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Abstract 
Tho litcholl-^ulphuretG region i s i n the heart of 

the Coast fountains of northwest British Columbia, Geologi­
ca l l y i t is situated on the western S i f t of the Bowser baein 
approximately 12 miles east of the rain Coast fountains plutonlc 
complex. The nap-area i s underlain by partly or wholly nets* 
©o^atized sedimentary, volcanic, and intrusive rocks. The 
volcanic and sedimentary rocks are tentatively dated as Lower 
Jurassic* They probably belong to Lower Hazelton and/or 
poonibly U-per Takla croup. The eediiaents are typical of a 
ro*eywacko, turbidito suite. The voleanies belong to a marine 
sequence chiefly comprising pyroclastic *combers. 

Possibly in Jurassic tine, the sedimentary and 
volcanic rocks of the area were invaded by the K&teteU 
intrusions. The earlier timbers of the f-itchell Intrusions 
wore injected as s i l l s and dykes predoninantly into the 
well-bedded sediments. The later nembers fometi larger, 
core irregular bodies. There are narked ttineralogical 
changes within tho intrusions. Differentiation by fractional 
crystallisation and composite intrusion account for original 
variations in mineral composition, but post-crystallization 
changes are the cause of unusual rock types, Spilitiaed 
diabase, eyenodiorite, alblte syenite, syenite, quarts 
cyenite, and son*! granite have resulted fron the "deHning* 
or albitisation of the original plagioelases» 



Immense quantities of traoped volatlles, will oh were 
concentrated by differentiation processes, resulted In 
phenouleaal amounts of rock alteration during the dyin^ stages 
of the Kagnstic period. They have had a profound effect on an 
area of rock about three tines that of the intrusions. During 
the period of rock alteration the area approached an equi­
librium sntrlroruasnt probably somewhere below 400° G. and 
probably at i oderate pressure*. Throughout the area altering 
fluids probably contained moderate concentrations of Re* K, 
31021 and 11̂ 3, Riga concentrations of CO^ and H 20 f and i n the 
I i t c h e l l Valley trace amounts of Hf. The end of the alteration 
period was sharp, possibly being terminated by the development 
of major faults which c^uld have permitted the release of the 
fluids. The chief types of alteration - albltlsation, 
carbonatisation, serieltlsation, s i l i c i f i e a t i o n , c h l o r i t i -
zation, and nyritisation - have affected the rocks in a similar 
manner throughout cost of the area. In s&et areas secondary 
cinerals in highly altered rocks are the sane as t h e — i n the 
s l i f h t l y altered rocks. 

The mineral deposits, which are of the "Porphyry 
Copper" type, were forced during the alteration period. The 
presence of large volumes of volatiles at an elevated tempera­
ture allowed extensive d e r a t i o n of the metal-bearing solutions 
from their ma&satlc source* Disseminated copper and faolyb-
denum mineralisation i s found in porphyritic, granitic intrusions 



arid in altered volcanic! sedimentary, and intrusive rocks. The 
lar^e quantities of fluids have also resulted i n the separation 
of the copper and nolybdenua sulphides into distinct deposits. 
Trie formation of distinct deposits was probably dependent 
upon the physicel-chenical properties of the environment at 
the tirae of alteration. 

Major faulting occurred late i n the alteration period. 
This marked the end of the M t c h o l l epoch of • • f e t l o a c t i v i t y . 
Soaewtefc later ir. tho history of the area, possibly i n Tertiary 
t i s e , a few keratophyre (basaltic (?)) dykes were ©replaced. Sac* 
tensive erosion by glaciers in Ileistocene and Kecent times 
has sculptured the landforos into their present shapes* 
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CBAPUft I - WTROOUCTIOI 
jjgture and ''cope of the Study 

Purine the aurnr of I960, Sewmont Kitting Corpora­
tion carried out an extensive pro;:racsie of exploration for 
miner*! deposits in the (tank River area of northwestern 
British Columbia • The prograaM combined an airborne Mf* 
netooeter survey with a study of regional geology. A series 
of email Magnetic anonelles were discovered ir. the v i c i n i t y 
of the M t c h e l l and £ulphurets Glaciers, tater geologies! 
work by Joseph KontgOMffy indicated the existence of several 
low r.rade copper deposits* Since much of the copper minerali­
sation occurs In granitic rocks, Pontj^ooery suggested that 
the deposits may be of the "Porphyry Copper" type. 

Encouraged by the r!iecovery of several deposits and 
by the type of minera 1 lzatIon f Dr. G.W.H. BoWMun of Metront 
Klnlng Ltd. outlined a detailed reological study of the area. 
The writer of this paper took the opportunity to combine this 
detailed geological study of a relatively lnrre area v;ith a 
laboratory study, and to preeent the work as a thesis* Ho 
has attempted to unravel the geologist! history of the area 
and to shed M M light on the origin of the mineral deposits. 

tfuch oophagia has been placed on petrology, since 
nost of the rocks of the area have been more or less ineta-
gowatigedj a petrologies! study i s of basic importance i n 
reconstructing the ^-eolorioal history. The study of Igneous 



petrology. Including a detailed study of fiiteen feldspars* 
and a study of rock alteration have been nost heavily stressed. 

Methods 
To study an area of about 20 square piles two r-.nl n 

methods of f i e l d mapping were enployedt tape and compass 
traversing | and photo geology. A total of eleven east •west 
tape and compass traverses wore made, and points on the t r a ­
verse lines were surveyed using triangul&tion* From the 
traverses the geology wee napped at a scale of 200 feet to 
1 Inch. The gaps between the linos and to tho borders of the 
area were completed by mappinr, on aerial photographs, which 
had been enlarged to a scale of about #00 feet to 1 inch. 

The laboratory research included a study of about 
three hundred hand specimens, seventy-five thin sections, 
and about thi r t y polished sections. Several minerals were 
identified by X-ray powder photographs. In addition .to these 
normal methods of investigation, a detailed study of fifteen 
feldspars was r»ad® using X-ray dlffractometer and universal 
stag© techniques* 

Tho composition of the a l k a l i feldspars was deter-
oined on a Jforelc© Phillips X-ray goniometer by measuring the 
difference i n 20 between the fSoi) feldspar peak { equals (2Ql) 
peak for t r i c l i n i a feldspar } and the {101) peak of KBrO^ 
{ Figure 1 after Or v i l l e , 1954 )• 

http://r-.nl


u 1 1 1 1 1 I I I ) 
0 to 20 3o So (,o 70 to 9o /at, 

Wet<jhf % Cfe. 

I ifcUPe It Difference i n 2d between (?0U 
peak of synthetic a l k a l i feldspar and (101) 
peak or KB1O3 for CuK^ radiation plotted 
against composition, (alter O r v l l i e i 19J8) 

Since the de^r^.e of accuracy that could te ex­
pected In determining the c o ^ o s i t i o n of feldspars that had 
not been heat treated was unclear in tho short artic l e by 
Orville (1953)v a series of three standards was run. The 
composition of these feldspars WHS taken frosi reports in trie 
literature. From the results It was conclueiea that the com­
position of untreated a l k a l i feldspar could be determined 
within 3 to ̂  per cent of tho correct value. It should be 
noted that Crook (1962) employed exactly toe same methods for 



determining the compositions of a l k a l i feldsrars as the w i t or. 
In an attempt to ehed co:>e l i ^ h t on the cosioositi jn # 

structural state, and thermal history of the plagioclase, the 
difference In 2© between the (l"?l) and (131) peaks was Mtwr«d« 
Tho determinations of compositions for the plai;ioclase f e l d ­
spars are based on the assumption that they belong to the low* 
temperature series. This assumption i s reasonable since a l l 
the associated potash feldspar i s approaching low-temperature 
mieroellM* 

For the X-ray diffraction analyses of both the a l ­
ka l i and plagioclase feldspars, three eo&plete oscillations 
were run at a 1/4° per minute over the c r i t i c a l values of 2d* 
The average of the clx readings was used in determining, the 
composition, figures 2K and £B are typical runs at 1° per 
minute rad 1/4° per minute respectively* 

To cmopletnt the X-ray diffraction Investigation 
a universal stare stuc? was performed on the sane feldspars* 
A t o t a l of about 70 to )0 2V„ determinations were caade on 
a five-axis stage using the procedure outlined by Emesona 
(1943*0 

