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ABSTRACT

A two aquare nile stock of biotite quartz Bonzonite forne

the core of Spearhead Mountain-Peak 6921, Sbeldon Lake Map Sheet,

Yukon Temitory. The stock has intruded Ordovician and Silurian

sedinents and has thermal-Iy altered theno for a distance of up to one

guarter nile. Minerallzing fluids ascended near vertlcal cooling

fractures in the quarlz moazonite, creating a porphyrJr copper deposit

of chalcopyrite and pyrrhotite.
i'

Trend surfaces fron the flrst to the thi-rd order were

estabfished fron plagloclase, orthoclase, guartz and total mafic

ninerals nodal data and specific gravity values for the intrusive

rock. Quartz, total mafic minerals and specific gravj"ty vary eysten-

atlcally while orthoclase and plagioclase have erratic distributions.

Contoured nrodal data and second degree trend surfaces for quartzt

BpecLflc gravity and total nafic minerals show a circular distribution

pattern. Llnear trend surfaces indicate northwesterly and southeast-

erly gradients for guartz, plagioclase' orthoclase and specific

gravity.

The orJ-gina1 homogeneous granitic magna was contpminated

by silica asslmilation of the j.ntruded, highly siliceous sediments.

Incomplete diffusion of the contaminating eilica Iead to a circuLar

outward increase in silica and a eorresponding outward decrease in

mafic minerals, but did not significantly affect the dlstribution

of orthoclase or plagloclase. The circular zonation of the high

specific gravity nafic mineraLs gave rise to a simllar zonation of

specific gravitles.
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GEOLOGY OF TEE SPEARI1EAD MOUNTAIN STOCK

SHELDON LAKE MAP SHEET

}.IIKON TERRITORY

INTRODUCTION

This thesis is based on part of the geological napping

done by the wrlter during the aunmer field 6ea6on of L958 wblle

enployed by Atlae E:<plorations (NPt), Vaneouver, B. C. The field

work waa canled out while working on the Hess Projectr an

extonelve regJ,onal. geological and geochemicaL reconnatsaance

progralo J.n tho Eess River region of the Yukon Terrttorles. (See

Figure 3,). EssentlaLly al-l of the reglon encompassed by this

progran had never been napped on any but the largeet scale (Itt =

12O niles). Minor portions had been napped on a l-rr = 4 niles

ecale. Atlas E:<ploratione carried out epot cheeke in the region

during the previ.ouo year and noted several gossansr geochenical"

anonalies and nineral-i zed zones. Apart from thisl the area has

been untouched except for perlodic vleite by trapperst hunterst

government surveyors and prospectors. Ae there are no reeidente

I
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or settlenents La the area only

have been naned, on the NationaL

for reference purposes, many of

were naned by the company. One

Mountaiu.

tbe naajor topographical features

Topographlc Series (l[TS) Mape and

the 1ake6, etreame and mountaine

of these Bany narnee was Spearhead

The Spearhead intrusion waa napped ln nid-Auguet 1958r

by a tbree naa field party whlch spent a total of eleven days in

the area. The crew consisted of the writer who napped the geoJ.ogy,

a prospeetor who checked the minerallzation in the etock noted the

Jrear previouelyr and a ei3't sanpler who coLlected eilt samples fron

a-lL creeks ln the area for geochenical analysie. napplng was d.one

on aLr photo overlays at a ecale of one hal-f nile to the inch.

The intrusion bad not been napped accurately the previous year and

the extent of the roineralJ-zation waa unknown. It was hoped. that a

detaiLed nap of the pluton night provide useful- lnfornation re-

garding controls of uineral deposition.

Location and Access

Spearhead Mountain is the highest and most proninent of

eeveral. closeJ-y associated peaks located approxinately at Latitude

6Z"rOr North and 3-ongitud,e Ir1"4Or West. It ie four miJ.ee north of

the South Macmillan River, near the eouthern end of the Eees Mount-

aln Range and ie shown as Peak 69Zt tn the northwest corner of NTS

Sheet IO5 J, SheLdon Lake, Yukon Territory. Thie peak, approxinate-

ly 6, rniLee NNE of Ross River, Y. ?. and 2OO nilee NE of Whitehorse,

ls near the eastern edge of the Yukon P1ateau.
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The mountain le easily accessible from Ross River only

by helicopter, or by float pJ.ane to one of the nearby lakee or the

South Macuillan River. The Canol Pipe1i-ne Road liea Bome 26 miles

to the east. This road, bullt durlng Worl-d War Tvyo by the United

Statee War Departnent, acconpanied a pipeline that was deslgned to

provJ.de an emergency source of oil from the fielda near Nornan Wel1et

Nl{T. It connected with the Alaska f,ighway sonne 80 miles southeaet

of Whitehoree and was abandoned early ln 1945. from Roes River

north, the road at present is all but impaesible due to neglect.

Reconstruction Le underway and by the end of the end of the aunmer

of L969 Lt ie hoped that it will be passable to Sheldon Laker Eome

20 mllee eoutheast of Spearhead Mountain. Sheldon Laker a broaden-

ing of the Ross River is accessible by power boat fron Roes River.

TopoFraphy

Spearhead Mountain 5-e the higheet peak within ite iaored-

late euroundinge. Thls peak ls isolated fron several Lower peakst

three guartere of a mil-e to the east. Spearhead. !4ountain ls part-

taLly underlaln by a granJ.tic core to the north and east while the

Iower peaks are entireLy granitic. Near vertLcal jointing in thie

granltic rock hae created eteep, often eheer faceet Eome over l0O

feet high. (See P1ate III. ). Jolnting, conbined wlth frost action'

hae made walking hazardoue and ln somo caEies imposolble al.ong the

knife edge ridgee in the granitLc rock. Ridgee extending down fron

the granltic core are also sharp and are covered with broken shaLes.

To the weet, Iovrer ridgee are broad and rolling and contain only



r""tt*"ud outcrop. These

s3.ope gently. to the south

feature noted throughout

(See Plates I and II),

Ice breaks up ln the rivers

erally renain frozen untl1 l-ate May.

ri-dgee have been rounded by glaciation,

and drop off steeply to the north, a

the northern portione of the Yukon P1ateau.

early l4ay but lakeo gen-

early June snow etill

Tree Line is approximately 45OO feet elevation and the

linit of the J.ast glaclation is probably a few hund.red feet higher.

(Stockwe1l, 195?). Below tbis elevation, the slopes are drift

covered and outcrop can be found only in creek bede and on cliff

faces. Drift-covered areae sustain a stunted growth of bLack

E?ruce, plne, dwarf birch, al-der and buck brush. Most of the Spear-

head pluton is near or above tree line with the reeult that loca.tion

of and acce66 to outcrop is relatively eaoy.

There are several snaLl alpiae lakes J.n the bigh valleys

on the northern side of the nountain area. There ie also a rock

gJ.acler one half nile wide by ona nile 3.ong, found i-a the al'pine

valley to the northeast of Peak 692r.

