u0
0"0
0.0
0"0
0r0
o'o
0"0
0n0
0n0
0"0
000
0.0
0"0

SSTiJR BASIJR
ú"0 0"0
0"0 0"0
rJ.O cno
0"0 0.0
0"0 0,0
c"0 0.0
0,0 0"0
0.0 0,0
UOU U"U
0"0 0"0
0"0 0"0
0n0 0"c

24ø5V Uo..,l

0"0 0"0
0"0 c.0
^^VoV UoU
0"0 0"0
0"0 0"0
0u0 0"0
0"72 0.0
0"0 0.c
u"0 0.0
0"0 û"0
0"0 0"0
u"Ù 0"0
0"0 0.0
0"0 0"0
0"0 0"0
^^uoU 5Zs L5
0"0 0n0
0"0 0.0
ouo 0.0
0.0 0"0
0.0 0o0
UOU U"U
0"0 c"0
0,0 0,0
0n0 0"0
0.0 0,0
0.0 0.0
0"0 0"0
0"0 0.0
0"0 0"0
0u0 0"0
0"0 0"0

AUR iir'1s
0,0 0"c
Ono 0"0
0.0 0n0
0.0 0.c
0"0 0"c
0"0 0"0
0"0 0.0
0"0 0"0
0"0 0"0
U"U U"U
0"0 0"0
0"0 íi.0
(_)"û 0"0
0"0 0"0
0.0 0"0
0.0 0"c
0"0 0"0
0"0 0.0
c"0 0"0
0"0 0"0
0n0 0"0
0,0 c.0
0"0 0,0
^a^^\-/o\, UóU
0.0 0"0
0"0 0.0
0"0 0.0
0.0 26"54
CrO 0r0
û.0 0uc
0"0 0"0
2"36 0"0
0"0 0.0
0n0 0,c
0"0 0"0
0"0 o"o
0"0 0"c
000 0"0
0"0 0,0
0"0 0"c
UoU UoU
0,0 0"0
0"0 0"0
0n0 0"0
0"0 0.0

ABì,{fì
Û.0
cu0
0"c
0.0
0"0
0"0
000
0.0
oo0
0"0
0"0
0.0
0"0
0,0
0.0
0.0
0.0
0.0
0"0
0.0
0"0
0.0
0"0
0r0
c.0
0"0
on0
0"0

18"44
0"0
0n0
0"0
0.0
0.0
0'0
0"0
0'0
cu0
0"0
0,0
0.0
0.0
0.0
000
0,0

NOo
I
aL
?

4
6

7
B

'1 ¡
't 

1

L3
T4

t?
i8
tg
¿v

22

24
)q

21
-o¿a
lo
LJ

JV

34

-1

40

42
43
44
/. -^
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TAtsLi g (CONTTNUED)

iCATE MINÉiìhLocY (l'JEiGHT PERCENT )

+4OU MESH FRACT I ON

{--;.v

SIL

ui't )
0"0
0"0
0"0
0"0
0"0
0.0
0"0
0,0
0,0
0.0
0.0
0.0
0n0
0,0
0n0
0n0
0n0
0"0
0"0
0,c
0"0
0u0
0"0
0.0
0,0
0"0
0n0

29 ,5r
0"0
000
000
0.0
0"0
0.0
0"0
0"0
0"0
0"0
0"0
0.0
0,0
0"0
0.0
0"0
0"0

SAF SPL
0"0 0"0
0"0 0"0
0.0 0"0
^^UoU 57oLiI
0"0 0.0
0"0 0,0
0 .0 0.0
0"0 0.0
3"50 0,0
0.0 0 .0
5"47 0n0
0"0 0,0
0"0 0*0
0"0 0"0
0,0 0.0
0u0 0.0
0u0 0.0
0"0 0,0
c.o o.o
c,0 0n0

^^1oI2 Uou
0"0 ouo
0"0 0n0
0"0 0"0
0.0 0"0
0"0 0.0
0"0 0"0
0,0 0u0
0"0 0"0
0,0 0"0
0u0 0u0
0,0 0"0
0,0 0oo
0 ,0 0.0
o,46 0"0
000 , 0n0
0.0 000
0"17 0"0
0'31 0.0
0"0 0.0
0"0 0.0
0"0 0.0
0,0 0.0
000 0"0
0"0 0"0

SSP L
0"0
0,0
0.0
O'0
0.0
O,O
0"0
0.0
0"0
0"0
0,0
0"0
0,0
0"0
0"0
0"0
0"0
0,0
0"0
ou0
0.c

36,79
0"0
0"0
co0
o"o
0"0
0n0
c"0
0"0
0o0
0"0
o"o
0"0
0"0
0,0
0"0
0.0
0"0
0"0
0"0
0n0

12"92
36 "79
10"99

0.0
0.0
0,0
0,0
0.0
0"0
0.0
0"0
0,0
0"0
0"0
0"0
0"0
0"0
0u0
0"0
0n0
0"0
0"0
0.0
0n0
0.0
0.0
0"0
0"0
0.0
0,0
0.0

20"50
0u0
0.0
0"0
0,0
0"0
0.0

0"0
0"c
000
0"0
0"0

0"0
0"0
0n0

S F1¡/ R

0.0
0"0
0"0
0.0
0,0
0,0
0.0
0"0
0"0
0"0
0,0

0"0
0"0
0"0
0.0
0,0
0"0
0,0
0.0
0"0
0.0
0.0
0"0
0"0
0"0
0"0
0,0
000
0.0
0,0
0.0
0"0
0"0
0"0
c"0
0,0
0,0
0"0
0.0
0,0
0u0
0"0
0,0
0.0

rdo L
0"0
0"0
0.0
0.0
0"0
0,0
0"0

59,85
0,0
0.0
0"0
0r0
0.0
0"0
0"0
0.0
0"0
UoU
0.0
0"0
0.0
0,0
0"0
0"0
0.0
0"0
0"0
0.0
0.0
0"0
0.0
0n0
0"0
0"0

0"0
0"0
0.0
0.0
0"0
0.0
0,0
0.0
0"0
0"0

f{o "

2

;
5

1
I
q

1O
11
L2
I3
14

1ó
LI

i8

20
21
22
23
24
25

¿Ö

L'

)v
3T
32

34

36

40
4l_
42
43
44
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Ll L I- I (coi'ir lt{u;il)

)1"1

S\':'iilol S, LJS]ri) l:Oii SIt-lCATt 14ií{i:íìÂL5¡ Ai''rD irLiiifi/tilrJi'l

SY¡ì3C)|- t) iìC)t)lJC'f SYI/rilOL PÍìODUC T

CAL CAI-CITi tllo SlOl'lIi:(Í)|ILOGOPITE)

A l'Z- Q UAR TZ- GAR GirRltl É T

CilL Cl'lLOtìlT: FtL ALKAL-I FtLt)SPr"R

SIR S[R]CIT[ PYR PYÍìOXI.I'IE

OLI Ot-lVi:NE DIO I)IOP'SIDË

RAR BARITE I1YP I-ÌYPEÍ{SIHENE

TIìt TRi:l'iOLITE U\'JR Ljl'iALT'¿fìËD IJ^LL ROCK

ACT ACTINOL ITË SID .5 IDERITI:

AUG AUG ] TË APA APAT I TE

URA URALITE ZOT ZOISIT'-CLIi'iOZOISiTT

TPI EPIDCTE I''1US I''iUSCOVITI:

CflD CIiLCRITOID SLL SILLIÍ/TANITE

FLU FLUORiTE GYP GYPSUT/¡-ANIjYDRITE

oci]oTi]ERCARSONATISSRPSERPENTINI

SUL OTiIiR SL]LPIJ/.TES APL APLiTT

ilu l tllut'- GR[E- flE 2 PALI G[ìãEÀi

HORNULEI,IDE floRN3LE NDi.

I.tß 3 ORE';NISi-I BROh'N QFi'4 I"lICROGRAPFIIC QUARTZ ITN[)

HORNEL-INDÉ FILDSPAR

PLA PLÂGIOCLASI FWR FELDSPAR + !^JALL ROCK

WOL \cOLLAST'JN I TE h/RP \'IALL ROCK + PLAG iOCL¡\SE

Si"i SI,iITIJSOI\ITL CCS CIiERTY CT1LCRITU SCTiIST

FAP FE L.DSPA R Ai\iD QUAR TZ

D ] OR I T E I QUAR T Z PORPIIYR Y



1ÂiìL:- ? (Coil'f I ilul t) )

SY;.iilOi-.S i'].Si:.D i:Oiì 5]t.iC^l|: l'i.Il\ji-lì¡'|-.S /rj!D At'Tí:Íi/il lLli']
?Lt,

P fìODU C 
'I-

S\')1rlOL

S\','ii Si:rtìi C i T I /-i'D \'lr\LL tìOCf'

C\'llì CllL-OillTiZi-i) iJr\t-l- ROCI(

Ii\,Jiì llORNilt-t-'Nt)l Z-i:t) \'iALL ROCi(

C$r/Jiì CAtìtsONAl' lZ'F-D '¡iALL ROCI(

Phrtì PROPYLLITIZbD VJÂLL. ROCK

AVJR AI-f-] 1 T I Z.ED WAI-L ROCT'

SC\{R SEfìI C IT 17'tD-C^RßONAT I ZID r¡J¡\LL ROCrt

SCTi{R.SElì]clIlZtI)-CAIìSoNATIZr:D_ToUiì|'iALiNiZi:D,,,{ALL|ìoCi(

STTTIRSiRICIIIZ[D-TOUiìi'lALIl\iZ-ED\i/iLLROCK

SA\{R SERI C lI l7'gD-ARGI LL i'l i ZtD '/iALL F(OCK

cSCI.jRCHLoRiTIZFD_SIRICITlZED-CARSoNAi:.2,¿DI.JALLRoCK

CSt'JR Cf'lLOR I T I Z '¿D-S ER I C II I LID I'IALL RCCK

SS!{Iì SAUSSER I T T7-I.t)_S I L I C I F I ED \{ALL ROCK

SLV/R SILICIFIED \'JALL RCCK

BASì¡lRBIoT|IIZfD-AUGITILE.D-S[RIcIIIZi--DVJAI-LRocK

/r3hrR AUGi T I ZiD-Lì IOT I T lZED r,JALL ROCK

GMS GREEN ilETl'StDI f'1iNT¡\RY ROCK (CHLORI TE RICH)

BivìSBROi'lN;''iETASEDii'lENTtrRYfìOCK(ßIOTITERICH)

SAF SEIìICITIZED /\LKALI FF-LDSPAR

SPL SIIì]CITIZTD PLAGJOCLASi

SßAFSERicIIILtD_.1]ioTITIZEDALK¡\LiFELDSPAR

SFWR SERiCITIZ.ED i.ELDSPAR + \^JALL ROCK

SSPL S/\USSERiTIZ'ID PLAGIOCLAST

SSAF SAUSSEIiIIIT.ID ALK^LI FTLDSPAR



TAßLE 10

GANGUE I'iI NÉRAL GRCIJPS ( U]E I GHT PIRCãI\T
+ 4OÙ TiESIJ FRACT I Oi\

CARri-N SiLiC-N
3"98 40"76

1 1?
Uo)f !oa!

0"0 5'51
1r\ r.1

lø l! ¿wa+l

6,44 4"98
9 " B I 2 "910.31 6.91

-1 1 1î-
I)øZL tø,t-t

0.63 61"4:l
I9"50 14"96
3'43 17'66
r"62 5 "46I0,5 7 I2 "86

14"91 14"U9
Or47 7 "4'l
I,5-l 32.5r
3"52 i2.I5

a1 tr l /, 1
¿Lo I L lorr

11.62 Lo"-12
I.00 2*51
2"32 l-0"41
1"96 4"21
j"40 2"2r
r,15 5"4'l

12"?-9 8"03
5"43 4"05
3 "66 3 "69- ri ì1 rB)oIL I¿or(

I"43 0"0
0.0 26.L4

25 "AB I6 "24
5'29 6"63
o"91 17"68

38"48 23 "12
11"9-l 21 "15
22'85 r8 "69/-

óo2Y LloOl

2"lr 24"40
j"9ó 23"01
2"45 22"13

12 '92 2"24-7'-lB 9"48
o.Ìg 10"38
U"U ZøÖ2
I'25 3 '51

Ci-]L-N Ai-'iF¡t i ¡
?.I2 0"Û

34,5¿i 0"c
1,30 2"60
4"1+l 0,0
i"0g 0"0

18"82 0.c
0.0 1"99
O,O O.O

14.tl. 0"0
0.0 0"0

15,67 0 
" 

0

0"07 o'o1
6"21 0"0

24"47 u.0
0.0 1B ' 27
o.o 1.67

17"02 4"45
0. 0 0,0
lngLr 0"0
4"gI 0"0

'\ i,
IUoöö vov

0,0 12"33
-toll 0"0

10.U9 o"u
^ /\¿*oo? vov

^^bo?Õ uov
o"ó7 0"0
O"U .l-o /Þ
O"l4 0'0

13"08 0"0
5'L4 0'0

11"94 o.7o
1ó"78 u"68

rl il
VoJO vov

o"8g u"u
)o¿+) va t t

32"05 0"0
13"12 0"0
10.44 0'0

B "22 2 "85
O'Ì7 0'0
0.0 31 '36

11.91 16.86
1"4-l 12"81

^ 
¡\ . 1

öeJö JVøol

PYROX SAUSS-N
u.0 ù"0
c.0 0. 0

0.0 0"0
0,0 0"0
0"0 0"0
û"0 0'o
g"g3 0"0
3"14 0'0
0"0 0"0
0,0 0'0
0,0 0"0
U"U UeU
0 

" 
O 34,30

0"0 u'0
0"0 o"o
0"0 0.0
U"U ueu
Ouo 0.0/\^
UoU U@..l

0,0 a "l2u"0 Úu0
3"E0 36"19
l.l"U UoU
û"0 0u0
0.0 0"0
0o0 0.0
UoU UoU
0"0 0.0

11,39 0"0
0.15 0.0
0"0 0"0
0n0 0"0
0"0 0,0
l.r"Û 0"0
Ò "24 u.0
000 0"0
0"0 0.0
0.0 o. 0

0"0 0"0
0.0 0"0
^^¡^\Jê\, vow

13"93 0"0
25 "04 I 2"92
24"4J 36"19
I4"95 10"99

Sui/i NO "
4J "86 L

36"36 2

9"41, 3

61.00 4

2l "cl 5
/a 6JIsÕl

24"14 1
ç

lõø | I u
-19"6, 9

3t+"/+6 10
42"2', ll
10,91 L2
63"94 13
80,J1 14
86.21 \i
35 "li 16
66"69 71
13"!8 1A

11 " 36 ic)
g. !1 20

'a 1
59"öZ t.L

59.09 ??
'1 r.^?l ?_3
L)O I L

35"20 21
24"91 25
19 "23 26
2g "-/1 2-l
19.06 2E

39.46 29
J1"41 30
46"46 3L
40"44 32
31 "45 33
61"96 34
4I"3L 3i
41 "16 36
6I "4L 31
/,'a 1É 35+ I a L)
). 1 ^^ 39) | o ))

BB.4I 40
/. ''+tL)ø JJ

68,5 5 42
/, ')

I l o JQ a)
'7 8 ,36 44
69 .li 45

SER I C-il
O"O
0.0
0"0

33"4r
UOJ 

'

0.0
0"(J
0n0
3.50
0"0
5"41
Jø I2
0"0

27,24
0'c
0.0

33,55
0.0

47 "\80"0
L6"?I
0"0
\oJ/

17,89
0"0
2 '1 c}
)ø L J

ZtJ ø I )
0"0

20"50
38 ' 04
0"0

15"E8
IøJJ

0.0
0 " 4ó
0.0
Oo I-,

6 "42
loUô

1/) I ø rO
0"0
Cu0
o"û
0'0
0"0



t¿}¿
r^-' - l:

CALCULATID ]OO ATOi'1iC PiRCENT
+4OO i"lESiI FRACTION

CU-P B-ZIi

PROP.
N0.