Problems, i n JjjmjBBftttE 
Hock alteration which i s ubiquitous in the area has 

added many problems to the geological mapping* In several 
places rock types are indietin/^uishoblm* At some l o c a l i t i e s 
highly altered Intrusive pla&ioclase-hornblend© porphyry Is a 
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denoe, fcTOSM rod:. Jn the H e l d i t i s impassible to dis­
tinguish this green rock firm ©one altered volcanic or 
altered sedimentary rock* The style of alteration has consid­
erable variation frost one place to another* An effort was 
made to record these changes tut suitable map units that 
are completely satisfactory could not be assigned* 

Throughout much of the area major structures such 
as faults and contacts, are obscured or completely obliterated* 
And f i n a l l y , where slig h t l y altered rocks grade into csore 
highly altered varieties the contact i s eoonenly a sons of 
considerable width, though on the nap i t i s marked as a line* 



CHAFTKR II - RX5T3RY ARD CKtfKRAt CHARACTER OF H i ARK A 

The area has received United attention oven from 
prospectors and geologista and has not yet been completely 
sapped by the Geological Survey of Canada largely because It 
i s in a very remote d i s t r i c t of British Columbia, The ex­
tensive iron staining haa undoubtedly attracted eosa travel­
lers (Photographs 2 and 3). However, examination of most of 
the stained areas would have revealed only small amounts of 
disseminated pyrite. Although most prospectors turned amy* 
Bruce and Jack Johnson staked some claims in 1935, and their 
cairns arc s t i l l preserved on the divide between the Mitchell 
and Sulphurate Valleys, Kany years ago placer miners obtained 
a l i t t l e cold from the lower reaches of Mitchell and ttulphurets 
Creeks, 

Location and accessibility 
The « itchs-.ll and Sulphnreti Glaciers ar« l o o t e d i n 

the heart of the Coast f ountains approximately 600 ml lee north < 
the c i t y of Vancouver (Figure 3)# These glaciers occupy the 
heads of the valleys of Mitchell and Sulr burets Creeks,. ssfaich 
are eastern tributaries of the Unuk ftiver* Bow the Unufc Elver 
drainage system, the Alaska border and tidewater at Burroughs 
Bay are 12 and 25 miles to the southwest* respectively* Gran*-
due mine* the closest settlement, Is 20 miles by a i r to the 
south. The nearest town i s Stewart at the head of the Port* 



Hitchell-Sulphurets Ridgo Sulphurets 
Glacier 

Photograph 1: View fro:; the west of the 
* itchell-Oulphureta Region (The Ridge In 
the foreground obscures tho view of the 
l-Itchell Valley), 

PhotOfxapn 2: View of the han?~ I aotorraoh 3: Typical iron¬
ing glacier in r.ulphurets Valley stained bluff - at the side 
(the"prominent iron staining can of the Sulphureta "lacier, 
be seen in the background)• 



land Canal, It in about L5 rcilco by a i r i n a southerly direc­
tion. 

As mentioned above, the area i s one of the isost i n ­
accessible parts of British Colunbia, It i s almost-"completely 
surrounded by steep mountains and icefields. The river valleys 
which are the natural access routes support dense foliage and 
lack #ood t r a i l s . The nain valley of the Sulphurate Creek 
is blocked by a rorge near the river's mouth. The proposed 
.vtowart-Oassiar Highway at i t s closest point w i l l be 2j miles 
to the north-east. However, i f ths Iron deposit on C u i l l a n 
Ridge i s developed by Sranduo Tines Ltd., there should be 
either a road or railway or both within 12 miles of the area. 

- Topography 
The area i s characterised by steep-walled, ;;lacier-

f i l i e d valleys and rounded, snow-capped ridges {Frontispiece). 
The valley slopes, where not precipitous, are 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 
ono"; - covered slopes of the rounded ridges. To the east and 
south of the area, where there are r.unatak ridges that exceed 
7,000 feet in elevation, the slopes become again very preci­
pitous culminating In horns and aretes. 

Within the map-area the M i i r a r e l i e f i s 5,000 feet 



300 miles 

Figure 3 s Kafi < 
location of the 

f B r i t i s h Columbia showing the 
itchell-"ulphurets Region* 
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Tho lowest point io at the southwest border where f.ulphuret 
Creek drains to the west. The highest point i s at the north-
err* border where a 6,900-foot ridge projects above an ice¬
f i e l d . 

In general the land slopes and drains to tho west, 
Main glaciers are fed from the south and east by icefields 
along the eastern divide of the Unuk River drainage system. 
The pattern o± drainage has separated the d i s t r i c t into throe 
east west •trending topographs cal divisions. The most northern 
of these i s I i t c h e l l Valley, the middle, tfitchell-.^ulph-
ureta Ridge, and the rest southern, Sulphurets Valley, 

Climate 
The d i s t r i c t ie at the border between the est 

Coast marine and Northern Interior climatic regions of 
British Coltrbla. Matt of tho weather systems, which pre­
dominantly cone from the west, are confronted by several peaks 
and ridges before they reach the area. This zone in the moun­
tain belt receives from 60 to 100 Inches of precipitation per 
year. The amount of precipitation generally increases to the 
vest* 

The winters are lonn and severe and the scatters tend 
to be cool end relatively short, The m m in the M t c h e i l -
Sulphureta area are characterised by mist and drizzle with 



sporadic clear, hot day*, August la the host month for doing 
f i e l d work because there i s less; snow on tho ground and 
usually there are r.;ore clear days* 

i 

The mean temperature for January Is fron 0° to 
10° F,, and the mean temperature for July i s from 40° to 
50 9 Fm The area has less than 50 frost-fr^e days per year, 
and i t has leas than 150 days a year over *'3° *% 

JflgBSL ftf*4- Etta! 
Helow 4,500 feet elevation the area is in the Sub-

alpine Forest biotic region; above, i t i s in the Alpine-Arc­
t i c biotic region, ' Spruce, balsas f i r , hemlock, lodgepole 
pine, aspen, ground alder, and devil*s-elub, as well as ©any 
other shrubs and bushes are common i n the rSubalpine forest 
region, the flora of the Alpine-Arctic region varies from 
stunted conifers at i t s base to short grasses on tho rocky 
slopes In i t s upper regions. Luxuriant alpine meadows abound 
throughout the area* Fany varieties of shrubs, mosses, grasses, 
and flowers are to be found, By the end of the earner the depth 
of foliage in these aeadow usually ranges from one to five feat, 
Since mnf of the mountain slopes ere very steep, there are 
several areas that have a typical snowalide assemblage of bro­
ken, twisted, latergffewa conifers and ground alder., with under-

t&t devil• s-club, stinging nettles, and other objectionable 
shrubs. 
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In tills area, c^np&rod to othor regions of f;ritish 
Columbia, birds and othor ari-:.-;lo ore not very abundant. >tar-
clgans, Franklin grouse, itoary narnsoto, common f i e l d and Jump-
in,': to ice, i arry ;;roundsquirr els, cart ens, porcupines, toads, 
and 1C3S co^r.only, mountain floats and r;riz?.ly bears are s en In 
the region. Since these aniisals are not very abundant and 
there are no fish i n the streams and lakes, i t would probab­
l y be very d i f f i c u l t for a human to sustain l i f e on the local 

n i a c i a t l j n 
Glaciers have hnen the most Important sculpturing 

agents in the formation of the present landforms* The steeo-
v;alled valleys owe their origin to the glaciers that present­
l y occupy their bottoms (Photograph 4)» The rounded ridges 
that are at present at about 5,000 and 6.000 feet were pro­
bably smoothed ofi" during the ear l i e r period of g l a d at Ion 
when the continental ice sheet covered Most of the area* Bent 
and aretes that occur above 7,000 feet probably projected above 
the continental ice sheet. 