Clinate

Ae vrith most northern area6, the wintera are very cold

but eutn'nera are oild and pleaeant. The temperature extremes at

Mayo, Y, T., eone 14O rniles to the weet, are fron ?t"E below to

96of abo,re. In June and Jlty, daylight ie almost continuous-

Preclpitati-on averagee about ton to fifteen lnches per year, about

half of which fal.ls ln the four monthe from tlune to Septenbero

t

l

in
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covers much of the ground above 4OOO feet and it is early .fuly

before the bigher peaks become essentially snow-free. Freeze-up

beglne in October.

Flora

Forest growth is generaUy light but wi-deepread. In

the Lower va-lleysr trees up to twelve inches diaroeter are conmon

with sone trees exceeding eighteen inches d,iameter. They are seldom

&ore tban sJ-xty feet high and the J.argeet treee are found a3.ong

river banke. The natlve trees include lodgepole pine, black and

whlte epruce, alpine fir (ba].sam)r wegtern and Alaska paper birch,

popLar and trembl.lng Bepeoo Stunted w{Llow and alder are generally.

__\ present in ewanpy 6round.. WLllowr heatherr moases, grassee and

other alpine plante are found at eLevatione at or above tree line.

tr.auna

targe game anlmal-s are fairly plentiful. The higher

regions of the Spearhead area are inhabited by a herd of eome

twenty-five to thirty Da3.l sheep" WoodLand caribou in snalL groups

frequently can be eeen grazing oa the &osa covered sJ-opee of the

Iower ridges. Grizzly, black, and brown bear are not plentiful

but are seen occasionally near tree ]ine. Moose j-nhabit the lower

ewampy Br€d6. SraalL fur bearlng anlnal's are co[unon.

Grayling are found in alnoet all- of the streams in the

dLetrl-ct and pike abound in many of the lakes. Whitefish are found



I-n nany of the larger streams and lakes. Game birde include grouse,

ptarmigan, ducks and geeee.

PREVIOUS WORK

In ItO2, R. G. McCoanelJ- and J. Keele e:<plored the

MacnjLlan River and its nain branches from its junction with the

Pelly RLver. Mc0onnell Fo3.lowed the North Fork and Keele the South.

Keele reached as far as the Riddell River, about 25 nilee west of

the Spearhead area and then returned. Botb found J'ittJ.e bedrock

along tbe drift-firl,ed Macnillan Valley and had to exanine border-

Lug rldgee and mountains"

In L9O8 Kee1e paesed cLose to the Spearhead area while

napping the area from the Pelly R:lver to the MackenzLe River. He

paoeed through Sheldon Lake on hj.s journey up the Ross River, a

uaLn feeder of the Pe1ly, and noted that Mt. Sheldon, just weet

of SheLdon Lake, contai-ned a granitic core.

fn 1p44, Fn D. KindLe made a geologicel- reconnalssance

along the CanoL Road to MacaiLlan Pass. Els napplng was l-inited to

a belt ten nilee wLde along the roado [e dLd linited reconnaissance

work around Mt. Sheldon.

In 1949 - ?-95l- Topographical Survey parties napped most

of thie region of the Yukon and used Spearhead Mountain as one of

eany horizontal- control pointe.

Tn L959 and L95O Roddick.and Green napped on reconnalssance

6ca1e (1" = 4 niles) tfre geoLogy of tbe SheLdon Lake Sheet and the
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adjolnj-ng weeterly sbeet, Tay River. the spearhead intrusl,on

waa mapped as part of the Sheldon Lake project.

rn the 6u.mmer of L96z Atlas per'onner observed dissen-

l-nated chaLcopyrite and pyrrhotite in tbe spearhead stock and

decided that furtber work was advieabre in the fol_rowing year.

REGIONAI GEOI,OGY

!uJ.e part of the yukon ie underlain by rocks that range

ln age from Proterozoj-c to MesozoLc. Regional- strike is northweet-

eoutheaet wlth a mod,erate dip to the northeaet. Exceptions to this
regional attitude of bed,s occur J-ocalLy.

Proterozoic

Proterozolc rocks, generalry referred to ae yukon Grcup,

eonetitute a metamorphic cornplex that has been folded into westerly-

northwoster].y trending etructuree. Cairnes (fgf+) defined the yukon

Group aE a useful fierd naae under which ttr"y b9 includ.ed alr tbe

older metamorphic, probably Precambrian, schistoee and geneiesold

rocks that are encountered regardless of their origin which ie
often difficult or inpoesiblo to determine.I rn thLe regionl the

Yukon Group ie conposed nainly of poorry eorted, nediun-grained,

buff to grey weathering quartzitee with J.esser amounte of phyllite,

chlorite-mica schiste and elates. Tbese beds of rimeetone and.

lensee of intraformational conglonerate occur at various lnterval s

ln the aequence. The quartzitea are brittle rocks and nunlroue
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snall fractures that bave

as etringerE and veins.

forned in then are nobt filled il'ith quartz

Pal-eozoic

Paleozoic rocks consist of two main aeguencesr an Ordovic-

ian-silurlan sequence and a Devonian-Mississippian (?) sequence'

An unconfornnity narks the contact between the Proterozoic and the

Jrounger, very thick assenblage of Ordovieian-Sllurian rocks. Tble

contact coincides with a regional topographic depression.

The Ordovician-Silurian seguence consiste nainly of chert

and elate. The cherte are generally grey or black, but green and

red varietles are aleo known. Sone of the black cherts weather

white along bedding p}anes. Shales are lnterbedded witb the cherts.

The lower part of the section is doninantly shaleyr the upper part

dominantly cherty. Near granitlc bodies, the argillaceous rocks

have been sLlicified and altered to hornfelst forning deepr rusty-

red aurboles around the stocks. (See Plate IV). Graptolltes

collected frono thie unit, range ln age from Lower Ordovieian to

Silurian. The total thickness of thie unit is thought to be about

IOTOOO feet. (noaaict et aI. 1958, L96O).

The Devonian-Missleeippian (?) eequence contains many rocks

eimilar to tbose found ln the Ordovician-Devonian eequence. Thie

unit is compoeed of graphitic, argiJ.laceous sedinentsr cherts'

greywacke and massive chert pebbLe congloroerate. The chert pebble

conglomerate is polymictlc wlth pebblee and cobbles of chert,

quartzlte and argiJ-llte. It usually weathere to a light gref,o



Thls sequence l-s probably about TOOO feet thick. (Roddlc}: et al"1

Lg5B, tg5o).

Mesozoic

Granitic rocks (quartz uonzonite and granodiorite ) of

Cretaceous age intrude the rocks of the reglon. These rocks are

clearly lntrusive, with eharp, cross-cutting contacte. Xenoliths

are rare, The intrusj-ons are comaonLy biotite granodiorite but

textures and conpositions vary. These intruslona co&monly underlie

mountains of the reglon. Hornfels and pyrite are commonly a6soc-

lated wlth the contacte of these intrueione. Granodiorite stocks

are found Ln an east-west trendi-ng belt tbat passes through the

northern part of the Hess River area. Quartz monzonite stocke

fol}ow a northwest-trendlng beLt. Peak 6923 Lies near the south-

east end of the quartz nonzonlte belt. Diabase dykee are as€oc-

iated with both types of intrusive rocks.