I
2

3
t¡
q

1̂
I

1U
1l
LL

13
\4
T5
15
II
L8

zw
2L
22

24
2'
a1Li

?T
32
33
34
35

)I

"Q
39
/'O

4!
42
43
44
/.q

TOT AL

100.000
100.rJ00
100"000
100.000
100.000
100"000
100.00c
Io0 "000
lo0"00o
100 "000
100"000
I00"00i)
100"00Û
10c"000
10c"000
100"00c
100"000
100"00c
100.000
100"000
100"000
100 " 0oo
100.000
.100.00u
100.000
100"000
100,000
1 00,000
I00,000
100"000
100"c00
100"Û00
100"c00
100 "000
100 ' 000
100 " 000
100.000
100'000
100,000
100.000
100"000
100'000
100,000
100,000
100,c00

A¿/
AU +AG

0"053
o"194
0.013
0"041
UoJl-b
o "916
rl o UU I
0.002
0.091
0"004
0"038
0"0c8
0,004
0"159
0.149
0,005
0.007
0.000
0,063
voL)+

0"012
0.104
0" l-88
0,064
0,06ó
0"041
0"051
^ 

ooqva//)

0"990
0"998
o "9950"0c0
V@9JJ

o " 
00c

0,0c3
0" l4g
0.298
0" 1ó3
0,259
^ -^^Uo)UU
0.000
0,016
0"50c
^ 

r /4,1
Ue)tJv
0' 500

Fl/
FE+ S

a "546
0"604
A I Qç.vø-a)

vøJva

o "237
a "93?0"744
^ a2Avøv)v
0.ó60
o,269
o "-t 28
0.5i1
0"460
o "-7 

4a
0"856
Uo)UtJ
Uoi))
^ ' ^.-UoÕU)
0"581
0"568
0 "525
o "13Lo,540
0"513
^ 

t, Q1v0t9 /

0.509
vøa))

vo t 29

0.8 43
VOJL)

0 "r42
a "563
V@)JJ

V@ )UJ

0.478
o,-114
0"6ó0
0.609
o "592
O.B2B
0"731
a"511
o "122
0 ,135
0"ó61

CU ZN PB

19^526 20"451 0"01ó
99"961 0"0Û9 0.030
6.989 43"523 49"483

95"671 4.262 0"0óB
2 "589 34,653 62 '7 5B

99.g'16 0.0có 0.018
g9.616 0.023 o'36I
99,954 0"011 0"035
90.070 0"006 9'923
0.630 42,9I1¡ 56'456

99,822 o" lu9 0,có9
6o"BB9 30"939 8.171
0.469 86"196 12.735

gg.gB4 0.004 0"012
gg"gBi 0"007 c"112
2g"57t+ 1o"jzo 0.00ó

1.840 68.158 30"002
o "243 L7 " 4J 5 B2 u283

gg"gg2 o"0o? 0"006
gg"96g u"u08 0"025
?7 "259 64.459 8"282
gg.g35 íJ.01ó 0'050
39,319 60.541 0.07¿¡
64"2I1 35"-t59 c"025
50.91ó 42"I84 6"900
gg"ggó 0,001 0,003
23,5-lB 76"420 0.002
gg "969 0.007 o "024
gg ,g I9 o .0 I9 0.06 I
43"111 56"871 0.018
gg"g15 0"0có 0"019
o,0u L 3l "262 62"138

89.711- 10"251 0"033
0.0u0 14,596 85"404
1.064 32"859 66"0-16

gg.86g c"ùBc 0"051
-t4"oBr 25.912 0"007
16"610 23.3\7 0 "0I2
99"975 0"006 0.019
g9 "g5O O .01 2 c.03 B

5,2-19 23"616 -71.1C5

r.123 43.925 54"992
5r"035 0.015 48"950
30.033 u.011 69'956
99.870 0.031 0,499



TAE.LT L2

CALCULATID IUU IIEIGHT PÉKCEitT CU_PÓ-LIÅ
¡-4OO VIESi-i FRACT I ON

"¿?:-

PROP,
l\o "

1
I

2

3
4
q

L

1
B

1rJ

1I

14
I5
]6
ì7

¿u
2T
22
¿)
24
25
/Õ
)-7

¿o
29
,v

32

34

36

t+v

4L
42

44

TOT AL

t00.o0o
100"000
IOO"OOO
I00"000
100.000
100"000
100.oou
100"000
100.0Ü0
100.00u
100 " 

000
1 00,000
1 00,000
100"000
1û0.000
1ri0 "000
100.Juo
100"000
I00"000
i00.000
t00.0Ûc
100.000
t00,000
100.0íJ0
100,000
1co"oo0
100"00c
100.c00
100,000
t00.000
1O0"u0u
i00,000
100"000
100,000
i00.000
r00"000
t00.co0
L0o ' 000
100"000
100"00c
100"000
100.000
100"000
100,000
100"000

AU/
AU +AG

O "'J5 3

0"194
0 "'JI3
o"a4L
0"01ó
0"916
0,0û 1

0,00 2

0,091
0.004
0"o38
0"008
0"o04
0.159
0,149
U o Ut )
0"0c7
0.c00
0,06 3

0'254
0. 012
0" 104
0"188
0"064
0.06ó
0.041
0"05r
0.995
0.990
0"998
o,995
0'00c
,a 

^--UeÕJJ
0"c00
o" 003
0" 149
0"298
0.163
0,259
0.500
0"000
0"01ó
0.500
^ - /\ ^Uo?UU
^ -^^Uo?UU

le/
FE+ S

0,546
O'60/.
o"4e5
a "568
o .23-l
0 "933a,144
^ 

Q-¡11vø9)w

0.660
0 ,269
0 "-l28
0"511
a"460
^ 

1/, 1u o I f v

0"85ó
Uo )UU
vø )))

vøuv)

0"587
0"568
a,525
0.73\
0"540
0"5-/3
0.487
U o )\JY
4,435
0.156
0"843
0"513
v o )-L

JA)9J

0 "3330.583
0,47 8

0"714
0"660
0.ó09
Uø)Yl
0.E28
0.73L
0 '5-710"722
vø I ))

0,óó1

PB7 i\iCU

-tg 
"gg6 19 "999 0"005

gg"982 0"009 0.009
10"842 65"6?-i 23,538
95,831 4"I49 0'021
4,664 60 ' 6ó9 34 "668

99"989 Û"00ó c"u06
gg"867 u"Ù22 0"111
gg"91B 0'011 0.011
g6"126 0"007 3"268

l..05 5 69 '921 29.024
gg"B13 0"1-06 0"02]
65"147 32'L72 2"ó81
0"528 95,o70 4"401

gg,gg2 0"004 0'004
gg"g5g 0"007 0"o34
30,215 69,123 0"002
2,38 r 85 u-l14 I1"905
o "51 I 40 "000 59 "429

gg "996 0 "ÒvZ 0.002
g9"985 0"008 0"008
29 "481 61 "166 2 "-l41
99"910 0.0I5 0"0i5
40,08 3 59"894 0"023
64,881 35"LLz 0"008
54"I49 43"ó01 2'25o
gg"gg8 0"001 0.c01
24"096 15"903 0'Ù01
99,986 0"007 o'oo7
gg"g62 0.0J9 0.Lr19
43"818 56"I77 0'u06
99.988 0,00ó 0"006
o"ool 65'?05 34.694

89"991 9.999 0".010
0"000 35"I35 64"865
r "999 59.919 38o043

g9.906 0.078 0"01ó
74"628 25"369 0"002
1-7'I83 22"813 0'004
99,988 0"006 0"006
gg "g'l7 0"0I2 0"012
10.550 45.812 43"518
l-,852 1o"3la 21 "718

-7-1 
"2i5 0"023 22,122

'58.32I 0"02I 41,ó58
gg.g39 0.030 0"030



TO TAL 
",i 

! i

TC TI\L
I\,lETALLICS

2E"40
?_E "35
47 "12
l_8,18
2B "93
29 "67
20.99

I ø¿J

I3 ,64
1O . BB

I I " 97
44 "'>7
l) ø)l
22 "63
I9 O J+

24" I4
9 "39

25 "94
14"68
47 "2932,4I
lIoZrt
4l "17
35 "14
JO oOY

--+3oa¿
38"5I
I O " Bó

t a,a+oUJ
I U o U4
9"87

33 "98- /^.¿ oOv
34 "62 '

-a 
^-ZZovL

. 
^ 

/a\1l/ o OU
aô 

^lZö o v !
a ''l -7 /,
LIOt+

32 "85
^ a-
)@tJ

29"65
11"81
11"73

g "91
2I .6L

SUL PHU R

2L90
17"90
42.45
I1.95
15"15

ZoVU
/ .t1
UOUV

r "35
b a ZQ
B,g5
4 "3t)39.00

La o t )

7u00
, tr'nLO tv

18.70
10,4u

E ÃII) o )v

90-t)

34"95
24"4v

/ r¡)OoOv
) ) o Ztt
2L15
31u10

r^Jl-oi-u
28"45

0,65
7.95 ,

6 "85

3"2ù
B"9U
Õ o ¿v
2n9A

I1.85
ló,05
2I"35
0.60
7 "10

4 o Lv
3 o )v

!Uøl)

MãTALLICS/
METALLICS + S

vøJo)
/\ / a 

^U øO l- J
^ - ^/|.Jo)ZÕ

^ / ^^UoOUJ
0"656
o "937
0"761
L/.848
O"6EB
4"549
4 "136
vo))J

Uoô-LV
o,7 64
!\ 

^ 
/ -VoÕÕ /

^-.'v o2Õ4
^ 

t -tI o¡* / ¿*

0"825
a "695
vo) I )
-ì Ã 7/lvo) Iv
,^\ -/-U o / O-]

0 "554
0 "622
0"541
vø)aL

VøJ I )

c,781
A Q¿.ìvouua

c.56]
c.5gí)
0.644
íi "448
0"795
o "1290"785
rJ"703
/l /^^UoOJJ
0.ó06
0 "862
0"794
Uo / 1)
0"741
0"751
4,67 B

TARLE ]?

GHT PIRCENT METALLIC ELEMENTS AItD
CORRESPOI{D I NG .SULPHU[< S "+4ut-) MESH FRACT i O1\

l^!o "

l
L

4
4

7
E

9
1C
11
L2
I3
I4
1"5

I7
1B
L9
2A
2T
22
23
24
25
26
27
28
29

3l_
32
33
34
?Ã

3ó

38

1c
4L
42
43
44
45
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T^Df Ê a îe.| ñu L L l- ¿.1.!,

D i SK CPERÄi i i.lG SYST í|,,/?6J FcRTRÀ¡i 36Ci.-7,J-4i: :?

C

C CALCULATiON OF AVERAGE POINT COUNTING ERROR (95"4, PCT C'L')
C PZ = CHIEF MINERAL PI = NUMBER OF COUNTS

c
DÌÌ"18¡\SION ERR (45 ) rNO (45) sPI(45) EP2(451 sP3(45) sN (45) s'M(45 )

,SUMf =0 '
ñ-T-À-^Õt] lA-vo

C T = NUMBER oF STANDARD DEVIATIONS (C'L")¡ R = GRAIN RADIUS (MAXTMUM

C FOR FRACTION) s g = GRID SPACINGs A = IFFECTIVE MEASUREMEI\T

C AREA (ONE THTRD OF TOTAL ) "
^l-Lov

Ñ- o Ivl

B= "33
A=236 uA

C CALCULATION OF PERCENT ERROR AND MAXIMUM VARIANCES"

WRiTE (2¡2\
t¡JRITI (2,t3\
VJR i Tl (2t4)
VJR i TE (2':5 )

TVRITE (2só)
DO 10 l.=1,¡45
READ (1çI1) NO(I ) EP2( I) gPl( i)

C CALCULATION OF PERCENT ERROR USiNG AVERY EQUATION'

P3 ( I i=P2(T) /P l- (I )

P4=P3(I)-x-100"
ERRI =SQRT( (P3( I )* ( 1"-P3( I ) )*(T*T) )/P1( I ) )

ERR ( i ) =ERR lnl'0 0" 0
SUtviE=SUME+ERR ( I )

N(ii=Pl(I)
M(I)=P2(i)

C

C CALCULATION OF MAXiMUf,l VARIANCE USiNG HASOFER EOUATION.

c
X= ( . 44'x-P3 ( I )x( $x-$:x-$ ) ) / ( R+êA )

VJ=R/B
Y= I .+ ( 5 u $-x ( !rJxlt/Yx\,{ ) )

VAR 1=X+l'Y

C CALCULATION OF MAXIMUM VARIANCE USiNG BAYLY EQUATION'
a

VC= ( P4+r( 100,-P 4\ J / Pl ( I )

1-=Zo-^-K
VS= ( L32"x'(P4{-FråF ) )/A
VAR2=VC+VS
WRITE (2ET2\ VAR]gVAR2YERR( I ) SN( I ) gM(I ) SP4gNO( I )

1O CONÏ I NUE



TABLE ]. (COI\TINUED)

CALCULATION OF AVERAGE ERROR AND STANDARD DEVIATION
OF THE PERCENT IRROR"

225

ËjilEAN=SUN'ií/45"
iru ¿\) I=-Lt+)
BETA=3ETA-.( ( ERR ( i ) -EMEAi\)*(tRR ( I )-EMEAN) )

20 CONTINUE
SDEV=SORT ( BETA /44" I

WRITE (2El-4) EMEAN
WRITE (2ç15) SDEV

F ORMAÏ S

2 FORMAT ( IHI g25X T5HTABLE )

3 FORiVAT(1HO CgXg4IHCALCULATION OF THE AVERAGE POINT COUNTiNG ERROR)

4 FORMAT ( 1HO s6Xs59HCALC" MAX. CALC" PCT' TOTAL POINTS PER

1CENT Piì " )

5 FORMAT ( 1H ,¡lXV 63H VAR I ANCES ERRCR-MA i f{ PO I NTS MA i N

1 i'iAIN NO.)
ó FORMAT(IH C2X'263H(HASOFER) (BAYLY) MINERAL SAMPLE MINERAL
1 MII\ERAL )

1l FORMAT ( 8X ç I 3gl8 " 0 r BX s FB .0 )

12 FORMAT ( 1H s4XE3 {F5 "2c5X ) p 2Xsi.4v4XEl4s5XcF5'2c 4X s Í3)
T4 FORMAT(lHOS]6XSl5HAVERAGE ERROR =SF6"2S9H PERCE'\T)
l5 FORMAI(1H sI6Xs20HSTANDARD DEViATiON =sF6"2l

CALL EXIÏ
Fl\l ñLt¡v



-, ù,/
TA.LE 2 1é!&

Di SK OPERAîING SYSTFtti/360 FORTRAN 360N-FO-451 2I

C

C .SIJ\GLE AND MULîIPLE REGRISSION ANALYSIS 6.0"I48
(-

DIþ1ENSiONl A( 10 r10) eC( 10 ) çSUMX( 10) gSUf"lXY( 10 ) pW ( 10)
INK=0

L
C PROGRAM INITlALIZATTON"

I READ (1ø200) EKsEN
C EK IS THE NUMBER OF VARIABLES'
C EN TS THE NUMBER OF SAMPLES.