The present existence of rl-«ciers can be attributed 
to three rain factors: the low annual i&ean temperature, the 
high precipitation, and the high elevation. Judged from the 
aeri a l photographs that were taken in 1956, the Sulphurets 
Glacier i s in a Stage of stagnation end the Mitchell Glacier 
i s i n a stag© of recession. Since 1956 the Bitchell Glacier 



Photograph 4» View looking south froa Mitchcll-
Sulphurate Ridge up the Sulphnrets Glacier (note 
the steep valley walls and rounded ridges}« 

haa receded 500 to 600 feet* The prominent t r i n liner, (Front is 
piece and Photograph h) that are present high above both gla­
ciers indicate that they hove suffered extensive ablation in 

qUcier 

recent years* Proa a study of a hanging Ain Sulphurate Valley 
{Frontispiece and Photo; ra-h ?), i t i s apparent that where the 
frontal'lobe of a glacier la very thin, ablation can result 
in a Barked retreat of the glacier* 

Olacial and glaciofluvial deposits are co-non through 
out the area* Glacial erratics arc found at many l o c a l i t i e s , 
including on COM ridges above 5,0 -0 feet. Verr.inal moraines 



occ ;r to tho west of the Kitchell Glr.cier and in front of M M 
of the scalier glaciers* Prondnent lateral moraines are osso-
Slated with nost glaelere, and outvmeh gravels are very plenti­
f u l * 

A gleetel feature of special note is the Forbes 
bands that occur on the upper southwest era of the Sulphur t e 
Glacier (these are beyond the southern lirr.it of the area shown 
In the Frontispiece)* These band3 have formed below an i c e f a l l 
They are convex downstream and diminish In size away from the 
f a l l . Kear the i c e - f a l l they have a typical asymmetrical wave 
fore* Thest t^aves at a maximum, hsve an amplitude of 30 to 
hO feet and a wavelength of a lew hundred feet. The waves 
are exposed of tree elated ice. Their shape la clearly due 
to seasonal variations i n flow over the f a l l , or seasonal 
variations in the aiftount of ablation of the material passing 
over the f a l l . 

http://lirr.it


CHAFTKI III - GCSUUt. MOLOCH 

Introduction, 
The map-area ( area shown in figure & ) i s near the 

western ed;*o o.f the bowser basiri (Gabrielse and heeler, 1961) 
and Is approximately twelve r.ileo east of tho main Coast foun­
tains plutonic corplex* It contains partly or completely nets-
somatised, sedimentary, volcanic, and intrusive rocks. The 
volcanic and sedimentary rocks are probably Lower Jurassic, 
and the intrusive rocks are only slightly younger* 

The volcanic and scdliH-tntary rocks form part of the 
Lower Haselton Croup and/or possibly part of the Upper Takla 
Group {?)* The Intrusions are most li k e l y related to the 
Coast hountain period of igneous activity. 

Loiter Haselton and/or possibly Uoncr 

sedimentary rocks are predominant in the west half 
of the map-area* Highly deforced, dark a r g i l l i t e s , e i l t -
stones, and /rreywackes make up the greater part of a belt of 
sedimentary rooks along the western side of the map-area, but 
at the extreme west end of ritchell-Sulphurets fiid&e pebble 
and boulder conglomerates are the main rock types* In general 
conglomerate and a r r i s l i t e are less abundant than siltstone end 
f.reywacke. Dark s i l t y lirae&tono occurs at a few l o c a l i t i e s * 



TABLE I 
Table of Formations for the Mitchell-Sulphurets Region 

Period Group Lithelogy 

Recent 
Unconsolidated glacio-
f l u v i a l and glacial deposits 

Unconformable Contact 
Tertiary (?) Late Dykes Keratophyre (basalt (?) ) 

Intrusive Contact 

Jurassic (?) 
Mitehell 
Intrusions 

Granite 
Syenite and Quartz-Syenite 

Porphyry 
Plagioclase-Hornblende 

Porphyry (Albite 
Syenite; minor 
Syenodiorito) 

- and altered equivalents 
Intrusive Contact 

Lower 
Jurassic (?) 

Lower Hazelton 
and/or 

possibly Upper 
Takla (?) 

*Spilitized Diabase 

Lower 
Jurassic (?) 

Lower Hazelton 
and/or 

possibly Upper 
Takla (?) 

Intrusive Contact 
Lower 
Jurassic (?) 

Lower Hazelton 
and/or 

possibly Upper 
Takla (?) 

Volcanic Members - green and 
purple l a p i l l i tuff, volca­
nic breccia, feldspar por­

phyry 
- and altered equivalents 

Lower 
Jurassic (?) 

Lower Hazelton 
and/or 

possibly Upper 
Takla (?) Unconformable or Conformable 

Contacts (?) 

Lower 
Jurassic (?) 

Lower Hazelton 
and/or 

possibly Upper 
Takla (?) 

**Sedimentary Members - car­
bonaceous a r g l l l i t e , s i l t -
stone, greywacke, conglo­
merate, and minor impure 
limestone 
- and altered equivalents 

* May be part of the Mitchell Intrusions 
** There i s some doubt whether the main sedimentary unit in 

the map-area Is stratigraphically above or below the 
main volcanic unit 
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Some of the greywacke sections are typically rhyth­
mically bedded. In one section several miles to the northwest 
of the map-area, where the rocks are l i t t l e disturbed 9 an un­
interrupted rhythmic series of interbedded a r g i l l i t e , s i l t -
stone, greywacke, and minor fine pebble conglomerate i s more 
than 1,000,feet thick (Photograph 5)» In the map-area these 
rhythmic sections are usually small and disconnected. 

Photograph 5: Rhythmically bedded 
a r g i l l i t e , siltstone and greywacke -
(photograph was taken about 6 miles 
northwest of the map-area). 

Sedimentary rocks of the map-area are in a l l stages 
of alteration and deformation. Many of these rocks in the 
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western belt are not appreciably altered and are only modera­
tely deforced* Some of the less competent fine-drained sedi­
ments contain well developed slaty cleave e. Rearer the In­
trusions most of the sediment• are highly altered* The only 
exceptions are SORO black, pyritic a r g i l l l t e e and siltstones 
on the north and south sides of the Sulphurets Glacier that 
occur as relatively unaltered inclusions in hinhly altered 
pl&giocl&se-hornblendo porphyry, and sone of the sediments 
In contact wit!* Intrusions in the upper Sulphurets Glacier 
region* Invariably hifhly altered sediments liave lost their 
dark colour and arc usually a pale shade of grey or green. 
In the most highly altered rocks, locally, ^©ll-developed 
bedding stands out as a last remaining structure while najor 
structures, such as contacts and faults, have been obliterated 

From thin section studies i t was noted that a very 
characteristic feature of both coarse and fine sediments i s 
their extreme irmaturity. Always they are poorly sorted and 
the grains have* a low degree of roundness. Most greywaekee 
contain less than 25 per cant quarts and are very high in 
plagioclase* The conglomerates are comprised chiefly of cob* 
bles and boulders of volcanic rocks, and contain abundant 
clinopyroxene in both the matrix and fragments. A l l a r g i l -
l i t e s that vers examined in thin section contained sub-angu­
l a r and sub-rounded quartz and/or feldspar set in a clay 
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matrix. Table II gives typical mineral tonpositionfl of the 
sedimentary rocks. 

Volcanic rerrbers 
Volcanic rocks predominate in the eastern half of 

the asp-area• They comprise pyroelastics intercalated with 
feldspar porphyry flows* Invariably there are s&inor amounts 
of sediments interlays red wit:- the pyroclastics. 

In the f i e l d these rocks are s en to be in a l l 
stages of alteration from fresh-appearing purple and green 
frsgasntll rocks and light green and white feldspar porphyry 

flows to Dale, isetasocv: t i c equivalents* In the least altered 
areas i t i s seen that l a o l l l l t u f f and volcanic breccias are 
the most eonsoa rock types. Where the volcanic rocks are 
partly altered they are usually a pale shade of green* Some 
are nasslve greenstouea while others are schistose green* 
stones. In the schistose types the fragments have been 
elongated. In very highly altered varieties outlines of 
fragments have been obliterated - the resultant rock i n moot 
places i s some saade of pale grey or buff* 

In thin section i t i3 M M that even tho freshest 
appearing varieties have suffered extensive alteration* This 
alteration has destroyed cany of the original features, a l ­
though In sost sections a cla s t i c texture i s s t i l l preserved. 
Any shards originally present in the matrix have been destroyed. 
A l l volcanic rocks that were studied in thin sect!on 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-6"£ K-250 K-183 K-28 K-113 

Rock Name 
Altered 
Pebble 
Conglo­
merate 

Altered 
Pebble 
Conglo­
merate 

Altered Altered 
Feldspathic Feldspathic 
Greywacke Greywacke 

Recrystalli-
zed (Grani-
tized) 
Feldspathic 
Greywacke 

Altered 
Feldspathic 
Greywacke 

Altered 
A r g i l l i t e 

Plagioclase 20$ 15% 50-60$ 30-35$ 
<Ano-5> 

15-20$ 
<Ano-5> 

55-60$ 
( A n o - 5 ) 

15$ 

Quartz 2$ (?) 7% 2-5% 25$ 55-60$ 10$ -
Clay Minerals - - - - - - 25-35$ 

Calcite (Sec.(?)) 20$ 1-2$ 15-172 5$ - trace 10$ 
"Sericite" (Sec.) 3$ - 10-12$ 10-12$ 5-7$ - 5-10$ 

Biotite (Sec.) - - - *+-5$ - -
Chlorite 
(-serpentine) 
(Sec.) 