Cenozolc

Quartz and feldspar porphyriee of granodiori-te conposition

and conmonly of pJ.utonlc appearance outcrop in the eouthwest corner

of the Sheldon Lake Map Sheet. They are closely assoclated with

Tertlary volcanic rocks and poesibly t ere feeder dykee tot or

lntruslve equlvalente of, the volcanic sequence. Volcanlc rocke

are chlefly naeslve, dark andesitet dacite and basalt flowe that

unconformably overU-e Paleozoic strata. Ind.ividual flovrs are from
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ten to JOO feet thick. It appeare that the flowe were extruded

onto a eurface of moderate relief. (Roaalc* et al', 1958r 1960).

Numerous rusty-weathering, I5-rnonite-cemented conglomeratee

are found throughout the region. These cong}omerates often contain

plant foseiLs and are usual-Iy situated at the base of mountain

elopes, valJ-ey margine or etrean beds. The linonite ls derived

from nearby pyritic beds. These deposlts are thought to be PaIe-

ocene in age. (Roddiek et al., 1958, I95o).

STRUCTURAI GEOLOGT

Unconfornitiee

A naJor unconformity separatee the Pre-Canbrian fron the

PaLeozoic. Thls is usua3-ly indicated by a topographic 3.ow along

tbe contact. Little elee is known of this unconfornity at the

preeent time. An unconfornity nay separate the Ordovician-Silurian

fron the Devonian-Miesiesipplan (e)r tut evidence ls lacking.

Folding

Regional strike of the rocks is northwest-southeaett

vrith moderate dipe to the northeaet. The raost prominent etructure

in the Proterozoic rocks is the netemorphic foliation (schlstoeity).

Pre-Cambrian rocke are buckled lnto fairly open folds with axes

plunging northweet at anglee of IO-IO d.egrees. Phyllitic J-ayers

in the Yukon Group give evldence of at least three periode of

deformatlon (oppool-ng lineations and kink band,ing). Folding in
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the Ordovician-Devonian Ls more complex than in the Proterozoict

a conaequence of penecontemporaneous deformation and the euper-

poeition of the regional fold pattern over l.ocal- intrafornational

folding. In the Anvil-Vango.rda area to the eouthr Tenplenan-Kluit

{l;96?) be$evee the Ca.nbrian sedinents were deforned during regional

uetamorpbisa in the poet-Cambrian, pre-Devoaian timeo Wbeeler (f964)

also coneiders this to be possi-bJ'e.

laultine

The Tintina Trench is a maJor fault zone found south of

the [ees Rj,ver Region. Many faults in t]re Eess Region trend north-

west-southeaet, paralleling this najor rift zoltlc Movenent aJ"ong

these faults J.e generally ninor and the onJ.y evidence of movement

le an abnormally well-developed schistoeity over narrow zone6.

Another fault set trends northeast-southweet and ie paral-leled by

a pronounced JoJ-nt eet. OnIy minor dlsplacement ordlnarll-y occure

aLong these faulte. Most of the najor fault zonee have undergone

extrene preferential weatheri-ng with the result that they are now

topographlc lows fllled with al,luvj-un and 5flacial debrj-e.
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TABLE OF FORMATIONS

cENOZOIC

Tertiary
Grey and dark grey maeslve porphyritic andesiter daciter basalt

Granodioritlc quartz and, feldspar porphyry, probably plutonic
€quivalent of above

Intruslve-Extrusive Contac t

t

| /--

Paleocene

Ilimonite and calciun carbonate cemented conglonerate

Unconformity

MESOZOIC

- eretaceoue

(',LatenaficintrueiverockslDiabasedykes
Feleic lntrusive rocks: granodiorite, guartz monzonite,

diorl.te

Iatrueive Contact

PALEOZOIC

Devonlan-Missiosippi-an (.? )

carbonaceoue roeks, chertsl slates, quartzite, phyllite,
greywacke, limeetone, minor alkalic basalt

Ordovi.cl.an-Sl]-urian
varicol-ored slates, green chert, argillite, eiltetone etcr

Great UnconfornitY

' 
PRECAMBRIAN

Proterozioc
Quartzite, phylllter limestone, chlorite schist, sericite
schist, conglomerate, slates
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SPEARiiEAD MOUNTAIN GEOLOGT

Approxinately 2l equare mlJ.ee were mapped in the Spearhead

8r€a'o About eight percent of this was outcrop. fhe granitlc

Latrusion is nearly two equare miles in area and ie af-most totally

e:<poeed, although parte are lnaccessible of the units mapped

were baeed on the legend propoeed by Roddiek and Greeu (1956, 1960)

nodified to euit the companyre needs.

Proterozolc (1)

Quartzl-te (td )

TbLs unit le characterLzed by maesive, gritty, quartz

pebble quartzi-te interbedded with dark ehales and slates. The flne-

grained matrlx of some of the quartzite beds le partly liroey. fn

6ome areas where thie unit is nassLve and. coarse grained, it re-

aemb1e6. granite from a dietance. This unit ie in fault contact

wLth the overJ.ying Paleozoic rocks juet north of the South Macnillan

River.

Ordoviclan an4_lgilurian (l)

bl-ack

P]-ate

black,

Carbonaeeoue Rocke .(Ja)

Thie unit consists of carbonaceous rocks: bLack argillitee,

chert and mlnor amounts of interbedded chert breccl-a. (See

VI). The argj-llites are normally a pa1e charcoal grey to

well- indurated rocks that connonly have a proninent slaty
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cleavage. They are u6ua11y fairLy naesive and Gome are sJ-ightJ-y

schlstoee. Beddlng is often not visible under field conditione

but on sawa faces Lt is quLte evident. Bedding ie eometimea

evldenced ae coLor banding. These rocks contaln ninor amounts of

dLesernLnated pyrite. They weather to a llght greylsh color. Near

the granitic etock these units become paler i.n color and coarser

ln grain size ae they begin to recrystallize. Some indivj-dual

bands become more hornfeLsic than do others,

Iu thj-n sections these rocks are 6een to consiet J-argely

of quartz and carbon-rich laninations. Quartz graine general'ly are

rounded and of silt size although in one Eectlon tbo graina are

angular and up to O.1 mm. diameter, eltghtly above the lir:oite for

silt elze. The quartz sonetimes ehorvs undulatory extinction under

crossed nicole, indlcating a Eietanorphic aource, poesibly the

Yukon Group. tittle lf any feldspars are present. Quartz reste in

a flne-grained natrix of authigenic sericite and (f) chloriter

The sections contain rare quartz veinl.ets about one-balf nn. thiek-

DBBS r

Black cherte comnonly weather grey. They are cut by

nuneroua quartz strl-ngere ranging in thickness from fractions of a

trm. to one-ha1f cn. in hand specS-nens (See Plate VII). In placee,

sone of the stringers appear to be guartz filled tension gashes.

