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Abstract

The iitchell="ulphurets regloﬁ is in the heart of
the Coast Fountains of northwest British Columbia., GCeologie
cally it is situsted on the western sdg‘ of the Bowser basin
approximately 12 miles east of the main Coast Nouﬂtaina plutonie
complex, The mapearea is uﬁderlain by partly or wholly nietoe
somatized sedimentary, voleaniec, and intrusive rocks, The
volecanie and sedimentary rocks are tentatively dated as Lower
Juragssic., They probably balong to Lower Haselton and/or
poasibly Urper Tekla groupn, The sediments are uypiealrof a
ereywacke, turbldite suite, The voleanies belon: to a marine
sequence chiefly comprising pyroclastic.members,

Fossibly in Juracsie time, the sedimentary and
volecanic rocks of the area were invaded by the iitchell
intrusions, The earlier members of the litchell Intrusions
wvore injocted as sills end dykes predominantly into tﬁe
well=bedded sediments, The later members formed larger,
nore 1rr§gular bodies, There are marked mineralogical
changes ﬁiﬁhin the intrusions, Difrarintiation by fractional
erystallization and'eompoeite irtrusion account for original
variations in mineral composition, bubt postecrystallization
changes are the cause of unusual roek types, Spilitised
diabase, ayenodlorite, albite syenite, syenite, guarts
syenite, and some gZranite have resulted from the "deliming®
or albitization of the original plagioclases,



Irmense quantities of trapped volatiles, which were
concentrated by diflerentiation proceases, resulted in
phenonenal amounts of rock alterabion-durinﬁ the dying stagen
of the magnetie perind, They have had a profound effect on an
area of rock about three times that of th; intrusionss During
the perisd of rock alteration the area approached an eyui-
librium environuent probebly somewhere below 400° €, and
probably at roderate pressures. Throughout the area altering
fluids probably contained moderate concentrations of Fa, K,

$10,, ard K8, high concentrations of €O, and H,0, end in the

Fitchell Valley trace amounts of HF, Thi end of the alteration
reriod was sharp, voseibly being terminated by the development
of major faults which eould have permitted the release of the
fluides The chief types of altefatlon = albitization,
carbonatisation, seriecitisation, silicification, chloritie
zation, and pyritization - have affected the rocks in 2 similar
m&nner-thrmughaut most of the area, In most areas socaﬁdary
minerals in highly altered rocks are the same as those in the
siightly gl&ered rocks,

fﬁe wineral deposits, which th of the "Porphyry :
Copper” type, were formed during the alteration period. The
presence of large volumes of wvolatiles at an elevated teﬁpera-
ture allowed extensive migration of the metalebearing solutions
from thelr magmatic source, Disseminated Gopper and noclybe . }

denum mineralization is found in rorphyritie, granitic intrusions



and in altered volecanie, sedimentary, end intrusive rocks. The
larze quantities of fluide have also resulted in the separation
of the copper and molybdenum sulphides into distinct deposits,
The formation of distinet deposits was probebly depe&?cnt
upon the physicalecherical properties of the environéant at
the time of alteration,

Yajor faulting oceurred late in the alteration period,
This marked the end of the Vitchell epoch of magmatic activity.
Somewhat later in the history of the area, possibly in Tertiary
time, a fow keratophyre (basaltic (7)) dykes were erplaced, Exe
tensive ercsion by glaclers in Fleistoecene and Recent times
has seulptured the landforms into their present shapes,



The writer would like to thank the persons and ine
gtitutione that have aided in the complétion of this thesis,
During the summer of 1961 the writer was assisted in the field
by Fessrs. Gordon Gutrath, Jacgue Braeh;, and Victor Preto,
Speeiel therks are due to Dre C.W.H, Borman and Hewmsnt
Fining Ltd. for allowing the use, by the author, of infore
ration belenging to the compony. Dre Horman also cutlined
the field study and has suggested many productive ideas
during the course of atudy, '

Particular thanks are alss due to several employeces
of the British Columbla Departwent of Fines and Petroleum
lesources for eourtesies extended to the writer durins the
course of preparinz the material for presentation., Frs, T.
Regan typed the manuscript; Fr, %, Player made sevarg}
polished and thin sectionsj Mre, N, Colvin asssayed an elece
trum srecimen and prepared many sanples for Xle-ray poﬁdsr
rhotographs; and 'r, K. 5. Crabtree draughted the legend
for the enclosed wap., The writer is aleo indebted to the
Pepartwent for thenunreshricted use of tua'labaratcry facie
lities, :

Finally, the writer would like to thank the mete
bers of the Departrent of Geology at the University of
British Colunbia who have aided the writer in many ways,
fpeeial thanks are due to Mr, N, Chureh and Dr. K. C.
FeTaggart. VMre. Church toock time from his own work to show



the writer standard technicues used in I-ray diffractoe
weter studies. Dr, MeTagrert offered much constructive

eriticism and read the final draft of the thesis,



\¥.

TABLE OF CONTERTS -

CHAFTER 1 w» INTRODUCTION co0eccccsencsosesnssassosnadns

Bature and Scope of the StuUAY ceeeesseensssesens
tethods

ST CBCDBOOLOBAONVOIDEDOAONGOLBRDNOGTIVOODUOOE
Probleoms in Mapping seceesscesececsnssscecscrsnse

CHAFTER 11 « HISTURY AKD GiHERAL CHARACTER OF THE

DISTRICT seeeessccsscoccsscsscossccossavseessnsss

HiStOTY 0T000030030000000690C0000300080000000000R
Location and Accessibility eeeesesessccccccssces
10m{;mphy PO BBV 0OL SOOI LELROROUBEORGOIROOIEROPORRORED
Clmmﬂ QBT AU GO ECAVIBODEEDUERBEUDNIEBOONRPODOCCOOAD
flora and Pauna cecssccesssscscsesssssscscnssose
Gleclation seescccconsesssscscocscscncnssscecncs

CHAFTER 111 « GERERAL CEULOGY GPLoCBROGOIGOOCOROOBUBS

Introduction sesesesscsencsccccsssssncssseasensse
Lower Hazelton and/or poesibly Upper Takla {3)
UIOUD 000800008000 000500000000000000000000804
Sedimentary Foubers seveccecessossnssccesee
Volcanic MenbersS cececsvcescesecsvosssscoccone
Aze and Correlastion of the Sedimentary and
Volcanic Strata eevesccecvocessscscnce
Fode of Deposition of the Lower Haszelton
end/or Upper Takla (?7) Sedinents secee
bpiliﬁiﬂ@d [1abRte secesscessvscenovsceccsccoses
Fitchell IntruSions seesecscscecessssoccessncceee

Introduction seveecscscessossssosonssssvsee

Plagioclase=Hornblende Porphyry scescccccse
Syenite and Cuarts Syenite Forphyry seeeces

Cranit® cossescecsssssvcsssssssscesssencens

Feldepars of the Mitchell Intrusions cecees

Genesis of the Mitehell Intrusions sveecoes

Late DyKeS secvvsecsssssnscsvcesesssvvsossscoccosn

Structural GGOlO%Y 6000000000008 B000O0000000000
44

Stratigzraph

DeCUONCE secevessnoscsossssod

Fﬂldﬁ PEVTROEORNOOODAISDOROGOORDEBNGTOOODEOE

achistosity and Cleavasne® csveesscosvcsecsse
?a‘dts VTSRO CORRAIDOICSDRVOROINDOIERRRONOBUS
Fylonite 70ONeS seecseesescscsonccooses
Tectonie Precclia and Poudinage seesses



CHAPTER IV « ROCK ALTERATICHN CRVEI0LOEDOPNOOBBOPERDED

Introduction 2000 F PRS0 DINAOLORPOORODOUOREBOIEOT
Time of Alteration G900 P00 LBBSOEPTOCNOOOBORDOD

Nature and Temperature of the Altering Fluids ..

Degree of Alteration secevsscessessovcevosncesnse
Susceptibility of Minerals to ALLEration eesscee
Alteration Finerals cesecssscescoscnsssssessssece
Albite P RrACIVROETPREOIROOP T OO0 RODRRNPOO OO ROD
CAlCIte sevsvovnavsncsscssenensossessncanss
3ericite secscecvosvsvsnssnenscssscsnncecnace
Quawa Do O0RoROBDADORPOOONSOOTORRVORBOARDROORGTERRe
Chlorite ccesescccssccnscsscsnssasssssssoes
PYrite sseancessssescvcsossoeoncscessssscece
Clay Minerals seoeeosscescsssnssscssosnscsse
Epldote cesssscvccsssscssnsssvsnssosscsaces
Biotilte ceseesncccccocscnccsnssnsossccvoasae
Fotash FEeldSpar seesoscssescssscsscsscscnns

CHAFPTER V « MIRBERAL DEFUSITS cseeccccccncecssncenscace

IntroducCtion ceesecsscescosesvosssnsssccsnsonnes

Types of DEPOBLILS seecscecscscecsssessevcssscose

1, Disseminated Copper in or Very Closely
Assocliated with Fembers of the

Fitchell Intrusions secescescsssee

2. Disseminated Copper in Massive Pyritic
Replacement Bodies in Sedimentary
ROCKS occevvovoscovensssssscnsacnse
3. Disseminated Copper and Molybdenum in
HYlOﬂite ZONGE seeevvssnssvecsssne
4e Disseminated Molybdenum in (uartse
Serdcite Schiot seeevevsencoccvcne
Vedn DepoBits sescescncsvavsccscescsces
Primary fetallic Finerals cesscsssscssccscssspes
T® ceesencoscsscssccsesnovoccsvsocncane
r?ffhﬂtiﬁ@ VEPEVVHNAVETNVRPOBNDIEO0000000I0D
Homatite secsccsccscscccoscsossssovacacoony
ﬁ&gﬁﬂtiﬁﬁ P00V 08000AU0SCIIDRRGAIRDO0ACADED
Chaleopyrite sccssvcoecvesssscscsccssscssose
Folybdenite scscevncssosscessssssscscnoonee
Sphalerite, Calena, and Tetrahedrite seceee
Electyull secesescocsssccsvossoessscssscsose
See¢ondary Minerals ssssessceccsssvssscesesccsncsns
Cenesis of the Altered Rocks and Mirperal

Ueposits soseccsssesconscsscsssasssecnonsos



CHAPTER VI « SUMMARY AED CONGLUSIONS cecessceccecsoes .

.
SUNINOEY e0eeserct0eeestotosectsssietnetocnnnoss

Conclusionsd cseceesecessocecscessasscsssscssonsces.

CERESRY
APPEEDIX 56080000 BSPIDICOBINDINOOOADETODBROCUOQOERBROD

BIBLICGRAFPHY sesenvevsccccscsencsocnsscasesossosssnses .

120



Hurber
: §

(%42

10

FIGURES

nifference in 20 between (201) peak of
synthetic alkeli feldepsr and {101) peak
of KBr03 for Cufs radiation plotted
?§3%9?t composition, (after Orville,

TR EAEEEFRF N R R RRRNY ERREE R RSENRERE AN &

2At Typical Xeray diffraction patterns
8t 1 per minute secececvecosescscsvenre

283 Typical Xeray diffraction patterns
at 1/4L° per minute ceeecesseveccsscorese

Fap of British Colurbia showinz the
location of the Fitechell-Sulphuretes

Eagion S0P BLRO0OOUEDELIROOBO00O00BORDD

Geological map of the FitchellesSulphurets

Regdon seovvssvosecserscvcasavsssncneves
Geplogical Crose«seCtions evesvceccccsee

Diagram showlng the contact relations
of the younger red granite and the older

BYenite csevsvsscvssscsssccosssacasvncons

Relationship of 28 (171) - 28 (131) to
composition for plagloclase (after Smith
arxl deer. 1956) soveeosscssssscsseconss

Correlation of optical and eampositional
properties of alkall feldspare. Lines
parallel to abscisae represent vardation
ef 2V in soned feldepars showing a single
potaseic phase on I-ray examination
(after Smith and anxenaia, ‘1959, eesve

Paragenesis of the minerals in the
PFdtehell INtrusion sececccssvssvessencoe

Contour diagranm illustrating the distrie
bution of normative Ab, Or, An in all the
analysed rocks in Washington's Tables
(1269) that carry ?0 r cent or more
normative Ab+Or+d (after Tuttle and
Bowen, (1958) 0900000000000 RENOODBO0RYY

Page

{in pocket)

(in pocket)

9

{in poecket)
{in pocket)

L9

52

52

58



12
13

Ternary diagram of the systenm
HaA131 3-K5131 OQ-Baﬁlpaiigg (aftor

Tgttla and Boweh, ppe 132 The
zram shows the approxinate eonditians

that might be exnected for the crystale
lizetion of the Fitchell Inbrusions sees

Sterenryam of noles %o bedding sssecseee
Stereogran of poles to schistosity and

ClOAVASD sascecsssscossonsensnessassssss
Stereogram 0f poles to ClEaAVAH® cessesse
“tereogran of noles to schistosity sesee

Hap showing the location of ssctioned
spegicens and the distribution of
teration ninerals seeecsessvcsscesensse

Contoured trianzular diagram showing -
the distribution of normative Abelr=g

in all analyszed rocks (1269) in vashingw
ton's Tables containing 80 per cent or
more AbsCr+ {after Tuttle and Bowen,
1958, pe 123) .000!9Dtb.!ll‘il.i.i."ﬁll

6l
70

70
70
70

{in pocket)

119



TABLES
Huzber | Page
I Table of formatione for the Mitchelle
Sulphurets Rezion soveovevessssssssenes ) 16
1l Typical mineral compositions of eedie
wentary rocks in the Mitchelle |
Sulpburets Recion cesvessrevssccesassee 21
111 Typical minorel compositions of
volecanic rocke in the FMitchelle _
Sulphurets Degion eseesceveccsrevcscensce 25
v Typical mineral compositions of the
Fitchell Intrusiont sesesessesecvossves 40

¥ Results of feldapar StUCY seesvescsccce 51



Humher

8

i0
B |

12

13

15
16
17

PHOTOORAPHS

View from the west of the Mitchelle

Sulphurets NOZion seevecscsssvssssceonerocce

View of the hanzing glacier in Sulphurets

Valley P00 ELEPRERBOUNOORERERREDOOROERRY

Typical ironestained tluff et the side of
the Sulphurets Clacior seeseesvsecosvssoreser

View looking south from MitchelleZulphurets

Ridge up the Julphurets Glacier seevvvveves

Rhythmicelly bedded argillite, siltstone,

and greywacke VOO VOEVENBO0ODGRRVOEPENNORRD

(£=250) Photomierograph of altered feldsw
pathiec rreywacke sececcevsesssssscsscvsssos

(F=250) Photomicrograph of altered feldse
pathic sroevwacke cvescecsvsessosvsscssosveve

Typical vnaltered {low LrecClf ssseccenvers
Typicai, unaltered pyroelastie breccia eceee
(K«85) Typical Llapilli tuff seeecscesssccce

(K=25) Fhotomierograph illustrating
extensive sericitization ceceessesvscccscos

Lower Jurassie purple and green tuffs
and volcanie breceia overlain by dark

argillite, siltstone, and greywacke sessess

Closewup of wellebedded purple and green

ﬁUEfﬁ GO0 PRNOVOEBPGBEOIDLOSDFODPOEDODOOOORODD

Soft scodiment deformation 4n a siltatone ..
(K-210 anﬁ 211’ Albis. ly&hﬂtl I ITEXEEXXER Y]
{(K«187) cuarte syenite porphyry cesceeccess

(Kw22) "Crackled® metascnatised syenite
porphyry noar granlte seesesesesseoscvosone

7

19

19
23
23
23

g n

37
37

37

S SR



Fumbey
12

19

20

22

25

26

27

28

29

30

(K=11l) Syenite porphyry veined by quarts,
calcite, end chlorite seivececsessccsvscens

{Ke23) Red ecranite cuttinzg old white

ﬁyﬂiﬂitﬂ PO S RAHIFPAREVENTDVNOSBESANBDIIBRADD

{£=93) Red granite containing white
phennorysta that enuld be welies from the
clder syenit® cceeescscvesonsvorscsescccsce

(f=228) Photomierogrash of a large microe
cline erystal surrounded by altered
plagioclase ervstals in quarts syenite

POYPHYIY sesevcescsesscssersnsenoscsesssanns

(E=153) Photomicrograph of & microcline
phenocryst with included rlagioclase

in quarts syenite porphyryj soning is
marked by exsolved albite seessescesnssnce

Fhotomierosravh of a2 enhedral hornblende
phenocryst partly renlaced by grains in

WACTIX sevesnsncesnssesansssssnsssnvoncnen

(R-137) FPhotomierograch of a typieal
Guarts syenilte sscecscsvncesssvscocnesesoes

Same as photograch 24 but with polarized

11{«;“& (X REEEEERNRREE R AR EEER R AR N R R R RS R R

(K=23) Photomicrograph of the cronse
eutting zZranitle secsccsvccsoscosnssccosnnnss

{K=23) Red granite cutting syenite

POTPRYTY scevesssosecsocssnntssssasennnene

{k=23) Photomierograph of transformed
cryastal at syenitee-granite contact sascese

(Xa76) Photomicrograph of mylonitiszed
granite or quarts s8yenite sscsescsscsssscse

(K=167) Photonmicrograph illustrating a
relatively unaffected microeline phente
eryst in an otherwise highly altered
albite syenite porphyry cesssscescccesssce

(E=210) Photomicrographbof e fllntivoly
unaltered plagioclase=hornblende (albite
gyerite) pPOrpPhYrY escceessccssesccsssssence

¥

Paze

37

37

37

bl

43

&3

&7

&9

L9

7

85



Pumber

304

31

314

32

324

33

334

34

35

36

Same as photozraph 30 but with polariszed

light @8 300000 DRNIOTSPRPPIFRERLIIORIODORD

(E=112) Photomiersgrach 1llustrating
partly altered vlagioclase-hornblende

POYPRYTY soevovesssoessonsssocssssscsonses

Same as photograph 3) but with polariszed

1i£§ht S0 00 0B000ODESOGGOPRLOOCESDOITERAGCOTOORODOEDY

(E«126) Photomicrogranh illustrating a
highly altered nlagicclase-~hornblende

erhm '....0.‘l..t‘....!!.’...'.Ctll...