I/_CVN- LI\

N=EN
INK=iNK+1
h'RITE (2v1000)
TdRITE (2r1001)

. l{RITE (2cL00t)
l'JRITE (2g100)
GO TO (991 c99B s999 ) s INK

997 VJRITí (2, 1003)
GO TO 900

998 r,JR I Tt (2, 1004 )

GO TO 900
999 VJRITE (2ç1005)

GO ïO 900
9OO CONT I NUE

l/RITE (Zç102) K

t4RiTt t2ç103) N

idRITE (2si20l
SUlviY= 0 ' 0
SUMYS=0.0
DO 2 L=1sK
SUMX(L)=0@0

' SUMXY(L)=0"0
DO 2 J=LIK

2 A(LgJ)=0'0
L
C Y-X DATA READ T N

C

DO 3 ï=1sN
READ (1s101) YsW(1)çM

C SUMMATTON OF Y AND Y SQUARED

SUMY = SUMY +Y
SUMYS=SUMY S+Y*" Y

c
C SUMMATION OF X{L)cX(L)x-YcAND X(L)nX(J)

DO 3 L=l-rK
SUMX ( L ) =SUMX ( L ) +l,J( L )

SUMXY ( L ) =SUMXY ( L ) +t¡J ( L )x'Y
DO 3 J=LçK

3 A(LsJ )=A ( L eJ )+l^/ (L)-^W( J )



C

iASLE

COMPUTITT I ON OF Ti-lE

COr\'iP UT AT I ON OF T Ht

(CONTTI.IUED) )

CONSTANT VECTOR C(L).
COEFFICIENT MATRIX FOR

e7

THE NORMAL [OUATIONS"

C

c

DO 4 L=IsK
C ( L ) =Elrl-x-SUMXY ( u ) -SUMX ( L ) {-SUMY

DO 4 J=LoK
A( LçJ ) =ENi{A ( Ls J ) -SUMX ( L )*SUMX ( J )

A(JpL)=A(LçJ)

COMPUTATiON OF TH PARTiAL CORRELATION COEFFICiENTS X(L) TO X(J),

l^JRlTa (2vl-04)
bJRiTE (2s105)

5 WRITE (2s106) LsJgR

MATRIX INVERSION BY ROLL ING METHOD"
INVERSE REPLACES ORIGiNAL A MATRIX'

K1=K-l
iF (Kl) 1t6s7

ó A(IyI)=i"O/A(1s1)
-^ f 

^ 
1-

\J\J IV lL

7 DO 11 iTER=1sK
W(K)=1"0/A(1g1)
DO B J=lsKl

B þJ( J )=A( 1 sJ+I )r{h'( K)
DO 1O L=IEK1
DO 9 J=lsKl

9 A( LeJ)=A(L+1sJ+1 )-A(L+le1 )*W(J)
10 A( L¡K)=-A (L+1e 1)ìíW( K)

DO 11 J=1sK
t1 A(KcJ)=\¡l(J)

COMPUTATION OF THE PARTIAL REGRESSION COEFFICI ENTS*

SUI'1 =0 " O

BZERO=SUMY/EN
DO I4 J=irK
VJ(J)=0"0
DO 13 L=lcK
hr ( J ) =\'J ( J ¡ r-C ( L ) -x-A ( L s J )

SUM=SUlvi+bJ ( J )'x-C ( J )

BZERO =BZERO-|d ( J ) *SUMX ( J ) / EN

VJRiTI- (2", 107)
tlrR 1T E (2 e 106 )

r-n

r}JRTTE (29 I09) JCBZERO
IJU 12 J=I9¡\
t^lRIT|_ (2'109) Jcl^J( J)

COMPUTAT I OI\ OF THE MULT I PLE CORRELAT ION COEFF i C I ENT '
COMPUTATION OF THE STANDARD ERROR OF THE Y DATA'
COMPUTAT I ON OT THE STAI\DARD ERROR OF THE ESTI MATE 

"
COMPUTATTOi\ OF THE SIGNIFICANCE OF REGRESSION (F)"

c

T2

l-+

a
(-

a

L
(



a
I

îABLI 2 ( CONT I NUED ) )

w.'ú
AY \'= E Nr S Uþ( Y S-S Ui"lY ir S UMY

RMULT=SUtr'i/AYY
SY=A'/Y / t,LNrt ( EN-1 " U ) )

syx=sY{ ( r- N-1,0 ¡'r i 1. o-RMU Lr \ / ( Ei\l-EK- I 'O )

F= SUM/ ( El\*'LK*sYX )

Ri'4ULT=SQRT(lìMULT)
SY=SQRi(SY)
S'/X =SQRT ( SYX )

h'RITe (2v1I0) RMULT
lJRiTE (2çi11) SY

'¡JRiT-r (2s112) SYX
t{RITI- (2E113) F

VJRIîE (2s1i4)
r¡JRITe. (2g115)
5g=1oU
DO 1ó L=1rK
DO 16 J=1EK

16 SB=SB+A(L ¡J );'SUMX ( L )l+SUMX ( J )

SB=SYX.*SORT ( SB /EN )

r-flJ-v

ì,\,R]ïE (3s1,09) JESB
iJ ll J=lg{
S3=S',',X-x-SQRT ( aN{-A i J c i } )

L7 \'lRiîE (2çl-09i igSB
\trRiÏE (2cL21)
\^JRITE (2s\22) BZEROgW(2 )

IF(M_9¡i el0eI

FORMAT STATEMENTS

]Oc FoRMAT (1HO E47F, SINGLE AND MULTIPLE LINEAR REGRESSION ANALYSiS)

101 FORIviAT (F5 "2 sF6.3 tó8X ¡ i 1 )

].02 FORI4AT (1HOI34H NUMBER OF INDEPENDENT VARIABLES = I4)
iO3 FORMAT ( lH s3411 NUMBER OF DATA POINTS = i4)
iO4FoR|\,1ÄT(iHOc46HPARTiALcoRRELATIoNcoEFFIciENTSX(L)ToX(J))
IO5FORMAT(1Hc8Xç2HLç8Xç2HJs10Xç7HR(LgJ))
106 FORMAT (lH ¡l10EllOsf20"B)
107 FORi\,14T ( II-ìO V32-1' PARTIAL REGRESSION COEFFTCIENTS)

IOB FORMAT (Il-ì ¡1BXp2H JcIiXr5H B(J) )

109 FOÍìi\4AT (1H r1UXcI10YE20"B)
llOFoRí\iAî(tHOs35H]ViULTIPLECoRRELATIoNcoEFFIcIENT=1L20"8)
i ]- 1 FORMAT ( IH C35H STANDARD ERROR OF THE Y DATA = I2O " B )

IT2 FORMAT (IH g35H STANDARD ERROR OF THE ESTIMATE = I20"8)
1-I3 FORI'IAT (iH E35I' SIGNIFICANCE OF REGRãSSION (F) = EZO'B)

1i4 FoRMAT (1Hor26H sTANDARD ERRoR OF PARTIALg24H REGRESSIoN coEFFIciE
1NÏS )

115 FOR|¡AT (1H sISXp2H Jvl0XçóH SB(J))
I2o FORMAT (iHo c43.i, Y AxIs = MINERAL PCT"g X AxIS = INT" RATIO)

200 FORMAT (2F1"0')
lOOO FORMAT ( 1H1 )

1OO1 FORMAT(THO)
i003 FORMAT(iH0ç21'ri l"iiNERAL = N4AGNETiTE)

LOO4 FORNiAT(1l-ìOgLBH MiNERAL = PYRITE)
1OO5 FORMAT ( 1HO ç22H MiNERAL = PYRRHOTITE )

20 CALL EXiT
END



TAsL E 3

DISK OPERATi NG SYSTEM/360 FORTRAN

4¿,)

3ó0N-FO-45I 2I

METAL A¡'iALYSES AI''iD RAT I O PROGRAM"

DIiviENSiON Ai\t (45)¡CO (45) sCU(45) sZN (45) EPB(45) pFE (45) sAr)(451sAG(451
I sS (45 ) sNO (45 )

DO 2Ù I= L s45
RaAD (tg10) ANI ( I )yCO(I ) ECU(l ) sZN(I )rPB(I )sFE(I )çAU(I )sAG(I )sS( i )c

lNO( i )

20 CONT i NUE

ANALYSES AND RATIO PUNCHING ROUTÏNE.

WRITE (2s11)
WRITE (2s12\
I'JRITE (2ç13)
i,JRITE (2s14)
f'iRiTe- (Zg15)
DO 60 l=Is4-5
\,1Rif E(2tI6\ ANI(I) ECO( I )sCU( i ) sZN(I )cPB(I )cNO( I )

60 CONTiNUt
\,JR I Tl (2 s400 )

!'1RIïE (2g276)
hlRiTl (2,,2771
I,JRIT€. (2g17l
l.JRITt- (2c72J
ì.'irRiîE (2E\3\
IJRiTE (2g18)
lJRiT[ (2',]9)
DO 61 Í=Lc45
f'JRITE(ZIZL! FE( i ) cS( I )cAU( I ) sAG( i ) sNO( I )

61 CONT INUE
t^JRITI (28400)
r\/K t I = | ¿ e ¿ t o )

I\TRITE (2c277)

METAL RATT O CALCULAT ÏONS GROUP 1 "

I//RITE {2s11) 
il/iRITE (2E22)

i,iRITT (2cL3\
'üJ¡(.tlL t2tl+)
DO 40 I=1v45
coNI=co( I j / (co( I )+ANi { T ) )

ANICO=ANT ( I )/I CO( I )+AITÏ ( I ) )

CUf\T=CU( i ) / t,CU( J )+ANï ( Ì ) )

A¡'ITCU=ANT (I )/( CU( I )+ANT (I ) )

CUCo=Co( T | / (Co ( I )+CU( I ) )

AUAG=AU( I ) /{AtJ ( I )+AG( I ) )

AGAU=AG( I ) / (AU( i )+Ac( i ) )

ì/RITE (2s23J CONi sANICOECUNI sANICUsCUCOgAUAGEAGAU sNO ( I
10 CONT I NUE

t^JR I T= (2 r400 ¡



ïABLE 3
(CONTJNUED) )

METAL RAT iO

I'iRiîl i?s\1 \

\'VRITF (?g22\
Ì\rRiïE (2y13)
l^JiìIiE (2s55)

CALCULATIONS _ GROUP 2"

L)U )U
CUBASE=CU (I'i / (CU( i ),"2N( I ) +PB( I ) )

zt'rBAsE=ZN I I ) / (CU( i )+ZN( I ) +PB( i ) )

PBBASE=PB (1 1 / (CU( I )+ZN( I )+PB( I ) )

COCU=CU( I ) / (CU( i )+CO( I ) )

RATiO=AG(I)/AU(I)
WRiTI (2E26) CUBASEsZNBASEsPBBASEsCOCUsRATIOsNO( I )

CONT i NUE
WRITE (2c400)

METALL I CS RATI O AND TOTALLT NG

r¡JR I TE (2 ç 11)
WRITE (2ç30)
I,JRIïî. (2,)31)
I,JRITE (2ç13)
tlrRiTÉ (2g32J
WR I ïE (2g34)
DO 60 i=1ç4-5
SU|"îM=CO(i )+ANI (i )r-CU( I )+ZN( i )+PB( I )+FE( I )

RMET=SUMM/(SUMM+S( I ) )

WRITEl2g3S) SUMMgS(i ) gRMETcNO( Ï )

CONT i NUE

NORMALIZED FEE SC AND OTHER METALS

i\,RITE (2cLi)
\^JRlTiü (2g37)
ì/RITI (2E13|l
VJRITE (2s38)
DO 7O 1=IeL,5
BASM=COi I )-þAÍ\I (I }+-CU( T )+PB( i i+ZN( J )

ALpH=10C"0/ ( BASM+FÉ ( i )+S( I ) )

FERR=FE ( I )-FALPH
AMET=3ASMì{ALPH
SULP=S(lixALPH
WR I Tl-( 2s36\ FERR ¡AMET ESULPsi{O ( I )

CON T i NUE

NORMALIZING CU + NIc ZN + PBg FEg'

lrjRIT-r (2c1016)
-7^^-^T I L-/\,/-\J@

SUI;1 =0.

B=0u
L=Uø

23t

C

C

c

a

()U
a

c
C

c

IV



TABLE 3 (CONTINUED))

A=CU( I )+ANI (I )

0=ZN(l)+P3(ii
L=l-L:t I J

sui.4=Ai-F-t-C
F i DO= 100 "0/SUM
AI=AXFIDO
DI=DìTT 1UU
Lr=Liì¡- tuu
t{RITE (2sIili) Al- sBZEC3cl'{O

4)¿-

c
C FORMATS FORÍ'14T5

l0 FORÍvIAT (3F7 
" 4s7XgF1 '4 ç I2 s I I )

I 1 FORMAT ( 1H 1g26X E 5HTABLE )

12 FORMAT(1H s25Xgl5HMETAL ANALYSES)
13 FORMAT(1H s24Xg13HT0TAL SAMPLE)
14 FORMAT ( I HO só5H N I CO CU ZN PB

1 NO, )

15 FORMAT ( ].H C37H UJE i GHT PERCENT )

1ó F0Ri'1AT ( IH eZXs5( FB"4 g3X) g4Xc I3 )

17 FORMAT(1Hlr\9XE22HTABLE (CONTiNUED))
18 FOR¡4AT ( IHO g65H FE S AU AG

1 NO" )

19 FORiqAT(1H Y71d I'JEiGHT PERCENTS22XCSHOZ / TON)
2\ FORI,IAT ( 1H s2Xg2( FB"4¡3X ) E LZXyF6,4g3X gFB n4s9XE Ï3)
22 FORI"IAT(IH g31H METAL RATIOS)
21 FOR|'IAT (1H plXró (F6"3s3X ) s F6"3s2Xt13)
24 FoRMATiiHO¡ó6HCo/cO+NI Ni /CO+NI CUlCU+NI NI/CU+NI CU/CO+CI AUlAU+A

1G AG/AU+AG NO. )

30 FORMAT(lHOgL2Xg42HTOTAL f'JEIGHT PÉRCENT MEÏALLIC ELEMENTS AND)

3i FORMAT (1H g22X'23HCORRESPONDING SULPHURS' )

j2 FC1?þ1AT(IHOrIZXE4THTOTAL SULPHUIì METALLICS/ NO*)
33 FORi'1AT (1H "I2X gF5 "2 

g 9X E F5 "2 ¡ 9X s15 '3 e 10X s i 3 )

34 FORMAT(lH eIOXT3THMETALLICS METALLICS + S)

55 FoRMAT(1HOcó5HCU/CU+ZN+PB ZNlCU+ZN-rPB PBlCU+ZN+PB COlCO+CU AU

1 /AG NOu )

26 FORMAT( 1i-1 s2Xs 2(Fl "3ç5X ) y í1 "3 g4XEF6"3E2XEFI3u3E4Xs I3 )

Zl6 FORMAT ( IHO ç 5Xg49H¡,lI-CO-CU-ZN-PB-FE-AU-AG BY MAN. MINES BRAÀlCH LAB'
1)

277 FORf'1AT(11-1 '¡5Xc28HSULPHUR BY THE UNiV" OF MAN')
4OO FORMAT(].HOP3Xç23H+ SIGNiFiES A PLUS STGN)
36 FORMAT ( Iir s llX I F6"2 s 9X p F6 "2 g1-IX s F6 '2gI3X ç i 3 )