There ie often a gradatlon from argilllte to cherty argillite to

chert. Concretionary barlte nodules are found ln the black cherto

and argillitee near the northern edge of the rnap area (See Geology

Map). Theee nodules average one to two inchee in dianeter and

coneiot of radiating barite cryetala.
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Calcareous Roclg (Jb)

Thl,s unit coneists of crystalline and argillaceoue line-

stone and ca3.careous argillite. Most of the Llmestones contain

argilLaceoua naterial. These rocks are usually dark in color but

weather to a pale grey. Near a snalL intruslon to the southwest

of the maln iutruslon a liroestone bed has Iocally thernally altered

to a trenolj-te-actlnolite ekarn. In thj"n eection, a eample takon

four niles from the nain intrusi.on coasists of lenses of calcl.te

(1 cm. x J n,m. ) ln a groundnass of nicrite. The lensee have re-

cryetallized from the micrite, ae stylol-ites ln the ulcrite are

not continuous across tbe lenses, but are found on either side of

them. A sanple taken about 1OO0 feet fron the intruslon contained,

carbonaceous bands ln a natrix of recrystallized calcite graine

averaging O.1 mn. dlamoter.

Chert Pebble C."gfo"ur"t" (la)

Thls unl.t coasists of massive chert pebble congLomerate,

ueually interbedded wLth quartzltes, ehales and chert brecciase

The pebblee consist of pa3.e and dark chertr but quartzlte and

argil-Ilte pebbles are by no neans rare. Cobbles of chert up to a

foot in dianeter can be found, but the dlameter averagea from I mm.

to 2 cn. (See P1ate VIII). A freeh surface is black and textural

features cannot be eeen readily. However, on the light grey weather-

ed eurface the indj-vidual pebblee can be Been ea-EiJy. Lees thaa

2O percent of the rock i-s natrix. Chert breccia differs from the

congl-omerate onLy in the angularity of the pebbles. It contaj.ns

more matrlx nateriar in placee and "oJa be cLassifj.ed as eub grey-

wacke. Elongate fragments in the chert breccia are often aligned



paralle1 to beddlng. (See Plate IX). Graded bedding is visj-ble

ln both breceia and congl-omerate although it is only rarely 6€eoo

(See Plate X).

Grey BSddeP Chert (Jf)

This chert appeare to differ from the cherts napped as

Ja in carbon content only. It is coarsely laminated or bedded at

lnterval.s of 2 - 14 lnches. Manganese staLn and dendrJ.tee are

co&mon along these laminations. Thls unit nay be the stratlgraphic

equlvaleat of the more graphitic black sberts Ln unit ]a, but

deposltl-on took place 1n surroundlnge poor in organic materiaLs.

Cretaceous

Quartz Monzonite (11)

Spearhead stock ie compoeed of nedium'to coarse-grained

biotite quartz monzonite wlth varying amounte of hornblende. The

hornblende ie not easlLy recog4ized in hand specinens but 5.s eaeily

found in thin sections. Near vertical joints in thj-e rock )-ocally

are aBaced at one foot intervals but are nornally nore widely

Epaced. (See Plate V). Tbey strike almost due north. In places

vrhere the jolnt epacing is a foot or Iess, noassive sl-abs bave

weathered off and have been stacked like a pile of books. tofty

sheer facee are a conmon feature resulting fron this jointing.

Much of the granltic rock has weathered deeply and obtaining a

fresh eurface can be diffj-cult. Dieseminated chalcopyrite and

pymhotite are com!.ron througbout the intrusion. Azurite and

tarnlehed cha.l.copyrlto, resembllng bornlte are aeen on weathered

surfaces. Weathering of the eulphidee has caused many of the cliffa

15
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to be llnonj.te-stal-ned a6 are many joint facee. (See P1ate III).

Xenol,itba are seldoun Eeen ln the rock although they are

by no neans absent. The xenollths are generally dark in col-or,

are we1L-rounded, and. range in size frora a centimeter to a foot

or arore (See Plate XI). They are cotrposed chiefly of biotite and

hornblende.

The etock is defj-niteJ-y intrusive. Contacts are sharp

(See Plate XII ) and the intrueion abruptly interupte and transecte

beddlng of the enclosing sedinentary rocks. In pJ-aceet rrfingersrt

of granltic rock up to fifty feet long and twenty feet r,ride have

Lnvaded the enclosing rocke. However, there ie no indication of

folding or crumpling of bede,

Another quartz monzonlte stoek about one-eighth of a

sguare rniLe in area crops out at the end of a ridge three uiles

southweet of tbe main etock. It is poorly e:<poeed but al.so containe

disseminated pyrrhotite. ReLationsh!"p of the two stocks is not

lmown, but they uay represent offshoots of a connon magma chamber"

fhie intrusion aleo has a enall hornfelsic halo and Locally bas

netamorphosed a hearby limestone bed to a tremolite-actlnollte skarno

In thin sectj-one, the intrusive rock is remarkably uniform'

Seven thin eections from various points across the intrustion ehow

that the fabric is eeeentially uniform except near the contactg.

PlaglocLase. Plagioclase couposition is sinilar through-

out the stock, ranging from OnrS-On4, (Andesine) in a elngle crystal.'

aubhedral, tubular and well zoned. They

two &m. in diameter. l4ost of the feldspar

Crystal-e are euhedral-

are commonly from one

to

to
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is sliglitly altered to serlclte, eepecially the caLcie cor.€r

Carlebad, alblte and carlsbad-albite twins are cotnrnon. Pericllne

twi-nning was seen in a few cases. Plagioclase forme tO-4O percent

of the rock.

Quartz. Quartz grains are eguidimensional and frora L/4 to

2 mm. dianeter, the smaLler sizes prevailing. Sone quartz has been

atreseed ae it ehows unduLatory extinctlon. Quartz forms zO-tO

percent of the rock.

Orthoclase. Orthoclase is usually found as equldimension-

al graLne about the saroe slze ae the snaller quartz grains. Formg

lr-2A percent of the rock.

Biotite. Biotite ie the nost prominent and coaraon nafic

nineral. il-t'tmonly euhedral to subhedral and up to J nm.

diameter. Numerous well deveS.oped biotite booke are apparent in

hand speclaene. Radiation halos are conmon. Near the contactt

biotl-te le generally finer grained than in the core. Near the

contact the biotite Ls found as rounded bl,ebs O.O1-O.1 nn. dianeter

and scattered throughout the sllde. Some larger eubhedral grains

are also present. Some of the biotite has formed by alteration of

hornblende and aone bl-otite has altered to chloriter probably

penninite. Biotite forme 1O-I2 percent of the rock.

EornbLende. Eornblende ie the onJ.y other nafic rnineral

preeent and can be found as welL developed twinned crystals. It

is conmonly partly or conpletely altered to both biotite and chJ.orlte.

The hornblende content decreasee to al-moet nothing near the contact6.

Eorriblende was absent in a specimen taken from a wel-l 'nineraLized

r't ]
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area, but thie sanple was not collected by the author and nay have

Cone.from near the contact, Hornblende compoaee about I percent

of the rock.

biotite

sanplee.

ures ln

present.