Same as photograph 32 but with polarised

light (AR EEEE R R R R LR R R RS R R R R R RERR R D]

(K«25) FPhotomicrograph 1illustrating almost
complete1¥?replaced plazioclase=hornblende

mrphm ) (AR REREEREERERR R R R R RN

Same as photograph 33 but with polarised

liﬁht PO BOVRGIOTNPEDEPORNIPDVI VORI ERTIOOIRD

(X=285) Fhotomicrogzraph 1llustrating
caleite=chlorite host rock of a mineral
deposit on Hitchell-Sulphurete RidEe ceese

(K-86) fhotomierograph of gquartzesericite

B8ehitt cessvoevecscesnvosescosevssssesonsnsoe

{K=81) Folybdenite c¢scating eleavape sure
faces in quartz-sericite schist secececece

Pace

86

86

a7

87

28

88

91

103

-



CHAPTER J » INTHODUSTION

Sfature and dcope of the Study

Turing the summer of 1960, Newmont Mining Corporge
tion carried out an extenaive prosramme of exploration for
mineral depoeits in the Unuk River area of northwestern
HBritish Colurbia « The oprograrmme combined an airbé}ne nage
netoneter survey with a study of regiomnal geology. A series
of cmall magnetic anomelies were discovered in the vicinity
of the Mitchell and Sulphurets Claciers., Later geological
wori by Joseph Fontgozery indicated the existence of several
low grade coppor deposita, Since mueh of the copper mineralie
zation oceurs in granitie rocks, Montgomery suggested that
the deposits nmay be of the "Porphyry Copper” type.

Encouraczed by the discovery of several depcsits and
by the type of ‘minemlizati-sn, Dre C,W.H, Norman of Hewmont
fining itd, outlined a detailed ﬂaalagical'study of the area,
The writer of this paper took the oppertunity to combine this
detailed peological study of a reletively lerge area with a
lsboratory study, and to present the work os a thesis, He
hag attempted to unravel the peslogieal history of tﬁs afaa
and to shed sone licht on the ordgin of the mineral denosite,

Fuch emphasis has been placed on petrolorys Since
most of the rocks of the erea have beem more or less metas
somatized, a petrological study is of basic importance in
reconstructing the geological historys The study of izneous



retrology, including a detailed study of fifteen feldesrars,
and a study of rock alteration have been most heavily stressed,
Methods ‘

To study an area of about 20 square niles two rain
rethodes of field mapping were employedt tape and,a%@pass
traversing, and photoreslogy. A total of eleven eastewest
tape and conpaas traverses were nade, and points on the trae
verse lines were surveved using triangulation, From the
traverses the geology woe mapped at a scale of 200 feet to
1 inch. The paps between the lines and to the borders of the
area were completed by mapping on aserial photographs, which
had been enlarped to a scele of about 200 feet to 1 inch,

The laboratory researeh included a study of about
three hundred hand specimens, seventyw~five thin sections,
and about thirty polished sections, Several minerals were
identified by Xe-ray powder photographs, In addition to these
normal methods of investigation, a detailed study of Iifteen
feldspars was nade using Xeray diffractometer and universal
stage techniques, |

The composition of the alkali feldspers was deterw
mined on a Noreleo Phillips Xeray gonlometer by measuring the
difference in 28 betwesn the (B01) feldsper peak { eguals (201)
peak for triclinic feldspar ) ond the (101) peak of KBro,
( Figure 1 after Orville, 1952 ).
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Figure 13 Difference in 26 between (201)
peak of synthetie alkali feldspar and (101)
peak of KBroy for Cuk, radiation plotted
against coamposition. (elter Urville, 1958)

Since the deigrse of azgcurser that could te ¢xe
pected in determining the coaposition of feldspars thet had
not been heat treated was unclear in the short article by
Orvilie (1958), & series of three standards was run. The
composition of these feldspars was tzken from reports ia the
literature. From t&o results it was concluded that the eoa-
position of untreated alkali feldspar could be deterained
within 3 to & per cént of tﬁa correct valuc. It should be

noted that Crook (1962) eamployed exactly the same methods for
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deternining the corpositione of alkali feldarers as the writer,

In an atteupt to ehed gome light on the composition,
structural state, and thermel history of the plagioclase, the
difference in 20 between the (171) and (131) peaks was measured,
The deterninations of couppsitisns for the plagiociﬁaa feldw
spars are based on the assumption that they belonz to the love
temperature series, This assumption 4s reascnable since all
the associated potash feldspar f2 approaching lowetemperature
wicrocline,

for the Xeray diffraction analyses of both the ale

- kali and plagiocclase feldspars, three cowmplete oscillations

were run at a 1/4% per minute over the eritical values of 28,
The average of the eix reedings was used in determining the
compositicn, Figures 24 and 2B are typical runs at 1° per
minute end 1/4° per minute respectively,

To cornlement the Xeray diffraction investigation
a universal stage stuc~ was performed on the same feldspars,
A total of about 70 to 20 2V, determimations were made on
a {ive-axis stage using the procedure outlined by frmons
(1943},

Problems in Fappd

Rock alteration which 4is ubiguitous 4n the area has
added many problems to the geological mepping, In several
places rock types are indistinguicshable, At some localities
highly sltered intrusive plagioclase-hornblende porphyry is a



—
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dense, green rock, In the field it 4s impossible to dise
tinguish this green rock from some altered volcanie op
altered sedimentary rock. The style of alteratiocn has conside
erable variation from one place to amother. An effort was
made to rocord these changes but suitable map unité,that
are completely satisfactory eoculd not be assipgned,

Throughout much of the area major structures such
as faults and cantaéts, are obscured or completely obliterated,
ind finally, where slightly altered rocks grade into more
highly altered varieties the contact 4s commonly a zone of

conaidarable width, though on the map 1% is marked as & line,
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CHAPTER 11 « HISTORY ARD CENERAL CHARACTER OF THE AREA
History

The area hac recelved limited attention even from
rrogpectors and geolopists and has not yet been completely
wapred by the Genlopical JSurvey of Canada larrely béﬁause it
i in a vary romote distriet of British Columbia,  The exe
tensive iron steining has undoubtedly attracted some travele
lers (Photoprraphs 2 and 3)., However, examination of most of
the stained areas would have revealed only small amounte of
disceminated pyrite., Although most prospectors turned away,
Bruce and Jack Johnson stoked some c¢laims in 1935, and their -
cairns are still preserved om the divide between the Fitchell
and Sulphurete Valleys. HMany years ago placer miners obtained
a little gold f&wm the lower reaches of Fitchell and Sulphurets

Creeks,.

The Fitechull and Sulphurets Glaclers are located in
the heart of the Coast Mountains apsroxinstely 600 miles north of
the eity of Vancouver {(Figure 3), These glaeiers-ueéupy the |
heada of the valleys of Hitchell and Sulphurets Crecks, which
are eastarn tributaries of the Unuk River, Dowm the Unuk River
drainage systen, the Alaska border and tldewater at Burroughs
Bay are 12 end 25 miles to the southwest, recpectively, Grane
duc mine, the closest settlement, is 20 miles by air to the
south, The nearest town is Stewart at the head of the Porte
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pitechell=Sulphurets Ridge  Sulphurets
Glacler

Fhotograph 1t View fron: the west of the

FitchelleSulphurets Region (The Ridge in
the forezround cbscures the view of the
#itehell Valley),

Fhotograph 2: View of the hanve
ing glacier in Sulphurets Valley
{the prominent irom staining can
be seen in the background),
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land Canale It is about LS miles by alr in a southerly direce
tion.

As mentioned above, the area is one of the et ine
accossible parts of bBritish Columbia, iu is almost completely
surrounded by steep mountains and icefields, The river valleys
wihich are the natural access routes support dense follesge and
lack good trails. The main valley of the Sulphurets Creek
is blocked by a rorige near the river's mouth, The proposed
Stewart-Cassiar Highway at its closest point will be 25 miles
to the morthesast, liowever, if the iron deposit omn “ecluillan
fiidge is developed by Cranduc Nines Ltd,, there should be
either a road or railway or both within 12 miles of the area,

Igpography

The area is charactorized by steepewalled, glasiere
filled valleys and rounded, snowecapped ridges (Frontispiece),
The valley slopes, where not precipitous, sre covered by trees
and shrubs to an elevation of about 4,000 feet, Above this
elevation the valley walls give way to alpine meadows and
snow = govered slopea of the rounded ridges, To the east and
south of the area,'wherm there are nunatak ridges that exceed
7,000 feet in elevation, the slopes become again very precie
pitous culminating in horns and aretes.

Within the mape-area the mamgimum relief is 5,000 feet
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The lowest point is at the southwest border where Sulphuret
“reck drains to the west, The highest point is at the northe
ern border where a 6,900-foot ridge projects above an icee
fleld, |

In gereral the land slopes and drains to the west,
Fain glaecliers are fed from the south and east by icefields
along the eastern divide of the Unuk River drainage system,
The pattern of drainage has separoted the district into three
eastewestetrending topographical divlaioné. The most northern
of these is Fitchell Valley, the middle, MitchelleSulphe
urets Ridge, and the wost southern, Sulphurets Valley,

glimste

The district ia at the border between the ¥West
Coast Farine and Northern Interior climatic regions of
Pritish Colunbia, iFoet of the westhey systems, which proe
dominantly come from the west, are confronted by sevafal peaks
and ridges before they reach the srea, This gzone in the moune
tain belt receives from 60 to 100 inches of precipitation per
year, The amount of precipitation generally increases to the
west,

The winters are lonz and severe and the sunrcers tend
to be cool snd relatively short. The susmers in the Hitchell=
Sulphurets aree are charsctericed by mist and drizzle with
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sporadie elear, hot days. August is the best szonth for doing
field work because thereis les: snow on the ground and
usually there are unore clear cdays.

The mean teunperature for Jauu&ry is from D to
10° "oy and the mean temperature for July is from LO° to
50 Fe The area has less than 50 frostefrce days per year,
and it has less than 170 days a year over 23° 7,

Below 4,500 feet elevation the area is in the Sube
alpine Forect biotie region; above, it is in the Alpine«Arce
tic blotie region, Spruce, balsam fir, hemlock, lodgepole
pine, aspen, ground alder, and devil'seclub, as well as many
other shrubs and bushes are common in the Subalpine Forest
region, The flora of the Alpineeirctic region varies from
stunted ecnifers at its base to short grasses on the rocky
slopes im its u-per regions, Luxuriant elpine mﬁadawﬁ abound
taroughout the area, FMany varieties of shrubs, mosses, grasses,
and flowers are to be found, &y the ead of the suwrer the depth
of foliage in these meadows usually ranges from one to five fest,
Since many of the ﬁmun@ain slopes are very steep, there are
several arsas that have a typleal smowslide assemblaze of bro=
ken, twisted, intergrown conifers and ground alder, with undere
n3§rgkvil'a«e1ub, stinging netiles, and othey objectionable
shrubs, \
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in this area, cormpared to other fegiana of Eritish
Columbia, birds and other aninmsls are not very abundant, Ftare
pigans, Franklin grouse, Hoary marmota, cornon fleld and Jumpe
ing mice, Farry graundsquirrels,martena,gparcupines,,toads,
and less commonly, mountain goats and grizzly bears are scen in
the region, 3Since these animals are not v&r?‘abundant and
there are no fish in the streams and lakes, it would probabe
1y be wvery cifficult for z human to sustain life on the local
Fame.,

Glaciation

ilaciers have been the most important sculpturing
agenta in the formation of the present landforms., The steep=
walled velleys owe thelr origin to the glaciers that presente
ly occupy their bottoms (Photograph 4). The rounded ridgzes
that are at present at about 5,000 and 6,000 feet were proe=
bably smoothed off during the earlier period of glaclation
when the continental ice sheet covered most of the area, Horns
and erétes that occur above 7,000 feet probably projected above
the eontinéntal ice sheet, |

The praaaﬁﬁ existonee of glacliers can be attributed
to three main factorst the low annual mean temperature, the
high preeipitation, and the high elevation., Judged from the
aerial photographs that were taken in 1956, the Sulphurets
Glacier 12 in a staso of stagnation end the Mitchell Glacler
is in a stage of rocession, Since 1956 the Mitchell Clacier
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Photograph 43 View looking scuth from "itchell=
Sulrhurets fidge up the Sulvhurets Claeier (note
the steep valley walls and rounded ridges),

has receded 500 to 600 feet, The pronminent trim lines (Frontige

piece and FPhotogragh &) that are precent high above both gl

ot

ciers indicate that they have suffered extensive ghlation in
glacier

_recent years, [from a study of a hanging,in Sulphurete Valley

¢

(Frontispiece and Fhotograrh 2), it is apparent that where the

frontal ‘lobe of a glaeler is very thin, sblati.n can result

ke

in a marked retreat of the glacicr,
Clacial and glaciofluvial deposits are common throughe
out the area. (lacial errutics are found at many localities,

including on some ridges above 5,00 feet, Terminal moraines
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occur to the west of the Fitchell Glaeier and in front of scme
of the smaller pglaciers, FProminent lateral moraines are 0ssoe
elated with most gleciers, and outwash gravels are very plentie
fule |

A glaclal feature of special note is the Forbes
bands that oecur on the uppsr southwest arm of the Sulphurets
Glacier (these are beyond the southern linit of the area shown
ir the Frontisplecel), These bands have formed below an icefall,
They are convex downstream and diminish in slze away {from the

fell. Fear the ice-~{all they have a typical asymuetrical wave

form, These waves at a maximum, have an anplitude of 30 to

L0 fect and a wavelength of a few hundred feet, The waves
are composed of bLrecciated ice, Their shape iz clearly due
to seazonal varistions &n flow over the fall, or seasonal
variations in the amount of ablation of the material passing

over the fall.
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CHAPT:R TI1 « GERERAL GEOLOGY
Intmoduction

The mapearea ( area shown in Yigure 4 ) is near the
wectern edse of the Powser basin (Cabrielse and “heeler, 1961)
arnd 1s approximately twelve rmiles east of the main C;ast Foune
tains plutonic corplex, It contains partly or completsly notae
gomatized, aedimannar?, volcanie, and intrusive rocks. The
voleanie and sedimentary rocks are probably Lower Jﬁraaaie.
and the intrusive rocks are only slightly younger.

The voleanic and sedimentary rocks form part of the
Lower Hazelton Group and/or possibly part of the Upper Tekla
Group (7). The intrusions are most likely related to §he

Coast Fountaln period of igneous activity.

Sedimentary rocks are predominant in the west half
of the map-area, Hizghly deformed, dark argillitos, silte
stones, and greywackes make up the grester part of a belt of
sedimentary rocks along the wewstern side of the mapearea, but
at the extreme west end of Mitchelle3ulphurets Ridge pebble
and boulder conglomerates are the maim rock types. In general
conglomerate and argiilite are less abundant than siltstone and
greywacke, Dark silty limestone ocours at & few localities,

FABRRETR T S R
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TABLE I
Table of Formatioms for the Mitchell-Sulphurets Region
Period Group Lithology ]
Unecnsolidated glacio-
Recent fluvial and glacial deposits
Unconformable Contact
Tertiary (?) Late Dykes Keratophyre (basalt (?) )
Intrusive Contact
Granite
Syenite and Quartz-Syenite
Porphyry
Mitehell Plagioclase-Hornblende
Jurassic (?) Intrusiens Porphyry (Albite
Syenite; mimor
Syenodiorite)
- and altered egquivalents :
Intrusive Contact |
B *Spilitized Diabase
Intrusive Contact é
Lover Lower Hazelton  Volcanic Members - green and %
purple lapilli tuff, volca- 1
Jurassic (?) and/or niec breccia, feldspar por- ;
phyry ]
possibly Upper - and altered equivalents |
Takla (?) Uneonformable or Conformable
Contacts (?)
**Sedimentary Members - car-
bonaceous argillite, silt-
stone, greywacke, conglo-
merate, and minor impure
limestone
- and altered equivalents

* May be part of the Mitechell Intrusions .
** There is some doubt whether the main sedimentary unit in
the map-area is stratigraphically above or below the

main voleanie unit
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Sl Some of the greywacke sections are typically rhyth-
mically bedded. In one section several miles to the northwest

of the mape-area, where the rocks are little disturbed, an un-

~interrupted rhythmic series of interbedded argillite, silt-

T I T AT e e

stone, greywacke, and nminor fine pebble conglomerate is more
than 1,000.feet thick (Photograph 5). In the map-area these

rhythmic sections are usually small and disconnmected.,

b
%

Photograph 5: Rhythmically bedded
argillite, siltstone and greywacke
(photograph was taken about 6 miles
northwest of the map-area),

Sedimentary rocks of the map-area are in all stages

'} of alteration and deformation. Many of these rocks in the
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western belt are not apprecisbly altered and are only modera=
tely deformeds, Some of the lees competent finee-grained sedie
ments c¢ontain well developed slaty eleavage., Nearer the ine
trusions most of the sediments are hig%ly zltered, The only
exceptions are some black, pyritie argiilitas and siltctones
on the norbth and south sides of the Bulphurets Clacier that
cccur as relatively unsitered inclusions in highly sltered
plagioclase=hornblende porphyry, and some of the sediments
in contaet with intrusions in the upper Sulphurets Glacler
region, Iﬁvariably highly ~ltered sediments have lost their
dark colour and are usually a pale shade of grey or green.
In the most highly slterad rocks, loezlly, well~developed
bedding etends out 2s a last remaining structure while major
structures, such as contacte and faults, have been obliterated.

From thin section studies it was noted that & very
characteristic feature of both coarse and fine sedimente is
their extreme irmaturity. Always they are poorly sorted and
the grains have a low degree of roundness. Nost greywackes

contain less than 27 per cent quarts and are very high in

plagi@alaée. The conglomerates are camprised chiefly of cobe
bles and boulders éf voleanic rocks, and contain sbundant
elinopyroxene in both the matrix and fragwents. All argile
lites that vere examined in thin seetion aantéinea gubeangue P
lar and subercunded quartz and/or feldspar set in a clay
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‘wabtrix, Table Il glves typical minerzl esupositions of the

sedizentary rocks,

Voleanie rocks predominate iﬁ the eastern half of
the mapearea, They couprise pyroclastics intercalated with
feldspar porphyry flows. Invariably there are minor amsunta
cf sediments interlayered wit!: the pyroclastics,

In the fleld these rocks are scen to be in all
stages of alteration from fresh—appaéring purple‘énd gyreen
fragmental rocks and light zreen and white feldspar porphyry
flows to nale, metasonotlic egquivalenta, In the least altered
areas it 1s esen that lapilll tuff and wolcanic breccias are
the most comumon rock types., ‘“here the volcanic rocks are
partly altered they are usually a pale shade of green. Some
are nmacssive greencslones while others are schistose grecne
stones. In the schigtose types the fraguentz have been
elongated, In very highly altered warieties sutlines of
frazments have been obliterated - the resultant rock in most
places is some shade of pale grey or buff,

In thin Sactimn it is seen that evem the Ireshest
appearing varieties have suffered extensive alterstion. This
alteration has destroved many of the original features, ale
theughvin most seetions a clastie texture is still preserved,
Any shards originally present in thq‘nntrax have been deatroyed.
All voleanie rocks that were studied in thin seetion contain
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TABLE II =~ Typical Mineral Compositions of Sedimentary Rocks
in the Mitchell-Sulphurets Region

Specimen No. K-208 K-263 K-65 K-250 K-183 K-28 K-113

Altered Altered Al tered Altered Recrystalli- Altered Altered
Rock Name Pebble Pebble Feldspathic Feldspathic zed (Grani- Feldspathic Argillite

Conglo- Conglo- Greywacke Greywacke tized) Greywacke

merate merate Feldspathic

; Greywacke

Plagioclase 20% 15% 50-60% :22-35%) 15-20% 55-60% 15%
Quartz 2% (?) 7% 2-5% 25% 55-60% 10% -
Clay Minerals - - - - - - 25-35%
Calcite (Sec.(?)) 20% 1-2% 15-17% 5% - trace 10%
"Sericite" (Sec.) 3% - 10-12% 10-12% 5-7% - 5-10%
Biotite (Sec.) - - - - L-5% - -
Chlorite 10% 5% 1/2-1% 5% - - -
(fserpentine)
(Sec.
Epidote - 5-84 (?) - 5% - 25-27% -
(pistacite)
(Sec.)
Clinopyroxene 25-35% 20-25% - - - - -
Apatite - - - trace - trace -
Unresolvable 10% 40-45% 10% 15-20% 15% - 35%
Matrix Albite (?)
Opaque Minerals 5% 1-2% 3% L% 4-5% 5-7% 1%

An% was determined b{ optical means,
n

(Sec.) - Secondary M

erals.