31 FORMAT(Il-lOg4Xg59H NORMALiZED ViEiGHT PERCENT IRONg SULPHURp AND OT

l HE R i\1f TAL S')
3B FORI'1AT(1HOç13XE5}HFE CO+NI+CU+PB+ZN SULPHUR

I I\O')
l11t FORi.IAT( tH sl"7X rF6"2g7XçF6.2s7Xsf6"2El3Xs i3)
1OIó FORMAT(1H E17Xc7HCU + NI c5XeTHZN + PBgóXg2HFEsl6Xs3HNO' )

CALL EXIT
END

c
13 FORí'4AT ( 1H c 31H +400 MESH FRACT ION )

10 FORMAT (9F7'4Pi0Xs I2 )



TAÞItrlñuLL ri 232

DISK OPÉRATING SYSTEM/360 FORTRAN 36ON-FO-451 2L

C ASSAY AI\D MINERAL CORRECTION FACTORS AS

C CALCULATED FROM SEIVE ANALYSES WEiGHTS'
L

krRITl (2r120)
I^/RITS (2si2Il
I'iRIT; (2EI22)
l^JRITE (2s123)
ViRITE (2s1241
WR I T= (2sI25\
DO 40 I=1s45
READ (1r1,0) AsBgCsNOsÏNK
DENl=A+C
IF(DENI)14sL2s14

I2 ABA=0 " 
0

BBA=0.0
bU IU IÞ

\4 ABA=A/DÊN 1

BBA= I " 000-AEA
16 DEN2=B{_C

IF(B7lOs\8s20
\ ô -ñ--^ L
I(] l-D\--vov

FCC=0.0
GO TO 22

20 FBC=B/DEN2
FCC= 1 ' 000-FBC

22 \^JRIT'c(2E24J AsBgCEABAcBBAsFBCsFCCpNO
lF(iNK-9)40s50e40

4O CONî I ¡IUE
5C VJRITE (2s126)

L
C FORMATS
r

1o FoRMAT (F6.2gF7 ,2vFJ,2rBXç i 2E],9Xg I l- )

2L+FoRMAT(1HgFJ"2,2FBo2gFI1"3¡3F6"3e5XçI3)
120 FCRMAT(1H s26XgSHTABLE)
I2I FoRþ1Ar(1H elOXr45HASSAy AND MINERAL FRACTION CoRRECTIoN FACToRS)

722FoR|v|AT(1Hs66HScREENEDt^JEIGHIS(GMS)ASSAYFAcToRMINERAL
1FACTOR NO" )

123 FORÎ'4AT ( i H c?ZH +400 +400 -400 )

I24 FORMÁ,T(1H I66H (FOR (RETAIN (RETAIN +4OO -4OO +4OO

1 -r¡00 )

L25 FORI'jAT ( IH E23H ASSAY ) -ED ) -ED ) )

i26FORMAT(]-HE1'2Xc23H+SIGNIFiESAPLUSSIGN)
CAI*L EX iT
END



t/RIT|_(2s605) SL( I ) gGN( I
1(l)eTT(i)rNO(I)

BB CONT i NUE
VJRITI (2ç400)
rdRlTl (2¡606)
WRITT (2e603)
WKiI' \¿9OII'
Ìl,rRITE (2r607)
DO 89 i.=1s45
\^JRIîE(2c608) FR( I ) sSP( I

iI)çTN(T)cNO(I)
B9 CONT Ï NUE

ìi,tRITÊ (2s400)
ìdiìITE (2s606)
,r'JRiTE (2eó03)
WRiïí (2çó11)
\,JR I Tl (2 s609 )

DO 90 l=Is 45
WRITã(2ç610) GAN( T

9O CONT I NUE
I,JRIÏl (2E400)

áti

3 60f'l-Fo-451 2I

) ¡CP( I ) cPY( I ) gAMG( I ) sPO( i ) sAHM( i ) cPN( I ) cAS

) sTB( i ) EALM(I ) eCR(I ) sBO( I ) gCC( I ) gAMC( I ) PUK(

)sSUL(l) rOPA(I)sNO(I)

T 
^ 

Ot CI,i\DLË 5

DTSK OPERATiNG SYSTEM/360 FORTRAN

c

L

St.tLPH ï DE-OPAOUÉ l'1i NERALOGY s RAT I O CALCULAT iON ¡ NORMAL ÏZEÙ
GROUPSI AND MAGNETIC ANOI'iALY CALCULATION PROGRA14'

D I ivi E N S I O i\ A I ( 4 5 ) ,t A2 ( 45 ) s A 3 ( 45 ) ,, A4 ( 4 5 ) ç A 5 ( 45 \ g A6 ( 45 
'DiMËNSIO¡\i POR(45't tPYR(45 )sAGR (45J sAGPY (45) gPNPO (45) s POPY (45 )

DIMENSION DEN(45) ICPR(45 ) SSLR (45) CGNR(45) ESULOX(45)
DIMãNSToN SL(45)yGN(45)ECP(45)sPY(45)cAMG(¿ç5)sPO(45)sAHf4(45)'¡PN(45

1)EAS(45)r,TT(45)sFR(45)cSP(45)sTB(45\IALM(45)gCR(q5)sBO(45IsCC(45)g
2AMC ( 45 ) s UK ( 45 ) sTN (45 ) gGAN (45 ) e SUL ( 45 ) soPA ( 45\ s NO ( 45 )

SUM=0 "

READ IN DATA

101 DO 25 I=1v45
READ ( Ig10) SL ( I ) pGN( I ) sCP( i ) ePY( I ) sAMG( I ) gPO( I ) gAHM( I ) çPN( I ) gAS(

1I ) cTT( I ) rFR( I ) cSP( I ) gTB( I ) gALM( i ) ECR( I ) sBO( i ) sCC( I ) EAMC( I ) øUK( I ) g

2TN( I ) 9GAN( I ) SSUL( i ) COPA( I ) çNO( I ) SIPI
25 CONT I NUE

a

C SULPFTIDE PROGRAM PUNCHING ROUTINE'
c

\,JRiTE (2E800)
l.JRITa (2só03)
l^/RITI (2c611-)
l{RIT€- t2u60zr)
DO 88 \=!g45

(-

C

c
M T NÉRAL RAT i O CALCULAT 1 ONS GROUP

ì¡iRITí (2g800)
/ târwKl f t_ \¿ rorrr

fdRITE (2c611)

1"



(CONT if\UED )

!.,iRITl (2s614)
BET=0"0
Do ¿r0 I=1s45
popy( I )=pO( I ) / (POt I l+PY( I )+AMC( I ) )

POR( I )=PO ( I )/(PO( i )+PY( i )+AMC( I )+AMG(I )

PYR( i )=(PY( i )+AMC(I ) ) /(,?O (l )+PYi I )+AMC(
AGR(i )=AMG (1\/ (PO(l )+PY(l )+Al4c(i )+AMG( i
AGPY( i )=AMG( I ) /(AMG( I )+PY( i )+AMC( I ) )

3fT=PO(l)+PN(i)
IF(BET)200s2O5a2OO

205 PNPO(I)=0.0
GO TO 210

200 PNPO(i)=PN{I)/BET
zto coNT r NUE

\¡lRiTl(2g615) POPY( I ) cPOR( I ) sPYR( I ) gAGR(

40 CONT I NUE
WRITEl2s40O¡

L
C CU-PB_ZN MI NERAL RAT IO CALCULAT I ONS"

l^JRIT-c r2ró0ó)
ìJRITE (2ç613)
!{RIT1:_ (2ç611)
r/RITI (2ró16)
DO 42 I=1p45
DEj\( I )=Cp ( i )+SL( i )+GN( I )

É3Ltt

)

i)+AMG(I
|t

I ) sPNPO( I ) sAGPY( I ) sNO( I )

CPR(I)=CP(i)/DEN(1
SLR(l)=SL(Il/DEN{i
GNR ( i ) =GN ( I ) /DEN ( I
sutox ( i ) = ( py ( I ) +AMc ( i ) +Po ( I ) +PN ( I I I / (PY ( I ) +AMC ( i ) +PO ( i ) +PN ( I ) +AMG (

1l)+SP(I)+AHM(I))
r.\TRITE(2r105) CPR( I)rSLR( I ) 9GNR( I )sSULOX(I )pNO( I )

42 CONTÏNUE
VJRITI(2s400)
h'RIîE {2s800)
WRITE (2s617\
\'JRITí. (2E611)
TTJRIT€. (2r618)
f'jRlTç. tZEó19)
DO 44 I=1r45
SUi,41=pO(ï )+p\,( i )+AMC(I)+CP(I)

I)+PY(I)+AMC(I)
)+GN( i )

SU¡42=PO(I ).¡AMG(
su¡43=sL(l )',-cP( I
AX=I00"0/SUMI
BX=i00'0/SUI42
CX=100"0/SU143
xPo=Po(T)-)rAX
XPY=(PY( T )+AMC (I ) )'tAX
XCP=CP ( I )-x-AX
YPO=PO ( I ).)rBX
YMG=AMG ( I )ìÊBX
YPY=( PY( I )+AMC ( I ) )à'BX
ZSL=SL(i)-FCX
LLr=LHr¡¡-rç¡
ZGN=GN(I)*CX
þJRITE (ZE620 J XPOsXPY rXCP pYPOgYMGgYPYsZSLeZçP eZGNsNO ( i )



TASLE (CONTI¡IUED)

/¿34+ CONT I NUE
t\rR j T[ (2 s 4'001

iOO h]T" PCT" MINTRAL GROUP CALCULATIONS (31"

't'JRITE (2rStìO)
t'JlìlT[ (2s6?-7\
\'itìiÌi: (2çóLl )

hrRiTE (2c604)
DO 15 I=l-045
FACT=100,0/OPA ( I )

SUM=0 '
CSL=SL (l ) {-FACT
CGN=GN(l)*FACT
CCP=CP(I)*FACT
cPY=PY(l)ìÊFACT
ClulG=Ait4G(l )+FACT
CPO=PO(i)*FACT
CHÞ1=AHM(i )à'FACT
CPN=PN ( I )-x'FACT
CAS=AS(i)r'-FACT
CTT=TT ( I )-x-FACT
friiìITl (2s605 ) CSLvCGNgCCPsCPYçCMGTCPOçCHMgCPN sCAScCTTsNO( I

75 CONT i NUE
r¡JRITI (2s400)

100 l¡/T, PCT" SULPHIDE MINTRALOGY CALCULATiONS.

!{R I ïî- (2 çó06 )

l'JRiî[ (2s627)
fJRITE (2p611)
VJRITE (2gó07)
DO 77 i=1r45
FACT=100"0/OPA ( I )

CFR=FR ( i )-x-FACT
csP=sP ( i ) -)f FAcT
CTB=TB(l)-).'FACT
CLM=ALM ( I )-x-FACT
ccR=cR ( I )r.FACT
CBO=BO( T )'*FACT
cCC=CC(l))TFACT
CMC=AMC(l)*FACT
CUi(=UK(I)*-FACT
CTN=TN ( i )';-FACT
WR IT.L (2E6OB ) CFRcCSPeCTBsCLMçCCRsCBOECCCECMC gCUKgCTN gNO ( I )

77 CONT ] NUË
!.r/RITE (2ç400)

CU.PB_ZN AND CU-SL-NI lOO IdT. PCT" MINERAL GROUP CALCULATIONS.

r.tD f r t:

IIRITE
WRITE
I4RiTE
WRITE

(2r800)
(2c410i
!^i¿90IL
\¿e<+LLl
(2s4LZ)
l2s413J



TABL1 5

D0 79 I=iv45
BEi;\=CP( i )-T-BO( I ) i-CC( ï )+TT ( I
slG¡1=ili:T¡\+sL( I ).,GN(l )

ÄBC=:100"0/SIGf1
cuf.1i =uf TA-)rÁBC
Z¡\ivil=SL( i )ì+AtsC
PßiV.t=GN(I)-x-ABC
CZNl=8FT¡+SL( I ) +PN ( I )

DEF=100"0/CZf\1
ZNfq2=SL(l)*DEF
CUrV2=tsETA'NDËF
PNM2=PN(l)ì'DEF
t{R i TE ( 2 p 4 L 4 ) CUM I a ZNMI y PBMI

79 CONT ] NUE
1/,/R I TE (2 e/r00 )

l{RITE (2g4I5)

(coi!TifiuED)

)+TB( i )+TN( I )+FR( I

/")t

öV

¡CUM2 sZNM2sPNM2 ENO ( I )

MINERAL RATIO CALCULATiONS GROUP 2.

hrR I Tl (2 có0ó )

WRiTI (2có13)
hiRiTE (2E6lI)
VJRiTí. (2s4I6)
DO B0 I=lr1+5
BÉTA1=CP ( T )+BO ( i )-t-CC ( I ) +TT ( I )+TB( i ) +Tl!
CPRL=CP( I \ / (CP ( I )+SL( i ) )

SLRI=SL( I ) /(SL ( I )+AMG( I ) )

PYRl=(PY( T )+AMC(TJ ) /(PY( I )+AMC( I )+SL(I
CUiq3=BETA1/ ( tsETAl+P\'( i ) +AMC ( I ) )

\,JRITl (2s4I7) CPRIESLRlePYRlçCUM3cN0(I
CON T i NUE
t.\TRITE (2y400)
r¡/RITE (2c415)

MAGNETIC ANOMALY CALCULAT]ONS

rilRIT15 (2çS00)
WRITí (2,107)
i^JRiT¿ (2y611)
!,JRfTl (2e108)
rdRii|_ (2r109)
hrRIiE (2Ei10)

-^lñ=?uo
DO BZ ï=1g45
AK1= ( AMG( I )*.50 )+( PO( I ) ìt,13 )

Ai=(¡\K1à'"60)/100*
l1=?uo

^f'^| /=3|.J|'Jo

VMAX=200000"x-4 i*TH*- ( ( I " /TI ) - ( I" /TZ) |

i V =Vl"1AX
^^^| | =öUUc. ^-^l.¿=I!J>Vo

Vl'142=200000.-x4 i -FTH-x- ( ( L" / T I )- ( 1" /12t \

( ï )+FR( I )

)+GN(I))

)

JV = Vl"{A 2
R= (AtiG( i )+Po( I, ) /(PO( i )+AMG( I )+PY( I )+AMC( I
I^]RiTE (21106) REAKlEIVPJVCNO( I )

CO[]T T NUE

))

B2



ïABLE I (CONT INUED, p:l?

NORMALiZiNG PY-PO SL

fdR ï Tl (2.,112i
f'JRlTl (2gil3)
l^/RITF. (2rI14)
DO BL, I=I,¡45
ZP Y =0.