10$ 5% 1/2-1$ % - - -

Epidote 
(pistacite) 
(Sec.) 

— 5-8% (?) - % - 25-27$ -

Clinopyroxene 25-35% 20-25$ - - - - -
Apatite - - - trace - trace -
Unresolvable 
Matrix 

10$ k-o-k-5% 10$ 15-20$ 15$ - 35$ 
Albite (?) 

Opaque Minerals 5% 1-2% 3$ h% ^-5$ 5-7$ 1$ 

An$ was determined by optical means. 
(Sec.) - Secondary Minerals. 
Percentages are visual estimations. 



sor e plnrl oclase* In t*v^ry ancti n, except an all>:oclaoe-
bearin£ flaw, i t was noted that tho plnr.ioclaso i s albite. 
i n most of these specimens the plapi^elaso i s portly replaced 
by calcite and nsorlclto** but in a few spsctaeni i t i s v-:>ry 
freeto i n appearance. 

Froo; the studies that ware made, i t seems th&t the 
volcanic rocks have to re-ch a relatively intense stage of 
alteration before they change colour to the pale r ; reen and 
grey varieties. This colour chance coy be very sharp, and 
i s very similar to the Garble l i n e " in r.etarorphoned lime­
stones* On one side of the line these rocks nay not be re* 
cognisable while on the other side they appear unaltered. 

Photograph fci Typical un­
altered flow breccia 

Photograph 9: Typical, un­
altered pyroclastlfl breccia 
(Upp-r *ulr>huret • --lacier 
beyond nap—area) 



Photograph 10s (K-15) 
Typical l a r i l l i t u f f 
(appears unaltered in 
hand specimen) 

Photograph 11: (K-35) Photo* 
rjicroeroph i l l u s t r a t i n g exten-
s i vo serleitisatlon (X 0; pola­
rised light) 

Because of structural eo^olexltlefl and pervasive a l ­
teration, stratirraphic reletionships and age of volcanic and 

sedimentary units could only be established in less disturbed 
regions outside the map-area. About six riiles north of the 
t i t c h e l l niacier at the head of Treaty Creek (p. ?7), a vol­
canic and sedimentary sequence Is exposed that i s probably the 
sane as the succession In th« rsap-area« The sequence at Treaty 
Creek conpriseo well-bedded, green and purple tuffs and vol­
canic breccias, minor flow rocks, dark a r g l l l i t e s , siltstones, 
and greywacke• (Photographs 1? and 13). Conformable formations 



of sedimentary rocks occur above and below a main volcanic 
unit* Poorly preserved fossils collected at the top of this 
v-Iconic formation, which i s •hewn in Photograph 12, were 
dated ao Early Jurassic by nr. Hans Frebold of the Geological 
Survey of Canada, Immonites including Arieticeras (?) and 
pelecypoda Including evla sp. were identified. From a 
lo c a l i t y about 2 miles west of the Treaty Creek Glacier the 
following f o s s i l s were identified: 

Rocks at the second l o c a l i t y are probably slightly lower 
stratlgraphically than those at the f i r s t . 

Treaty Creek with reeks of the map-area have not been estab­
lished, but since strata in the Treaty Creek area trend to­
ward the nap-srea f i t i s probably safe to MNM that i f rocks 
i n the map-area are not exactly the same stratirr&'phlcally 
as those in the Treaty Creek, area, then they are at least 
near the sarce atratigraphlc horizon. 

Canal d i s t r i c t have been called Heselton group (Hanson, 1935)• 
Some of these units were traced by Hanson to 10 mil OS of the 
map-area. Put since Hanson mapped these rocks the Kaselton 

I^astropoas 
&?ei Hetton&ian (Lowermost Lower Jurassic) 

Exact relationships of fosslliferous rocks at 

Bocks of similar age and .lithology i s the Portland 



TABLE III 



group (also the Takla group) has been revised and redefined 
(Tipper, 1959). 

Tipper, in revi:itn# the Haselton and Takla groups, 
has assigned tentative ares of M i n i ? Upper Triasslc and Lower 
Jurassic to Takla group and Kiddle Jurassic, Opper Jurassic, 
and Lower Cretaceous to Kaselton group* lie states that Takla 
group rocks occur vest of the Uocky iountain Trench and 
mainly east cf the belt of Cache Creek strata (p. 40). The 
northern and southern limit* have not been defined. Tipper 
(p. MJ) states that i t i s probably best to consider a l l 
Upper Trias -ic and noet of Lower Jurassic strata as part of 
the Takla group wherever they occur in central British Colum­
bia. On the other hand he states (pp» 3^ and 39) t 

It NW probaele that In time the Takla 
group w i l l be rectricted to Upper Triaasic 
strata, like the Micola group (Duffell and 
fccTaggart, 1952* pp. 29-31) of southern 
Britlea Columbia, and tho Lower Jurassic 
strata w i l l be mapped as a new group where 
possible, as in f.echako River area, but as 
ilaselton group where they are litholof.ically 
inseparable frorr riddle Jurassic strata, as 
rr,ay be tho caae in I cConnell Creek area. 

It i«uld seem, therefore, from Tipper's paper, that It would 
be best to c a l l Lower Jurassic rocks in central British 

* This bolt occurs in tho v i c i n i t y of Pabine and Takla Lakes; 
therefore i t i s about 150 r i l e s east of Mtchell-Sulphurete 
region. This Tears that ros>t of the rocks that have been 
called Takla are over 150 miles fros the map-area a l ­
though some that are less tr an 100 miles distant have 
also been called Takla. 



Columbia Takla group where trey can be easily separated from 
riddle Jurassic rocks and to include them In the Hazelton 
group where they are not easily separated from riddle Jur-
assle rocks. Since information i s not available on Piddle 
Jurassic rocks of the eastern Unuk region, i t is not possible 
to follow Tipper's SUggestloBS. Since i t hss not been demon­
strated that Takla group rocks extend as far Heat as the 
I itchell-:~ulphurets region, i t i s best to retain Hanson*s 
nomenclature and c a l l these rocks llaselton croup. Ho v. over, 
i t should also be kept in raind that with further work i t 
could be shown that these rocks nore suitably f i t into the 
Takla group as defined by Tipper. 

Kode of Deposition of the tower. .Hasaltoji 

Several features of the sedimentary rocks indicate 
that they were rapidly deposited i n a marine environment by 
turbidity currents. The most significant feature supporting 
rapid deposition i s the extremely low maturity index (Petti* 
john, p. 509) • Other features are the poor sorting and low 
degree of roundness of the grains. An open water marina-on* 
vlrouneut of deposition for most of the sediments i s i n ­
dicated by the fact that the majority of the rocks are f o s s i l 
poor, and that f o s s i l s found in these rocks are chiefly 
pelagic genera, such as beletaniten and MmonltSSi 

There are several features that are typical of 



Photograph 121 Louer Jurassic purple and green 
tuffa and volcanic breccia overlain by dark 
a r r i l l i t e , elltetone. and greywacke (axial 
trace of a major fold l i e s to the west on the 
Treaty Creek Olaci^r). 

Photograph 131 Close-up of well- sketch luap showing loca-
bedded purple and green tuffs - tion oi 1 Treaty rreek 
(Treaty Glacier), Olacicr. 
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turbidity current sedimentation. Ohythssie layering:, as des­
cribed above, i s very typical o: turbidity current deposition 
(PettiJohn, pi 617)• In sono specimens there ie distinct 
evidence of soft sediment deformation that could have been 
a result of turbidity current action, A r g i l l i t e fragments 
are very common i n MM beeis. They probably represent sed­
iments that have been disrupted by turbidity currents. The 
structure displayed in Photograph X4 could also have been 
formed by a turbidity current. A current could have eroded 
and deforced the lower beds, then deposited tho upper beds 
on the former* There la a distinct erosional unconformity 
between tho ins units. 

Photograph 14i 5*0ft sediment defonration 
In a siltstone (southwest arm of ttulphurets 
Glacier - beyond rap-area). 