ChLorite. Chlorite has formed, by alteration of both

and hornblende. It forms I ess than 5 percent of the rock"

CaLcite. Minor amounts of calcite are present in sone

It forraed as a secondary aLteration product along fract-

plagiocla€ie crystals. Some interetitial calcite ls also

Calcite forme J.ees than 1 percent of these rocks.

Apatite. Minute euhedral crystale of apatite are ecat-

tered throughout the rocks. The maximum size is O.2 by O.O! mm.

Apatlte forms lees than one percent of the rock.

Sphene. Crystals of sphene were found only rarely.

Opaques. Bronze coloured pyrhotite forrae approxinately

one to two percent of nost elidee.

Meta].ll-c Minerals

Poliehed section studies shor.red that only two netall1c

mLnerals are present ln the stock. These are chalcopyrlte and

pyrrhotite. Haseive eu3-phides are found only along fracture sur-

facee, Disseulnated sulphides are nore coaunon. Chalcopyrite

appeare to be concentrated along the fracture surfacee al.though

sone of it ls found as disseninated graine in the granltic rock.

Pyrrhotite le more comnon as dieseminations ln the granltic rocks.

Chaleopyrtte-pymhotite grain contacts are smooth. In areae where

the netallic ninerals have been concentrated, the quartz monzonlte

ls notlceably darker than eleewhere.
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Dyke Rockg

Three varieties of dyke rocke were observed. In general

these dykes parallel the uortherly trend of areal jointe and are

approxlnate3.y vertical. They are soldotr more than a few tens of

feet wlde. No reLationshlps are known but their age is probably

close to that of the intrusion. The dyke6 are claesLfied by their

appearance J.n hand spectnene on1y.

[:rpe ].: 
-Lamprophyre. 

One dyke of the ]anprophyre clan

wae found cutting across tbe crest of the ridge joining the Spear-

head etock aad the snal). plug to the southwest. It is five feet

wide and stands two to three feet above the surrounding eediments.

It has weathered epheroidally around, cooling cracks. (See Plate

XIII). In hand epecinen phenocrysts of plagioelase and eome quartz

(1 and 2 mn, dianoeter respectively) rest in a d,ense dark ground-

&ags. Cleavage facee cart be seen in the groundmass but an identl-

fLcation was not made. The plagioclase phenocryets often weather

OUt.

Type 2; .Dacite. Several dykee of a light green-grey

variety were found. They are fj-ne grained and contain fair amounts

of di-sseninated pyrite. They weather to a light orangy color that

forne a rim about L/8 - l/4 j,nc]n thick. (See Plate XIV). There

are a few phenocrysts of quartz and zoned plagioclase about one

!lr!o dlaneter. Thie rock is probably a dacite porphyry.

Type J: Biotite-FeLdepar Porphyry. Several closely

aesociated dykes of thle type are found in a creek bed in the

valley to the south of Spearhead peak. The contlnuation (:)

of these dykes can be found near the peak of the mountain and also
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on the ridge eouth of the va11ey. Several dykes of thj-s variety

are aLso close1y associated with the snall intrusion to the south-

west and nay be the dyke equLval-ent of the guartz nonzonite. 1'Ie11

devel,oped rnediun-sized graine of biotite and feldspar eit in a dark

greyieh, light weathering matrix. Rare hornblende phenocrysts up

to one c&. ilt length are found. Phenocrysts make up approxinately

40 percent of the rock.

CONTACT METAMORPEISM

The quattz monzonite stock

up to one quarter uile wide. Haloes

surrounded by a ruety hal-ot

to one nile wide have been

ts

up

{

reported to the North (Wbeeler L964). The sediments surrounding

tbe intrueion bave been metamorphosed into hornfeLsl quartzites

and recrystalllzed cherte. These rrbakedrr rocke stand out in

rugged reLj-ef over the adjacent unmetamorphosed strata. The meta-

eedLments have been impregnated with pyriter which upon weatherings

produces the rusty color that naakes the halo such a conspicuoua

feature. (see PLate IV).

Oue thin eection was mad.e fron a rusty quartzite specimen

takea vrlthin a few feet of the contact. Ia hand specinenr the

graine averaged one hal.f mm. in dianeter and tbe weathered surface

had a sugary texture. Ninety percent of the slide consisted of

Lnterlocking quartz gralns of two dominent sizes. Graj-ns about

one half nn, in dianeter predominatedr but forty percent of the

quartz consisted of grains O.0)-O.1 mm. in diametert usual)-y

clustered together in mas6e6 about the sarae size ae the Larger

graine. About etght percent blotite is presentt moet of it eub-
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hedral (O.I x O.O5 mm. ) and found with the snal].er quartz graina.

Rounded blebs of biotite about O,OI mm. in dianeter are ecattered

through t.he sl,ide. ?wo gercent pyrite, most about O.L mn. but some

up to O.Jum. dianeter ie also scattered through the e1ide.

Before thernal alterati-on, this rock wae probably a

guartz rich sedinent with iron, magnesiun and aluminum J.npurities

Ln the clay elze portions. An examlnation of thin sections taken

at eeveral hundred foot intervale outward fron the intrueive contact

showed that therrna] metamorphic mineraLsr if presentr woul-d be

extremely hard to find.

MODAI ANALYSIS OF PLUTONIC ROCKS

Modal analyses were done for sixteen rock elabs taken

from various placee wi-thin the intrusion. (See Appendix B). The

elabs averaged two by two inches. The slaba ltere gtained following

the technique of Bailey and Stevene, using an etch tine of twenty

seconds in 48 percent bydrofluoric acid. Attempts were made to

etain the plagioclaee feJ-dspar red, using rhodizonate reagentr but

this did not give satisfactory results. InitialS-yr point countlng

was done by ueing an overhead projector to project the slabe magni-

fied lnage onto a grld of one-haLf inch sQuaresr Two thousand

points per sJ.ab were counted J-n this &anner but the nethod proved

tLmo conoum:ing, and difflculty in distinguJ-shj-ng mineraLs Iere',\r&''

encountered. A second nethod, using a bi-nocu1ar nicroscope and a

fine mesh screen as a grld was found to be much nore satiefactory.

Slx hundred points per slab were counted ueing this method. Studies

after Van der PIas and Tobi, L965, indicated that no more than six
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l.,na"ea polnts needed to be counted to achieve an accuracy of
from tbree to four percent in the modal analyste. This j.s at the
95 percent confidence leveI. couating two thoueand. points lncreases
the accuraey of the count to from oae to two percent and the tine
and effort invorved in achieving this accuracy wae not deemed

nece6sary' Also, comparieons between control sanples with counts
of Joot looot 15oo and 2ooo points showed that the node deternined
wlth Joo pointe was not eignificantly di.fferent fron that obtalned.
wlth an increased number of pointe. For.results of the nodal
analyees and tbe check counta, see Appendlx C.

SPECIFTC GRAVITY DETEIiYTNATIONS

(': specific gravltiea were measured for twenty-two epecimens
of granitic rock' The dry weights were taken and the samples were
alLowed to eoak in water for twenty-four hours to renove any air
entrapped in fractures, etc. Appendi-x D shows the resurte of these
deternr'nations and f ive control deterrninations.