,1L/ú=V ø

¡1-\L=U o

Sl=FY ( i )+Ål',C i i ) -PC( I )-r-SL ( I Ì
SS2=liù"/Sl.
ZPY= ( PY ( i ) 1-Al',iC ( i ) ) riSSZ
zPo=Po ( I )rsss2
ZSL=SL ( I )';-SS2
h/RITE (2E115) ZPY gZPOcZSLçN0( i )

84 CONT I NUE

FORMAT STATTMENTS

II2 FOR|'IAT(ÌHl r59H NORMALIZî.D PY-PO-SL ("'JEIGHT PER

ICENT ) )

113 FORMAT( 1H0s59H TOTAL SAMPLE

114 FORMAT ( 1H0 c59H PY
I i\o. )

115 FORi\4AT ( 1i-l g15X ElB"2c5XsFB'2s5XsFB'2s-7X s13l

301 FORMAT ( t6F5,2/ r6F5 "2/ 13F5 "2\10 FORMAT (19F4"2c 4X/4F4,2s61X ç I2 ç I L )

105 FORMAT( 1H cFB"3 E2F!2"3gJXsF12u3cL3Xg13)
106 FORMAT( 1H e6XcF5 "3E8XgF4oLg8Xc I5g3Xs I5¡BXc i3)
l-07 F0RMAT ( 1H0 g I3X s3 4HCALCULATED SAMPLE MAGNET I C ANOfvTALY )

108 FORMAT ( 1H0r5Xc 50H MG-PO SUSCEPTIBILi TY CALC" ¡viAGNiTiC PR

109 FORMAT(1H s5XE50i-i RATIO K (CALC. ) ANOMALY (GAM¡IiAS) NO
11LO I

l-10 FORMAT(IH s5Xp48H (CGS UNITS) GROUND AiR )

IlL FORMAT(LH s4IXeBH(GAMMAS) )

400 FORMAT(1H0rBXs23H+ SIGNTFIES A PLUS SiGN)
410 FORMAT(1H T5Xs44HCALCULATED I00 r,^/EIGHT PERCENT MINERAL GROUPS)
411 FORI"iAT(1H0s5Xc18HCALC" 100 iiJT. PCT.s13Xç1BHCALC. 100 WT' PCT. )

4I2 FORiqATtIH g65H CU ZN (SL) PB (GN) CU ZN (SL)
iNI (PN) NO.)

4I3 FORMAI ( IH ,5çiII"IINf RALS MINERALS MTJ\ERALS MiNERALS MIi',IERALS M

1 i NERALS )

4I4 FOR;"14T ( 1H gFl "2t2FiO "2tF11.2 c2Fl0.2s3Xg I4)
4T5 FOR|VIAT(lH slXg47HCU N'lINERALS = CP + BO + CC + TT + T-B + TN + FR)
4L6 FORMIAT ( lHO Só5HCP/CP+SL SL/SL+MG PY /P Y+SL+GN CU MINERALS/CU MiNE

lRALS+PY NO* )

4I7 FORMAT(1H sF7"3 çF10"3EF 1L"3v10XvF11o3gLZXcf 4)
603 FORMAT(1H r5lH SULPHIDE-0PAQUE MINERALOGY(WEIGHT PERCENT) )

604 FORMAT(1H0s65H SL GN CP PY MG PO HM PN AS
1 TT NO")

605 FORMAT( 1H s10F6 *2t-^!+\
606 FORMAT ( 1H1 e 19X ¡22HiAtsLE ( CONTINUED ) )

PO



rAöLtr. i ( CONT i NUED )
4)í)

ó07 FoRi'iAT ( Ì fic eó5H FR

1 TN NO.)
ó0S FORIiAT ( i i-i ,l0F6 "2 s 14\
¿.09 FORIVAT(lHAE25Xp4OFìGAN SUL OPA NO')

ó10 FORN'1AT (1H .'¡24XvF6"216X çF 6'2¡6Xsl6'2s6X"14)
6ii FOR|,IAT(iH E33H '-4OO I'IESI-I FRACTION)

ó13 FORi'iAT( 1H gI+Xg42HSULPIIIDE_OPAQUE MINERAL RATIO CALCULATICNS)

ó]4 FORMAT(].I-]OçóóHPO/PO+PY POlPO+PY+MG PY/?O+PY+MG 
'O7P6APY+MG 

PN/PN+P

10 MG /l'4G+P Y NO' )

6 I 5 FoRiv,Aî ( I H sFl, 3c 6X r F 5 "3 slX EF5 n3 E7XsF5 "3 g5X s F5 "3 E 4XsF 5 u3 g I4 )

ó]6 FORMAT ( lHO gó7HCP/CP+SL+GN SL/CP+SL+GN GN/CP+SL+GN FE SULP/FE SULP

1+ FE OXTD NO")
611 FORMAT ( IH gSXg44HCALCULATED 1OO WEIGHT PERCENT MINERAL GROUPS)

618FoRMAT(1HOp54HcALclOOPcTcALclOOPcTcALcl00P
r -T r
IL I 

'619 FORN{AT(IH g65H PO PY CP PO MG PY SL CP

1 GN NO")
620 FORi'lAT ( 1H g316 "2 gZX"¡3F 6 '2 g2X g3l6 '2 g4X E I2\
627 FoRi,lAr(lH s5xs56HcALcuLATED 1oo !uEIGHT PERcENT sULPHIDE-oPAouE i.4lN

lERALOG\')
BOO FORMAT ( L H I s 26X g 5HTABLE )

CALL EX I T
END

\v t-ñ LM CR BO CC UK



TAsLE 6

Di SK OPERAT I NG SYSTíV/36C FORTRAN 360N-FO-45 1 2L

CALCULATED i00 WEIG'rlT AND ATOMIC PERCENT PROGRAM"
NOR¡4AL I Z i NG CU_ZN-PB ASSAY VALUES 

"

D I i\iENS ION AN I ( 45 ) sCO ( 45 ) c CU ( 45 ) aZN ( 45 \ gPB ( 45) EFE ( 45 ) v AU ( 45 ) E AG | 45 \

lçS(45)sNO(45)

READ iN DATA

DO 20 I=1ç45
READ (1S10) ANT (I )SCO(I )ECU(I ) SZN( i )YPB(I )EFE( I )gAU( 1)øAG(i )SS(T) I

tNo(l)
20 CONT I NUE

WE IGHT PERCENT

25 \,VRITE (2, 1000)
t'JRITI (2v100¿¡)
l,JRiTl (2s13\
ì,^,'RITí (2eI0Ù1)
\^iRiTl (2ç1002)
i\iRITE (2ç1005)

SUM=ACU+BZAI+CP B

AUAG=AU(l)/(AU(
FES =FE(i)/(FE(
IdRITE(2p15) NO(

30 CONT I NUE
l¡JRITI (2g74)

ATOMi C PERCENT

ltrlRITI (2e1000)
l/JR I TE (?. s 1,006 )

UJRiTI (2gi3J
rdRITL (2 ç i001)
r¡IRTTE (2ç1002)
l'JRITE (2c 1005)

READ IN ATOMIC

XCU=ó3 "54XZN=65 
" 3B

XPB=207 "2I
SUf4X = XCU+XZN+X pB

ALPHA=XCU /SU|"IX
BETA =XZN/SU|4X
GAMMA=XPB / SUMrX

CALCULAï IONS c NORMALi ZI NG'

i)+AG(I))
I )+S(t ) )

I ) s ACU TBZNeCPBp SUMsAUAGs FES

CALCULATIONS" NORMALIZI NG'

WEÏGHÏS.

DO 30 I=Lc4-5
FiDO=i00,0/(cu( I)+ZN(T)+PB(I))
ACU=CU( i ) ìSFIDO
BZN=ZN(i)xFiDO
CPts=PB(l){-FiDO

DO 40 L-Lfa¿



TABLr 6 ( coNT iNUED )

¡\=CU ( I )xl\LPHA
B=ZN(l);tAETA
C=PB(i){-GAMiqA
stj¡1AT=A+ts_iC
ATCU = 100 " 6;+ 1 ¡/ St.JMAT )

At-ZN= I û0 , oìi ( B/ su¡4AT )

ATPB= 100 " 0* ( C/SUl'1AT )

SU¡4 } = AT CU+ AîZN+.4 TPB
AUAG=AU( I ) /(AU ( 1 )+AG( Ï ) )

FES =FE ( i ) / (Ft ( I )+S ( i ) )

WRITE( 2E].5 ) NO{ I ) gATCUçATZNIATPBYSUM}EAUAGEFES
40 CONT I NUE

WRITE (2ç]4)

¿¿+v

c
C FORMATS
c

10 F0RMAT (9F7 "4el0X ç I2 )

13 FORMAT ( I H s 1BX e 1 BH+400 UfSH FRACÏ ION )

14 FORMAT(IHOç1BXs23H+ SIGNIFIES A PLUS SIGN)
15 FORMAT(1H rBXç 12g2Xg3FB'3sF10'3s?F9"3)

1000 FORMAT ( 1l-11 E 26X s 5HTABLE )

1001 FORMAT ( tHO g7X s 55HPROP" CU ZN PB TOTAL AU/
. -- t \L r¿l I

1OO2 FORMAT(1H rBXg3HNO"s37Xsl5HAU+AG FE+ S )

1OO4 FORMAT( lHOgilX E3gHCALCULATED iOO IdEIGHT PERCENT CU-PB-ZN)
1005 FoRf"iAT(1H )

lOOó FORMAT ( 1 HO E 1 l"X g 3gHCALCULATÉD 100 ATOMI C PERCENT CU-PB-ZN )

CALL EXiT
END



TAßLr "l

D I SK oPiRAT i NG SYST EVt/360 FORTRAN 360N -FO-45I
u,3

S Ï L I CATT MI i']ERALOGY AND GROUP I NG PROGRAM"

DItlgr\:SiON CAL(45)sQTZt45)gCHL(4'5)sAMP(45)gHts1(45)rH32(45\gfRã(45)r
tACT(4,5)rAUG(45)çURA(45JtiPI(45)rBiO(45)cGAR(45\vFEL(45)EPYIì(45)rDI
20(45irHYP(45iyUtJRi45)ySiD(45)yAPA(+StcZOI(45)rAMU(45)'¡SãR(45)gOLI(
j45) çBAR (r+5),tFLU(45 ) yCHD(45 ) sSLL(45 )TUJRP (t+51.GYP ( t+5) sOCB(t+5) cZEA(45

4) seFM (45) gSRP (45 ) rSUL(45 ) yAPL ( 45:r s SM (45 ) r FVJR ( 45) g FQP (45 ) pPLA (45) sC

5cs ( 45 ) .¡ sl,vR ( +5 ),ScwR ( 45 ) c scTwR ( 45 ) s sTi^JR ( 45 ) E sAWR ( t+5 ) ccl/R ( 45 )

DiMENSiOi,{ CSCWR(45) çCSvJR (45\ gCBWR(45)gPWR(45)vHWR (45\gSSwR(45) vSL\//

IR(45)aBASt^/R(45)sABI{R(45\IAþJR(45)gBMS(45):GMS(45)cSAF(45)vSPL(45)ES
2SAF (45) ESSPL (45 ) sSBAF (45 ) sSFI{R ( 45\ gWoL ( 451 g NO ( 45 )

READ IN DAÏA

DO 25 I=Is45
READ( I g]Z ) CAL ( i ) gQTZ(I tsCHL( I ) sAMP( I ) sHBl. ( I ) EHB2 ( i ) sTRE ( I ) ¡ACT( I )

L cAuG( i ) suRA( i ) eEPI ( i ) sBIO( I ) 'GAR( I ) sFEL( l ) pPYR( I ) sDio( I ) cHYP ( i ) sUW

2R( i ) sSiD ( i ) sApA( I ) gZOI ( I ) EAMU ( i ) cSER ( I ) gOLI ( I ) gBAR( I ) gFLU( i ) 9CHD( I

3)ESLL(i)c\¡iRP(I)gGYP(I)çOCB(I)rZEO(I)çQFM(l)¡SRP(I)sSUL(i)gAPL(I)sS
4M(l)sFþiR(I)

READ( 1 r13 ) FQP ( I ) ¡PLA( I ) pCCS( I ) vSWR ( i ) :SCbJR( I ) rSCT\/R( I ) sSTWR ( I ) ¡ SA

t1,JR(I)çCþJRrI)gCSCf{R(I)'CSWR(l)sCBfvR(i)gPi'lR(l)çHf{R(i)sSSlVR(1)gSLVJR(I
2 ) c BAS'!,;R ( I ) rAB\cJR ( I ) sAIJR ( i ) gBMS ( I ) eGlvlS ( I ) sSAF ( I ) eSPL ( I ) ESSAF ( I ) rSSPL

3( i ) ESBAF( I ) sSFUJR( i ) gWOL( I ) çNO( I )

25 CONT I NUE

SI LiCATE MINERAL TABLING'

ì,"JRiTE (2ç800)
VJRiTE (2p801)
þJRiTE (2oB0l¡
VJR I Tl (2 eB03 i
DO "rO I=1.,45
t^JRTT E (Z,BO4) CAL( I ) sQTZ ( I ) cCHL( I ) cAMP ( i ) sHBl ( I I sHB2 ( i ) sTRE ( I ) sACT

1(IlgAUG(l)cNO(I)
30 CONT i NUE

WRiTî. (2u400)
f'JRITa (2s215) 

¡

VJRITE (2s805)
VJRITI (21801¡
l^lRITL (2 g802 )

\¡/RIîr- (2s80ó)
DO 35 I=1c45
\^JRT i ;- (Z,BA4) URA( I ) eEPi ( I ) cBIO( I ) sGAR ( I ) cFEL ( I ) sPYR( I ) aDIO( I ) sHYP

1 ( T ) cU'r,{iR( I ) cNO( i )

35 CONT i NUE
r/RITI (2g400)
f'jRTïl (2E215')
l,iiìlT|- (2r805)
WRiTI (2g801)
r¡/RiTl (2g802:'
WR I Il (2 sB07 )

DO 40 T=I s45

2T



TABLr ',{ (CoNTiNUED)

eAPA(I)cZOI(I) çAMU(l)vSER(

?11 rt
é:þrÉ.

I ) sOLI ( I ) stsAR( I ) eFLUt,jtìi ií (2 nB04) .sID( i )

t(i)çCHD(l)øNO(i)
4O CONT:INUf]

llRIi= (2s400)
ì,,tRiTE {2,,2]1)
!.rRlTí (2y805)
'!\rR I Tl (2 r8Û1 )

þJRiTl (2v802)
l.JR I îl (2 u B0B )

DO 45 l=1v45
t{RIT:L (2 r804) SLL(I )ct^/RP(I ) rGYP(

l( i ) çFOP( I ) çNO( I )

45 CONTINIUE
WR I TE (2,400 )

WRTTE (?-c?75\
WRITI (2s805)
WRITE (2rB0l-)
hTRITE (2p802)
WRITE (2s809)
DO 50 I=1r45
tlJRIT|- (2SBO+) PLA( i) gCCS( I ) gSWR(

1) ECI'JR(I ) sCSCUJR (I ) eNO(i )

5O CONT i NIUE

l/RTTE (2e400)
1¡/RIîE (2c215)
\dR T TE ( ?-,805 )

WR I TE (2, B0l- )

VJRITI (2s802)
t"rRI Ïl (2 r810 )

DO 55 1=Lv45

i ) gOCB lI) IZEO( I )sQFM(i ) gSRP( I ) gAPL

i ) oSCI¿.IR( I ) sSCTl,^]R( I ) oSTI¡JR( i ) gSA'B/R( I

) sSSI^JR( T ) EBASWR ( I ) sABþJR (

eSBAF( I ) pSFWR( I ) el4OL( I ) s

r¡JRITE (2ç804) CSI^/R( I ) sCB'¡/R( I )gPWR( I ) sHþJR( I
1I ) gAþiR( i ) cBMS( I ) YNO( I )

55 CONT I NUE
UJRITE (2e400)
r/RIît- (2E275)
WRITE (2ç805)
t'lRITl (2c801)
h/RITI (2t802¡
\trRITt (2E8LI)
DO 60 I=1E45 l

hrRITl (2ç812) GMS( I )gSAF(I) sSPL( i)sSSPL(I )

lNO(i)
6O COf\T I NUE

hTRITE (2e¿i00)
\¡JRITE t2E215)

a

C SiLiCATE MTNERAL GROUPING.