The writer thinks that not only t:oet of the finer 
sedimentary material but also the coarser conglomeratic eat-
tcr could have been deposited by turbidity currents. These 
sediments? are also very ir.-mature. They contain minerals that 
a*e very susceptible to weathering, such as plagloelase and 
clinopyroxene. Sorting in thene rocks i s poor and the finer 
material has a low degree) of roundness, Xn thin sections 
of conglomerates studied, i t was noted that there are many 
crystal fragments of clinopyroxene in the matrix which have 
been crushed. One can imagine that finer material between 
tho larger cobbles and boulders in the turbidity current 
would be l i k e ore passing through a b a l l m i l l . The observed 
textures leave the impression that this i s a feasible mechan­
ism of deposition, 

Even though i t i s possible that many of the sedi­
ments wore deposited In deep water by turbidity currents, some 
at least were laid down in relatively shallow water where 
there were stable bottom conditions. At three l o c a l i t i e s in 
the eastern linuk area whore f o s s i l s ware collected, the 
assemblaren are typical of a neritic environment. Bottom 
dwelling polecypoda and rastrooods are mo3t abundant, but 
pceten-type pclecypods, anrrsonltes, and belemnites were also 
found. A l l these l o c a l i t i e s are near the same etratigraphle 
horizon. They occur in or near the volcanic unit shown i n 
fhoto^raph 12, 



gpllitlged Diabase 
Diabase s i l l s and dykes are common in the western 

belt of sedinentary rocks. To dote none have been found in 
the eastern half of the map-area, 

I-'egasconically the diabase Is fine grained to apha-
n i t i c , has a "salt and pepper" texture, and is usually some 
medium to dark shade of grey or &rssn* In the fiel d It i s 
locally Impossible to distinguish sons finegrained dlabasic 
s i l l s from greywacke beds. 

In thin section the diabase characteristically has 
©n ophltic texture; corroded, a l b l t i c plarioclasej clino-
pyroxene, and i n t e r s t i t i a l quarts. Typical mineral composi­
tions of these reeks are shown in the f i r a t two columns of 
Table IV, These rocks tend to be relatively ©quigranular 
with frains averaging from 1/10 to 1/2 mm* i n else* The 
plagioclase occurs as irregular subbedral lathe and the 
clinopyroxene ae more ©quant, nrhedral, r o l k l l i t i o crystals* 
In a few specimens there are coarse, circular clots of epi­
dote (pistacite) and quarts, Khere the quarts i s In contact 
with alette* which encloses the clots, a well-developed myr-
mekitlc intergrewth has formed* 

The alteration varies widely* Flagioclas© (albite) 
i s partly altered to " s e r i c i t e " , epidote, calotte, and clay 
minerals % elinopyroxene Is partly or completely altered to 
uralite, blotlte, chlorite, ealelte, and serpentine. 



Structural relatione of the s p i l i t i s e d diabase are 
sirol e . Invariably i t i a massive and never displays any dlroe 
tlonal features. In r.any areas i t displays intrusive re l a ­
tionships with the enclosing rock, f'ost frequently the s p i l -
i t iced diabase was intruded as thin s i l l s into the well-bedded 
sediments* leas frequently It ffer&ed dykes that cut both sedl 
nentary and volcanic rocks. In cany areas the s i l l s are 
highly folded. They have been subjected to similar amounts 
of deformation as the sediments* 

Approximately six miles northwest of the map-area 
there i s evidence that these s i l l s may be the same are as 
the rain volcanic unit described above* The s i l l s occur In 
great abundance below a eitsllar volcanic unit and feeder dykes 
extend into i t , but no s i l l s occur above the volcanic rocks. 

the nans© "Mtchell Intrusions* w i l l be used In. this 
thesis to designate a l l the Intrusive rocks occurring i n the 
v i c i n i t y of the Mitchell and sulphurate Glaciers except the 
late dykes and possibly the s p i l l t l s e d diabase* These Intru­
sions are thought to be related to one another and to the 
c&neralisation. It i s possible that the s p l l i t i s e d diabase 
may be part of the Mitchell Intrusions* Some sulphide miner* 
alisatlon i s associated with one dlabasic dyke and on the 



western end of the Uitchell-3ulphurets Ridge diabase end 
plagioolase-horabiende porphyry (part of the J'itchell Intru­
sion) have been Identified In what could be the earn dyke 
body, t-n.fortunately, however, at the time of mapping the 
writer was not sware of the d l s t l n e t l M between those rock 
types and thus did not mar tho c r i t i c a l area where they should 
be In contact. He, therefore, hss no proof that tho diabasic 
bodies are related to the other Intrusions* 

The Kltehell Intrusions can be subdivided into three 
distinct lithologle groups! * plisgioclase^homblende porphyry 
(alblte syenite and miner syenodlorite porphyry), syenite and 
quarts syenite, and granite* These rock types are found i n 
many relatively f e l l Intrusive bodies (shown In Figures U 
and 5}# 

Tuttle and Bowes (1953, p* 12?) state that unless 
rocks containing greater than.. $Q per cent normative Ab>Gr+Q 
f a l l into the abc triangle (Figure 16, Appendix), they should 
not, for genetic reasons, be called granite. This would mean 
that in order for a rock to be named a granite i t should con­
tain over 15 or possibly even 20 per cent quarts* Following 
this lino of reasoning, the writer of this thesis uses the 
tera quarts syenite for rocks of the appropriate composition 

*This name i s used rather than alblte syenite porphyry (etc*) 
because i t i s a better f i e l d nacej i t allows for a much 
greater ran,?© in composition; and the writer doubts very 
much that these rocks crystallized as alblte syenite or 
syensdiarite* 



containing from about 3 to IS per esnt quartz. Rocks of the 
appropriate composition with leas than about 3 per cent quarte 
are termed syenites, and rocks with greater than about 15 per 
cent quarts are tcmed granite* It should bo noted that some 
syenites on the north side of the Mitchell Glacier, which are 
near the contact of a granite, may be abnormal since they are 
vary low in ?oda feldspar* 

y 1 p& I oc lage-I I; >rnbI ende rorr hyry 
In the cap-area nlagioclase-hornblendo porphyry Is 

restricted to the .'ulpburets Valley and Kitehell-Sulphurets 
Ridge, Although none was found in the M t c h e l l Vallsy, It 
i s possible that some :.f the highly altered rocks were this 
porphyry, Shall areas of cross-cutting chlorite-sericite 
schist which occur to the west of fcitchell oiacier could 
have been this rock (Photographs 33 and 33A show a r e l i c 
plagioeleee crystal in a clot of seric i t e ) , Most of the 
altered rocks In the lower Sulphurets Valley have been iden­
t i f i e d as plagloclase-homblende porphyry* 

• Because of alteration, these rocks, negascopically, 
have many variations in appearance* Completely unaltered 
varieties, of which there are few, have medium grained, dark 
green hornblende and white plegioclas© phenocrysts set In a 
dense, l i g h t ^ r e y ir.atrixlfhoto£raph 15)* Usually both types 
of phenocrysts are present but either one may be more consul* 
cuous than the other* i t h increasing alteration the colour 
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gradually ch?n|:fs end the ph^nocrysto become less distinct* 
Completely altered horphlsisle^plaffloelsse porphyry i s e mas­
sive, pyrltie, dense, ^reotwgrsy r^cV. that le very similar 
to eome of the altered voleasiee* f-eeudemorphe after tho 
horv' Irnde *nd rlr^io c l a s o fhenocryste generally enable one 
to distinguish the two ir thin section (Photograph 3?), 

In thin section It is erparent that the alteration 
has resulted In the pl?^I?cl «?.«e-homblende porphyry having a 
variety of textures and cineral assemblages. Typical mineral 
composition© are l i f t e d In eolunms 3 to 6 inclusive of Table IV. 
The degree of alt'-rction pensrally insreaeee from l e f t to right. 
Despite the variations due to alteration, there are properties 
that are dlegsmstle for a l l the pla.pioclase-hornblende per* 
phyries. As mentioned above i f euhedral or subhedral horn­
blende and plagloclase phenocrysts are not present, then pseu-
domorphs, usually of chlorite, calclte, and "sericite", are 
present after thee. In a l l specimens there i s a microcrys-
t c i l i c e matrix with an average j>rain site ranging from 1/2 to 
1/50 ram. In many specimens grains of the matrix gMds into 
rherioeryets which bflve an storage sise varying from 1 to 3 mm* 
The matrix and phen^crysts vary In abundance but usually thoy 
fire in subsqual amounts. Sens scattered apatite crystals up 
to 1 ram* in length and scattered microcline crystals, which 
can be over 10 nm* In diameter, are present i n minor amounts* 