Percentages are visual estimations.



some plagioclase, In every gseetion, excest an clipgoclacce
bearing flow, it was noted that the plagioclase is albite,

In wost of these specimens the plapgisclase i pertly replaced
by calcite andPeericite" but in a few grecimens it is very
fresh in appearance,

From the studlies that were made, it seems that the
volcaniec rocks have to reach a relatively intense ctege of
alteration before they change colour to the paler ;reen and
grey varieties, This colour change may be very charp, and
is very siailar to the "marble line” in netamorphssed lire-

stonec, OUn one side of the line these rocks may not be ree

cognizable while on the other gide they appear unaltered.

Fhotozraph *1 Typical une Photograrh 9t Typical, une
alter-d flow brececla altered pyroclastie breceia
{Uoper ”uiﬁhuret Clacier

beyond mapearea)



Fhotograzh 10: (Ke35)
Typical lapilli tuff

Fhotograrh 11:

(Fuﬁi) Fliotow
WEcrw°raph illustrati

extLone

(appears unaltered in sive gericitization (x D- Polaw

hand specinen) rized light)

f the Sedirentary and

Volearnile Strata

Beecause of structural comvlexities and
teration, stratigrephie relationsiiips and are of
sedinentary units eculd only be
regions outside the mapearea,

Fitchell Glaclier at the head of Treaty Creek (p.

»

canic &ﬁd sedirentary sequence is exposecd that is

same ag the succes i o in th

Creek comprices wellebedded, preen and purple tufifs

canle brecclas, minor flow rucks, dark ergillites

tablished in le

napD=nrels 1He Sequ

pervasive ale

voleanie and

gz disturbed

About aix nilles north of the

27), a v.le
»robably the

nee at iroaty

and greywackes (Photographs 12 and 13). Conformable formations
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of sedimentary rocks occcur above and below a main voleanie
unit, #Foorly preserved fossils collected at the top of this
voleanie formation, which 48 ehawn 4n Photograph 12, were
doted as Barly Jursssic by Dr, Hans Frebold of the Seslogical
Survey ol Canada, Ammonites including Arieticeras k?} and
pelecynods ineluding evla sp, were identified. From a
loezlity about 2 nilee west of the Treaty Creek (Glacier the
following foesils were identified:

¢ candense Frebold

Tourorwa (7) spe
castropoas

Are: Hettangian (Lowermost Lower Jurassic)
fiocks at the gecond locality are probably slightly lower
stratigraphically than those at the first,

Exact relatisnships of fossiliferous rocks at
Treaty Creek with rocks of the mapearea have not been estobe
lished, but since strata in the Treaty Creek area trend toe
ward the map=area, it ic probably safe to assume that if rocks
in the mape-area are not exactly the seme stratigraphically
as those in the Treaty Creek area, then they are at least
near the same stratigraphic horison,

flocks of similar age and lithology in the Fortland
Canal district have been ealled Haszelton group {Hanson, 1935).
Sowe of these unite were traced by Hanson to 10 miles of the
map=area, Put since Hanson mapped these rocks the Haselton
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TABLE 111

Typical Mineral Compositions of Voleasnie Focks

in the Mitchell-Sulphurets Region

!-291:

Specimen ¥No, K=2ké Ke2k? E=8%
aitered altered aitered alitered alterea
Rock Name volcanie lapilli lapilii tuff feldspar
breccia tuff tuff perphyry
flow
Plagicelase 35% 25% 25309 35404
Ang.g £n0 Ang.g Anpp.25
Apatite trece trace trace 3%
. (+sphene)
Epidote 1 4 L5% - 5=7%
(ristacite)
"Sericite” 12-.15% 1=2% 12-15% 10=12%
(felay minerals)
Caleite 8.104 70101 17=-20% 38
Chlorite S=7% S=7%" 7% 15%
Biotite - - - .
Quartz 3% - 5% -
Unresolvadle 254 10-12% 208 10-15¢%
mesoetaﬁis
glagia—
ase ?)
Opaque Minerals 7-10%  2-3% 1/2~1ﬁ 6-8% €%

An® was determined by opticel meams.

Most of the minersles are probably secandury.
Percentages are visual estimations.
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group (also the Takla group) has been revised and redefined
(Tipper, 1959).

Tipper, in revising the Hazelton and Takla groups,
has assigned tentative apes of mainly Upper Trisssic and Lower
Jurascie to Takla group and riddle Jurassie, Uoper Jhraﬁsic,
and Lower Cretacecus to Hazelton group., He states that Takla
aroup rocks occur vweast of the Nocky iMountain Trench and
moinly east of the belt of "Cache Creek strata (». 40). The
northern and southern linits have not been defined., Tipper
(ne 4LO) states that it is probably best to consider all
Uprer Triascic and most of Lower Jurassic strata as part of
the Takla group wherever they occur in eentral British Colume
bia. On the other hand he states (pp, 3% and 39):

It Beemé probable that in time the Takla
eroup will be rectricted to r Triassie
strata, like the Kicola group (Duffell and
I'eTappart, 1952, ppe 29=31) of southern
firitish Columbia, and the Lower Jurassic
sbrata will be mapped as a new group where
poseible, as in ilechako River area, but as
Hazelton zZroup where they are lithologically
insergrable from ¥iddle Jurassic strata, as
may be the case in FeConnell Creel area,
it would séem, therefore, from Tipper's paper, that it would
be best to call Lower Jurassic rocks im central British
* This belt occurs in the vieinity of Babine and Tekla Lakes;
therefore it is about 150 riles east of Mitehell-Sulphurets
region, This means that most of the rocks that have been
called Takla are over 150 riles from the mapearea ale

though some that are less than 100 miles distant have
also been called Takla,
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Columbia Takla group where they can be easily separated {rom
lddle Jurassie rocks and to include them in the Hazelton
group where they are not easlly separated fron #iddle Jure
assic roeks, Since information is rot available on Kiddle
Jurassic roecks of the ecstern Unuk region, iﬁ is not possible
to follow Tipperts suprestions, Since it has not been demone
strated that Takla group rocks extend as far west as the
fitchell-Sulphurets resion, it is best to retain Hanson's
nomenclature and call these rocks ilagelton group. However,
it should also be kept in mind that with further work it
could be shown that these rocks more suitably it into the

Takla group as defined by Tipper,

Several features of the sedimentary rocks indicate
that they werce rapidly deposited in & marine environment by
turbidity currents. The most significant feature supporting
rapid deposition is the extremely low maturity index (Pettie
john, p. 509), Uther features are the poor sorting and low
degree of roundness of the grains., An open water marinl-ﬁan
vironment of dapaaiﬁimu for most of the sediments ie ine
dicated by the fect that the majority of the rocks are fossil
poor, and that fossils found in these rocks are chiefly
pelagie geners, such as belemnites and ammonites.

There are several features that are typical of
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turbidity current sedimentation, ihythaie layering, 89 dege

eribed above, is very typlcal of turbidisy current depcsition

(Pettijohn, p. 617}, 1In some specimens there is distinet
evidence of soft sediment deformation that could have been
a result of furbidity current action. Argillite fragments
are very common in some beds, They probably represent code
iments that have been disrupted by turbldity currenta. The
a%rusﬁure displayed in Photograph 1L could also have been
formed by a turbidity current, A current could have ernded
and deformed the lower beds, then deposited the upper beds

on the former, There is a distinet erosisnal unconformity

betwesn the two units,

Fhotogzraph 14! Soft sediment deformation
in a siltstone (southwest arm of Sulphurets
Glacier « beyond mapearcal.
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The writer thinks that not only nost of the finer
gsedimentary material but also the coarser conglomeratic mpate
ter could have been deposited by turbidity currents, These
sgdiments are also very immature. They contain minerals that
are very susceptible to weatherlings, such as plagiociaae and
clinopyroxene, Sorting in thene rocks is poor and the finer
material bhas g low derree of roundness, In thin sections
of conzlomerates studied, it was noted that there are many

crystal fragments of eclinopyroxens in the matrix which have

‘been c¢rushed, OUne can imagine that finer material between

the larger cobbles and boulders in the turbidity current
would be like ore passing through a ball mill, The observed
textures leave the impression that this is a feasible mechane
ism of depoaitiﬁn.

tven though 4t is poxzsible that many of the sedie
ments were deposited in deep water by Surbidity currents, some
at least were laid down in relatively shallow water where
thers were stable bottom conditiona. At three localities in
the castern Unuk area where fossils waere collected, the
assemblasen are typleal of a neritic environment, Eottom
dwelling pelecypods and rastropods are most abundant, but
pecten=type pelecypoda, ammonites, and belemnites were also
found, All these loealities are ncayr the same stratigraphic
hordson, They occur in or near the volcanie unit shown 4in
Photograph 12,



Diabage sills and dykes are common in the western
belt of sedimentary rocks, To date none have been found in
the eastern half of the mapearea,

Pegascopically the diabase is fine graiﬁe& to aphae
nitic, has a "salt and pepper” texture, and is usually soxe
medlium te dark shade of grey or green, In the field 1t is
locally dmnossible to distinpuich szome fineegrained diabasic
gills from greywacke beds,

In thin secti n the diabase characteristically has
an ophitic texturej corroded, albitie plagioclase} clinoe
pyroxene, and interstitial quarts. Typical mineral composie
tions of these rocks are shown in the first two columns of
Table IV, Thmaé rocke tend to be ralatively equigranular
with grains everaging from 1/10 to 1/2 mm, in size, The
plagioelage sccurs as irregular subhedral laths and the
¢clinopyroxene as more equant, anhedral, poikilitic crystals,
in a few specimens there are coarse,; eircular clots of epie
dote (pistacite) and guarts, Where the quarts 4s in contact
with albite, whieh encloses the clots, a welledeveloped myre
mekitie intergrowth has formed, .

The alteration varies widely, Plagioclase (albite)
is partly altered tec "sericite®, epidote, caleite, and clay
minerals; elinopyroxene is partly or eompletely altered to
uralite, biotite, chlorite, caleits, and serpentine,



Structural relations of the spilitized dizbase are
sirple,. Invariably it is nassive and never displays any direce
tionael festures, In many areas it displays intrusive relaw
tionships with the enclesing roeck, Fost frequently the spile
itized disbase was intruded as thin sills into the wellebedded
sedivente, Loss frequently 4t forred dykes that cut both sedie
nentary and voleanie rocks., In many areas ths sills are
highly folded. They have been subjected to similar amounts
of defornstion as the sedlments, .

. Approximately six miles northwest of the map-area
there is evidence that these sills nay be the sarme are as
the main woleanie unit described above, The sillis occur in
great abundance below a similar voleanic unit and feeder dykes
extend imnto it, but no sills oceur above the voleanic rocks,

The name "Mitchell Intrusions® will be used in this
thesis to designate all the intruaiva vocks ocourring in the
vieinity of the Mitehell and Sulphurets ﬁl&uterﬁ_exuay# the
late dyk@a_and poseibly the spilitised disbase, These intrue
gione are thought to be related to one ansther and to the
mineralization, It is poszible that the spilitized diabsase
may be part of the FMitchell Intruailons, Some sulphide minere
alizetion is assoclated with one diabasie dyke and on the
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western end of the VitchellsZulphurets Ridge diabase and
plagloelase«hornilende porphyry (part of the Fitchell Intrue
glon) have been identiffed in whrt could be the same dyke
tody. Unfortunately, however, at the time of mapping the
writer was not aware of the distirection between theéé rock
types and thus did not map the critical area where they should
be In cortact, He, therefore, has no proof that the diabasie
bodies are related to the other intrusions,

The Mitchell Intruslions can be subdivided inteo three
distinet lithologie groupnag '*;ﬂagﬁoaiaﬁauharnhlenda porphyry
(2lbite syenite and minor sysnodiorite porphyry), syenite and
guartz gyenite, and granite, These rotk types are {found in
many relatively small intrusive bodiea (shown in Figures &4
and 5} . |

Tuttle and Rowen (1953, p. 127) state thaﬁ unless
rocks containing greater than_ﬁa per cent normative AbrOr+l
fell into the abe triangle (Figure 16, Appendix), they should
not, for genetic reasons, be called granite, This would mean
that in onder for a rock to be nzmed a granite it shaﬁld COnw
tain over 15 or vospibly even 20 per cent quartz., Following
thie line of reasoning, the writer of thls thesis uses the

tern quartz syenite for rocks of the appropriate composition

“This nsme is used rather than albite syemite porphyry (etc.)

because it is a better fileld namej it allows for a much
greateyr range in comnnositiony and the writer doubts very
mugh that these rocks crystallized as slbite syenite or
syenodiorite,
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containing from about 3 to 15 per cent quartz, Rocks of the
appropriate cormposition with less than about 3 per cent quarts
erg termed syenites, and rocks with greater than about 15 per
cent guartz are termed pranite, It should be noted that some
syerndites on the north s¢ide of the Mitehell Glacier, which are
near the contact of 2 granite, may dbe abnormal since they are
very low in soda feldspar,
flasloclase-lisrnblende Forphyry

In the pap-area plagloclase<hornblende porphyry is

restricted to the Sulprhurets Valley and HMitchell-Sulphurets
kidges Although none was found in the Fitchell Valley, 1t
is5 possible that some -f the highly sltered rocks were this
nerphyrys Small azreas of crosse-cutting ehloriteesericite
schist which sceur to the west of Fitchell Glacier could
have been this rock (Fhotogranhs 33 and 332 show a relic
plaginelase erystal in a clot of sericite), Fost of the
altered rocks iﬁ the lowey Sulphursts Velley have been idene
tified as plagioclase~hornblende porphyryv.

Because of alteration, these rocks, megascopically,
have many varistions in appearance, Completely unaltered
varieties, of which there are few, have medium grained, dark
green hornblende and white piagioclama vhenocrysts set in a
dense, lightegrey matrix(FPhotograph 15). Usually both types
of phenoerysts are prasent but elthor one may be more consple
cusue than the other, Vith increasing alteration the colour
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graduelly chanpges and the phennerysts beeome less dietinet,
Completely altered horrblende-nleriselege porphyry i 2 mese
egive, pyritic, dense, ﬁrean;grey rock that 4s very similar
to some of the altered voleanies, Fseudomorphs efter the
horrblende and rlasiocclese rhenaerystse generally ﬁnéblﬂ one
to distincuish the two irn thin =sertisn (Photosranh 32),

In thin section it iz 2rpsvent thet the slteration
hea reeulted in the nlesirelsce~hornblende porphyry having a
variety of textures and minerszl agsemblapges, Typical mineral
compneitions are lieted in eslumme 3 to 6 inclusive of Table IV,
The degree of alterotion cererally incresses from left to right,
Tegpite the variaticnzs dus te slteration, there are properties
that are diacnostie for 8ll the plargioglase~hornblende pore
rhyries, As pentioned above 1f euhedral or subhedral horne
blende and plagioclacse rhenocrysts are not present, then PSgue
domorpha, usuelly of chlorite, calcite, and "sericite®, are
present after them, In 2l]l specimens there is a mierocryss
talline matrix with ar sverape prain sise ranging from 1/2 to
1/50 mmy - In msny specimens greirs of the metrix grade into
rhenoerysts which have an sversze sige wvarying fHirom 1 to 3 um,
The matrix snd phenoerysts vary in abundance but usually they
are in subequal amounts, Some scattered apatite orystals up
to 1 mm, in length and scattered microgline erystals, which

can be over lo'mm.Ain disnmater, are present in minor amounto,
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These two constituents renerally survive most of the slterne
ticane Fhotogrerh 29 illustrates 2 relatively unaltered microe
elire erystal in & hizhly altered albite syernite morshyry,
fyrreiiorite hos beer ineluded 4r this grour since a2 few specie
rens S:zken or tha szt eide of “ulphurets Olacier contaired
glizcslase rather than a2lbite,

The plagiaclzce-hornblernds porphyry usually forms
relastively coalle to mediunesiced =11ls arnd dykes, These
bodiea have besen eunplacced nlong pre-existing weaknesses in
the roctks %here wellwdoveloped bedding planes were nresent
the nagma {orced 4tn wey hetveen the beds, In some places
tidls process was quite passive, the intrusion having little
e¢ffact on the sediments, but in other places the intrusions
have highly deformed the confining rocks, In many areas in
the Sulphurets Valley contorted bedding is to be found ime
rediately adjacent %o the intruslions, On the north side of
Sulphurets Clacler just above its tee; large, contorted ine
ciusions of carboraceous arglllite and siltstone, some over
100 feet long, are found in the altered albite syenite pore
phyry (Figure &),

Host of the plagiscclase-hornblende porphyry is mage
sive without any directional features, but in some areas the
hornblende and plagioclase phenoerysts are conspicuously
alignod. Huety osuterops and alteration make it difficult to

soasure these foliations and linsations,
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sxgnite and uopts Syanite Posnhrper

A major part of the largest intrusiosn on Fitchellw

i

culphurets Ridge and of o modn Intruslin in the iiitehell Valley

s

i covprized of syenite ard guarts syendte porphyry {showm in

5

. Tigure b)e The only pluce that syenite porphyry and quarts

T

saer 2 e, T 4 wiawe Ly hman N IF .| . il ik
syenlte porphyry cccur In szelld bodieg 18 as satellitic dykea

L3

and sills near the esntacts of the maln intrusiong,
Iggascopically, tho aﬁwnite and quarts syenito pore
Jhyry ero Ehafagﬁaxineé by porphyritic, grenitic texturcs; many
coloursd feldepars; lock of visible quartz, and low percentages
0l wefie gonstituents, Invariably, these rocks have 2 porphye
ritiec, granlile texture. The phonoerysts are ralnly {rows 2
to 3 mz. long, bubt a few specimans contain very coorcs phonow
crysts, some heing ovar.ﬁﬂ mr, In pEst Bpedimens potash f{elde
ror forme the largest; most conipicucus phenoerysts but in

soéme, plogloclase is aleo rpresent as phemserysts, Although

-they uay have rink or red torders the coarsest phenserysts

r=e chlefly white, A few speclmens of quarts syenite contain
pale pimk potash phenoerysts, The watrix, whilch is dominantly
five grainsd; in rort cases amounts %o less than 25 per cent
of the roek, The feldspars of the matriz may be white, pink,
ved oy light gresne The p;nk‘&nd red feldspars are wicroe
rerthite, the light sreen fs plagioclase (green colour is

due to aerieitie slteration), and the white may be plagice.
¢lase or peotash feldspar. The specimens with green plagiow
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Photograph 15t (K-210 and 211)
Albite Syenite (plegioclase-
hornblende) porphyry.