!¡JRTTE (?.E800)
l¡JRITE (2"3O2\
TJRITE (2oBOl7
I^lRITl (2g3O3l
DO 10 I-Is45
CARBON =CAL( I )+CBI/JR(i )+OCB( i )+SID( i )

SILICN=eTZ(I )+SL\¡JR( i )



TALii-l 'í (CONT iNUED ) il,-?

CHLICN=CHL ( I }+CHD( i )+C|lJR( I )+CSCI^JR( I )+CSIIJR( i )

Al'iPHIB=AI4P ( i )-þHB1( i )+l-132 ( I lr-TRE( I )+ACT ( I ) +H\¡iR( I )

pyROX[=PYR (l ){-DIO( i )+H'/P ( I )+URA( I )+AUG( I )

SAUSSN=SS\,JR ( i ) +SSPL( I )+SSAF ( I )

SEIìtCN=SER(i)+SuiR(t)+.SCu/R(t)+SCTr,(R(i)+STllR(I)+SAWR(I)+SPL(I)+SAF(l
1)+s8AF(i)+sFwR(l)

SUM=CARtsON +Si LI CN+CHLi ON+AlviPH I B+PYROXE+SAUSSN+SERI CN

\,,1R i T í ( 2, 3ù0 ) CARBON Es I L iCN I CHL ION oAMPH I B cPYROXE gSAUSSI'I g SER i CN v

lSUMçNO( I )

7O CONT i i\iUE
W¡ìiTE (2s400)

FORMAT S FORMAT S

12 FORMAT ( l9 F4 "2 s 4X / 19l 4,2 s 4X't
\3 FCRMAT ( t9 F 4 "2 

g 4X / 91 4 "2s, 4IX g I'2 \

2t-i FCRy.ÀT(iH e -!Xs25Fi¡iALL RCCKS S¡O'?l¡i lf'l Tr\3L[)
3Cû FCRI'1AT ( lH s76,2E->71,7s?ÐnZs7-7 *) róX¡ i3 )

302 FORIJAT(]-IiOç}OXC3gHGANGUE I'iINERAL GRCUPS(VJEiGhT PERC¿NT) }

303 FORMAT(1H0s65HCARB-¡\l SILIC-N CHL-N AMPTiIB PYROX SAUSS-N SiRiC-N
1SUM NO' )

4OO FORMAT( lHOçBXp23H+ SIGNIFIES A PLUS SIGN)
801 FORMAT(1H ",47H SiLiCATI MiN[RALOGY (i,{EIGHT PERCENT))
805 FORi'iAT ( l"Hl e 19X e 22HTABLE (CONTiNUED ) )

800 FORMAT ( IH1 ç 26X g 5HTABLE )

tOZ FORiviAT ( 1H c 30H +400 MESH FRACT i ON )

804 FOiìMAT(tH s9F6u2sBXs I3)
812 FORMAT(1H g6Xc7F6"2sI4Xg I3)

CALL EX T T

END
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T¡.-¡ -I nuuL _:

SiNGI-E AND IVIULTTPLE LTNEAR REGRESSION ANALYSIS
PRODUCTION STANDARDS DATA

MINERAL = PYRTTE

NUMBER OF INDEPENDENT VARIABLES = }

NUMBER OF DATA POINTS = 139

Y AXiS = MINERAL PCT'E X AXIS = INT' RATiO

PARTTAL REGRESSION COEFFiCTENTS
J B(J)
0 0 "LI341 198E 01
1 o "r2v55430Ê. oZ

¡.iULTIpLE CORRELATION COEFFTCIENT = 0"978847808 00

STANDARD ERROR OF THE Y DATA = 0 "247376861 Oz

STANDARD ERROR OF THE ESTIMATE = 0"5019>L268 0l
STGNTFTCANCE OF REGRESSION (F) = O'3T3605648 04

EOUATiON OF THE LiNE OF REGRESSiON

Y = I'I347 + 12"3554 X



I ñULL

PRODUCT I ON ST¡\I\DARDS
I"iiNERAL PYR I TE

(X-RAY DIFFRACTOMETER

REGRESS I ON DATA

I NTINS I TY RAT I O5 )

Zl+V

STD MiNERAL
NO PCT

r^^I vo u
rôô
I vo v

ì^/\1 \rev
1^^I vov

I UoU
â - 

^?¿ ¿.øv I

^-Z lov I

^-I løV I
I 1 

^-L ZøV I/\-I lov I
^^J JOJV

^^5 )o iu
3 .5 n30

^^5 )o 5v
^^i )g )V

4 10"52
+ Lvo2Z
, r^+ Ivo2l
, l ,\q' luo2Z
5 15"81
5 15.81
J L)AAL

5 15081
5 L5u8l
5 15o81- ^. ^,ô ¿ I o U¿*
. 

^. ^ 
r

O ¿1oU¿*
/ 

^1 
  tô ¿1o\.,r.*

ö ¿ I s U¿+

õ ¿ L o U¿{

1 26 u33
7 26"33
7 26"33
I lOo JJ
t éQo53
I 3óu B4
I 36u84
B 36.84
8 3 6"84
B 3ó.84
B 36.84
B 36.84
B 36" 84
B 36" 84
8 36"84
B 36,84

INTENSiTY
RATIO

0"a21
^ ^^¿VOUZO

0.048
o "o27^ ^-^9ov)Z
^ 

1/^vô l.oZ
^ -/ì^UoZUÕ
0 "212
^ 

r d^UoI)U
A -A/\J O ZUO

^ '.rV o ¿lO?

0 ,406
^ 

r 
^tUo¿!JO

^ ^?^uo.]fv

^ ^. /v o JOo
Uo'J ( Z
^ ^z ^VoYOI
0"894
^ -- 'vo I l'S
L "34\L'?73
Io¿iUö
I "343
I "528r ,261
I "7541"470
1"645
10619
2"412
loUSö
2 "322
2 "I372"058
2.!64
^n'^5 ø IL*v- ^^ô3avA.)
2.968
2,1!6
5 aa*)l

^ ^^1to5vO
Z " 4'86
2,368
ZcöLt
2 "298
2 "303

STD MINERAL
J\O PCÏ
I 0,0ì^^1 UoU
I 0.0
I u.0

^-Z Zov I

^?I Zov I

^-Z Zø91
1 - 

^aZ Løv I
/\aZ Zsv I

Z ZAU I

7 2 o )V
J JO¿V

) J O JV

^^J ) O)v

+ Iv o)l
4 10 "52
4 !..Js)l
(+ Ivo2Z
4 tU ø)l
5 15 .81
5 15,8r
5 15 .81
) IJøAL

5 15.81
5 15"81, ^- ^ |
b ¿ l- o V¿*
r 

^1 ^ 'Ö ¿ I ø v¿i
/ -1 f\tO ¿ L ovLs
6 21 .04
7 26 "337 26 "331 26 "i3-l 26 "337 26 "337 26 "33B 36"84
I 3ó.84
B 36 "84
^ ^/ 

õtÕ Joeo+
I 36"84
^ ^. õ.ö JOoo+
I 36"84
I 36"84
I 36"84
B 36"84
B 36,84

iNTENSITY
RAT]O
^ ^-,^U øV aó
o "029
V oU 1+
0 " 

041_

0 "1790*190
0,l96
4"L84
0"2L2
0"I35
w6)Lt

o,416
o "372
Uq 7t*l
o"847
^ ^^-UoÕU)
0.9i9
0"729
vo ta)

\.236
I ^ /9 /

LO L9)

t^11/

1u381
'L r337
7 "179i,428
1,874
L "713
2*Ll-7
l-97 5
- ì ^^Lø !vv
2"258
ã 

^r 
ô

¿€LlIO

IaY4l
) ^-7A2
3 "5i4
3"?15
3"234
3"I52
2,Bii
2"847
2,363
2"3¿¡9
2 '582
^ , A,
Zø þUÞ



¿,l:ÌU

TABLE 2 ( CONT INUED )

PRODUCi I ON STAÍ\DARDS REGRESS i ON DATA
M 1 NERAL PYR I TE

(X-RAY DiFTRACTOMãTER iNTENSITY RATiOS)

STD M i iiiRAL
NO PCT
9 50'00
9 50"00
g 50.00
9 50" 00
I 50,00
g 50"00

10 51,89
10 51 "8910 57,89
10 57* 89
10 57 "8910 51 "8910 57 "89LL 65"0o
l-1 OIoUU

^^l1 O2¿\Jv
^^II Þ)oUU

Li. ó5n00
!¿ lóo'J)
L¿ töoY)
12 78,95
i2 18,95
!2 78"95
L2 18u95

STD MII\ERAL INTENSI TY

NO PCT RATIO
9 50,00 3"278
g 50.00 3,443
9 50 ' 00 V.93I
9 50,00 4'234
g 50,00 2"125

Io 57,89 4"325
10 51 "89 4ø139
10 5l '89 4,299
I0 57,89 4"924
l-0 57 "89 4"66-l
t0 51 ,89 5 "436
I0 57 "89 5 ø024
i0 57 "89 5 ' 169
11 65'00 4"352
1r 65"a0 4"493
rt 65"00 5*255
1r 65"00 4"292
L2 1B *95 6"2V5
\2 78"95 1u0'30
1? 78,95 6"908
12 18 "95 6"035
12 78,95 5.913
LZ 18 "95 6,342

INTENSITY
RATiO

¿|"818
3,ztr
V "8273"7OI
2 "19E2r484
3 "851ì a ll+øOlI
2 Aq-f
J@VJ I

4n609
t --a.+a 32 (

JO-¡fr

5"U24
Lr ø 5O7
4'u117
Ç, A1t,)ovl+
LtoZ*t

2 o 4_¿* LJ

/ õ1^
OoOlv

)49/ r

t)oIU¿$
6"119
I o It I

ó"8óB



4IÀIJLL J

SiNGLE A¡,ID i\,lULTIPLE LINEAR RTGRESSION ANALYSI
PRODUCÏ1ON STANDARDS DATA

MINERAL = MAGNETITE

NUi'4BER OF I NDEPENDENT VAR I ABLES = ]

NUMBER OF DATA POINTS = 59

Y AXTS = MINERAL PCT"C X AXlS = INT' RATiO

PARTIAL REGRESSION COEFFICIENTS
¡ B(J)
o -0 "446582191 00
1 0" 18738144E 02

0"9327L5t,2E 00
0"359i3544i 01
0" 130ó40038 0 1

0,38r320vlE o3

MULTiPLE CORRELATION COEFFICIENT =

STANDARD ERROR OF THË Y DATA =

SïA|\DARD ERROR OF THE EST IMATE =

SIGNiFiCANCE OF REGRESSIONI (F) =

EOUATION OF THT LINE OF REGRESSION

Y - -0.4466 + 18"7381 X



TABLU l+

PRODUCT I OI\ STANDARDS REGRESS i ON DATA

NIiNERAL MAGI'IETITE
(X-RAY DTFFRACTOMETER INTENSITY RATIOS)

25t

STD M i NERAL
NO PCi
1 0,0
1 0*0
1 0"0
I 0"0
1 0"0
I Zø L4
2 2"L4
I Zø L'4
^11t¿ ¿ø LLÞ

2 2,14
2 4"21
3 4"21
3 4nZI
^ t. 1ì5 +e ¿ L

âa4 Ll^ / |

4 6*38
4 6'38
4. 6"38
L¡ 6nVB
) Öo¿*)
5 8"45
5 óour)
) öo¿$?
5 öo42
) ÖoLl 2
ó 10 "52- -^b lvo)Z
6 L0 "526 L0.52
() !vø2é

Yl\l-ftrf\l CTTV
Àtt ¡ Lt\\Jr I I

ñATT/\f\/ì I I V

o"ogl
UÔIJI
0,069
0"099
0"098
0"L37
0,152
^ 

r õñUoIJÕ

^ 
r Ê.oV @ LJ9

O,L29
^ ^4 t.V ø Z )Ll

^ --^wø¿¿v

^ 
214vo)Lv

o "2230,285
^ ^^ôU o 5ZO
U a41l
A ^/.UoJÞþ
^ ^^/v o ¿>O
0u411
v ø ¿v¿

^ -ôaU o JO I

0"401
U ø) iY
^ 

õa õU o JOO
^ -^ 

aUo | 7I
Ûo4'j¡*
Vø)5)
0 .439
Uø 125

STD Mi NERAL
NO PCT
I 0"0
1 0.0
1 0,0
i /ì 

^I woV

2 2"L4
2 2"L4
2 2"r4
2 2'L4
Z Z ø L+
2 2'I4
V 4"2I

-a5 4øLL
3 4"2r
3 4,2I
4 6"38
4 ó " 38
4 6o78
4 6.38
4 6"38
5 8"45
5 B'45
) ó o¿¡)
5 8 "455 B,45
5 8"45
6 r0 "526 10 "r26 10"52
6 LO "52

INTENSITY
RATIO

0.099
0' 130
0,059
o "o910"141
aì 1 c,n
vø L)v

0 ' L4-l
o,174
^ 

1/aU ó IO f

0"112
o,r92
Qøé.5)
0,249
Uo/.4)
o,348
O '32¿r
o "3510"316
0 "330
0 "4510,365
^ 

É. 10v o J !9
o ,455
0 "353
VøJLJ

0,724
0.511
4"613
vè)+a



TABLr 5

SINGLEANDivULTìPLELINEARREGRESSioNANALYSI
PRODUCT]ON STANDARDS DATA

MINERAL = PYRRHOT ITE

NUMBER OF INDEPENDENT VARIABLES = ]

NUMBER OF DATA POINTS = BI

Y AXIS = MINERAL PCT.c X AXIS = INT" RATlO

PARTIAL REGRESSION COEFFICTENTS
J B(J)
o -0 "!14002658 00
1 0 "256801618 02

0"98247784i 00
^ I ?r 7Á.Ãâ1tr 

^"VA LÇL IV¿JL¿

0"228371r51 01
0,2L952L5L8 04

MULTIPLE CORRELATION COIFFICIENT =

STANDARD ãRROR OF THE Y DATA =

STANDARD ERROR OF TI-IE E ST I MATE =

SiGNIFICANCE OF REGRESSION (F) =

EAUATION OF THE LINE OF REGRESSION

Y - -0"1740 + 25'6802 x



ïABLi 6

PRODUCT I ON STANDARDS REGRESS I ON DATA

I"íi NERAL PYRiìHOT i TE
(X-RAY DTFFRACTOMETËR INTEi\lSIT'/ RATIOS)

¿?"!

t

'ïI
1
I

1

a

aL

L

5

4
u¿

q

6
q
q

5

)

6
6

I

1

ö

q

B

þ1i r\iERr1,L i ¡iTf i\ S i TY
-\:_^:.- .