Those two constituents gensrally survive Best of the alters* 
tion* Photograph 29 illustrates e relatively unaltered Biers* 
eline crystal In a highly altered alb i t e syenite porphyry* 
£yi r-.o He ri t e has been Included in this group since a few sped 
mens tafcsn sc the e*3t rid..? of SulphuHSts Clacier fontsIned 
oligocites rather thar. albite* 

The plsgloclsss-hornblcnds porphyry usually t o n s 
relatively sire 11- to nsdlts>*els*d s i l l s and dykes* Those 
bodies have been snplacod along pre-existing weaknesses in 
the rock* vhere well~-cveloped bedding planes were present 
th: a forced itn irty between the bsdS* Tn ess* plrccs 
this process was quite passive, the intrusion having l i t t l e 
effect on the sediments, but in other places the intrusions 
havo highly deforced the eon fining rocks* In many areas i n 
the Sulpburets Valley contorted bedding ie to be found ira-
redlately adjacent to the Intrusions* On the north side of 
Sulphursts Glacier Just above i t s toe, large, contorted i n * 
elusions of carbonaceous a r g i l l i t e and slitatone, sons over 
100 feet long, are found i n the altered alb It e syenite por­
phyry insure 4)* 

&ost of the pla^ioclase-homblende porphyry i s mas­
sive without any directional features, but In see* areas the 
hornblende and •Inglsfllsss phemerysta are conspicuously 
aligned* Eusty outcrops and alteration, make It d i f f i c u l t to 
&easure these foliations and lineations* 



A nttjor part of tho largest intrusion on teltchell* 
:.-ul^hui*et3 3id#e and of a eain intrusion in the Mitchell Valley 
ia uj^priaed of syenite and r« uar tz syenite porphyry (shown In 
?I&ure h)m Tho wily place that syenite porphyry and quarts 
syenite porphyry ^Ecur In aoall boils* la as e a t e l l i t i e dykes 
and s i l l s near the contacts of the &aln intrusions* 

Megascopic a l l y , the syenite end quarts syenite par* 
,-hyry are characterised by porjhyritis^ granitic textures; ©any 
coloured feldspsrsj lack of visible Quarts, &nd low percentages 
of raaflc constituents* Invariably, theoo rocks have fi parphy* 
r i t i c , granitic texture* The phonoerysts are nainly iron 2 
to 3 net* lane, but a few specimens contain very coarse phono* 
crysts, sene being over 20 a&« In cost specimens potash fe l d ¬
spar forms the larrost, r oat conspicuous phenocrysts but i n 
soss 9 piscine less i s also present as phenocrysto* Although 
they any have rink or red borders the coarsest phenesrysts 
r**© chiefly white* A few specimens of quarts syenite contain 
pale pink potash phsnssrysts* The inftrlT„ u-hleh i s doclnantly 
fine grsinsd^ In atist cases amounts to lees than 25 per cent 
of the rock. The feldspars of tie matrix teif he white, pink, 
red or light green* The pink and red feldspars are rciero* 
perthite, the li£ht grzon i s plagioclase (.green colour i a 
due to s e r i c l t i c c lteratlsn), and the '.shite rr.ay be pla^ic* • 
class or potash feldspar* The s^ecicens with green plagio-
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Photograph 15 J (K-210 and 211) 
Albite Syenite (pla£ioclase-
homblende) porphyry. 

Photograph 1?: (K-22) "Crack­
led" metasouatised syenite por­
phyry near granite { minute dark 
lines are aylonite zones )• 

r 

Photograph 19: (K-23) Red 
granite cutting old white 
syenite (at the base is a 
quarts-calcite veinlet con­
taining pyrite and chalco-
pyriteT. 

Photograph l 6 t (K-l*7) Quarts 
syenite porphyry (dotted line 
is the boundary of a feldspar 
phenocryst)« 

Photograph 18i (K-ll) Syenite 
porphyry vcinad by quart a, cal« 
cite, and chlorite. 

Photograph 20: (K-93) Red 
granite containing white pheno­
cryst s or xenocrvsts that could 
be r e l i c s from the older sy­
enite. 
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clasa and pink or red aiftroperthlte have a "Chrietnasy* 
apjearanca. Even though ewe of the rocks of this group 
contain considerable quarts, It i s never coarse enough to 
be visible to the unaided eye (except as teinlets)* Ferroaag-
nesian minerals at too at places asouat to less than 10 per 
con„ of the total rock* T'ost of the primary mafic const 1* 

tuents have beer, altered to chlorite and other secondary 
minerals, Gnusually lar^e, aaber-brevn npheae crystals are 
found scattered throughout sore of the eyenitic rocks, 

Tlie nSjSSCOpie features of the syenite and quarts 
syenite porphyry pssnti sn easy f i e l d separation from the 
plasioclaee-hornblerde porphyry and granites of the d i s t r i c t * 
The plasioclase-hornblende porphyry Is readily distinguished 
by i t s high percentage of dense matrix, i t s dark hornblende 
phenocrysts, and by the overall green colour of the altered 
varieties* Cranites of the Eiap-ares, in a l l places, contain 
visible quarts* A granite on the north side of the " i t c h e l l 
Glacier ia easily distinguished bscauae It Is &ere equl&r&nular 
and has a very diagnostic purplish red colour photographs X9» 
20, and 265* 

In thin section the * syenite and quarts syenite 
porphyry are sssn to have a prominent porphyritic texture, sub* 
equal araounts of potash and pla&ioclase feldspar, coned fold* 

* Typical mineral soapssltiens of these rocks are siven 
in columns 7, l« and 9 of Table IV* 



spars, snail •mounts of i n t e r s t i t i a l quarts, a low ferronag* 
nesian mineral content, small percentages of alteration minerals, 
and ubiquitously corroded plaftioclase* In the specimens studied 
feldspar p!v? no crysts comprise fron 50 to 35 per cent of the rock, 
Foot of their, arc subhedral {irregular in detail) and they aver­
age froa 1 1/2 to 5 nsu in length, A ricrocryotalline ratrix 
of irregular, anftedral, low birefringent {feldspar and quarts) 
(?) grains makes up the remainder of the rock. The average 
grain sise of the matrix Is highly variable, ranging from 1/30 

to 3/4 «©# in disaster* i n most specimens grains of the matrix 
ara gradational to the phenocrysta* Kany plagloclase and jslcro* 
eline (untwinncd) crystal© are aoned* The coning i n the plagio-
cl&ee i s outlined mostly by varying amounts of alteration 
minerals, and in the nicrosllne i t Is outlined by differences 
i n extinction and varying amounts of exsolved albite (Photo­
graph 22)* The quarts that i s cosnenly present in ninor counts 
Is i n t e r s t i t i a l to the coarser feldspars* As seen i n hand 
specimen the ferro&agnesium content of these rocks i s low*. 
Relies of hornblende indicate that i t was the &aln primry 
mafic mineral. Kost of the hornblende exhibits resorption 
textures (Photographs 23,24* and 2&A)«- An original euhedral 
outline of the phenoeryst illustrated In Photograph 23 1® 
s t i l l preserved* 

Alteration, although only i n c&nor tu&otinta* i s 
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TABLE IV - Typical Mineral Compositions of the Mitchell Intrusions 
1 2 3 If 5 6 7 8 10 11 

Specimen No. *K-132 •K-209 K-210 K-211 K-112 K-126 K-22 K-167 K-153 K-93 K-23 

Rock Name Spil i t i z e d S p i l i t i z e d Albite Altered Altered Highly Syenite Quartz Quartz Red Red 
Diabase Diabase Syenite Albite Albite Altered Porphyry Syenite Syenite Granite Granite 

Porphyry Syenite 
Porphyry 

Syenite 
Porphyry 

Albite 
Syenite 
Porphyry 

Porphyry Porphyry Porphyry 

Plagioclase if0-50% AriQ 55% AnQ 2?* An 5 30% An 6 *f0% 10% 17% AnQ** 35% An 8 *f5% An 2 2-5% 2-7%An0*« 
Microperthite - - '' - - - - 75* 30* 73* 70% 
Quartz 10% 10-15* - 1-2% 3-5* i f * - 3-5* 7-10* 15* 20% 

(Sec.) 
3-5* 

(Sec.) 
Hornblende 15-20% 

(Sec.) 
trace 23* 15-20% 3-5* — — 7* - - — 

Clinopyroxene - 12-1^* -
1* " 