Photograrh 17: (K=22) "Cracke
led" metasomatised syenite pore
phyry near granite ("minute dark
lines are mylonite zones ).

/». e qranite

iy

1\
8

Photograph 19: (K-23) Red
granite cutting old white
syenite (at the base is a
guartz=calcite veinlet cone
taini pyrite and chalcoe
pyrite

Photégraph 16t (K-137) Quarts
syenite porphyry (dotted line
is the boundary of a feldspar
phenoeryst).

T LLTh a1 e
Photograph 18: (Ke~ll) Syenite
porchyry veined by quartz, cal-
cite, and chlorite,

(K=93) Red
granite containing wihite phenoe
erysts or xenocrysts that could
be relies from the nldor By
enite,

Fhotograph 20:

e ——g—_
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clase and pink or red milcroperthite have a "Christmasy”

aprearance, Even though some of the rogks of this group
ntain conslderable quartz, it iz never coarse ensugh %o

te vigible to the unaided eye {ewcert ap veinlets), Ferromage

neslan nminerals 2t wost places amount to less than iO pels

cent of the total rock. ost of the primary maflic constie

tuents have bsen altersd to ehlerite and other secondary

rinerals, Unusually larze, arber-brown sphene crystels are

found seattered throughout sore of the syenitic rocks,

The megascopie features of the ayenite and guarts
syenite porphyry pernit an easy field sepavation from th
tlazicclase-hornblende porphyry and granites of the dicstrict,
The pla ginal&aewﬁnrnblends porphyry 1s readily diﬁtimgui&h@d
by its high pmre&nta s of donse matrix, 1ts dark horrnblends
pheroerycts, and by the overall graen eclour of the altered
varieties, OCranites of the mapearea, in 2ll places, contain
visible quarts. A granite on the rorth side of the litchell
Clacier is easily distinguished because 1% 1s mere &qui;ranular
and has a very diagnostic purplish red eolour (Fhotographs 19
20, and 26).

In thin secticn the * syenite and quartsz syenite
porphyry are seen to have a prominent porphyritic texture, sube
egual amounts of potash and plagicclase feldspar, szoned felde

*Typical mimér&l sonpositions of these yocks are given
in eolumns 7, 8, and 9 of Table 1V,

i T Y
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spare, small amounts of interstitial quarts, a low ferromaje
nesian mineral content, small percentages of alteration miﬂ&rala,
and ubiguitouely corroded plagicsclase, In the specimens studied
feldspar phenoerysts covprise from 50 to 25 per cent of the rock,
fost of them are subhedral {(irregular in detail) and they avore
age irom 1 1/2 to 5 mm, in lengthe A microerystalline matrix
of irregular, anhedral, low birefringent (feldspar and quarts)
(?) grains makes up the remainder of the roek, The average
grain sige of the matrix is highly wvariable, ranging from 1/30
to 3/4 mm, in éiﬁmﬁtaf. In most specimens grains of the matrix
are gradatisnal to the phenoerysts, Fany plagloclase and microe
eline (untwinned) erystals are soned, The soning in the plsgio=
clase is outlimed mostly by verying amounte of alteratiosn
minerals, and in the mierccline it is outlined by differences
in extinetion and varying asounts of exsolved albite (Phntoe
grach 22). The quartz that is commonly present in pinor arounts
is inﬁafahinial to the coarser feldepars. Ag seen in hand
specimen the ferromasnesium content of those rocks is low,
felies of hornblende irdicate that it was the maln pfimary
mafic mineral. Fost of the hornblende exhibite resorption
textures (Photographs 23,24, and 24A)e An original euhedral
outline of the phenoeryst illustrated in FPhotograph 23 is
still preserved,

Alteration, although only in mirnor amounta, ie

=21 e B R e
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TABLE IV - Typical Mineral Compositions of the Mitchell Intrusions

1 2 3 s .5 6 7 8 9 10 11
Specimen No. *K=132 *K-209 K-210 K-211 K-112 K-126 K22 K-137 K-153 K-93 K=-23 |
Rock Name Spilitized Spilitized Albite Altered Altered Highly Syenite Quartz Quartz Red Red %
Diabase Diabase Syenite Albite Albite Altered Porphyry Syenite Syenite Granite Granite !
Porphyry Syenite Syenite Albite Porphyry Porphyry Porphyry
Porphyry Porphyry Syenite
_ Porphyry :
Plagioclase 40-50% Ang 55% Ang 29% Ang  30% Ang 40F 10% 17% Ang*> 35% Ang &5% Any; 2-5% 2-7%Ang*
Microperthite - - - - - - 75% L42 30% 73% 70%
Quartz 10% 10-15% - 1-2% 3-5% L% - 3-5% 7-10% 15% 20%
(sec.) (Sec.)
Hornblende %5-20? trace 23% 15-20% 3-5% - - 7% - - -
Sec.
Clinopyroxene - 12-144 - - - - - - - - -
Apatite trace 1% 2-4% 1% 1-2% trace trace 1/4%-1/2% 1% 1/4% 1/4-1/2%
Sphene - - - - 1-2% - - 1%% 2-4% - -
Opaque 4% 3-43 1/8% 1-2% 1-2% 2% 1/2-1% 2 2-3% 2% 1-2%
Minerals :
Unresolvable - - 40% 30% 25% 10% - 3-5% - - - -
low bir.
matrix » .
Sericite - 2-3% - 3-4% - 50-60% 2% 1% 5% 2% 1/4%
(sec.)
Biotite - 3-5% - - - - - - - - -
(Sec.) )
Ch%oritg 5% 7% 7% 2-3% 10% 10% 1/4% trace 3-5% 4% trace
Sec.
Cl?y Mi?erals 10-15% +2% - - - - - - 2% - -
Sec,
Ca%cite) - - - 1/%-1/2% 10-15% 20% 5% 1/4-1/2% trace - 2-3%
Sec.
Epidote 10% - 2% 10% - - - 1/2-1% - - -
(sec.) _

* May not be part of the Mitchell Intrusions. !
** Plagioclase is in the matrix or assoclated with microperthite.
(Sec.) - Secondary Minerals
Microperthite generally contains less than 1/4 = Plagioclase put contains up to L = Plagioclase in the granite.
Microecline 1 Microcline
Anorthite percentages were determined by optical means.
Percentages are visual estimations




Photograph 21: (K-288) Photoamlcrograph of a
large microecline crystal surrounded by altered
plagioclase crystals in guartza syenite porphyry
(X.as; Wlarized libilt) °

Photograph 221 (E-153) Photomicrograph of a
microcline phenocryst with included plagioc-
elase in quartz syenite porphyry; zoning is
marked by exsolved albite (X253 polarized
ligat).



Photograph 233 Photomicrograph of.a
euhedral hornblende phenocrys? Bartly
X

replaced by grains in matrix

O3
plain light).

 present at all places. The plagioclase is invariably partly

altered to sericite, calcite, and in a few places to clay
minerals. In most thin sections, however, the plagloclase is
still recognizable. The primary ferromagnesium minerals in
most localities are completely or partly altered to chlorite
and in a few localities also to calcite and epldote. The
alteration has had little or no effect on potassic feldspar
and quartz.

The structural relations of the syenite and quartz
syenite porphyry are very cemplex. Most of the contact areas

are complicated by alteration or faultins. The contacts of

—
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Photograph 24: (K-157) Photomicrograph of a
typical quartz syenite (resorbed hornblende
and a "fuged" appesrance of grains can be
noted - X25%; plain light).

Photograph 2kAs Photograph 2% with polarized
3 light.
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these porphyries with the rocks that they have irtruded are
sracutionals A typical eontact of this type is the western
boundary of the pain intrusion en FitchelleZulphurets Hidoe,
There ie a szone of highly chloritized rooks whieh contains
rany small, irregular irntrusive bodies immediately édjacmn&
to the oaln porphyry raes. The alteration has obscured the
orizinal rature of this sone, <wthor contacts of the asvenite
and cuarte syenite porphyry are major faulte (Firures 4 and
5he

The syenite and quarts syanite are also in contact
with granites, *r the north side of the Fitchell Claeier the
syenitie porphyries, ot lsast in part, are cut by & younger
pranite, inor armounts of granite are ales assseisted with
the syenite and cuarts é?anite on Fitehell="ulphurets uidpe
but this prenite 4o distinetly different from the one on the -
rorth side of the Mdtehell Glacier. Oenoticelly, it is wore ﬂ
closely associated with the quarts syenite and syenite polre
phyrys This grenite grades into the guarte svenite wh&eh in
turn gradss into the syenites |

The syenite and gusrte svenite porphyry at soot
localities are pasnive without any dipeetional featuresn] hove
over, in the irediate vicinity of the younger granite on the 1
north side of the Vitchell Claeier, they show a prouninent E
alignment of tho large microelime phemoorysts (Fhotograph 26). n
Speeimens of these rocks that were examined in thin section 1
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are all abnormelly low in plagiselase, The writer believes
that this alignment is a contact feature and ia possibly rew
lated to the removal of plagioclase, Another noteworthy ine
ternal feature of the cyenitic rocks neér the granite is the
fact that many of them have been shattered, Crystals have
been offset aleng minute fractures and emall mylonite sones
have developed thioushout the roek (Photograph 17).
grenite

The distributicn of granite was discussed with thas
of the syenite and quartsz syenite rorphyry. The type locality
for the granit@, which cuts the syenitie rocks, is on the
north side of the Fitchell Glacier {(Figure 4), Only a relae
tively small area of this granite has been recognisged., The
granite thet grades into the quartz syenite 1ls found in minoy
@mounts-scmtnered throughout the syenite and quarte syenite
tagaes, it may be thourht of as a roeok esaentially the same
as the quartsz syenite only with a greater amount of free silie
Cde in a very general fashion the quarts content of the Fite
chell 1nﬁruaiena increases té the north and cast and ia, thoroe
fore, ececn 5% a naxivum on the north side of the litechell Glae
cier where the eross-gutting granite oegurs,

The granite that merges with the gquarts syenite is
in all sspects the same as the quarts gyenite, except it cone
taina rore quarts ( which is vistble im hond specimen), Because
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of its similarity to the guartz svenite this granite will nct
be furﬁher considered in this sectisn,

In hand aspocinen the cross=cutting rranite {one on the
north aide of &iﬁehell (lacier) 2 a mo&ium—gr&inad.-ralacivelw
aquigr&nular; dark red rock containing visiﬁ}e quarts and few
or no ferromagnesian minerale, it is thun'raadily distine
sulished fron the svenite and quarts ayenite porphyry. Uecaw
sionally, the two rock tvpes occur inm the sare epecimen (Phoe
tographs 19 and 26), and where elteration minorale céat the
fracture surfaces, the true nature of the cpeeimen is Obe
scured, These fsatures result in unavoildable sapring probe
lers, Joue of the cranite contaiﬁaglnrgo white feldspar phee
nocryets (Photograph 20). oQuarts, celeite, and less conronly,
chlorite veinlets cut the granite, Disseminated chalcopyrite,
pyrite, hematite, magnetite, and lesa comuonly molybdenite
cccur in trace amounto.

in thin section it is scen that the crossecutting
granite gharacteristically comtains mediumegrained, anhedral
and subhedral microperthite with interstitial, fineegrained
quartz (Fhotopraph 25). A very basic distintion batween this
granite and the svenitie rocks (ineluding the granite related
to the sysnitic menbers) is the fach that it 18 a one felde
spar rock whereas they ere two feldspar rocke (Tuttle and Bowen ,
1957, pe 130), It conteins e single alkeld feldspar, microe
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Photograph 29: (E-Z3) Photomierograrh of the

cross-cutting granite (subhedral microperthite

vith interstitial cuartz can te noted - X25,

polariged light).
perthitb, vhereas they ccntain alkali feldsper and plagloclase.
All the plagioclase (albite) in the cross-cutting granite occurcas
coarse perthitic intergrcwths, 1s very fine grained intersti-
tial, or in a feu rlaces 1s thought to be a relic rroduet of
the older syenitic roecks. The ratic of exsolved albite to
mieroccline in this rock is much greater than in the syenitie
rocks, In the late granite it is aprroximately 1/2 = altite/

microcline and in the syenitic rocks it is aprroximately 1/10 =

aldbite micrcecline., In the gronite ferromagnesian minerals are
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gearce or absent, Typical mineral compositions of this rock
are shown in columns 10 and 11 of Table IV.
The structural relations of the granite are very
corplex and many of them are obscured byialteration., in
arens that were studied on the north side of the liitchell
flacier, it was noted that the pranite and the syenitic rocks
are intirmately assoclated with one another, rThe exact natures
of the contact zones are obscured by alteration, From detailed
studies of the hand specimens that were collected, it is thought
that the contact is probably gradational, AThn gradational
"natur@ of the contaet is attributed to wvaryinz amounts of ine
cluded syenitic materiesl 4in the intrusive granite, Inclusions
in the granite illustrate various stages of disruption and
replacement of the syenite, Tfhotograph 17 illustrates a
syenitic rock near the contact that had been shattered or
"erackled” probably by intrusive processes related to the ene
placenent of the granite, Fhotographs 19 and 26 illvétrate the
granite cutting the syenite (the offset along minute fractures i
of sone of tha ¢rystals in the syenite gan elso be observed),
These areas of syeniﬁie raterial are imclusions in the granite,
in thin section it was noted that the large phenoorysts of the
syenite are partly transformed to dark purplish red microcline %
typical of the granite (Fizure 6 and Photograph 27). Single |
crystale of mierocline traverse the contact: On the syenite é
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Fhotograrh 26: (¥=23) Red
granite cutting syenite por-
phyry (chalcopyrite and py-
rite in quartze-calcite vein-
let on left, disseminated
chaleoryrite and prrite
throughout, plane surfaces

of granite-syenite eontact,

and aligned microcline phence
erysts in syenite can be noted.

Ma’cNfC"ﬂ" re
CA./&:’,’!"?’O

Trans Form&(
Crf}f‘/

(n’,nx. aréa 'f
photomicrograph

Figure 63 (K-23) Diagram showing the contact relations
(as cbserved in thin section) of the younger granite
and the older syenite (the areas containing the red
microperthite are granite and the uneccloured areas are
syenite; the original plagioclase of the syenite has
been destroyed),

Fhotograrh 27: (K-23)
Photomicrograrh of trans- s,
formed erystal at syenite-E i o o
granite contact (X25; G ot
polariged light).
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gide they are white and contain 1ittle or no exsoclved albites
on the granite side they are dark purplish red and contain
abundant exsolved albite, In other specimens larze white
feldopar eryastals typical of the eyaniﬁic rocks ara found
scattered throughout the granite {FPhotogranh 20), Thesa eryse
tals way be plagloeclase or nicrocline, Invariably they are
rimmed, velned, and in 211 stages of replacement by the dark
red microperthites In some specirens euhedral or subhedral
forme of what once were obviously single feldapar phenocrysts
are now ocecupled by a mosale agprerate of erystals with variae
ble optie orientations, The writer believes that these highe
ly ecorroded white phenocryste (xzenoerysts) represent the last
vestiges of syenitic materianl engulfed by the granite,

4 detalled etudy was carrded out on fifteen feldw
spars from various parts of the Fitchell Intrusiana.- The
locations of specimens used are showh in Pizure 15, The
resulte of the Xeray diffraction and universal stage studies
are chown in Table ¥ and Figures 7 and &,

In Table V it can be noted that most of the alkald
feldspar consistes of two phases, Usually the albite or socda
phase is much less abundant than the mtcr&alina or potash
phase, These features are consistent with those observed in

thin section, Antiperthite is absent and in the parthitie
intergrowths the exsolved albite is usually less than one
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TABLE V- RESULTS OF FELDSPAR STUDY

; -26 g - 2V ;
Specimen Description ay 17=(131 ¥01??Br0 ord- b, ~ " _ 2Vy plag.
No. ghans—113 3??01 folqs Ab+Ang  APA - An@ K-feld.  and by Ritt.Z.