!/e!i veJ;i

tlcU t-)øUZl

0,0 0.014
0.0 0,032
0n0 0"037
2"I4 0"118
2"I4 0" 091
2"L4 0,114
2,14 0,134
2.14 0, 11ó
5"26 0 "243
5*26 0.191
5"26 0"188
5"26 0"162

^ 
ôa a

)ol9 wo¿LL

10"52 0"491
10"52 0"v54
Lo"52 o"44-4
10o52 oo306

^.^-I)o 14 Uo2Õi
L5.1 4 o,594
I2o 14 uofOI
15"14 o "615
L5o (4 Uo4rÓÕ

15 "14 0.552
2r"01 I " 000

^ --?lIoU ( v o I /O
2j..07 0"810
2l"o'Ì 0.673
2lno7 0 "97626o30 I "255

^ ^ 
ì I 

^?lÕo5U Iolvf
26,30 0 u 909
26"30 1 o 094
26"30 0 "854
36. 84 7 ,351
3ó. B4 I "47136"84 I o 400
36"84 1"202
36"84 1"752
36ø84 I"458

STD MiNERAL
rt-, C a':
l "rv

: ;o-

i- Uou
rÂ^I uov
aAnI vêv

1tZ Z ø r+
2 2,r4
2 2,14
Z Zø 14ì,
Z Lø I*

2 2.r4
3 5"26
3 5,26
3 5'26-/5 2olo
4 10"52
4 L0,52
4 Lv o)l
4 10 "52, +^¿+ lV o)é
5 L5 "-74
) L2øt*
) L)ø14
5 15 "74
) 12el¿+
) L2øl+

r 
^-õ ¿.1 o V /

r - 1 
^7A ¿Løv t

r 
^-Ô ¿ I o v /

r 
^?ô ¿Lov I
-^I ZOo2v

t 
^^t ZQo)v

( lÔø5U
t 

^^I ZÞ o Jv/ ^^t ZOo2v
I lÔøJv
ö JþoÕ'i
8 36 "84
õ JOoC)¿*

B 36"84
B 36 '84

iNTENSiTY
Ê lTiF,

-I&?LJ

\)e\-)lt'n

UoUI)
Uø\., I)
0,11ó
^ . ^^Uø LUJ
0"11I
0.112
O"I?2
0"r21
0,294
o ,246
^ ---V@¿l¿

UøZV)
o "4I3
0.391
0u478
^ | ^^,Uo¿*JV
0,38 1

0 "6460,680
0"7I4
0"636
^ 

?^?Uo 1\J I

o"614
0"906
0"649
0"864
^ -. ^Uø /Þ\.¡
1"181
Lø LL)
A 

^/ ^UoTOv
o "96?o,814
n-qã?
n / 

^a! oÐ¿ t

L u4\3ì ^-^Lø2¿w
1"549
LEJLJ



TABLE ?

.sINGLÉANDMULTIPLELINEARREGRESSIoNANALYSI
COUNTED STANDARDS DATA

NlINERAL = PYRTTE

NUMBER OF INDEPENDENT VARIABLES = }
NUMBER OF DATA POINTS = 146

Y AXiS = MINERAL PCT"g X AXIS = INT" RATIO

PART IAL REGRESSION COEFFTCI ENTS
J B(J)
0 0 '21i65454I8I o"11B04B8OE

MULTIPLE CORRELATlON CoEfFTCIENT =

STANDARD ERROR OF THE Y DATA =

STA|IIDARD ERROR OF THE EST IMATE =

SIGNIFICAI]CE OF REGRESSION (F) =

e, t:'1

01
v¿

0" 93 L6r565l 00
0"202L27698 02
0,771169551 0L
0ø946L479r8 03

EAUATION OF THÉ LINE OF REGRESSION
Y = 2,4654 + 11.8049 x



T,ANI F' ¿rL,

COUI.ITãD SiÅ¡ì)ÅRDS RãGRESSiOit DAîÅ

i,,r i NERÅL pr¡p I iE
IX_R.AY DIFFRACTOMF-TER iNTENSITY RATIOS)

SîD MlNERAL INTËNSITY STD MINãRAL INTENSI TY

J\O PCT RATIO NO PCT RATIO

g o"24
9 0624
g 0"24
g 0,24
g 0"24
6 o,59
6 0"59
6 0,59
6 0"59
1 I"91
1 r"91
1 !.97
a 1 ô-7
I LÚ / I

1 1'97
ô^ 1 -?1a> Lþ | t

39 2 u-l|
39 2"11
39 2"11
?2 6 0 03
32 6 'O332 ó'03
32 6"oV
32 6no3

a aç.
¿¿ I a I )

1 -tE
¿¿ I o í -'

z2 7 o1>
22 1 "15ô- 1 1É,
¿¿. t o I J

4 lioõ)
4 11"85
4 1i-"85
4 11"85
4 1l-"85

11 ãq
t L LLt) ) )

ì î ÊÃ3 L LLo ) )

vi !2"55
3r 12"55
30 t4u6B
'50 14,68
30 14' óB
30 14"68
30 L4"68
24 2L¡ "-l624 24 "-l624 24,7 6

24 24"76

0,093
0,u5I
0"098
o "0920,163
0,500
0 ,644
U o )b)
0*381
^ 

1ÃQ

o "23L
UolO.)
0,182
0 " 208
0n192
o"216
O n724
UoI/)
0.509
^ ^ôôv o ) )v

0"ó40
0n7¿i1
1o000
U o YU I
0"722
ñ oo2vo9/¿

^ -ô^Uo?0v
0"702
^ -r^Uo?lv
o n-11 L,

0u606
^ ê^^Ua53v
0"411.
0 n 4¿r1
0"480
V O ) L¿

0 " 54-0
ì É,Ã7
LO)) |

I'269
1"191
o "962
LO )v t

3.225
^ ^/ 

aZoUÞO
2,562
1"897

g 0"24
g o"24
g oø24
g 0,24
6 0 " 59
6 o"59
6 0"59
6 0"59
6 Q"59
1 I"91
1 r'91
1 L"97
I L'97

39 2"'lL
a 11t> ¿o t L
a ?1

3Y ¿ø t:-

v9 2"7r
39 2'7L
32 6 'o332 6"03
32 6 'o332 6,o3
32 6 "o322 1 "1522 1 "-1522 7,75
22 1"75
4 11,85
4 11.85
4 11'85
/. 'l 1 QG,
+ LLAVJ

4 Iloö)
3r 12 "553r 12 "5531 12"55
31 12,55

1 î É.É.
JI LLøJ)

30 L4'ó8
30 14"óB
30 i-4.óB
30 14 "óB24 24 "'l624 24.16
24 24 '-l62.4 ?4 "7 624 24,16

0. l4B
0,083
0.095
UøUOJ

^ 
Ãt I

Uoov,
0u681
0"694
UobUU
0"L75
0"]64
VøLtL
0"233

VøLJL

^ 
i 7C.

o "2450,2i8
0 "392o,422
o "458^ -/ ^U o / OU

0"671
0.701
^ 

aaõ
v6 | , v

Q .135
vo/v¡

0"726
^ Ê ^AUo)öu
^ 

t.n1Vo+I f

v6¿L/

0 ,4?2
0.512
o "524
Uø221
0'¿rB4
^ 

q. /,r\VðJTV
Lç ZLI I

L ,213
i 

^^^LOJv/

0.93ó
3'406
3.06 5
î ¿. 

^C)L69V J

1 oQ,L@ ¿94

1,859



¿>2

TASLi û (coNTil\uED)

COUNTED STANDARDS REGRESSiON DATA

i'4Ii\.IERAL - PYRiTÉ
(X_RAY DIFFRACTOMETER iNTENSiTY RATiOS)

STDMIj\TRALINiENSiTYSTDMINERALINTEI\JSITY
NO PCT RAT iO NO PCT RAT IO

20 3i,56
20 31"56
20 3I"56
?o 3r"56
¿v Jlofo
2 32 "932 32 "93
¿ 3ZøY )
2 32"93
2 32 "932i 39"00

21 39"00
21 39"00
2\ 39.00
1 41u96
1 41u 96
I 41n96
i 4ì"96

^/1 +LoYO
23 55.89
23 55"89
23 55"89
?3 55.89
3 70n22
3 10"22
3 10n22
3 70,22

2 .642

3'I59
2,290
r "946
L@ l¿v

Zø24*
¿o¿vv
2"383
2"465
J ó r,O L

3 o L¡O5

2"90L
3 "o-l B

lq !1J
l_ * 89ó
I"846
lo I /Ð
to l¿v

3'179
) e !>/v
4"062
,orov
ó.104
5"194
) o IUO
1 "610

2"574 20 vL"56
2"800 20 31'56
3 "o49 20 3L "56
?,o35 20 3L "56
2" 100 2 32"93
2 "rBL 2 V2 '932.654 2 32 '93
2"468 2 ?2'93
2"020 2 32 '93
I.841 21 39.00
2"168 21 39'00
2"867 2L 39.00
2"960 21 39.00
3"272 21 39.00
2"093 I 4L "96
2,L53 I 41.96
1.g30 1 4r'9ó
2"219 I 41"9ó
r,929 23 55 "89
4 n225 23 55 ,89
3.390 23 55 "89
3"371 23 55'89
3"BBr 23 55'89
6 u3?3 3 1o "22
6"283 3 70,22
5 "564 3 lQ "227,785 3 70,?2



/")\)

TABLE. CI

SINGLE AND MULTIPLE LINEAR REGRESSION ANALYSIS
COUNTED STANDARDS DATA

MI NIRAL = MAGNET I TE

I\Ui\iBER OÉ i NDEPÉNDENT VAR I ABLES

NUI"iBER OF DATA POINTS

Y AXIS = MINERAL PCT's X AXiS =

PARTIAL REGRESSION COEFFTCIENÏS
J
0
1

TNT' RATIO

Êt r1

-0.435L04378 00
0" 1.63311438 o2

MULTIPLE CORRELATiON COEFFICIENT =

STANDARD ERROR OF THÉ Y DATA =

STANDARD ËRROR 0F Tl-iE ESTIMATÉ =

SIGNIFICANCE CF REGRãSSION (F) =

0.9665165i8 00
0 

" 
666 t¡5O98e 0 L

0,17198305r 01
0,124845738 Q4

EOUATION OF THE LINE
Y =-0 "435 1 +

OF REGRESSlON
VLôø2)lL ^



TABLI J.T

COUNTED STANDARDS REGRÉSSION DATA

i"i Ii!ÉRAL I'iAGNÊT I TE
(X_RAY DiFFRACTOMETER TNTENSiTY RATIOS)

2r;,{

STD MT,\ÉRAL
I\O PCT
1 0,0
1 0"0
1 0'0
I 0'o
1 0.0

30 0 
" 

07
30 0.07
?O 0"07
30 0,07
32 0.48
VZ 0"48
32 0"48,^4 voO,
4 0"63
4 L.,oO.)

4 0.63,^
4 UoþJ

2ï 2"06
21 2"06
21 2"06

^ ^/¿ I z o vÖ

21 2"06
-t-13 totr I

23 3"41
24 3 n12
24 7n72
24 3"72
2 6"03

^ô1 Aou)
 A

I Ao\J)
^4I Oow2
^âI Oov)

7 B"BB
1 BEBS
- õ ôô
/ OoÕt)

7 8.88
ZZ i0,55
22 10"55
22 i0"55
22 10,55
22 10n55
6 22"33
5 22'33
Ô Zlo 2)

6 22"33

INTENSITY
RATÏO

00097
ô 1?lVOLJL

^ ^?-UoUl-)
U A Ub I
0"075
0"0ó9
0. 091
n r 17v@!Ir

o "1230. 090
^ ^^/UøV7O
0,095
0 

" 139
  . ¿1,U o _LOU

0'150
0"184
0,158
UøIl)
^ ^^-QoZU2
VOL/L

^ . ^^9oIZa
0"114
U o 7Uu¡
Uol(3
o "z3I0"255
^ ^^^U o ZZv
0 " 270
U o I LL

^ 
a11

VoLt I

0"228
0 "24i0"509
0"616
0"ó48
O o5Lv4
o "524
v6)J I

0"416
o "3940, 404
1"2I4
r / 

^ôIoOZO
I o )bU
I "524

STD MI NERAL
NO PCT
1 0.0
1 0"0
I 0"0
rÂ^I voru

vq 0'07
30 0"07
30 0.0 7

30 0'07
30 0.01
32 0 "4832 o,48
32 0,48
4 o "634 0"63
4 o "634 0 "63r¡ 0 "63?r 2 "06

^ ^f¿L ¿øvo
^ ^/¿L ¿ovo
^ ^f¿L ¿avo

23 3 "41
23 3 "41
23 3 "41^ -^¿L'î 2el1

24 3"72
2 6"03
2 6"03
?- 6 "oV2 6"03
2 6"03
7 B"BB
7 8.88
7 B"8B
7 8'BB
7 B"BB

1. ', ra G.É.
L.- ;w ø ¿ )

22 i0"55
15 a^ Ê.Ê
L: Iw @ ))

ìr\ q.q.
z¿ Lv o ) )

6 ?2"33
6 ¿Z ø J )
6 22"33
6 ¿¿ø)t
ô lZø))

iNTENSITY
RATIO

0 "0560"015
UøILZ
0"071
^ ^?c.vþvr J
0,119
0.106
^ 

i 
^^U ø IUV

0,090
0,115
0,128
0"131
o"r23
o,204
o.r91
0 ,131
0"191
0"189
0'!29
0"158
O.IBB
^ 

- ??Q

o "211
WALIJ

U ø /.5Þ
v@¿tJ

0 "2120.243
0"278
UqJl-O
0.290
^ -^^U ø ?UU
o.523
0"687
VO)J¿

0 r463
0n51ó
^ -^^
v@)Jv

Uo4)4
Uo?Þ /
1 ,, 

^'>aorv¿
1 2Õ7
LQ J J I

L '4491'44L- ^^ôIEJUÕ



TABLI Ll

SINGLE AND MULT]PLE LiNEAR REGRESSION ANALYSIS
COUNTED STANDARDS DATA

MIfIERAL = PYRRHOT ITE

NUMBER OF INDEPENDÉNî VARIABLES = J

NUI'{BER OF DATA PO I NTS = 92

Y AXIS = MiNERAL PCT'ø X AXIS = INT' RATiO

PARTIAL REGRESSION COEFFiCifNÏS
r B(J)
0 -0 "385L499681 0 

" 308327941

MULTiPLE CORRfLAÏiON COEFFICI ENT =

STANDARD ERROR OF THE Y DATA =

STANDARD ERROR OF THE ESÏIMATE =

SIGNiFiCANCE OF REGRESSION (F) =

00
VL

o"918281408 00
0" 12ó4203L8 O2

, / 
^ ^ ^- ^ 

1u"zb5qþLtvL \.,r1

0"200527611 o4

EQUATIOI\ OF TI.ìE LI NE Oñ REGRESSlON
Y =-O'3851 + 30"B32B X



r ^ !1 r r
| ñuLL .:,-L

COUJ\TED STANDARDS REGRESSiOi{
l"llNtRAL PYRRHOT ITE

(X_RAY DTFFRACTOMETTR INTENSITY

DAT A

RATTOS)

STD MINI--RAL I NTENS l TY

NO PCT RAT IO

ê¡ Í. C¿

STD MINÉRAL iNTEi\SiTY
NO PCT RAT I O

31 0"03
Vt 0.03
3t 0,03
31 0"03
31 0"03
2 0,11
2 0,11
2 O.tl
^^I voIL
2 0ô li

^ 
1/,

¿¿ wè¿ai

22 0"24
^ ^/¿¿ Val*

22 0"24
2I L"l ¿¡

1 al
¿l Lo ltÞ

1 -t¿l 1o l.i'
1 - /,

¿f ro l-¡
1 -l /,

¿I ro l1

I ¿*o'*I

L 4o¿¡l
1 4u¿|1
I 4"4!