- - — — — - — 

Apatite trace 1* 2-If* 1* " 1-2* trace trace lA-1/2% 1* lA* lA-1/2* Sphene — 

3A*~ 
- - 1-2% - - 1+* 2-^f* -

Opaque 3A*~ 1/8% 1-2% 1-2* 2* 1/2-1% 2% 2-3* 2* 1-2% 
Minerals 

Unresolvable - - *t0* 30* 25* 10* - 3-5* - -
low b i r . 
matrix 

Sericite - 2-3* - 3 A* - 50-60% 2% l* 5% 2% 1A% (Sec.) 
3-5* Biotite - 3-5* - - - - - - - - -

(Sec.) 
lA* Chlorite 5* 7* 7* 2-3* 10% 10% lA* trace 3-5* trace 

(Sec.) 
10-15% Clay Minerals 10-15% +2% - - - - - - 2% - -

(Sec.) 
20% 

2% 

Calcite — - lA-1/2% 10-15* 20% 5% lA-1/2* trace - 2-3* (Sec.) 
Epidote 10% - 2% 10% - - - 1/2-1* - - -

(Sec.) 

ec.) 
May not be part of the Mitchell Intrusions. 
Plagioclase is i n the matrix or associated with microperthite. 
Secondary Minerals 
Microperthite generally contains less than l A = p l aS.i LPPf a, s e but contains up to 1 

Microcline 1 
Anorthite percentages were determined by optical means. 
Percentages are visual estimations 

Plagioclase j . n the granite 
Microcline 



Photograph 21* (K-238) Photomicrograph of a 
large microcline crystal surrounded by altered 
plagioclase crystals in quartz syenite porphyry 
(X25; polarized l i g h t ) . 

Photograph 2 2 i (K-153) Photomicrograph of a 
microcline phenocryst with included plagio­
clase i n quartz syenite porphyry5 zoning is 
marked by exsolved albite (X25| polarized 
l i g h t ) . 



Photograph 23* Photomicrograph of a 
euhedral hornblende phoaocryst partly 
replaced by grains in matrix (XoOj 
plain l i g h t ) . 

present at a l l places. The plagioclase Is invariably partly 
altered to sericltOt calcite, and In a few places to clay 
minerals* In most thin sections, howevert the plagioclase is 
s t i l l recognizable. The primary ferromagnesium minerals in 
most l o c a l i t i e s are completely or pnrtly altered to chlorite 
and In a few l o c a l i t i e s also to calclto and epidote. The 
alteration has had l i t t l e or no effect on potassic feldspar 
and quartz. 

Tho structural relations of the syenite and quartz 
syenite porphyry are very complex. Most of the contact areas 
are complicated by alteration or faulting* Tho contacts of 
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Photograph 2ht (K-I87) Photomicrograph or a 
typical quarts syenite (rosorbed hornblende 
and a "fused" appearance of grains can be 
noted - X25i plain l i g h t ) . 

Photograph 2*tAi Photograph 2V with polarized 
light. 



these porphyries vrith tho rocke that they have irvtrudod are 
ICrada&ioa&l* A typical contact of this type ia the western 
boundary of the rain intrusi ;>n on Mtchell-Sulphurets ftffgtL 
There Is a tone of hfrhly chlorltlceri rocks which contains 
r'cny r ^ n l l , irregular intrusive bodice imediately adjacent 
to the rain pofffifff Mass* The alteration has obscured the 
original mature of this sons* ther contacts of the syenite 
and cuart* syenite porphyry are no Jet* faults (figures /> and 
5)* 

The syenite and quarts syenite ore also i n cor.toet 
with granites* 3a the north side of the : Itchell lacier the 
syeritic porphyries, st least in part, are cut by a younger 
granite* I inor amounts of granite are also associated with 
the syenite and uarts syenite on Mitchell- uXphurets RI4flS 
but thin granite i s di s t i n c t l y different from the one on the 
north side of the i i t c h e l l Cl&eicr. Genetically, i t i s roro 
closely asaocieted *sith the quarts syenite and syenite por* 
rhyry* This rrnnite grades into the quarts syenite w-'deh i n 
turn jtraoss into the syenite* 

The syenite and quarts syenite porphyry at l e t 

l o c a l i t i e s are massive without any directional feature©! how-
over, i n tfeo icriediste v i c i n i t y of the younger granite on the 
north old© of the i t c h e l l Glacier, they show a pronineat 
alignment of the i w p ©icrocllne pheaoeryets O-hotograpb- 26)# 
Spcciaens of these rocks t' at were examined in thin section 



are a l l abnormally low in placi^elase. The writer believes 
that this alignment i s a contact feature and is possibly re­
lated to the removal of plagioclase* Another noteworthy i n ­
ternal feature of tho syonitic rocks near the granite i s the 
fact that many of treni hove been shattered. Crystals have 
been offset along minute fractures and ©mall mylonite somes 
have developed throughout the rock (Photograph 17!* 

The distribution of granite was discussed with, that 
of the syenite and quarts syenite porphyry* The type l o c a l i t y 
for the granite, which cuts the syenitio rocks, i s on the 
north side of the Uitchell Glacier {figure 4)* Only a rela­
t i v e l y s&all area of this sranite has been recognized* The 
granite that grades into the quarts syenite i s found i n minor 
amounts scattered throughout the syenite and quarts syenite 
masses. It cay be thought of as a rock essentially the saas 
as the quarts syenite only with a greater a&autst of free s i l i ­
ca. In a very general fashion the quarts content of the K i t * 
shell Intrusions increases to the north and east and i s , there­
fore, seen at a maximum on the north ©Ids of the Mitchell Gla­
ci e r where the cross-cutting granite occurs* 

The granite that saerges with the quarts syenite i s 
i n a l l aspects the sarsa- as the quarts syenite, except It con­
tains eere quarts { which i s visible i n hand specimen) v Because 



of i t s similarity to tho quarts syenite this granite w i l l net 
be further considered in this section* 

in hand specimen the cross-cutting granite (one on the 
north side of t •itchell Glacier) i s a • s i l w araittidy relatively 
oquieranular, dark red rock cor.tsining visible quarts and few 
or no ferro&ocnesian airerale. It i s thus readily d i s t i n ­
guished frovu the syerite and quarts syenite porphyry* Occa­
sionally, the two rock types occur In the f t r t specimen (Pho-
tographa 19 and 26), and where alteration islnorals coat tho 
fracture surfaces, the true nature of the specimen la ob­
scured. These features result in unavoidable eapnins prob­
lems* tiom of the granite contains large white feldspar phe-
nocrysts {Photograph 20), Quarts, calcite, and less coceonly, 
chlorite veinlets cut the ~ranlte* Disseminated chaleopyrite, 
pyrite, hematite, csaunotite, and less commonly molybdenite 
occur in trace MweU< 

In thin section i t i s seen that tne cross-cutting 
granite characteristically contains ttedluo-nralned, anhedtal 
and subhedral d e r w e r t h i t e with I n t e r s t i t i a l , fine-drained 
quarts (fhoto^raph 25). A very basic dietintion between this 
granite and. the syenltle rocks (Including the granite related 
to the syenitic sectors) i s the fact that i t i a a one fold-
spar rock whereas tisey are two feldspar rocks (Tuttle and Bows , 
195 »# P# 130)* It contains a single a l k a l i feldspar, micro-
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m 
Photograph 25« CK»?3) Photomicrograph of the 
cross-cutting granite (subhedral microperthite 
with I n t e r s t i t i a l quartz can be noted - X25» 
polarised l i g h t ) . 

perthite, whereas they contain a l k a l i feldspar and plagioclase. 
A l l the plagioclase (albite) in the cross-cutting granite occur 
coarse perthitic intergrcwths, is very fine grained i n t e r s t i ­
t i a l , or in a few places is thought to he a r e l i c product of 
the older syenitic rocks. The ratio of exsolved albite to 
microcline In this rock is much greater than In the syenitic 
rocks. In the late granite i t is approximately 1/2 = a l t i t e / 
microcline and in the syenitic rocks i t Is approximately 1/10 = 
albite microcline. In the granite fcrrccagnesian minerals are 



scarce or absent* Typical mineral compositions of this rock 
are shown in columns 10 and II of Table IV. 