The specific gravities differed only elightly, ranging
froa 2'69 to 2.?4- A value of 2.G6 wae for a htghl.y siliceoue
dpecime n.
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SAND CONTOURED DATA

Hand contoured original dlstributlons of totaL noafic

minerals, speclflc gravity, quartz and orthoclase are shown in

Figures 2, 7, 4 and 5. From these Flgures it nay be seen that

tbere is a roughly circular dlstribution of quartzr total mafics

and 6pecific gravity. The total naflcs and the epeciflc gravity

zone outward fron a central Iow. There are two local specific

gravity highs near the eoUthern edge of the intrusion. Quartz

zones outward from a central low. Orthocl-ase and plagioclase do

not follow this circular trend. Orthoslase is concentrated in the

northeast and southwest cornerg of the lntrusion r*hile the plagio-

clase has no obvious simple dlstributlon pattern.

ANALYSIS OF VARTANCE

Analysls of variance 1s a

tool. Uslng this procedure it can

there io any eignificant difference

drawn from re{ndom populationo. If

powerful and usefuL statistical

be determined whether or not

or interaction between items

there is no si6nificant inter-



tj* \

.O

-/ 
(,

,//actlon between the meana of the datarTthe itens have al.l beenr\rtaken from the eame populatior. (\se analysj.s of variance to

ehow that the poesible emor in the mode.of a single eanrple ie

less than the variatione in modes between eanples. Such a procedure

!-e necessary if Lt ls deeired to do a trend analysis as we nust

know lf there is a true difference between modes i-n order to

Juetify conparing then. Proving tbat one eample 1s different is

enough to juetlfy a trend analysie. For a complete descrlption

of the theory aud princi-plee behind analysis of variaace eee Mor-

cney or Dixon and Maesey. The method foll,owed is after Dixon and

Maseey.

The eanplee whose modes were eompared ca.me from three

different areas of the intrusion, one from near the center,

eanple 4/p, one about 12OO feet fron the center, sarple 4801 and

one about }o0o feot fron the center, eamtrtre 527. Appendix E givee

the resulte o.f the analysis, lndicating that ne d,o indeed have

nodes which differ. The eanplee only r2oo feet apart dld not vary

to any extent , but the samplee ]OOO feet apart showed a signlficant
variance.
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TREND ANAI,YSIS

fn a trend analysle, systenoatic changes in any type of

napped data are studied by fitting, as cJ.osely as possibl,et the

observed values to polynonial surfaceel 1.e. linearr quadratic

and higher degree aurfaces. Studies nay be done dlrectJ-y on the

baeie of these fltted surfaces or on the reeLduale of these sur-

faces. A residual is the difference between the observed value

and the trend value at a po5.nt. Residuals are contoured using

the etandard devlatlon appropriate to each residual ae contour

valuee, The standard deviation of each surface gives a &ea6ure

of the varlabillty of data about a surface. The coefflcient of

determination indicatee how closely the nap data fits the poly-

non:ial surface' ie. fraction of totaL variance accounted for by

surface. Fron Table II lt can be Been that there is a large jurcp

in the coefficient of deterrnination valuee between the third and

fourth degree surface.. At thle point the polynonial eurface

[blows upn as there is ineufficient data for the nunber of poly-

nomial coefficients reguired. Theso ilblown uplt eurfaces are nean-

lng} ess .

Li-near Surfaceg

Linear eurface contours indicate a northwest-southeast

pJ-anar gradient, Orthocl-ase and plagioclase gradiente are almost

identlcal and j-ncrease to the southeast. Quartz and epeclfic gravity
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TABLE II

. STATISTICAL DATA TOR TREND SURI'ACES

' suRFAcE l"td"g"". znd d"g"ue 3"d d"g""" 4th dugt""

ORTHOCLASE

Standard Deviation
2.27 2oor l.9O O.Og

Coefficient of Deternination
o.rto o.45? 0.514 0.892

PLAGIOCLASE

Standard Deviation
4 .za t.g5 5.t5 t.]I

Coefficient of Determination
0.1ro o,2r7 0.516 o.gL6

, aUARTZ

Standard Deviation
,.9? 5"OO 

'.r8 
O.4O

Coefficient of Deternination
0.276 0.492 O.?95 O.gg?

MAFIC

Standard Devlation
5.9? 4.6, t.66 o"ot

Coef ficient of Deternlnati-on
o.ogg o "rtl o"r82 o.ggg

SPECIFIC GRAVITY

Standard Deviation
o.o2 0.o2 0.or o.oL

Coeffi.cient of Variation
o.oq8 o.r?z o.48z o.?r8
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gradleate lncrease to the northwest. Tbe nafic minerals do not

fol-low the northweet-southeast trend but follow a planar gradient

dipping to the southwest. The increase in guartz to the northweet

hae probably lnfluenced the specific gravity in this direction but

the gradlent of the gravlty plane j.s al-most horizontal.

Second Degree Surfaces

.The eecond degree surfaces for total mafics and specific

gravlty exemplify the circular zonation of the intrusion from a

central high as shovrn in the hand contoured data. (See Figures

2 and, 3). The second degree guartz eurface increaees outrrards

from a central low. (See Figure 4)' Ihe circular pattern of the

three components above is aleo aeen on the tbird degree surfacee.

The eecond degree surface for plagioclase is roughly a eyncline

plunglng sl"lght1y to the southwest. The trough axis J.ies near the

northwestern edge of the l-ntrusion. The orthoclaee second degree

surface ls an approxinately horizontaL anticline trend.ing northeast-

southwest. The axj-e paases through the center of the intrueion.

The plagioclase syncline and orthoclase anticline j.nteract in auch

a manner that the epecific gravity differences between these uinerals

wltl be approxiraate).y constant throughout the intrusion except for

an increase in epecific gravlty Ln the southeastern corner. This

increase influences the circular and oval patterne of naflc and

quartz dietrlbution and the resulting cl-rcular specific gravity

pattern ariees. The circuLar increase ln quartz is to be expected

as near the contaet the granitlc melt becomes increasingly con-

tarainated with silica fron the roelting quartz rich country rock
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Le. argillitesl cherts and chert pebble conglonerates.

Third Decree Surfacee

Third degree eurfacea are verJr roughly similar to the

eecond degree surfaces. The orthoclase anticline and plagioclaoe

syncline are stil1 visibLe and a general circular distributlon of

the quartz and nafic mineraLs is etilL vislbLe' The spectfic

gravLty distrlbutlon ie sti[ circular.

ResLduals

Reeldua]-s were contoured for al]. five variables from the

first to the third degree. Quartz first degree reeiduals cone6-

ponded reasonably weII with hand contours of the origlnal data.

(See Figure 4). A vague correspondence could be seen between the

flret degree resLduale of orthoclase and plagloclase and tbe original

values. (see Figure 5)' with the orthoclase and plagioclase the

highs ln the original data are aleo areaa of J-arge standard deviation

on the first degree eurfaces. WJ.th the higher ord,ered residual

gurfacesr no correapondence could be eeen for quartzl orthoclase

or plagioclaee. The third degree residual-s of mafics and specific

gravlty corresponded reasonably weJ-l with the origlnal data.