24 9"59
24 9 "59
24 9 "5924 9"59
24 9 059

Mo)I
I L)o) t

I L5o) t

7 L3"51
9 1¿r"01
9 14001

^aY l-¿*ovI
9 14"01
9 i.4"01

32 29.64
32 29 "6432 29.64
32 ?9 ø 6L¡
32 29'64
20 37 "1520 37 '152.0 37 u15
20 v7 "-l5

0"064
0"0i8
UovJO
0"0r5
0"047
0"074
0"179
Uø1UI
0,084
0" r30
0"059
0"048
o "0260"048
0"092
0,092
0"077
0.087
^ ^ÃÃ
0"091

0"134
vav | 2

o ,444
0ul+1"1"

0,411
^ -t.t,vo¿++
0"252
Uo21!
0 " 378
o,428
0.296
a\ ^ôrUoJÓI
0.380
O"4BB
O r L,33

^ ^?^UoJlv

0,799
U o / O¿i

0.938
0.880
^ ^^ôUoYUO. ' /^1 o ¿*O v
r 

^^-IouY2
I '289L 252

31 0,03
31 0"03
3I o'03
3L o,ov

¡ l\ 1l
¿ vøLt
¡ ll 11
¿ wøLL

¿ voLL
â 

^ 
1l

¿ w@LL
1 ll I 1L voLL

22 0 "24?2 o "2422 o "2422 o "2422 O *2Lt
-1 1 11,LL lo lr

1 11,
¿f ro rr

2L 1"74
¿I Lo 14

1 4u¿rl
I ¿f o9r
I 4"41
1 4"41
1 ¿r"41

24 9 "5924 9 '5924 9 "59?4 9 "59
I L3ø) t

7 13.51
1 13,51
1 13 '511 13,51
9 14001
9 l-4"01
9 14*01
9 1400Ì

32 29 "64
32 29 "6432 29 "6432 29,64
32 29,64
20 3l '7520 31 '7520 37 "1520 37 '1520 37 "75

o "o290"041
0"020
U ø U¿f O

0u081
0.161
0 "084
o "L240,109
0"1,05
0,082
o "o320,06 1

0"041
0,075
0.088
^ 

110

^ 
t't7L/Or! I

0.086
0, 106
0" ló6
rl 1?O

^ : ^ôUo I9O
^ 

')oQvø4)v

o "429
0"404
0"249
0 "32l.0.300
woi)L

UaSUL
O " 

Lr63
o,v22
^ 

2aQv9¿9V

0.500
o "395
l- "0490,967
o "9260.895
1.060
. ô1l
lo¿Io
I.500
- â^a
I o JU *
r I ?O
L@'JJ

1"239
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¿'Jú

CALCULÄTi:D iUU þJi I GNT PtRCÉNT M I NERAL GÍìOUPS
(N'ORr!AlILiD GROUPS)

TOTAL SAMPLE

ö

CALC " l0C \^iT. PCT "
cu zll (sL) Pil (Gl'{)

I,ili\:RALS t/,it'iãRAL.S þiI¡'iERlrLS
3ó.2i 13"15 c'i)
qó"99 ?"ci c'0
Ì5.63 65"87 \'1 "1+9
9-1 "+6 2,54 U"0
\o"29 58 "48 3L"23

IOû.00 O",J 0'0
loû"00 o'Ù o.o
IOO.OO O"O O'O
98"83 ì'04 0"13
9,89 71"89 18'22

95"12 4"BB 0"0
62"9?. 16.30 0"78
c.78 96"28 2"93

98"óO 1"lr.O 0.0
Ioc"Oo o"o 0"0

4-l "21 5r"33 1'46
3"26 86"95 9"19
B " 80 42 "96 48 "23

99,55 o"I7 0"28
1oo,oo o.o 0.0
4E.1, 51 .16 0"70
99,50 O"¿¡O 0"10
ó9.86 30"01 0"13
l-l"Bl 21 "98 4"22
62"90 36"6ó 0.44
99.81 o"l-9 0.0
39.08 6a'92 0"0
91 .BO 2"20 O"(j

loo.oc 0.0 o"o
56"54 40'94 2"52

1OO'OO O"O Cì-,,0

0"0 56.J5 ' ¿+3'25

9j"32 t+"68 0.0
4 "-/ 

-> '3-/ 
"9 4 '¡-l " 3\

3"1+I 5l"JB 38"81
94 "66 3 "2c 2'r4
83.50 11,"50 0'0
B6"oc 14"00 0.c
9.)"14 0"26 0"0

]O0"OO O"u 'O'Ll

2I"6tr 43"61 34'-l'')
5"99 72"65 2I"36

g1"15 o"o B'85
g6"27 c.0 3"-13
g|z? o "44 8.33

CALC.
atl

I1 I i.IE RALS
86.?-5
95"99
20" ló
91 '46
l4 "96

100"00
2'l .5 4

100"0Û
98"95
I?- " lO
95,12
öJo)l

0"81/^Y(JoOU

100.c0
4-l " 9I

3'62
ri 11/ ovI

99 " 83
100.0íi

4B "l+B
99 ' 60
69.95
77 "98rÕOJ o lo
99"8I
39008
Y / o Õu

100"00
)öoVV

100"00
0"0

95 '32
r l 1)Ii O I'

) ø) |

ióø I)
õöo)U
86"00
99 .14

100.u0
33"I3

7.61
58"55

^^) I oVÓ

37 '96

l-00 þiT'
zt'j ( sL )

IlI i'.IãRALS
iio l)

- ^l) ø'J L

l9 "94
2 "54

85"04
0"u
^r\v0v

0"0
løU2

87,90
4" B8

L6 " t+3

99.l9
r /^1ô +v
c"o

52"09
Yoor()
82"99

0" 17
0"0

)LO)L

0"40
3c'45
- I 

^aL¿øV.
Õ1

)QøVL

0" I9
60 "92â ^^lø ZV

0"0
4loUU

0'Ü
100"00

4. óB
BB. BB

94"43
. .?SoLI

Ilofv
14'c0
0.26
0"0

66'87
2 Zø )'J

0.0
0.0
0. 1B

PCi.
Ni (Pi'i) ito"

\/T\fD'.1 C
l'¡¡¡-{Lr ¡1!J

J"a I
c.i 2
a.^JorJ )

0'0 4
c"0 t
0"0 6

12"46 1

^r\OUoU e

o.c 9

o"c 10
0"0 11
0"0 12
^ 

fì 1?v9v
0,0 14
C"O T'
0"0 16
O"O T1
^ ^ 

ìQ\Jov rv

^ ^ 
lovov L/

0"0 20
0.0 2r
0"0 22
0.0 23
0.0 2+
., 

^ 
a^

U OV LJ

^ 
.1 )Avøw

0"0 21
0"0 28

^ ^ 
?qu0v

/\ íì 2 !',vov

0.c vr
c.c 32
^ 

¡ì ??UOV JJ

0.0 34

^ 
ô 

"qv ov

0"0 36
0.0 31

^ .1 
"3vov

C'\l 39
0.0 40
0"0 4i
0"0 42

41"35 43
42"92 44
61"86 45

CU I"iIi\ERALS = CP + 30 + CC+TT+T-3+TN



TATJLE ¿.:;'7t

StjLPrjIDl-*CPAQI.jENIINER^LiìATIoCALcUL^TIoNS
TOThL SAMPLE

?C/pC+py ?O/?O-i-py+iliG PYlPO+PY-i-MG lqG/PO+PY+i\iG O¡7p¡+PO y"¿¡¡'116+PY NO'

û.09E J"v97 U*893 t-;'OlO O'u Ü"011- l
o"o3o c"J26 u"836 a'I3B 0"'¡ a'\42 2

0"035 0.c34 0"925 o"o4'J 0"() 4"a42 3

0"5-16 C"551 0'401 O,O¿+Z 0'0 0"094 4

O"O 0.0 l'U'J0 0.0 0"0 0"0 5

0"430 O "Oisl 0"069 0'879 0"0 O'92'ó 6

0"305 O"5C4 0'122 A'3-14 0"234 0'-151 1

0"35E o "340 0.610 0'049 o"Û 0"075 8

c"68g 0.836 o.llrt 0"051 0'o 0"308 9

0"099 0.093 0.841 0'060 o',o 0"061 L0

ír-lÊ'a 0.133 0"704 0"163 0"U 0"188 11
vø | r /

0"022 0.021 0.961 0"017 0'0 0'018 i2
u"O'rl A.C92 u'B6t u*04ó 0'u 0"051- 13

0"219 tl'l68 0"600 u'Z'J/ 0'o 0'2-19 14

A"2/+9 C.222 0"67O O'1OB O"Ù 0'139 15

0"203 c"190 0,741 0"063 0'o 0"078 ió
o,û 0"0 0"998 o"oo2 Û"c 0"002 l-1

o"o4o c.o4o 0"9ó0 o"o 0"0 0'0 L8

0"093 c.084 0.814 0"102 a"a 0"ll-1 19

o"5BO 0'503 a"v64 o,t?3 ono 0'268'20
0"078 0.073 0"873 0"054 0'0 ?"C,58 2L

a"217 c"I62 c.434 a"403 c"0 c"482 22

a"2-11 c"26a 0"680 o"c6o 0'c 0"c81 2?

0.236 o '253 o"ó33 0"113 0'ù 0"152 24

0.068 0"Ù65 0.906 o 'oz} 0'0 Û"03o 25

c"043 0"a42 0"934 0"024 0"0 0"a25 26

0"033 0"e32 0.948 0'o2o o'o o'ozL 27

o"49ó o "294 o,2g8 o"4o8 o'Ù 0"5J B 28

0"2's2 C.098 O"2gO O"óI3 O'0 A'619 29

0"03 5 c'032 0.889 0"079 o"o Ù"c82 3Ù

0.0(,8 0"054 J'739 0"203 0"C J"220 31

0'784 O'-15-l C'2L19 0"035 0"0 0ul/i3 32

o"o o,o 1o0La0 c"0 0'c Û"0 33

0'068 0"068 C)"g')Z C"O 0"0 0"0 3/t

0"179 0.179 0 "B?-I 0"0 0"0 0"0 3'
0.094 c"061 0.581 0 "359 0"0 0"382 36

A"6JO O.ó50 r"320 O'O3O u'u U"íj31 37

0.852 o"il48 0.136 0"016 0'o J"106 38

o"g34 c"g26 0.066 o"oo8 o'o 0" 108 39

o,?22 a.r33 0,4óB 0',398 o"o 0'450 40

0.04.9 o"o4g c,g51 o'o 0'0 0"c 4I
o.ó05 0"581 0"379 o'o4o 0'0 0'096 42

O.-ll3 O"6t¡6 0.189 0'l'65 0'159 0 '46-1 43

0"158 o"38o 0"449 0"170 0'I93 4"2'15 44

O"JIO C"628 0"25ó 0'116 0'193 0 '3I2 45



¿- !'r(CONTii\iUTD)

SULPTI I Dã-OPA(ìU: i'41NEiìAL RAT I O CALCUT-AT I ONS

TOTAL SAMPLE

C? /( P+S: S'*/S¡-V'G
0"E62 0"686
0"970 0 "424
Ü.202 a"EÜl
0"g75 0 "2?I0"ì50 i "000
1" C00 0 ' 0
l.0oo 0 " 0

1, ooo 0 " 0
o " 990 0. 100
o "o2o 0 "9340"951 0'066
0"836 0.603
o,oo8 0 "964o.g86 c.046
I.ooc 0.o
a'419 0 "1840,036 0"996
o,o4-o 1"0u0
0"998 0,463
l"ooo 0.0
o'48i c'8oo
0.996 c'005
0"699 0 "393
o"7BO 0.514
0"632 o'843
o.ggB 0"085
n^îqt c "964
o"g-lg 0.031
l"0oo 0n0
0"58c 0"ó51
1. ooc 0 " o

o"o 0'899
0"953 ] 'ooÛc'o 1'oco
o'034 l 'ooo0"962 0,a26
o.BB5 0"161
o"860 0.669
0,997 0 "C43
l. ooo 0.0
a'326 l "ooo
O. 07ó 0 "954
1. ooo o ' o
I.OOO 0'0
o'995 0"004

.tt ¡v{T\! FRAI .S/CU i4 INERALS+PYLU t.t r r\L

0 "!320"1I7
o 'o4z
w ø )- J

a"328
^ 

a'7)WA9JL

0,324
0"661
0'824
O, I2T
o"24I
0"122
0"012
0.569
^ 

t,2ç,vo+J)
0"220
0 "o24
0"2L3
0"832
0"246
0. Ì89
0 "53L.\ 11Qvo a rv

c"402
0"220
0 "5660"21r
0"664
0"491
0"186
o "405c'rJ
0"408
o ' 2'18
0" r09
0,33!
0.706
0"6I6
0.ó78
o "541a"343
^ 

1Â(
Vo l))

0"478
0"2r2
0"264

?Y /?Y+SL+GN
a "916o. ggó
O"BiE
0.970
íl I or

1" 0u0
1' 000
1" 0c0
0 "941
0 "4430,984
o "917_^ , ^-Uø¿*U?
0 "g82I"0u0
^ 

141vo ¡\)t

VÒJIJ

'ò .263
0.978
l'000
0.799
^ oo/,v ø t /-

0.94ó
0"839
U'B5B
^ 

ooA
o "633
' I Uh tvo )) |

I .000
0"851
I " c0c
0"216
o "967c.114
o "224
o"9-13
o "'l52
VO I /J

0 "g9i
- /./1 

^I O UUU
o "3160.258
0"9i8
0"990
0.9ó7

NO"
i

?

q

-̂7
I

a

a
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11
1a
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L4
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CU MINERALS CC+TT+T-il+TN+FR



.? /(P-SL+GN
O"Eó2
0"97c
us IOO
0"975
0" 103
r 

^^^t o UUU

1.0c0
1.000
t,988
0"ció
0.951
0.829
0.008
\Joyöo
l-"000
0"4'12
0"033
0"019
0.996
1,0c0
/1 /,Qìvó19!

0.995
uobyy
0"77E
0"629
0"99E
0"391
0"978
1.000
voJvt

I O UUU
0.0
o "953
000
0"020
o "9 

L"J

0.995
1l AÁnVOUUV

o "9911.000
^ 

r1t
VAl LL

0.060
^ 

ot't

0.963
UaYII

Í- E SULP /FE SULP +

c"990
o "E62
0'960
0"958
1.c00
0"084
0 "6160.951
0"949
0.940
t\ a1-7vøoJ I

0.983
o,g5 4
v e / 9u

4"892
c.937
0"998
1"000
0,898
0.867
0"946
o "591
o "940
c"887
o .9-l2
0,97 6
0.980
0"597
O'387
0 "g?lc"697
0"95ó
1"000
i"0Ù0
1"000
0"ó18
0"970
0.984
0,992
0.602
1'000
c"9ó0
o "853
0"844
0"899

t.n1

oxlD . f{o.
t
2

+
6

'l
8

9
10
Li
I2
T3
I4
I5
16
T1

' 18
IY
a^LV

.21
22

.23
24
/a

26
-a

)F,

29
30
3l
32

34
35
36
)l
-ô)Ö
39
4û
4\
42

Li4

-J

TASLE 2 (coNTiNUED)

SULPrilDt_oPAeUeiviINEtìALRATIoCALCI'JLr\T]oNS
TOTAL SAi"IPLE

SL /CP+S L+GN GN /CP+SL+GN
û.138 0.'J
0. ()3 Ü 0 * 0
o"ó59 0 "I15
0.02 5 0 " 0

0.58 5 0 "3I20"0 0.0
o"c o"o
o"o 0.0
o.ol0 0,001
u.785 0 "I99O"O/+9 0"0
0"163 0"008
0,96 3 4 .429
u.014 0"0
o"o o'o
0.513 0.015
0"870 0.098
0"462 0"5I9
o,oo2 0.003
0"0 0"t)
0"512 0.007
0"rf,04 0.001
0"3Ü0 Ù"0u1
A,220 0 " 002
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