"
1\ Pike's Peak Microcline - 0.82° 0r92
reﬁorted comp. 95.6% Or,
3.4%, 1.0% An "
2 Amelia Albite - rep. comp. 1.06° 1.50° Ab+An Ano Ab
1.8% Or, 98.2% Ab, 0.4% An 99 LoR
3 St. Gothard Adularia - Q77" 0r95
rep. Comp. 89.74% or,
9.18%Ab,.10%Ca, .71% Ba ]
-very poor peak for de-
termination.
K22 Dark red microperthitic 1.83° Ab+An; 6p large
borders - 2 feld. phases 078 or xtis,
K-feld.> Na feld. 95 ALO.ARE.
xtls.
K-22 Large, greyish white phen. 1.86° Ab+An; oo 715 862,
-2 feld. phases - only 0.77° Orp 76°
minor exsolved albite 95 71°, 80°
K-23 Large, greyish white 0.76° 0r96
phenocrysts (relics
from syenite) - only
tr. exsolved Ab.
K-23 Dark, purplish red 1.85° Ab+Anygo 725 62, 11119% Any
mlcropegthlge - 2 feld. 0,74 5° or 73° . 20°
phases = Ké 98 76% 580"
6l euatage
K-93 White phenocrysts l.1° 1.82%° Ab+tAnijpp A o0
(syenite relics) 0, 75° r =0 ASO ?
-2 feld. phases - Na 97 100
feld.» K-feld.
K-93 Dark, purplish red 1,84° Ab+Ang g g4°, 82°,
micrope{thite -2 feld. 0. 75" r 702 ALY
phases T= 9§ 97 80°, 79°
A
K-112 White crystals - altered 1:58° 1.785¢% Ab+An97 Ano), 93°, 98°,
e e clig
K-11% Relic, relatively un- 1.84° Ab+Anjop plag. in t.s.
altered, large, white 0.765° Org, 97%, ©8e, 987
K~feld. pheno. scat- 9 Anjo.i2
tered throughout alt.
rock - neg. Ab.
K-153 Inner zone of unaltered 1355 Anlj% M 95°
plag. crystal An
Ab86% 13
K-153 All plaginclase - 1.24° Ang - 102° Any,
altered Abgy 913° Ang,
894° An
y ' 10
K-153 Large, white K-feld. 182 Ab+An, 54 Vo el & ol
pheno. - scattered 0.865° 0rgn2 71e
throughout - pink bor- 7z
ders - 2 feld. phases
K-153 Small, pink K-feld, lo87° Ab"‘AnlOO 790, 620’
erystals - 2 feld. 0.78° Orgsg 739, 69%,
phases ggz, 22:,
) )
6l4°
K-187  All plagioclase- alt. av. 1.22° An?Abg3 96% , 88 ,19193
zoning range 1.]%1,31° Anj-Af7q K“° " "
- l‘lo, n.?, Alp
K-137 Small, pink K-feld. 1.825° Ab+AnlOO 80%, 71°4
erystals -2 feld. phases 0.745° orgyk gg:, g%:,
?
K-211 A1l plagioclase-white 1.37° ! o
phenocrysts. Anl5 96751965968

*x

* Assuming low temperature
Location of Specimens is shown in Figure 15
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guartsr the amount of mierocline,

Another fagture that should be enlarged upon is the
zoning that has been observed in the larger microcline cryse
tals, The Teray results indicate that ﬁha maxirum composie
ticn ranme of the potash feldspar in one specinen 1s/prnbably
from Urggy AbYAD ., to Orgs AbvAng (speeimen E-153). The
forrer 1s the e¢nuposition of a very large white phenocryst
ard the latter 1s the eonposition of very small pink crystals,
These feldspars are probably a close approximation of the maxie
mur: composition chanze for the whole area, The composition
- variation of the goned crystals.of which the 2vx vas peasured
is puch lesgs than thiz maxiesum variation, FPor this reason
the variations in 2§x probably reflect variations in the
derree of ordering of the crystal lattice and not variations
in composition, ‘

in using Figure 7 to determine the campaaitioﬁ of
plagioclasre the writer has made the assumption that the
plazioclase belongs to the low temperature seriec. fhe bazia
for this assumption is the asascciation of plagioelase ﬁdth
low temperature potassic feldspar, Although this assumption
is reasonable, the writer believes that there is probably
some departure of the plagioeclase from this curv‘. The Xeray,
universal stage, and standard thin section determinations of
the anorthite content give similar results but they vary over
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10 per cent in, Vhen the anorthite percentage of the plagice
¢lase, as determined by Xeray methods, 18 plotted against the
2V, (Tuttle and Bowen, 1952, p, 102) it can be noted that the
feldepars fall both above and below the durve for the low tene
perature series, The variations are great enough to "m;;g;;";esh
that there is a considerable error in the determination of
enorthite percentzge by the 20 (1%1) « (131) method, Until
more is known about this subjeet these anorthite determinations
should only be used qualitatively,
from feray diffraction, universal stage, and thin
section studies several eonclusions can be drawn concerning
the methods of investigation and concerning the feldspars
from the intrusions: |
1. Thé composition of the plaginclase as determined
by Xeray diffraction methods alone should only
be used gqualitatively,
2s Ths cowposition of the alkall feldspar, on the
other hand, cen probably be determined within
& per cent accuracy withoud hemopenization by

heating,

3¢ Fost of the potasaic feldepar of the lMitchell
Intrusions is similar in nature, It is intere
mediate and maximun mieroeline (Smith and
Fackenszie, p. 1121) of the average composition
Opg,Ab*Ang,
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he The varistions in 2V_ of the potash foldspar -
may be up to 24 degrees in a single specimen,
This change in optic angle reflects a variation
in the dezree of ordering of the crystal late
tice, 2nd not & variatlon in compasitién.

5¢ 1In Figure 8 it is shown that the two crystal

4

hases of the perthite are compatible with and,

s

moreover, support an origin of the perthite by
exgolution and "ot replacement,

Ee Fost of the exsoiution has gome to coumpletion,
and yet perthitic intergrowths still persist,
This appears contrary to Tuttle and Dowen's cone
clusion that totally unmixed potassium and
esﬁium feldspar will separate completely in
a volatile rieh environment (pe 139).

7+ 1t appears, from using Tuttle and Bowen's
classification of saliec rocks (p. 115,Appendix)
that the l'itchell syenite and quarts syeuite are
group II ¢ subsolvus roeks and that aha'grnnita 4
is a hypersolvus granite (Appendix). The
facts that the syenite and gquerts syenite cone
tain discrete crystals of both plagioelase'and |
cdieroperthite and that the granite contains only i
discrete cryatals‘of mieroperthite as their 5
feldppar phases are bases for this distinction, 1
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The writer attributes the anparert ineonsistency
Lo postecrystallizatiosn chanses in the syenite

and quartz svenite, The mechanisms lnvelved are

explained in the next sectinsn,

The Mitchell InPtrusions are an assortment 5 ine

jected bodies (Daly, 1933, p. 7:) vhat were ecplaced i a
hypabyssal environment, ~ills, dykes, anrd irresular stock

tyne masses have been raecoyniged, “arlier nlarsioclaseeidrne
blende porphyry téended to form the sille and dykss and later
syenitic roeks tended to form lar.er more irregulsyr bodiliez,

gust of these bodias are sinrle intrusisns but a stockwelike
mass on the rorth side of the Pitchell Jlacier shows evidence
of =inor eomposite intrusinsn, ~“utside the rnpesrca in the une
altercd rocks of the Pagzeltsn and/or Takla (?) zroun no eviderce
ef rezional metanorchism or deer burial can be Ifound., The only
hizh srade metamorphic rocks, sugrestive of a ~lutonic ene
vironment are found severzl miles to the weost betiveen ' luthc~-
lithlc masses of the Coast icuntain conplex, These features ine
dicate that the intrusions vere em=laced in a hypabyssal en
vironment, The fact that the croass-cutting ranite is of the
“ypersolvus tyre also supports a hypabyssal environrent, ‘lirce
the rocks of the district show no megascopic sizns of regional
retarorphism it 135 safe to assume that the de-th ¢ cover &t

the tine of emplacement wag probably somewhat less than 20,000

&
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feet, this beinz the lower limit of the .reenschist facies
suigzested by Turner and Verhoozen (3.753h).

A eozrvositicnal gradation secnms Lo axlst o syenoe
diorite and albite syenite (plaginclase<horntlende sorchyry)
in the iulphurets Valley Rtegion to the zyenite, quartz syenite,
and granite on the "itchell«"ulphurets Pidse and Iin the [ itchell
Valley. F~any of the wore detailed relatiosnshinz are still in

doubt but a seneral sradation between these rock tyres can

-be established, The mineral parzgsnesis of the intrusi:ns is

shown in Mrsure 9. The albite syenite and syanitic rocks were

not cbserved in corntact but there definitely zecnmz t5 be a

o3
te
a2
4]
o
&
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v
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com-ositional zradation between the two, The mair
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<
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theze rock types are separatad by mejor faults and
large alterction zone ﬁeralleling the faults (Fizures 4 and 5).
There is zne eature, however, that supports cormpositi-nal
gradation., in the zone between the faults, lar-e, hite

rotash feldapar phencerysts have beern found that corstitute

up to 10 per cent of a highly alterad albite svenite morshiry.
ciwilar notash foldspar chenoerysts were one »f the {irst
minerals to crystallize in the syenitic rocks above the faults,
The close relatisnship between the cyenitic rocks and thne
granites has zlready been mentioned, The fact that one /rae
nite cuts the syenite clearly indicates that the {ormer wust

be somewhat later in tine, The intimate association ol the
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Albite Syenite Quartz Cross- Sub-mag-
Syenite Syenlte cutting matic
(including| Granite Conditions
two-feld-
spar gran-
Hornblende ite)
Plagioclase
Apatite
Large, white
K-feld. pheno.
0r87%—Ab+An12%
Sphene
Pink to Red Ab b
Microperthite 1/10=AP  pink Red 1/2=AP
Or Orge-Ab+An Or
95 5
Quartz
Sulphides | _ _ _ _ _ _ I N e
con?entrated

>
Time

Figure 93 Paragenesis of the minerals in the
Mitchell Intrusions.

two, on the other hand, strongly suggests a common origin.

The very position of all the intrusions makes it difficult to
suppose anything but a close relationship between all the mem-
bers of the Mitchell Intrusions. Although rather secondary
evidence, the fact that disseminated copper, molybdenum, and
iron minerals are found associated with all members supports

a common origin.

If we first consider the origin of the syenite,
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quartz syenite, and granites, we will then have better under-
standing of the problems involved. The writer believes that
the syenite, quartz syenite, and granites were derived from
a common magme by fractionation followed by albitization of
the syenite, quartz syenite and of the two-feldspar granite.
The syenitie, two={eldspar rocks crystallized before the one-
feldspar granite. If the typical mineral compositions of thece
rocks are examined (Table IV), it can te seen that the rocks
have normal compositions for granites and syenites (Filgure 10).
This would mean that they have a very low anorthits contant.
But Tut:le and Bowen (p. 136) states

The aprearance of plagioclase eariy in the

crystallization of granites, syenites, and

nepheline syenites 1s strongly dependent

upon the amount of lime present in the mag-

ma. If there is little lime the possibility

of plagioclase appearing during erystalliza-

tion is highly improbable, whereas if the

lizae content is high plagioclase will cer-

tainly be one of the earliest phases to be-

. 8in crystallizing.

They go on to note that more than 40 per cent of all rocks
econtaining over 30 per cent normative Ab+0r+(Q will finish
erystallization with a single alkali feldspar, with or with-
out a core of plagioclase. They state, "If fractionation
takes place during crystallization, the possibility of com-
pleting crystallization with only a single feldspar is :reatly
enhanced.” (p. 137). These facts are direetly apnlicable to

the evolution of the Mitchell syenites, quartz sysnites, and
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aranites, Usinz Figure 11, it is easy to see that unlzss

the syenite, uuartsz éyenite, and two=eldorar cranite orie
£inally econtained considerable lime, the plusioeclace, which
typically couprises about 35 to 45 per cent of the total rock,
could not have crystalliized as a separate feldsoar nhase unlsoss
the fﬂgu was sreater than 4,000 kg/cmz. Such a pressure is
unreagsonrable since it could only be attained telow a depth of

3 riles, that is, in 3 plutonic environment, Therefore, a
limeeroor magma would naver have been in the twoe-icldspar
field. it i3 also easy to see how the crossecuttins granite
was formed by fractionati:n of the masma. A8 the nagsna dife
ferentiated by fractional crystallization it would pasz [{rom
the two=feldspar field into the sne={cldspar {ield, 7he soda
content of the sinzle feldsrar would be inereased as fractisnae
tion continued. This would explain the hizher albite to nicroe
cline ratio of the rserthites in the »ne«feldspar -ranite, To
corplete the history of these rocks the lime co:ntent oI the
plaisioclase ~ust have been lowered after erystallizati-n, The

fact that the plagioclases of the syenite, -uort:z svenive, and

tupeioldsnar cranite are invariably altered and in so e caszes

corpletely miasings, althouch the potash felds—ar resists ale
teration (Photograph 21), indicates that durins the alteration
periocd the plagioclase was not in equilibrium with its envirine

rent wnile the microcline was (possibly metastably).
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FIGURE 10 Contour diagram illustrating the distribution of normative Ab, Or, An in all
the analyzed rocks in Washinglon's Tables (12069) thatl carry
80 per cent or more normatire

Ab+ 0r+Q

Contours more than 1,2, 3.4, 5, and 6 per-cent. 00 25 per vent counter
(after Tuttle and Bowen, 1958, p.136)

TWO-FELDSPAR FE
(Pfcgmr.lun Fires) A

ONE -FELOSP, TWO-FELDSPAR F/8LD
7 FIELp

. (alkak Ffeldspar Frrst)
i :] . '/ . . ‘ ar
Ab = - -

Figure 1ll: Ternary dlagram of the system NaAlSi 0 -KAlS1 -
CaAl 81, Oﬁ (after Tuttle and Bowen, {958 PD. 5 ?3 }hs
o

diagram shows the approximate condlitions that might be eXw
pected for the erystallization of the Mitchell Intrusions.
BB! raprasents the limit of solid solution.
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Pesides the "delinming® of the nlasioclase described
in the precedins paragraps, thers are other features that iDe
dicate the area has undercone regional albitizatiorn, which,

at least in part, must have followed the crystallization of

i

ntrusions, The snilitized diabases stronsly suopsrt albiti-
zation, The relic clinopyroxene and 2 welledeveloped cnhitic
texture indicate that the roek crystallized as a basalt, but
row all the nlsrioclaze iz either albite or sodic olisoclacse,
All the hazelton volecanic and sedinentary rocks of ths area
contain mostly albite and lesz freguently oli-cclase, (one
cidering that these are normal eureosynclinal rsqks it i3
very unlikely tzaat orizinally the plagicelase did not, at
least in some cases, have a nirher anorthite content, (i8e
mional albitization over an area of at least 20U szauare miles
has surely taken slace, intil mere is known abosubt the re icne
al distribution of the albitizatiocn, the writer hesitat- s to
auy egt waether the albitizatiar; iz relut-d to metason tiasnm
iorediately following the exnlacement of the Fitchell Intrie
sions or whether it iz related to z more widespread snilitie
rrovinrce,

Since it i3 probable thzt all the surrounding rocks
neve been albitized, it is difficult to see why the syence
diorite and albite syenite porphyry should not also have tLeen
afiected, The presence of hornblende and olacioclase ~hernoe

erysts in rocks 1is normal 2rd very common, bubt the presence
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of albite and hornblends pherocerysts in rocks is Jar lass cone
rone  Therefore, taking the simpleot explanation, the platice
clage hzd a much hisher arorthite content at the tire of cryse
tallization thar at present, It can be sxpscted that the

rlagisclase and hornblendes were the {irst crystals o separste

from a dioritic or comparatle masra.

~

Lven thoush extensive netascratism has sbscured
mary of the original features of the intrusions, ;jueszes can
still be made on the nature of the original rock tynes amd on
the conditions at the time of ewplacement, If, as it anpears,
all the plazioclase has been albitized, then it is safe to
assure that the orivinal rocks probably belonsed to a normmal
calc=alkaline series, Diorites, monzonites, suartz ronzonites,
syenites, and granites were probably present. Th: »lasiocclasce
hornblende por—hyry (albite syenite and syvenodiorite) wiuld
have been the rore basic types, the syenite, quartz syenite,
and twoefeldspar sranite would have been the intermediate rack
tyres, and the one=feldspar or crossecuttins sranite woull
have boen the most acidic member, Compared to the ot er rock
types the one-feldspar granite has remained relatively une
chanred,

A zeneral gradation in pmineralopical comrosition
between the various meubers of the /itehell Intrusions ean be
accounted for by differentiation by fractinsral crystallization,

There are t' o aistinet -ossibilities: differerntigt:on in




place and differentiztion at depth. The writer favours the
hynothesis that differentiation took place at deonth but only
slizhtly below the observed level., The distribution of the
intrusive rock types would permit differentiation in »nloce
but there are otjections teo such a hypothesis, The one-feld-~
gpar granite shows cross-cutting relationships; therefore, it
has been mobilized to some extent. Secondly, if differecntia=-
tiocn was in place there should be considerably more "dioritic®
rocks to account for the amount of derived rocks., Although
such a large body or bodies of " dicritie" rocks have not been
recognized, it is possible that a large portion of the highly
altered areas could have been "dioritic" rocks., The writer
does not favour differentiation at a great depth because of
the distribution of the intrusive rock types, If the magma
was at a great depth, the distribution of the rock types
should be more irregular,
Late Dykes

Scattered dykes cutting earlier rocks and struc-
tures have been mapped in Sulphurets Valley and on litchell-
Sulphurets Ridge. These dykes, although very narrow, are in
some places continuous for great distances. The best example
is a low-dipping one that outcrops on the northern slopes of
Sulphurets Valley (Figure 4). In hand specimens these dykes
are usually dark green and resemble fresh basalt, but in

thin section it is seen that they are keratophyres. Typi=-
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seprature pinzrais,.

The stratigraphic sesuence in Lhe . itcihellelle
piurets Heplion has not been determined because alterztisn and
intrusions have cbscured the relaticsnshinse 1o eneral Licre

.

iz a larse voleanic unit in the eastern half oi the area nnd

-

a lar e sedinentary unit in the westerm half, but stratie
sraphic positioning of these unit: nuct awalt studies in
gistricts that are rot zs ¢ lex as the rapesaroea,

olds
in the mapearea the tyne oif f51dir- could rot b
ascertained, since sedimentary larination has been digsruntod
by wideaprread intrusion and faulting and in sore rvlaces s
been obliterated by metasomatisme. .rom "iure 14, a stereo=-
gran of poles to beddings, it can be seen that the ares 1s
characterized hy relatively harhasard, roderately to steenly

dis—in~ beds most oi which strike anrroxirately northes:uth,
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erastal region.

A thick unit of sedimentary rocks oceurin; =Love
the zain volecanie unit which is shown in Fhotosranh 1i contzins
closely =zraced accordionetyne folds (wavelerzth about 133
{eetj, These ninor folis extend north to the hinc area of
the zain structure and south to a maln icefiesld (about a total

» niiles)., They are rot »resent alons the westorn lich of

&

tiie main antiforme Unfortunataly wihere they ner ¢ will conw
formable beds, outerop ia prore In tals area a lew cutcerans
ol sassive, dark, arzillaceous sediuents are ex-osed, long
tiie 2astern limb »{ the main antiform the accordion-tyrs rolds
contirue Jor severzl milss but their total extent 15 rol nown.
+in the most southern exrosures that were exanined i &oCore
dicretpe folds were nearly recuwsbent, If the nain wntiform

has & northerly »lunse then this would be the {fartihest z>int

sany



expoged down the limbs of the maln structure,

There are several mechanisrsz that =ossivly could be
ressenoible for the forwati:n of these unusual accordiconetyne
Ifolds., OSome are less feasible than othera, It iz nait very
niobable that ther were [orred ot the sarme $ispe as the mnin
structure, Their seonetry dilfzrs greatly ‘roo tiut of the cain
antiform and it is questio-nable iif the tnick sediuvontary unit
¢:uld underso the such greater derr:e of erustal shortening
necescsary to form these tisht accordion f2ld: over the broadser

»

warns, he nossibility of two neriods of oroenic deiormiae

b

ion in thege rocks is also very omall. The racks show no

furs

=

eviacnee of extensive deformation, recionzl metamsrrhism, or
any other pherowvena that isht be expected in such areas,.
There are two other nossibilities that zecr rore feasille.