(See Figuree 2 and J ). Again, hlghs ln the original data correspond

to areas of large standard deviatj"on on the third degree surfaces.
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DISCUSSION

The trend analysis indicatee distinct distribution
patterns. a pranlr gradient on linear trend maps slopes north-

westerly or southeasterly. Orthoclase and. plagioclase increase to

the eoutheast and quartz and speciflc gravity increase to the

northwest. This lndlcates that a decrease in the amount of quartz
j-e accompanied by an increase in the arnount of plagioclase and

orthocLase and vlce versa. As the percentages of these ninerals do

not vary greatly throughout the intrusion, the increase or d.ecrease

ln conponents would not be detectablc in the field. The distri-
butions of Ca and K in the coollng granitic neJ-t foLlowed the sane

gradlent as linear trends of these minerars have vj.rtually the

6ame s1ope.

and contoured data and second degree trends ind.icate a
roughly clrcurar distribution of mineraLs from the center of the

intrusion outwarde. This is especlarry true for quartz, mafic

minerals and specific gravity. The outward increase in quartz

content nay be due to increasing si11ca contamination fron the

sillceous waIl rock. Although rnafic mj.nerals compose less than

twenty percent of the granitic rock, tbey have the higheet specific
gravity of the major minerals present, The outward decrease in
mafic mineral content accounts for the outward decrease in epeciflc
gravity. The correspondence betwoen nafic minerals and specific

8ravity is also shown through a correapondence between the third
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degree reslduals and the original data'

CONCLUSIOT\S

Eugeosynclinal Ordovician and Silurian sedimentst 6ome

poeslb]y derived from weatherlng of Proterozolc quartziteet were

intruded at epizonal, near nesozonel depths by a guartz nonzonitic

nagma during the Cretaceous Period. Whj-le forcing ite way through

these highLy eiliceous eedlments'- cherts and chert pebble conglon-

erates - the Bagna was contaralnated by the nelting silica rich wall-

rock. Convection currents in the magma were not of sufflcient

strength to naintain a honogeneous tnagnaa and the diffusion of the

contaninating siLica was not conplete, Leaving the outer portions

of the magma richer ln silica than the inner portions. As the nagma

cooled, apatite was the firet mineral to form, follovred by horn-

blende and blotite, then plagiocl-ase, quartz and orthoclase. AE a

con6eguence of silica dilution by assl"nilation ln the outer portions

of the tnagma cbamber, 1.ess materlal was avallable for tbe fornation

of nafic minerals here than was available in the central portions

of the chamber. This incoraplete dlffusion did not significantly

alter the proportions of plagi-ocl-ase or orthocfase.

When the upper portions of the nagna had eolidifiedt

numerous paralIel cooling fractures developed, some of which

extended lnto the surrounding thermally altered sedinents. These

openings in tbe granitic rock provided pathways along which hot

reeidual fluids rich in copper and iron fron the still fluid core
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a6cendedr and chal-copyrite and pyrrhotite were deposited aron6 the
vertical fractures. These hot fruids also caused arteration of
blotite and hornblende to chlorite. some nagna arso forced i-te
$ray up several 0f these fractures, creating the dykes found in the
rock surrouading tbe intrusion. subseguent erosion exposed the
weather resistant granitic intruslon and hornfer_s halo which now
etand werl above the su*ounding te*ain. Either prior to or after
the intruslon of the granitic rock, a large block of proterozoj-c
sedLnentE were thrust from the south over the younger ordovician
and Silurian rocks.
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Plate I. Spearhead Mountain
Intrusiou ie north

fron the southweet.
of dotted line.

Pl.ate II" Vievr to the r.rest from
the eharp dr"op off to
to the gorrtl-e southern
Plate I.

Peal: 692t, Note
the north compared
slopee shovm ln



I
1,.

41

(

,i

ii
Nrl

i

Plate IIL Vl.ew S. E. from peak 69Z1 snowing proltirleat
faces and rusty weatheri-ng in quartz monzonlteoMt. Sheldoa in centre 

"ear, tweaty ailes ;;;i:'

Pl-ate rv" view looking s. E. showing dietinct color changeat contact- euartz monzonite to right, hornfeieto loft. peako ehown in plate IfI. are fn uppurright hand corner.

i
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Plate Vo Vertical jointing ln
nonzonite "

quartz
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P1ate VI. Black bedded arglIlitee with lnterbed
of chert breccia.

Plate VII. B1ack chert with quartz atrlngere.
FulI slze.
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P1ate VfII. Chert
L1ght
Large
rlgbt

pebble congl,omerate wJ-th
and dark chert pebbles.
white pebble near centre
is quart zLte. .t'uJ-l size.

PLate IX. Alllgned ehert brecci.a fragnente.
t'uL1 Bize.
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Plate X. Chert pebbJ-e congl-omerate with graded
bedding. I'ull Eize.

I

renollthe. l4ateh in centre indi-cates
sca1e.

Plate tI.
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Plate XII. Sharpnees of contact. Portion to
Left is quartzose hornfels.
Fu1l eize.

Plate XIII. Lanprophyre
weathering.

opheroidal
in background,

dyke" Note
Peak 6921
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PLate XIV. Dacl,te dyke rock with weathered, rim.
Fu].L gize.
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APPEI{DIX B

SAMPLE LOCATIONS
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APPENDIX C

MODAI ANALYSIS DETERMINATIONS
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SAMPLE NO.

q

c

467

472

4zB

479

480

48t
485

508

5r2
524

527

528

5to
555

MODAL ANALYSIS

PLAG

tl.,9
4r.z
t5.4
44.2

,5.8
,t.o
32.2
t4,z
12.6

t6.8
31.9
tr.3
47.o

12.2
15,9
4L.t

ORTH

].o.4
Lt.2
Lg.t
L4,?
16.l
Lt.5
I?.8
rg .8

14.5
L?,8
].t.9
14.8
I2. O

21.1

L6.t
L6.5

qUARTZ

51.r
]I.4
38.4
22.1

29.'
tr.2
to.7
25.2

tt,2
zz.8
30.4
2r.o
25.1

28.r
8.2
22.?

MA}'IC

6.6
10.2

7.O

1ti.6
16.6
18.l
L9.t
20.8
L9,5
22.'
21.8
26.8

15.8
rti.2
rii.5
Lg.5

2OOO polnts counted. 6OO polnts for all others.
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}IODAL ANALYSIS CHECK COUNTS

SA}.1PLE NO.

4zz

ORTE

14.2
]-4.7

L6.,
15.1

:*2.?

Lt.5

]-4.7
L?.8

:,4.2
1,4 .4
L4,7
r4.r

]-8.7
14.8
12.O

polnts
points
points
polnts

.points

PLAG

41.4
44,2

tL.7
t5.8

,5.6
tt.o

16.4
12.2

tL.2
to,7
tr.,
t2.6

42.2
40,2

4?.o

others

QUARTZ

12.,
22.7

26.9

29,5

tt.b
,5,2

14.4
,o.7

tL.6
3L.6
,I.2
to.8

22.1

,o.5
?r.t

MAFIC

l_o. o

r8 .8

2r.3
Iti .5 *

17.g
18.'

14.5
l.9.t

22.9 * +

2).4 **'
2).$ *t+t

22.7 t'

16.8
14.5
15.8

428

4zg

480

,t2

,2?

' 2000

'. 5OO

*,| r looo
*,3 r * 15OO

600

c ounted

counted
counted
counted

for all



5t

APPENDIX D

SPECIFIC GRAVITY DETERMINATIONS

L
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SPECIFIC GRAVITY DETER}'IINATIONS

SAMP],E NO.

PD

a

c

452

4?z

4zl
4zg

4?9

4Bo

46t
48:
485

507

>oB

5L2
,24
,25
526

,27
528

5to
516

DRY WEIGHT

L62.20

t99,4o
tt9.65
54t.95
1 54.40
t89.5o
t85.8o

44.8o

zj4.9o
459.70

,18.t,
2t7,OO

t5o.85
z9t.4o
247.4c

125.10

to6.95
7L.50

384.2o
154. OO

298.45

75.50

WET WEIGIiT

L02.50
25:-.8O

75.40
tt7.90
LOt.25
I?O.25
245.2o
28.40

t48.4o
296.5o

34:..5o
15O. OO

161 .70

r85.Eo
t56.2o
79.2'

t93.50
45.45

242,4,
96,go

r88. oo

45.40

,9.60
L4?.6a

44.?5

2O4.05

61.15
69.2,

r4o.5o
l-5.40
86.5o

L73.rO

:-96.65

8?.oo

59.r5
1o8. oo

91 .20
45.8,

rr3.45
26.t5

l-4L.?5

57.rO
11O.45

z6.to

LOSS WEIGHT SPEC. GRAV.

2.?2
2.7L

z.To
2.66
2.59
2.?4
2.?4
2,73

2.72
2.?L

2.?4
2.72
2.72

2.?2
2.7L
2.73
2.7L

2.74
2.?T
2.70
2.70
2.74
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SPECIFIC GRAVITY DETERI,{INATIONS

CHECK SAMPLES

SAI{PLE tYO.

4?,

428

480

5O?

52'

DRY WEIGHT

t89.5o
t89.tz

785.8o
t]-o.95

2t\.90
zt4.8o

150.85
2t4,8o

to6,95
145. oo

WET I,TEIGHT

LzO.25

120.15

z45.zo
tg7.4t

t48.40
r[8.tz

101.70

:h8,25

t93.50
9r.52

LOSS WEIGHT

69.2,
68.9?

r4o.60
tLt.52

86.5o
86.4t

,9.r,
86.5'

rrr.45
5t.4t,

SPEC. GRAV.

2.?4
2.74

2,?4
2.?4

?.72
2.72

2.72
2.7L

z.7r
2.?L
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APPENDIX E

ANAIYSIS Or VARIANCE CALCULATTONS
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ANALYSIS OF VARIAT{CE

MODAL ANA],YSIS TOTALS

SUi]TOTALS

TOTAL

(14.4)2 * (3o.712 *.........

= 11J4O.1 _ lOOOO.o

= 1J4o.L

* (:-4.5)2 * (rg.j)z _

SUl"l OF SQUARIIS FOR

(t3.8)2 * (t5.a)2 *

sul4 oF SQUARES roR

(2og.o)2 * (2cc.o)2
6 ----

(r'4.t )2
4

I'
l

l

j

r'
t

ROI{S

- (r+oo. o l2-T6-- 0.o

sull OF squAr?ES FOR .cotutiNs

* (r8,?)2* Qlz . z)2 * (?o.o)2
4

=

- (+oo. o)2
l_b4

112tib,I

re88 . r

SAMPLE QUARTZ
llAI.-ICs

4?9 
^

4zg a
100. o

100. o

100. o

100. o

+79

460

69.o

55.r

69.6

58.5

26.2

12.5

36.2

)3.8

200.o

200.o
lf 4,1 r37.2 5b.7 7A.O 400.o

10000. o
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SUM OF SQUARES FOR SUBTOTALS

l5g:g)a + C5q.1 )2 *' 68t6\2 * . . . * (26*,?)2 * (zar8)t - J!o=o;o-)t=*T--7--T--2 16

= LLtOt.z IOOOO'O

= Lt0t.z

Sun of Squares d. f. Mean Square

Meane

COIUtnn MeanS

Interac tion

Subtota].

Within Groupe

TotaI

o

1 288.1

15.r

1

,

,

o

429.4

9.o

L7Ot.2

,6.9

?

8 4.6

1r4o.L L5

TEST FOR SIGNIFICANT INTERACTION

F=e.O=I.Itr..rr(3.8)=4.O?
E;6.

The vaLue ls not significant. Thls neans that etatietlcally

there is no dlfference ln the tvro eanpleo.
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ANALYSIS OT VARIAI'ICE

suM oF SQUARES FOR TOTAL

(t1.8)2 * (rr,z)2 * (22.312 * (to.r)z , (t5.6)2 *......o... * (r5.8)2*

+ (r4 .5)2 - (4og.o)2 =15 
==l'r'r'r'.r5 - loooo'o

sutq oF SQUARES FoR RO',..,'S

(eoo.o)2 * (zco.o)2 - (4oo.o)2 = o.o---T-b-rr-
SUM OF SQUARES FOR COLU}4r\S

(121.8)2 * (151. o)2 * (59.2)2 * (6?,5)2 - tooco.o =-4--_l---tr--_4--
= rt439.2 - loooo.o

= t4t9.z

MODAL ANALYSIS TOTALS

SAMPLE QUARTZ PLAG ORTH MAFICS TOTALS

4?9 a

429 a

tt.8
15.2

t5.6

tt.o
L2.7

rt.5
r7.9

l-b.3

100. o

100. o

527 a

927 b

22.3

to.5

42.2

40.z

18 .7

L4.8

15.8

L4.5

100.o

IOO. O

SUBTOTALS

479

52?

59.o

,2.8

68,6

u4. z

26.z

,1.,
t6,z

tL.t
200. o

200. o

121. I 151.O ,9.? 6?.t 4oo. o
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SIIM OF SQUARES FOR SUBTOTALS

= rt5?1.8 - IOOOO.O

= t5?t"8

Sun of Squares d,.f. Moaa Square

Row Heans

Colunn i"leans

Interac tlon

Subtota].

Withia Groups

Tota].

o

L4t9.z

rtJ..6

I

,

3

4?9.?

41.9

t57.8

50.7

?

I 5.4

L622.5 L5

TEST FOR SIGNIFICANT INTERACTION

159.0)2 +(12,8)2 +(68.6)? * o. o r * !r5.2)z *(7.r2 -!go.o =T--z---TT

F = VA = 6.9 r,g5(1.8) =4,o?

The value is elgnificaut. This neaas that statietically

there ie a difference between the sanpLes.
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