The {irat 1s tiat thene acesrdion felds may be relat~d o 2
rajor fault, 1\ more comnlete knowledr e of the resiosnal -eolcoe
ry would be necessary to aubstantiste the existence oi such a
fauvlt. The second »rssibility, the one taoat the writer favars,
would be the develorpent »f the accordisn folds by solte
sediment deformation possibly by ravity cliding, .uch strud-
tures misht be expected in areas where there are unatable
bottom eonditions and turbidity current denositisn, The

nresences of the nearly recumbent rminor fslds on the eastern

[+

lirb of the rain antiform supports the latter nyhiothesis. A

chanse in their attitude would be exnected if t.ev have been

folded,
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The reconnaissance work indicates that resional
folde are reasonably simole, relatively open structures which
in soue greas may be complicated by the presence of minor ifslds,
faults, intrusions, and rmetassmatized zonsos,
histosity ond Glegvae

3chistosity and cleavare are the only other minor

3
.

structures in the mapearea of major importance besidros vedding,
These structures are found at many places throuzbout the area,
The distirction bhetween cleavase and schistosity in the Tield
has been somewhat arbitrary esnecially where it has been dif=-
ficult to distinguish betweeﬁ cleavare and ponrly develoned
schistositye. In general where thers is a prominent zlisnrment
of micaceous minerals {mainly sericite and chlorite) the struce
ture has been called schistosity, and where there is no orori-
nent developrent of micacesus rirerals it has been called
cleavage,

™ ure 13 is a contoured stercosran of noles to
aschistosity and ¢leavaze. isures 1l32a arnd 13b are uncontoured
stereosrars of voles to ecleavare and schistosity resrnectivoly.
It can be noted that the noles form a broad, irrecular iirdle
alon:: a rreat circle. This feature shows that the cleavare
and senistosity have both been warrped. The martekoresntration
near the south edge of the ztersorrarm is related to the arez of
best develored schistosity which sccurs in hizhly altered rocks

on the south side of [itchell Glacier. This concertration
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i3 not a result of the warping,
In the past empiricel sbservatisn in the ield hus

shown that in many localities slcavage and schizstocity bLear a

consistent relati:nchip to mejor structurea, This, howvevrr,
does not seer o be the case in the Mitchellelulphureta dige
trict, There are gore arogs that contain welledoveloped QuartCe
gsericite achists vhere the schistosity is about 43 deirece

t0 tiie main faults or lineaments, These aress are ncerly as
wide as they are lorze o I'olds or shear 2zenes carn be fHund

1 -, =n - e Ya el 1, v -
bhat are reenansible oy these larce aresas 3f

velledeyelared
sehistosity or cleavage, If tihis 13 the cose tihen thepe
should be sore other rechanism respornsible for the reduce

i

tion of theoe structures, A very significart leature la th

%

direct correlatiocn Lotweoen the degree of altaretion z2nd the

developrent of cchietseity, Typleally the moot hi hly ale
tered rocks, nrovided micaceous minerals are crecent, nove the
best developed schistosity, The only slishtly altered rocks

i

that have o0d clezvaze or arny schisteosity in ther are zore

y

of the irconretent sedinments. The develsnment o0 schise
tosity and cleavage in the ‘itchellefulphurets resisn may
have been deperndent on two factors: The degree of alterie
tior and the anount of stress in the rock a* “te ti e of
alteraticon, A8 alteration nroeceded ricacecus minerals
crystollized and simultoneously the strensth of the rock

was decreasedes 1L there was suflicient stress in the roek
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at the tire of alteration the micacecus minerals wsuld tend
to be alirned perpendicular %o this *trses. Developrent of
schistoeity in this manner would te sorewhat similar teo the
development of axial plane or 2B cleavare of folds, but i3
would be directly related to alteratior and not to resional
deformatisn of the rock,
Faults

. Faulting 4s of rmajor structural importance in the
area, iain faults that were recognized are cloce in time to
the period of roek alteratisn and rrobably were active at the
close of the "itechell marmatie cycle, The faults that are shown
in "igure 4 are marked by offset:s in lithologies. any of the
faults have only tentative positions (indicated in “igure 4
by question marks), because the metasomatism has affected rost
faults and has rmade their recognition difficult, Undoubtedly,
there are many minor faults that have not been recosnized.

The rost important faults are a2 group that cut tie
rain bodies of the itchell Imtrusions {(the western and central
parts of Fijzure 4), These faults strike arproxirately northe
south and din about 40 degrees to the west., The urper or most
westerly ol these faults is the best documented of the zroun,
probably because it is the vounrest and has rot been as stroncly
aifected by the alteration, At least some roverent alonz this
fault 13 post alteration since it offsets rmajor alteratinsn zones.

rovement along this group of faults was probably very comrlex,




3o
L

(5 i

- 8

Drag features in the Mitchell Valley (west side down relative
to east)are opposite to those observed in places »n [ itchell=-
Sulphurets Ridze. ISven thoush the drar features are of little
value in determinin:s the movement, the movement can be esti-
mated Ifrom the seneral nosition of the intrusisns and fron the
positioning of wvaricus intrusive rock types. The rock types on
Fitchell=Sulphurets Ridge are very similar to tiose in the
fitechell Valley but they are distinctly different from those
in the S3ulphurets Valley. From these features it can be seen
that the resultant movement along the faults has shifted the
vest block to the scuth and slightly to the east relative to

the east block, This rmovement is of a very unusual type for

moderately dipping faults, that is, strike-slip movement with

minor thrusting. A general rotatiosnal rovement on thege faults
is sugrested by the fact that the regionzal strike is dirfferent in
the west and east bloeks., In the west block units strike slishte
ly to the east of north and in the ezast block units strike zen-
erally to the northwest. The total amount of movement along the
faults is unknown. The west block has moved wossibly a few thou-
sand feet to the south relative to the east block or it could
have moved over a mile,

Besides the faults deseribed above the only other
possible ma jor fault that has been recocnized is the narked

lincarent trending north south alsng the eastern border of the
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pap=area (Frontisniece)., Until ‘urther informatiorn is satherad
the writer is reluetant to call this structure a fault for no
major offset of litholosics has been denonstrated, and ber:nd
the northern border of the mapn sedimentary and volcanic units
cross the lineament (section AR ™-ure 3), Certainly at the
aoutheast corrner of the mapearez tihis structure is sore tyre

of I{racture or fault system, There are small but steepewalled
Zullies alonz the lineament., I1f this structure is a rault it
is defiinitely pre-alteration for it has controlled the devele

opment of alteration zones,

Mylonite 2zones have been found assoeisted with major
faults, and on a small scale as rinute zones in the "craci:led”
raeubers of the | itchell Intrusi:'na, The myl nite zones &si0w
ciated with rmajor faults are chiefly in altercd rocks, . egae-
scopically, the mylonitized rocks are mostliy buép‘uo Trey,
oone have a very distinctive blotehy anrearance, énd most of
then have a “"cherty" texture. In thin seetion these rocks zre
seen to be characterized by a very fine=-rained, uicrocrystole
line, mosale of feldspar. [ ost oif the mylonites are rich in
albite, low in quartz, e-ntain considerable notash feldsrar ard
sericite, and ninor acounts of many other ninerals,

¥inute rmylonite zores, which are chiefily in the

"cracicled" syenitic rocks adjacent to the cross-cutting granite

NF
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" Photograph 23t (K«76) Photemicrograph of
nylonitiged granite or quartsz syenite (some
of lighter grains are microperthitic = X280,
polarized lizht),
on the north side of the Mitchell Clacler, probably formed from
stresses developed by magmatic activity, They seem to be
closely related to the intrusion of the granite., Some of these

gones are present in specimen RK=22, shown in Photograph 17.

There are many breccias in the Pitchell-Sulphurets

region of which the origcin is unknown, but there is evidence

to indicate that a large shear or breccia zone, which is shown
in Figure 4 on the north side of the Fitchell Valley, was formed

£

by tectoric activity that is probably related to faulting, The
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central and eastern parts of tids zone are & jumbled cornplex
of brecciated, relatively unaltered codimentary, valecarnie, and
some intrusive rocks, 0Un the western border of the arsa there
are {zatures that indicate the zons has suffered extensive
shearingz., 3edimentary beds are in all stages of diaruptiocli.
First boudinaze structures develoved; then as dalormation Cole
tirued the boudins were breceiated and the fra ments vere jille
bled together in 2 larre movement zone, Thers is no obwvious
explanation for such a large novement zone, bub since the faule
ting is vrobably very close in ticme o the main -eriod of ale
teration, there 1s a possibility that this rovenent zone is

a result of a rapid release of valatile materizls,
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CHAFTOR JV = ROCK ALTCHRATION

duct

Alteration is widespread in the rocks of tie . itchelle

3

Zulphurets Resion, If the iFitchell Intrusi ns are corsidered

IS

to be the source of the alterin: fluids, it iz interesting to
note that the vicsible nortisn of the alteratisn halo is -reuter
than three times the area of the intrusive bodies, 111 rocks
of the area, even the ones taat mezascopieally z» ear to be
fresh, have been affected to sowe extent (Fhotogsraphs Y and 10).
“eak rropylitization is the rost ecommon type of alter:itinn
t.rowshout the area, HRegional albitizatisn of the nla-iosclase
feldspar has also taken place but it is cuesticnable i this
whenomenon is dirsectly related to the nein period of alteration
sr whethier it 1s related to a “ore widesprezd apilitic nrovince,
Albite, calcite, sericite, qusrtsz, chlorite, and vyrite are
the moat cormon secondary rirerals, The distributi:n o thnse
and other secondary minerals, determined fron: thinesection
analyses, is shown in Fijzure 1l5. The preservation of pseudo=-
morohs with inereasing alteration indicates £.at a major DOTr=
tion if not all'of the alterati-n has taken place at corstant
volune,
£ Alteratio

The major veriod of mock alteration must have followed

the ecnsolidation of rmost of the ! itchell Intrusions. oscibly

it was synchronous with or closely followed %h2 errctalliszation
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of the crossecutting granite, Larze portisns of the nlasiow
claseehorniblende porphyry and roderstely larie portions of the
syenite and cuartz syenite have been altered, In contrast, the
areas of crosse-cutting sranite that have been exanined, althouzh
they show ruch evidence of veining by juartz and calcite, <
not contain much rock alteration. The inference [{nllows, that
sirce the crosse=cutting ~ranite is the vsunsest of the : itchell
intrusiong, alteratisn may have been continuous with crystale
lizatione. Althourh this might well have been trus, it should
be noted that the minerals in the crossecuttings sranite are nat
as suscentible to alteration as those in other rocks, This
leads to andther inference that the =inerals in the sranite
were closer to beinr in eguilibrium in the alteration envirine
rent than those in the sther sembers of the :(itchell Intrusions.
The {ield relatisns make it difficult to ix the
relative time of the periods of {aulting and alterasti-v, Lar-e
alterati-n zones have hbeen of set by major faults. The sharp
upper linmit of alteratisn on the rorta slopes o tie  itchell
Valley is a result of its bein: mainly a fauvlt contact, On the
other hand, many major faults have been rehealed and obliterated
" by alteration and have also controlled the develonuent of sone
alteraticn zones, (oreover, the mylonite zones that were Gxie
pined have been aifectaed by alteration. These faults with

their associated rylonite zones zre definitely post intrusion,
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The only simple exnlaration would be that the rajor neriods

of faulting and rock zlteration were very close in tise,

the ilteripe Fluids

A study of the products of alteration sives sore ine
dication as to the nature and temperature of the alterin: fluids.
iz stated before, the wain alteration rminerals in the . itchelle
sulphurets region are albite, calcite, sericite, quartz, che
lorite, and pyrite (7), Chlorite and »nyrite are less acundant
than the others., It is known that the alkall content governs
the formation of zeolites, serieite, and kaolin in alteration
zones at terneratures below 400° Co Turner and Verboosen in
discussing experimental work done by lioll (p. 577) state:

At lower termeratures (below 400° C.) it

depends upon the alkali concentration of

the active solutions whether zeolites,

sericita, or kaolin are forredecessscses

Kaolin orizinates from 5i0.= or Alyl

alaali

& %s in neutral solutions u'ee of

als 2r in aecid solutiosns containins
alkali matals, at temrerstures below
500° Ce3 on the other hand, rontrorile
lonite Iorms in alkaline solutions of
the zalkali metals, and at hicher cone
ecentrations of potash, sericite aopears,
At very hich concertrations of alkali,
zeolites, especially analeite appear,

if, as the writer believes, alteration in the fitchelle3ulphiurets
region is oredominantly a lowstemperature phenocmenon (below
L0 ° Ce), then from foll's experimental work it would seer that

the altering fluids eontained moderate concentrations of the
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alkali metals, These conditions could poasibly account for

the extensive albitization as well as for the sericitization.
These concentratisns were probably relatively unifaor: over lar-e
areas since tiere is no evidence of stronz zonation,

Besides the alkali metal content, the solutions umust
also have carried ecnsidarable earbon dioxide or soluble care
bonate to facilitate the extensive formation of caleite. In
the case of the napearea silica would have been displaced frox

-y

lime silicates and calcite would have formed, Turner and Vere
hoogen (pe 578) state:

“hereas ailica readlly displaces carbon dioxide

. from carbonates 2t roderszte and hiszh tesperae

turea, many silicates are converted with equa

ease to carbonates by hydrothermal reacticn with

sclutisne containing carbon dioxide or soluble

carbonates, at low temperatures,  AuboumetasScrde

tic rerlacerment of such minerals as feldsnpars,

aupite, and olivine by ecarbonates is a ecormon

deuteric process illustrated by isneous rocks

of widely different compositiocn,
ihis feature also explains why no skarn zones asre fourd near the
intrusi'ns even thourh there are nany limy roeke in the vicinity,
Hesides the liboruting of the silica from the silicates hy the
carbon dioxide or soluble earbonate, quartz wes crobably added
to the soluti-ns at their source, !any quartz veinlets are
fsund in the granites and syenitic rocks, sore -7 which are
relatively unalterecd,

The presence »f hydra-en sulshide or 8o ¢ such 3ule

nhurebearin” eovpound in the alterin: fluids would be the
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easlaest way %o account for the formation of nyrite inp the
altered rocks, The ferromagneslan rminsrale csuch as horrblende,
ayroxene, and blotite would be revlaced by a marnesiumerich
chlorite and by ireon sulphide, The reasen for believirg thot
thils tyre of chlorite nay te relg:ivqu rich in rarrnesla is
discussed later,.

Pary of the hand aspecinens, examired in this studr,
contain ineonspicuous cuartz, calclte, chlorite, and 1n a lew
frow iitehell Valley, fluorite veinletz, These nincrals ab
pany rlaces {orm a netuwork of crisuc-ecrossing veinlets, which
average from 1/32- t5 1/L of an irch in width, Iin awe arecas
fractures cortaining thess veinlets nay have been the only
chanreleways for the alterinz fluids,

There are several reasons for believing that
alteration throurhout the area is uniformly a lowetemperature
variety. [irst, there is no evidence ol steen Lhernal :roe
dients, Alteration varies in irtensity but there is no
gignificant change in tne types of seconcary vincrals Irom
place to nlace (Figure 15}, Secordly, hisheterserature alterse
tion minerals, such as calc-silicates, notash feldspar (except
metastably), pyrophyllite, tournaline, etc,, have not been fourd,
Thirdly, all secondary minerals that have been identified,
except the potash {eldspar, are compatible with and suprort a

lowetemperature origin, The potash feldspar, which is thourht

gﬁ
3



to be secondary, is fund anly sdjacent o zoon intrusive onne
taete in &1gh~ténferature zones vhere loweterperature retaw
soratism has been suserdmposcd. The potash feldspar is -ossibly
a metastable relic of the ezrlisr hish-tempeoratire rmetasonatist,
The ubiquitous nature of sccondary calcito probably zisnifies
& widssrread, relatively uniform low=temserature ernvircnuent
of alteration, Turnzr and Verhoc en (pe. 57%) state that sofone
dary hydrothermal caleite is 2 product of loweteonoeraturs

r than moderate or hirzh temperaturs,

In summation the active fluide at the time of moto=
comatiam probably contained swderate concontratisrs of Mz, ¥,
£10z, and H,8, hizh concentrations of CCy and 620, in the

dtcrell Valley trace amounts of HF, and were at acre elevated
temrerature »rabobly belew 400° f, for a corciicratle rarisd
ol tine,

.
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f Alteratin
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The altered rocks can be subdivided into tuo srouns
depending on the desree of alteration.e The first sroup includas
those rocics in which relics of corisinal hisheterparature cone
stituents are in 211 staces of renlacement by lovetemnerature
minerals. ith c¢ontinuing alteration the pricary minerals
tiat were susceptible to renlacement became rore amd rore ale
tered until a roint was reached that all the ninerals suscone

tible to alteration had bLeen comnletely destroyed, This mnoint



marka the start of the second srour »of altered rocks, lHow
with continuing alterati-n the seesndary minerals increased
in size ard developed better or what micht be ¢escrirad as
"frasher” erystals (Fhoto-ravh 34). Fhotorsrarhs 29 to 33
illustrate the [irst group ond Fhoterraphs 34 2nd 35 illuse-
trate the secord roupe Such a subdivision may be of pricary
importance in diatinsuishing the alteration zores that make
the best host rocks for the ore minerals. ‘roi: tnis proe
lizminary study of the ifitchellejulshurets recion it scems
that the deposits that have the best chanece of beins ore
grade are in the scﬁand sroup and that the less sreowmloing
depocits vay occur in either groun,

Judgzing frorm the varving demress of zlteratiocn of
rocks over large arcas, the writer belleves that there were
provably rary "centers" of alteration, linless such rminerals
as sericite arnd calcite can form sver an extrerely wide rarge
of temperatures, there was »robably not sicniiicant tornerge
ture variations fronm the hishly altered rocks to the Hutlying
areas, 4lso, as shown by results of loll's sxrerinents in
tae previous section, the concentrations are Li-ortint Jor
zoverning: the forcati-n of alteration ninerals in an environe
went of low temperature, Th-" sericite is widespread, and
kaolin, other elay minerals, and zeolites ure negli-ible,
mean tiat the concentrations in the alterins fluids »rovably

did rnot vary greatly {rom the highly altered rocks to the less
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altered rocks, This leaves one critical variable; that is,
the degree of soaking or the amsunt of alterins solutions to
which the rock was exrosed,

The quartzesericite schist »robably represents the
highest ;rade of alteratisn, Rateman (p. 104) states:

with most rocks, excent limestone and

guartzite, the end »roduet of altorae

tis>n is a rock conposed rostly of serie

cite and cuartz. The orisinal felde

spars, ferromasnesian minerals, and

xmicag are all charged to seric{ta,

and silica is zenerally added,
Zinece the rreatest development of quartzesericite rocks is in
the .itchell Valley (there are also considerable guantities
of quartze-sericite schist about where the legend is in
Figzure 4) the main center of alteration wss probably necar the

crosse=cutting sranite,

guseeptibil 2f | Alteration

In zeneral ferromagnesian minerals and rlagzioclase
feldspar were by far the rost suscertible tc alteration, ard
apatite, potash feldspar, and quartz resisted zlteration,

A general alteration seriec can be established by
using the pseudomorrhs in the altered plagioclase~hornblende
pornhyryes Fhotosrachs 30 to 33A illustrate increasing alterae
ti'n in these rocks. ““otogranh 29 shows a relatively une
altered microcline phenceryst in an otherwise hizhly altered
nornhyry. 4in these rocks the hornblende is rost corwonly ree-
rlaced by chlorite, calcite, pyrite, and trace amounts of

silica, In voue of the lezst altered rociks it is renlaced
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Photograph 29: (E-167) Fhotemicerograph
illustrating a reiatively unaffected
microeline phenoceryst in an ctherwice
hizhly eltered albite eyenite porphyry
(253 polarised light),

by epidote and perhaps actinoclite (7)., 1In the more highly ale

tered rocks sericite has accompanied the chlorite, calcite,

]

and pyrite in replacing hormblende, The plagioclase in all
these rocks, whether the hornblende is altered or not, is
albitized ( some oligoelase ), This feature leads one to bee
lieve that the albitization could be independsnt of the rest
of the alteration, Caleite and sericite are the main seCine
dary minerals thét feplmca plagloclase, Ceccasionally niror
¢linogoicite is present, Lven though the plaginclase and
hornblende are equally altered in the lowest zones, relics of

plagioclase are present in rocks where nearly all vestiges of



Photograph 30: (K-210) rtorderogravh of a
relatively unalterod nl yelasa-horhblende
(albite syenite) porphyry (X25; nlain light).

ar 6L

-

Photogzraph 30At (K-210) As above but with
polarized light,
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Photograph 31:
1llustrating partl
hornblende porsh

7:_.é..v.ﬂ..
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Photozraph 314: (Fell2) As above but with
polariged lisht,
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Photopraph 32: (K-120) Pheteomierosraph illuse
trating a highly altored plazlasclase-hornblende
porvhyry (serlcite~calelitcwchlerite dseudomorphs
after plagiloelasze and horntl

smlevde gan be geen =
X25; plain light},

-

Photograph 32A: (X-126) As atove but with
polarized light,



Photagmph 33t (K-25) Photoricro:
trating alwost corpletely replace
harhblﬁhue P rn”*y ﬁf?. {In tho

ranh $lluse

.1,H1Hn} o

b ol SO

of th

laresst seprleite clot 1 relic uﬁaclwu
- £25; plain 1izht),

‘hot&mraﬁu 334: «25) A3 cbove but with

polaris @ﬁ 1izht.,

P,
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hornblende have been destroyed., The potash feldspar resisted
alteration until most of the plagioclase had been dastroyed.

Alteration minerals will be discussed in an approxie
mote order of decreasing abundance, The distribution of ale
teration minerals is shown in ?igure 15,

Albitg - Albitization is ubigquitous in the area, Flagioclaoe,
a comron mineral in the rezion, everywhere is eitizcr ale
bite or olisoclase., Hesides the main occurrences dofe
cribed throuchout the thesis, minor amounts of albite
are alsec found lining veinlets, both in avlonites and
in sore syenitic rocks, This type of albite arpears to
have frown in plazce of other minerals, whereas mast of the
secondary albite is replacamnent of preeexicting plasicelaces.

Some of the sedirentary rocks ahd mylornites, wiiich

are rich in albite, have developed a silicified annear=
ance, This appearance results froé the rock breaking
throuzh grains instead of around them., This type of
“fracture results from the interlockins nature oi srainc
in these microcrystalline rocks,

The evidence for albitization has been discussed ir

the sectior . the zenesis of the i'itchell Intrusi ng,.

Loleite = Secondary calecite, usually in minor amounts, is
fourd in most rocks of the area. It typically renlaces

limewbearing silicates, Jith or without quartz it is
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also common as small veinlets, Calcite and chlorite are

associated with chalecopyrite and pyrite in a main minerge
lized zone on Mitchell=Sulphuretes Ridge (Photograph 34).

Some sedinentary rocks contain large percentages of cale

cite, but it is rot known whether this calcite is prie

mary or introduced,

Fhotograph 34: (K=225) Photomicrograph
illustrating caleiteechlorite host roeck

of a minsral deprosit on Mitchell«Sulphurets
Ridge (X303 plain light).

gericite « Sericitic alteration is one of the most widespread
types developed in the area., f{ost cotmonly sericite is
found as an alteration product of plagioclase, but in
more highly metasomatized zones it has also replaced
other silicate minerals, %elledeveloped quarts-sericite
schists are found in the I'itchell Valley and in core

-
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Photograph 35t (Ke30) Photomicrograph of
quartsesericite schist (no relic minerals
remain -« X803 polarized light),

places in the Sulphurets Valley. At a few localitics
these schists contain chlorite, minor apatite, rare relics
of plagioclase (FPhotograph 33), and at one locality = to
the west of Fitehell Clacier they contain minor biotite,
The presence of sericite in these sehiste fronm six widely
separated localities in the Fitchell Valley has been
confirmed by Xeray powder photographs (the localities are
shown in Figure 15)., In a mineralised mylonite zone on
the upper northern slopes of Sulphurets Valley sericite
cecurs with relatively abundant fineegzrained hydrothere
mal biotite.

The styles of replacenent by sericite are manye. In



some specimens minute flakea of serieite have formed
uniform grids throughout host minerals, In some, the
flokes are randomly seattered throughout the hostj while
in others, they have formed alterstion zones in the host.
In a few specimens the sericite flakes have fbfmad sine
gle train-like weinlets, A few of the highly altered
rocks contain pseudomorphie clots of sericite alter

plagioclase,

alartg - Secondary quartz is abundant in the quartzesericite

schists, massive silicified roeks, and in veinlets which

mainly cecur in the schists, syemitiec rocks, end granites
but also in other rocks throughout the area. In the low

grade altered rocks it is difficult to separate the prie-

pary qumi from the secondary quarts,

Two distinet generations of quartz veinlete have been
found in the quarta-sericite schiet, The lirst genera=
tion i3 by far the moat sbundant and is closely connected
to the formation of the schist itself, These veinlets
usually average about 1l imneh in width and may comprise
over 50 per cent of the rock, In all plages they parale
lel the schistosity and cre usually separated by areas
of granular quarts, seriecite, chiorite, and pyrite., They
may have been formed by metamorphic differentiation, These
veins are invariably barren, The second system of veins
usually cuts the first at high angles, These generally
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do not couprise more than 2 per cent of the rock, At
many docalities they contain coarse chalcapyritg and, in
a few rara cases, pgalena, sphalerite, and tetrahedrite,
in ono area small amounts of chalc&pyrite had migrated
considersble distances frorm these veins into the country
rocke

Shlopite - Chlorite is common as a minor constituent throughe
out the region, but in a few nlaces it occurs in abune
dance, there it is subordinate to quartz, sericite, and
caleite,the altered rocks in most places are pale buff
or some shade of grey, but where it is abundant the rocks
are sonme shade of green, Unly the yocks that contain
greater than 5 per eent finely disseminated chlorite
have a pgreenish tint, In a few specimens the sericite
a8 well as the chlorite is groen,

Variations in the types of chlorite have been noted
in thin sectinn, Chlorite found as a widespread alterse
tion produect is vale green spproaching eolourless, is
weakly pleochroie, and has anomglous blue or brown biree
fringence, Chlorite found locally in some mineralised
areas is a much darker green, is strongly pleochroile,
and comvonly dieplays anomalous rvoyal purple birefrine
zenca,

We O¢ deffery, in his work on the Campbell Chiboue

gamau Fine in yuebee, has described a similar phenomenon
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(unpubliched thesis, 1959, ppe. 149 and 158), He was
able to dividse the chlorites in that area into twe
groupst Chlerite I and chlorite 11, Chlorite I has a
high magnesium content and chlorite II is rich in iron,
Those two groups were distinguvished by their optical
properties, The main diapnostic proverties are as {ole

lows (after Jeffery, p. 149):

Type 1 Type 11
Usually colourless or Green
pale green Plecchroiom « strong
Pleochroism « nil to faint Length slow - positive
iength fast -« nepative elongzation
elongzation
e states!

Between the two variations the optie angle

passes through zers, the chlorite is isoe

tropie, and the birefrinsence is nil, As

the birefrinsence decreases from that of

types I and il they can be termed respece

tively low ehlorite I and low chlorite II,
At the Campbell Chibougamau Fine chlorite 11 is feund
chiefly as well rock slteration associated with sulphide
mineraliszation, whereas, type 1 ie not associated with
mineralization, He cautions against uwaing the chlorites
as a guide to cﬁe since chlorite Il is also found in
shear zones that are not mineralised.

Following Jeffery's distinetion of the two varie-
ties, the writer believes that the dark green, more
strongly pleschroie chlorite which s found in some of

the copper mineralized areas, could be richer in iron
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than the chlorite found as a widespread alteratiosn proe
ducte The elongation of most of the ehlorites in the
map-area is negative (length fast) and only a few have
positive elongation even in the ore sones, Possibly
this means that all the chlorites of the area contain
considerable magnesia, Hey (1954) in his review on
chlorites has noted that the optical properties do not
vary rroportionally to changes in the Fe total/ Fe+lg
ratio., From his charts it can be gean that variations
in the optical properties are also dependent upon the
amount of silicon present, but still optieal variation
reflect a general variation in iron and magnesium cone
tent, In the "ore" gones 1t is quite possible that the
copper, upoﬁ entering the rock, replaced the iron of the
pyrite which then entered the chlorite., The writer has
no proof for this hypothesis but offers it as feasible
explanation for the observed phenomena.

Pyrite - Smell amounts of disseminated pyrite are widespread
throughout the area. Fyrite is ineluded with the alterae
tion minerals because the formation of the bulk of it
was probably more closely comnected with the alteration
processes than with other sulphide deposition, Wherever
observed, it is older than the other sulphides, Pyrite
associated with magnesian (?) chlorite and caleite in

most areas has formed as a replacement product of prie
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ary ferromaznesian minerals, The pyrite in the regione
ally altered rocks constitutes typiaélly less than 5 per
cent of the total rock, Amounts greater than this are
rare and have undoubtedly resulted ffnm the addition of
iron to the rock,

av iin = Clay rminerale have been noted in a few specie
nens, especially {from rocks of low grade alteration, A
elay nineral (or minorals) hes been recognized selece
tively replacing certain zones of plégieclaae crystals
in the syenitic rocks, This nineral (or minerals) could
not be resolved in Yeray powdsr photographs, Although
the possibility that they may have been overlooksed or
ristaken for sericite io still considered, clay minerals
do not avppear in great abundance in the mapearea, Large
kaolinized zones or any "chalky®™ type altered rocks have
not been observed,

Epddotg = (Usually ristacite, minor clinosoisite), Epidote
cecasionally occurs in abundance but it i@ not one of
the mojor alteration minerals of the area, Ferromagnesian
minerals in some of the least altered rocks are replaced
by plstecite. Clirozoisite was identified 4n a few thin
sections as an alteration produet of plagloclase,

Blotite « Minute flakes of hydrothermal blotite exist in a
few areas in similar types of cccurrences as sericite,
The highest concentration of secondery biotite was noted
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in a porcelaneous mylonitized rock which occurs on the
uprer northern slope of Sulphurets Valley. This rock
contains minor disceminated chaleapyrite snd molybe
derdte., | |

Potash “"aldspar « Potash feldspar is not a cormon altératian
product in the area but it has been included in this
section since 1t is found intimately aesocliated with
chlorite adjacent to some of the intrusive contacte.
Iopreover it does not seem to be in dyke-like bodies,
In these contaet arecas it 1o difficult to distinguish
between dykes and nmetasomatized coumtry rock. Potash
feldspar has also been found s a constituent of nicroe
erystalline, mosale aggregates in mylonitized rocks
Here the potash feldspar was probably an arigin&l PrQe
duet of the rock that recrystallised upon mylonitiszation,
Fhotograph 28 iliustrates such a mylonite,

o 1
<1




The “itchell Intrusions zprear to have been the
focus for ths doevelopment of several minersl deposiss, These
denoslite occur both in the intrusive rocks zand in the surrsune
ding altered rocis, ISxeluding the soldwsilver deposits, about
which little 1z known, the most promising deposits, sconini-

eally, are ol a2 disseminated nature and are of veo
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but rossibly contain very larze tonnares,

LGl -"mbem.gi_" the (itce
iptrusions.

Hematite, maznetite, pyrite, chaleconyrite, and to
a lessar extent :clybdenite have been fsund very gporadically
guarts syenite, and sranites. Similar mineralization has been
inund associated with the nlaginsclase-~hornblende cornhivry but io
tos% places it 1is in smaller cquantitiss, Uven in the sysritic and
sronitic members gver any significant area, the conper and
ralyvbdenum vould only arcunt to traces., loticeable concentrae
tions have been recornized in sore arens, To date, the rord
promising .. these areas i3 an alteration zore in the central
sart of the rain intrusion on ~itchell=Sulohurets idse, in
nlaces this deposit has been tegsted by diamond drilling, which

indicates that averagse ~rade would vrobably be in the oruer of
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e3 %o 1 -er cont copper. Uyrite and chalespyrite are the snly
wetallic rminerals found in abundance in this zone, but snecks
of rolytdenite have been recorrnized in 2 fow nlaces, [agnetite
and hemnatite havae beon fhund in econcentrations in or adjscent
to this zone, Chalcopyrite is the only o»ripary eancer minerml
tihat nos been ldentifisd, It occurs in subequal armpunto with
the pyrite,

Three nosaible orizins for the existonce ol this
altered 2ore have been conslderad by the writer, The ore
faulting, explosive brecciation, and the alteration of a
sheet o sedizentary rocks ineluded in the intrmziocon, The
writer favors the last hynothesis, The zanmue nmaotorial cone
siots of altered rock comprising ealeite with lasger amounts
of ehlorite and quarts {(Photocraph 34). lthoush sore of the
enloritic arsas have developed si2ll shear surfaces, no s5ije
wifdicant faults ean be demanstrated In this zone. in cne orea
rear the top of the ridse, a small zone of breccia uns nated
as havins rectan-ular blocks of altered rormhyry sot in whiat
a2 pears to be a sranulated porphyry matrix, This breccia
could wsll have been formed by a wvoleanic tvpe exnlosinn

Carr, 1960 and "Lkite et al, 1957) but the area 1s off %o one
sid~ 4f the main z2zone and 1is insinificant in size, or three
reasons the writer believes that the zone merely renresents a
sediventary sheet cauzht ur in the »nrocess af intrusi-ne The

first reason is that where sedirments have been sbservad “n
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contact with similar types of intrusive rocks, taey have oeen
altered in 2 couwnarable manner, The second reascn is that as
this 2one extends to the south it snreads ocut into a nuch
larser area of altered rocks in which relic bedding still nere
gistse The third reason is thot blocks of lisestorne and cone
vlock of drazfolded, wellebedded sedipents have been {o>und in
the center of this zone at the top of the ridice,

Another area in the ! itchell Intrusicnsg that has
gisnificant chreertrations of conper ard winor amounts of
zolybdenum is the nmain body of crossecuttin:s ;ranite on the
north side of the "itchell “laecier, Tyrical minerallzation
of tiris type is shown in Photograph 264 At this locality
pyrite, chaleconyrite, and ocecasionally rmolybdenite oecur as
sulphide veirnlets, sulrhideebearins quartz, calcite, and
rarely chlorite veinlets, and 23 diosenminati-ns Loroughout
the rcke In this area the rranite and gyenite have been
"eraci:led”, {dineralebiearing soluti-ng have nernecated tie
resultant closely spaced fractures and have invaded the rock
between tie fractures, There are areas up to 50 feet in (iae
reter that contain a stockwork of these veinlets, Thoce arens
have a corasiderable concentration of sulrhides but the nirerae
lized zores tend to be sroradic and widely separated by lar-e
areas o{ barren rock, There is no extensive a2lterction 28:00e-
ciated with these "ore™ zones, As yet, no continuity of these

derosits has been deronstrated and the bulk of the rock is [
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too low ;rade to Ve rmined at o nrofis.

2a

in Fassive SPyritie

To date only one such bedy has been fourd in the
area., It is shown in Fisure 4 to the west of the . itchell
wlaclsr, At tids locality sedimentary mocks hove beoen biiiily
replaced by nyrite. The pyritic renlacemert was aclective,
bein contrnlled by the enmmmaitisn of the sedimentary layers,
ihis differential replacement has preserved the sedimaitary
lamiration in otherwise very hizhly altered rocks. These rociss
nave the siliecifled aprsaranee tiat wis desceribed in thn cecw
ticn on alteration mincrals wvheres albite is discussed, in
thin section it is seen that these rocks are aigh in z2lbite,
exrtain consliderable eridote, and have minor arounts of quartz,.
The »yrite content varies fror about 1 to over 75 per cont,
o8t of the pyritic rocks are harren but local areas contain
cornecentrations of chalenspyrite disseninated thrwinmut or in
mirute quarts veins, In this sare arca coueentrati-ns of
chale:nyrite and trace amounts of r~alena have ueen noted at
the “noses” of whot anrear to be comnletel: renlaced and Woe
9ibly boudinaged plaginclaseehornblende —~ornhyry dykes, Lparse

srall veinlets of

Je

nurple flurite are found in tLhese 2ornes.

The anly noteworthy example of this tyne of deposi

>n the upper narthern slope of Sulrhurets Yalleye The irosn

o
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staininz over the deposit is a mueh darker brown than over the
surrounding meks, The attitude of this zone is similar to
that of the major faults of the vicinity, The strike is ape
proxicately northesouth and the dip is about 45 dasrees Lo
tile west, |

Pyrite, chalcopyrite, and molybdenun are very [ince
ly disseminated throushout an extrenmely {incesralned, pore
celaresus, light grey and rreen rocke. In %tain seetion it io
scen that this rock couprises mainly miecrocrystalline felde
spar {albite and potash feldspar (?)), sericite, and {inew
srained, hydrotherrmal biotite., . inor to trace awounts of
¢hlorite, calcite, and asatite are algo present. in hand
gpecinen this rock aupecars silicified but no vuartz vas idenw
tified in thin sectione The sulphddes tend to be relatively
avenly distributed throuzhout the rock, They are o ly wvisible
as irute snecks to the unzaided eye. The ~srade ol thils die
nanit is nrobably sosewhat less than 1/2 per cent ¢ooner and

+J2 per cent molvybdenum,

Disseminated molybdenite has been noted in 2 few
localities in quartzesericite schist but the anly sisniili-carg
conecentration found to date is on the snuth side of the [ ite
chell Claeler at an elevation of about 4,020 feot znd 4t a

distance of about 4,000 faeet to the cast o! ths maln tornayry
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intrusions, The only chaleopyrite found in this area 1o in
rare scattered quartg veinlets. The molybdenite appears to
have been concentrated in quartcesericite schist near the cone
tact of a massive sgone, The massive song genarally is a few
bundred feet to the south, In the areas that the writar
exanined the wolybdenite ocours as coatinzs on the cleavage
surfaces, coarse flakes (same rosettes) in cross-cutting
guarts velns, and as minute, crossecutting veinlets of pure
rolvbdenite, The meolybdenite eoating the cleavase surfaces

is poorly illustrated in Photogreph 36, Pyrite is the only

other metallic mineral that occurs in abundance in these deoe

posits, The overall grade of thie deposit 4s probably very

low,.

Felybdenite

Photograph 361 (E«£81)

i Folybdenite ecoating
¢cleavage surfaces in
guarte-sericite schist,

e




3e gln Devns

Jeveral types of veins are fsund Shposusiout oh
region espocially in the central apnd eastern rnarts of the
mapearsae <Larts, calcite, barite, suarts-calelite, and juartce
ezleitewbarite veins have been observed, The cuartz veins are
by far the most cowpon and the larjest, arren quarts veins
up to ten feet widz have been fsunde uarts veins soutaining
chalcoryrite, pyrite, palena, and sphalerite have Lean Iound
that raznge up to 5 feet ir width, but in ~o8t 2l:ices thoy are
srall and tend to be irresular, “usrtz vein:s containing only
chaleonyrite are —ore comaon than the ones with -alena and
sphislerite, In the cutlyin: areas beyond the men borders a
fow eorplex sulphide veins lisve bheen fcund that contaln are

‘entilemus tetrahedrite, To date these have proved %o be
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ttle immortnnce., owever, oore quartzecaleliteetarite

*

strinsers wore notaed that contain »yrite, ~alena, snoclerite,
tetrahedrdite (7}, and electrum, One sample that was astayod
has indicated that these veilnlets may contain consideralle
zold and silver, The eesnonie importance ol these striners
has ot vet been ascertained, Tarren caleito and barren
barite veins up to two {eet wido have also been encruntared

but no ore minceals were assoei~*ad with then,

+ Little informatisn was gathered fron a minernloe

sraphie study, 08t of tie nre minerals tend to be finely



disseminated and in diserete crairs. Only rarely are they
found in enntact with one ancther and even ther the relati nc
are not clear, The zain f{eature that came out oi the study
was the faet that pyrite is invariably older than the other
sulvhides, It was observed veined and replaced by chalcoe

nyrite in many sections and in one sectisn it was renlaced

by calena,
iyrdte = iyrite was considered in the seecti:n or rock altcra=

tion, There 1s no clear distinection Letwsen pyrite in
the mireral eposits and ~yrite dissenirated tirauszhout
the altered mcks, ~erhaps where pyrite 1s finely (ice
seminated with indications that little 1f any iron was
added to the raock, it may be considored as a product of
alteration, hether more closely connected to tho ole
teration or to other sulnniie nineralizati n, pyrite is
by Tar the ost abundant and the earlicst sul ldde .incral
of the area,

yrrhovite - it ia far less abundant than pyrite but is Iourd
in similar tvpes of oceurrence elther by itsell or with
pyrite, The largest area containins dis-enminated »yrr-
hotite is on the uprer gouthwest arm of the “ulphuretso
3lacier bey-nd the southern border of the mare . 'JIT.Ce=
tite and chalcoryrite veins varving fmao 1/2 inch to

2 feet in width have been found assaociated with o dife



base dyke along the west side of the Sulriurets lacier,
Sematita « Speculcr hematite has frequently bLeen found in the
ayenite, quartzesyenite and ;ranites. It occurs as asugll
specularite or juartzegrecularite veinlets and as dige
gemninations throughout the rock, On Fitchellolulphurets
Ridge largze corncentiztions of disserminated heustite ond
hematltewbearing quartz veinlets occur in the quarta
syenite adjacent to an altered zone, Humersus S5UeCuw
larite-bearing quartz veinlets have also been [ound on
the north side of the [ itchell Clacier above a larse
altered zone in syenitic rocks. In some of thece veinw
lsts the hematite is associatsd with a ~reen sphalerite,

- As are pyrite and hematite, magretite is f{cound in

trace amounts disseminated throughout or rnear tae [ ite
¢hell Intrusions, The only place that it was olserved
in abundance was on Mitchelle~Sulphurets ildse where it
forms the matrix of a snall area »f breccoia, It has
also been found in veinlets up to 3 inches wide in both
the sitchell and Sulphurets Valleys. There is no close
relationship between the —agnetite and econsmic sul-: ide
minerale,

Ghaleonyrite « Die--.dnated chaleopyrite in trace to winor
arrounts is widespread in or near the itchell Intrusions.
It is randomly scattered throughout rock or is concen=

trated in minute veinlets, Invariably the chalconyrite
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is associated with nyrite and as deseribed above, i% 1
sometimes associated with 2olybdenite, The oyritee
chaleonyrite and the chalcorvrite-rolvinienite ratios
are variable, Typically the pyrite ig in creater amounts
than the chalecopyrite and the rolybdenite is in lesser
amounts,

I bden - In most arcas that molybdenite is Dhund, it
is only in trace amounts8. PBesides the main sccurrences
that were deseribed above, tolybdenite occurs also as

films on beddin; planes in sone of the hizshly altercd

sediments,
ipholerite, Cajena, and Tetraohedrite = These minerals arec

rot abundant, but they have been found in varisrue types
of veins thr-ucshout the area, The veins are usually in
the outer rezions of alteration,

ilectrunm - Electrum as sealy arsrerates has been found at one
locality. Here it is asnociated with snhalerite, solena,
and probably tetrahedrite (7). These rinerals occcur in
quartz=calcite-barite strinsers that are scottaerod
throughout the altered rock, The electru: is visible
to the uhaided eye and is a silver white colour. The
¢old ard silver of snme eleetrurm wae separated {rorm the
other constituents, The ratio of ~old to silver uns

determined to be 46.2/L3.7 (aszaved by ¥. Golvinj,



Limonite, malachite, and to a lesver extent azurite

and ferrirolybdite exist in tho rmapeareca, A8 showm in (hotow

sraphs 2 and 3 iron staining i3 comm n throushout the whole area.

in mo3t areas these stains are only very thin coatinis. the
only excestion is in the eirque basin o the south ol the toco
of the Sulphurets Clacior. Here solutions, runnin: over a
pyritic guartzesericite schist hisher or the hill, have dew
posited in the tasin a spongy dron ossan, whieh in nlaces is
srobably sreater than 20 feet thicke At other localities
ralaeihite has been found locally in abundance but usually it
is a residual weatherinz nroduct and the weathering n2s not
continued to any :;reat dopths The roszibility of any sunire
~ene enriched zones is small, for slaciation has stripned the

area of any but the rost recent weatasrin: nroducts,

In the iitehell-Sulphurets region the alterad rﬁcks
and ninerzl deposits vere formed in wanins stases ol rajratic
activity. Their formation was facilitated by the nrocernce
of large cuantities of wvolatile nateriala that had been
trapped in the vicinity of the iitchell Imtrusisns. These
fluids were possibly concentrated durir the di ferentiaticn
proceasen, The carly differentiates suffered extenzcive aubtoe

zetamorphisr by tihene residual wolatiles, There wns nooosibly
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a camplete zradation betwoen the residual sraritie ma ma and
the hvdrothersal solutionse As the parent mazma wWas IraCe

ti nating with erystallization, the volatile e mponents would
have been corcentrated in the residual silicate melt, The
altared rocks ingicate that active flulds probably carried
congiderable alksli moterial with them, indicatins; a wossible
sradatisn from the magma to the hydrothermal corditisng,

The pajor neriod of alterati:n and subsedquently
develoned mineral derosite mainly followed the coinlets CrySe
taliizatisn »f the silicate mormas. This is indicated bty the
faet that essentially all of the altersd racks were ‘oroed
at a subemarmatic, elevated tewmperature probably somewihere
below 430° C. Althouch to begzin with, the alteratisn was

sratably a hizher temnsrature variety near the intrucisns.

A ecomparison with the liighland VYalley area Lrin o
out i mortant differences in the envir-nments 51 ore demncie
tion in what oicht have otherwize been sirilar "rorphyry
Corper” ty-e deposits, T“hereas in thes lHirhland Yalley area
the volatiles méy have escanred thryuch wvolcanie vents, in
the ' itchell=lulphurets region they linzered for sszre tine
after tie erystallization had ended, The nreserced ol vast
arsunts of wolatiles in the rocks not only faclilitated the
extensive roclit alterati-n but also allowed considerabie wie

I

r:tin of the —etaleabearin” solutiong, in the =ichland
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Valley resion the contrast in enviromments is carked by steern
tiermal sradlents, lack of extensive roeck alteraticon, and the
locaiigation of the winerzl derosits in subevolcanic utructures
{:hite et al, 1957; De 503).

The ocdreralizing flulds in the [ ltchelleul hurets
district nrobably travelled tiarocuzh ¥he railr structural cone
duits of the area to the noints of derositisne The nature of
gge condults was probably quite variable, In zome places they cay
have been faults; in others, nermeosble cchistess zores; in obhurs,
breceiated zones; while still in others, they rnaoy luve bean "eracew
kled” areaa., The factors pgoverning the sulphide de-ssitl p would
be tne physicaleghenicsl oyoperties ﬁf the rocks and ths envie
rorzent .

For sore unknown reason, »oscibly the devalm;uant.of
tajor faults, the temperature followlng alteration was nrobably
lovered very rarpidly, 48 has been shown in previsus sections,
sse maln favlts were probably aetive durding the ain ~erdiod ol
reek alteration. iossibly the forvation »f these faultes vorite
tedd Lhe escape of the volatile materisls, I the tevrerature
fell zradually it would be expectad that arsiliic or sinilor
types of alteration, on a large secale, would hove been aurerw
iunosed on the hisher rrades of alteration.

In order to sive a complate explanation 2@ the reree
sis of the altered rack and wirneral de~csits -8 the district

tiie importance of a structural %rarz should be eoreilderad, ‘s
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it has been chown, some aprarent differsnces in the "Fapohyry
Conpar® type derosits can be explained by the alstary of tine
volatile phases, The sost important feature is whetier the
fluids are trapred in the vieinity of the intrusins or whethor
they are ranidly releused to the curface, If the wolatilos are
rot ravidly released to the surface, the nature - the coniinin
rocks becames very important, 1 the confinirn:: rocks are uvere
negble or have permecable structures within them, the 2ses or
supereritical fluids will contirually travel away {row their
magwatie source. Theme conditions will be carked by ¢omnnogie
irnal and thermal sradlents, There would be a cernter ol sle
teration with succeszively lower -~rades of altoration ava: rox
tils ecenter, The asecond case is that of the itchelle=iulnhurets
diatrict, The writer believes tirat an imnermeable "tran® rock
cust have been orezent far the area to obtain o relatively unie
fom envirynment of alteration, A suitable "tran® rock in the

map=ares is the voleanice horizon alonz tie sastern border. oo

e
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reconnaissance mazping it is ennsidersd feasible that the
articline, which suterons in the Tresty Creek area, was the
trasning structura, Mllowing the end of er—satallizati n the
volatiles would be travellins and diffusing awav fr2 thelpr (e
matie source, As they entered the cooler surrunding roeks,
their tecparature wohuld be lowered and tioo tennerature 2{ the
rocks woruld be inereased, Pinallr thery wiuld reaeh tie lilit

ol thelr ~loration when they ¢-uld not —ermeata the massive
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voleanic mcks, Temperature and «{iffusis»n gradients would e
set up within tinls confined system, The evidance indicates
that sore gort of equil: oriﬁm wag rrobably reachied velow L00° €.
in this envirvonment of relative equilibrium it appears tiat the
soaking of tne rocks continued for nome time, Juch a ¢heary

cauld aceount for most of the abserved shenomena of the arca.

Lizeps

The deposits of the itchell=lulphurets vegsisn are
sicilar to the "Pornhyry Coppers" of the snuthwestern Unibed
Jtates and western Jouth America. The Vitechielle'ulphurets
derosits have all the main charaeteristie features: vory large
tonnaze, low grade copper and minor molybdenurn mzineralization

ceociated with porphnyritic sranitie rocks, Ad with zost of
the "rorphyry Coppers™ chaleconyrite iz the rwain oriiuary ore

intrale ryrite is probably more abundant in the . ificiclle
Julphurets depsnits than in most "Forphyry Copners®, any of
tiie orebodies in the "Porphyry Copper® deoosits have larse
sarizortal dinensicnse Thia 18 nat true of all She  iichelle

‘ulp urets deposits; however, thers are >ther "Forphyry Coppercs”,
sucn as, Fethlehem and fan [anuel that have large vertical ele
tentse, fcrvasive albitization i3 st 3 cormon tvpe of alteratinn
in the "Porrhyry Coppers™, but in the & itchell-3ulphurets digse
trict it eould be related to a apilitic province and not to the
intrusionas,

Th2 der7sits in the ' itchelle ulphurets resiocn are
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noseibly of the mesothermal type, but since the terparstures and
srescures a2t the time of their formatisn have only been estie
zated, this conclusion is sreculative, 111 features of the ale
reration indicate tinet it is rainly a2 lowetermperature variety,
rrotably having developed at sore elevated tennersturs below
430 Ce The pressures were vrobably roderate, but econditi:ncs
can oniy be ascuned, “ince the intrusi-ns were eunlaced in a
nypabyssal environment, and tihere iz no evidence that the hye
drostatic rressure exceedsd the confining pressure, it is

vrobzble thot moderate oressures existed,
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ulphurets repisn may be briefly summorized as

1.

2e

3.

lra

5

Deposition of Taizla (7) and/or Lower iiazele

the Uppar

cr

on raeks in a typieal ewecsynclinzl enviroument

The sedimsn

.

™ 2 i 2 - 1
tary rocks of the arza were de csited

{.

in an openewater rarine enviromucnt orooably Uy

turbidity currents, The volcanie rocies are
chiefly wateorelain vnyrosclastics,

Intrusisn of diabasic sills and dykes particulorly

into the welle-bedded sedinents

dmplacement of the plagioclaneenor-blende rorphyry,

syenite, quartz syenite, two-ieldspor granite, and

sne={gldspar zranite in that order (combined dilisrene
tiation with minor composite intrusisn MHllowed oy
postwerystallization chanses have regulted in the
present intrusive rock types)

Regional albitization

Tnis alteration may ave talien place over z long
verisd of time but at lceast in part it has fole
lowed the consslidation of the [ itchell int NS

ixtensive rock alter:tion and mineral denositisn took

place in the waning stages of the I'itchell na matic period



0. IHajor faulting during the late stages of rock
alteration and mineral deposition
7. Intrusion by scattersd, thin keratophyre (basaltic (?))
dykes
Possibly the albitization of these rocks was
caused by contamination,
8., ZExtensive erosion by glaciers in Pleistocene arnd

Recent tiue.

Conclusions

The mineral deposits in the vicinity of the Fitchell
and Sulohurets Glaciers are of the "Porphyry Copper" type., To
date no orebodies have been outlined but exploration is cone
tinuing. It is possible that theée deposits will be of major
importance in the future,

The mineral deposits were formed in the latter stages
of magmatic activity associated with the litchell Intrusions,.
Important differences between these and other "Porphyry Copperm=
type deposits can be explained by variations in the history of the
volatile phases, In the Mitchell=Sulphurets region the volatiles,
which were concentrated during differentiation, probably line
gered or were trapred for a long period after crystal.ization
had ended, These lingering fluids caused the tremendous amount
of rock alteration and possibly could have been responsible for

the albitization of the plagioclases in the earlier members of the
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“itehall Intrusions. Tha sressnce of these volatiles alao
allowed extensive =drratinn of the zetalebearins flulds Jrom
their ¢risinal ma matie sourece, This could bYe an sbjcelli ne
able feature governing the econ-mic accurulatiosns o0 ¢anpsar,
and molybdenum, It could permit grester distersion ol thece
metals,

The atructural states =f the
with the thermal history of the area, The ext asive ordering
ol the leldspars, in these hypersaolwvua rocks of hynabyssal ile
truslions, was 2romoted by the transd vwolatiles,

Tuture studles in the district could aud inforsatlon
on the stratisranhy of the Lower Jurassic of nortlhiwesiorn
iritish Columbia, on the formation and struti rashic rolatisne
ahips of turbidity current sedimenta, on the gnilits rrobler,
on the formation of unusual isneous rack types, on hae devele
omrent of roeck alteratiosn, on the misration 0f metals Irow a

masmatic asyurce, and on many other related subl joctsz.



1058, PPs 129 and 130}

l
"Turning now to the classificetion of the rocks whose

compositions place them in or near "petrogeny's residuc syse
tem", we can first divide these rocks 1nto two broad groups:

(1) Hypersolvus granites, syenites, and nepheline
syenites, characterized by the absence of plagiveclase except
as a coxponent of perthite,

(1I) Subsolvus grenites, syenites, and nepheline syene
ites, characterized by both potassium feldspar and rlagio=
clase feldspar,

Group {II).can be further divided into three subgroups
on the basis of the albite content of the alkali feldspar:

{A} Ab of potassium feldspar ) 30 per cent by weight,

(B} Ab of potassium feldspar < 30 and ) 15 per cemt by

weight,

{C) Aab of potassium feldspar { 15 per cent by weight,

This is @ gemetic classification in the sense that
Groups I and IIA eah be considered highetemperature rocks
{and therefore undoubtedly owe their origin to magmatic proe

cosses), whereas roeks in Croup II0 ecompleted crystallisation
or recrystallisation at low temperatures, Oroup liB occuples
an intermediate position between IIA end 1IIC, Replacement oF

retasomatic rocks will undoubtedly fall im IIC, but, as has

S
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been pointed out elsewhere (Tuttle, 1952), the fact thut a
rock falle in this sroup s nst evidence that it has not had
o ragmatic history because urnmixing of plegioclase fron potase
slus feldepar can and must po on i eeaiinﬁ hags taken place in
the pregence of volatile materials which flux ﬁuch 2 reactioNeeee
"The sbove classes of salie rocke can be further sube
divided on the basie of the alkeli-feldspar modification, Only
three subdivisions are considered here although many other come
binatione are known, For example, the following phases nay be
fournd in a single alkall leldspar crystal from the Beinn an
Dubhaich granite: (1) high albite, (2) low albite, (3)
monoclinie potassium feldspar, and (4) triclinic potassiun
feldepar. PFeldspars can be nlaced in or between the groups
by measuring 2V and using the graph proposed by Tuttle (1932,
Pe 557)a |
(1) Hypersolvus franites, Syenites, and Hepheline 3yenites
(1) sanidine-high~albite perthite
{2} orthoclase-high-albite perthite
(3) microeline-lowealbite perthite
{II) Subasclvus ﬁr&ntﬁas, Syenites, and Nepheline Syvenites
(A) potassium feldspar cozpositisn b ) 30 per cent
(1) sanidine~high-albite perthite
(2) orthoclase-low-aibite perthite
(3) microcline=low-albite perthite
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{(B) potacsium feldspar coumposition Ab ( 30 and > 15

(€}

per cent .

(1) sanidine-highealbite perthite

(2) orthoclasee-lovealbite peréhite

(3} w=ierceline-lou-albite perthite

potassium feldspar composition Ab ( 15 per ceut
{1} orthoclase-low-albite perthite

(2) wumicroclineelowealbite perthite

{3) microcline ©

R TERERE
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