The structural relations of the f.ranite are very 
complex and many of theia are obscured by alteration. . In 
areas that were studied on the north side of the 1 itchell 
Glacier, It was noted that the granite and tho syenitic rocks 
ere intinately associated with one another. The exact natures 
of the contact sones are obscured by alteration, Proa detailed 
studies of the hand specimens that were collected, i t is thought 
that the contact Is probably f.radational* The gradational 
nature of the contact i s attributed to varying amounts of in­
cluded syenitic material in the intrusive rranite. Inclusions 
in the granite illustrate various stages of disruption and 
replacement cf the syenite. rhotc;raph 17 illustrates a 
syenitic rock near the contact that had been shattered or 
"crackled" probably by intrusive processes related to the mm 

placement of the granite. Fhotof.raphs 19 and 26 illustrate the 
granite cutting the syenite (the offset along minute fractures 
of ewe of tho crystals In the syenite can also be observed)* 
These areas of syenitic naterial are inclusions In the f.ranite* 
in thin section i t was noted that the largo phenocrysts of tho 
syenite are partly transformed to dark purplish, red microcline 
typical of the granite (Figure 6 and Photograph 27)* Single 
crystals of microcline traverse the contact* On the syenite 



Photograph * 6 i (K-23) Bed 
granite cutting syenite por­
phyry (ehalcopyrite and py­
r i t e in quartz-calcite vein-
let on l e f t , disseminated 
cbalcopyrite end pyrite 
throughout, plane surfaces 
of granite-syenite contact, 
and aligned microcline phone-
crysts in syenite can be noted. 

Crust** 

Figure 61 (K-23) jDlagran showing the contact relations 
(as observed in thin section) of the younger granite 
and the older syenite (the areas eontalcing the red 
microperthite are granite and the uncolcured areas are 
syenite; the original plagioclase of the syenite has 
been destroyed). 

Fhotogrsph 27i (K-23) 
Photomicrograph of trans­
formed crystal et syenite-
granite contact (X25; 
polarized l i g h t ) . 



side they are white and contain l i t t l e or no cxsolved albite; 
on tho granite side they are dark purplish red and contain 
abundant exsolved albite. In other specimens Large white 
feldspar crystals typical of the syenitic rocks are found 
scattered throughout the granite (Photograph 20). Those crys­
t a l s uay be plagioclase or microcline* Invariably they are 
r leaned* veined, and in o i l stages of replacement by the dark 
red rcicropsrthite* In some specimens ouhedral or subhedral 
forms of what once were obviously single feldspar phenocryste 
are now occupied by a s.osalc aggregate of crystals with varia­
ble optic orientations. The writer believes that those high­
l y corroded white phenocrysts (xenocrysts) represent tho last 
vestiges of syenitic tsaterlal engulfed by the granite. 

Feldspars of &fefl :-:itcheU Intrusions 
K detailed study was carried out on fifteen f e l d ­

spars from various parts of the f I t c h e l l Intrusions* The 
locations of specimens used ar© shown i n figure 15* The 
results of the X-ray diffraction and universal stage studies 
are shown i n Table V m& figure® ? and 

In Table V i t can be noted that nott of the a l k a l i 
feldspar consists of two phases* Usually the albite or soda 
phase i s much less abundant than the nlcrocllne or potash 
phase* These features are consistent with those observed i n 

thin section* Ant i port hit© i s absent and In the perth.it Ic 
intergrowths the exsolved albite i s usually lees than on© 

http://perth.it
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TABLE V- RESULTS OF FELDSPAR STUDY 

Specimen D e s c r i p t i o n ( 1 3 l f - ( 1 3 1 ) t J 0 ^ B r 0 3 
- ( 2 0 1)feldV Ab+An# 

2 V x K - r e l d 
2Vx plag. 
An$ by R i t t . Z . 

3 

K-22 

K-22 

K-23 

K-23 

K-93 

K-93 

K-112 

K-153 

K-153 

K-153 

K-153 

K-187 

K -I87 

Pike's Peak M i c r o c l i n e -
reported comp. 95*6$ Or, 
3.H$, 1.0% An 
Amelia A l b i t e - rep, comp. 1.06° 
I.836 Or, 9 8 . 2 ^ Ab, OM/o An 
S t . Gothard A d u l a r i a -
rep. Comp. 8 9 . 7 ^ o r , 
9 . l 8^Ab , . 1 0^Ca, .71$ Ba 

-very poor peak f o r de­
termination. 
Dark red m i c r o p e r t h i t i c 
borders - 2 f e i d . phases 
K-feld.> Wa f e l d . 

Large, g r e y i s h white phen. 
-2 f e l d . phases - only 
minor exsolved a l b i t e 
Large, g r e y i s h white 
phenocrysts ( r e l i c s 
from sy e n i t e ) - only 
t r . exsolved Ab. 
Dark, p u r p l i s h red 
mic r o p e r t h i t e - 2 f e l d . 
phases £ = ® r 

T TCb 
White phenocrysts 
( s y e n i t e r e l i c s ) 
-2 f e l d . phases - Na 
f e l d . > K - f e l d . 
Dark, p u r p l i s h red 
mic r o p e r t h i t e -2 f e l d . 
phases \ - ^ r 

r lb 
White c r y s t a l s - a l t e r e d 

R e l i c , r e l a t i v e l y un­
a l t e r e d , l a r g e , white 
K - f e l d . pheno. sc a t ­
tered throughout a l t . 
rock - neg. Ab. 
Inner zone of unaltered 
plag. c r y s t a l 

A l l p l a g i o c l a s e -
a l t e r e d 

Large, white K - f e l d . 
pheno. - scattered 
throughout - pink bor 
ders - 2 f e l d . phases 
Small, pink K - f e l d . 
c r y s t a l s - 2 f e l d . 
phases 

A l l p l a g i o c l a s e - a l t . 
zoning range 

Smal l , pink K - f e l d . 
c r y s t a l s -2 f e l d . phases 

1.1' 

1.58° 
1.59° 
1-63° 

1.355' 

1 .2V 

0.82° 

1.80° 

0.77° 

1.83' 
0.78' 

1.86° 
0.77° 

0.76° 

1 .85° 
0.7^5° 

1.82° 
0.75° 

1 . 6 V 
0.75° 

1.785' 

1 . 6 V 
0.785° 

1.82° 
0.865' 

1.87° 
0 . 7 8 0 

av. 1 .22° 
1 .1°-1 .31° 

1.825' 
0.7^5' 

1.37' K-211 A l l p l a g i o c l a s e - w h i t e 
phenocrysts. 

Assuming low temperature 
L o c a t i o n of Specimens i s shown i n Figure 15 

0 r 9 2 

Ab+An 

O r 9 5 

Ab+An 
O r 9 5 

9 9 Ano Abioo 

100 

Ab-t-An̂ QO 
Or, 
Or 

95 

96 

Ab+Anj_ qq 
0 r 9 8 

Ab + AH]_ QQ 
0 r 9 7 

• 

4 ' 

Ab 100 

Ab+An 
0 r 9 ? 

Ab+An 

100 

97 

Ab+An^QQ 

A a 2 V An 2 i + 

A n 2 7 

A n l 3 ^ " 
A b 8 6 £ 
An 8 -
Ab 92 

Ab+An 
0 r 8 7 i 

100 

Ab+An 1 0 Q 

0 r 9 5 

An^Abn^ 

Ab+An 
Orqyj 100 

An 
15 

l a r g e x t l s . are agg. of small x t l s . 
7 1 ° , 86° , 
76° 
7 1 ° , 80° 

7 2 ° , 62°, 112° An 0 

7 3 ° , 7 0 ° , 
7 6 % 80° 
61°, 78° 

92' 

8i+°, 82°, 
70°, 6 1 % 
8 0 % 79° 

75°, 75°, 
71° 

79°, 62°, 
73°, 69°, 
60°, 6 5 % 
62°, 6*+°, 
6h° 

80°, 71°, 
80°, 82°, 
83°, 70° 

93°, 9 8 ° , 
79°* 80° 
An 0 

plag. i n t . s . 
9 7 ° , 98°, 98° 
A n 1 0 - 1 2 

95° 
A n 1 3 

102° Am, 
9lh° A n 1 2 

89^° A n I Q 

96°, 88°, 91°, 
Ang, Any, Ano 

96°, 96°, 98° 
An g, A n 1 2 j A n 1 
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sS/Wj/e PoUss/c f%asc oh 'X~r~ay £xar*/h4.f/'ofi. (after Strum and 

Mackenzie, tfSf) 



quarter the amount of ricrocline. . 
Another feature that shonld be enlarged upon ia the 

aonlng that has been observed in tho larger icrocline crys­
t a l s . The X-ray results indicate that the Eaxiram composi­
tion rang* of the potash feldspar l a on© specimen i s probably 
frjr- - r ^ Ab+An.^ to Or^j Ab'An^ {specimen K-153). The 
formr i s the composition of a very largo white phenocryst 
and the latter i a the exposition of very snail pink crystals. 
These feldspars are probably a cio o approximation of the naxi* 
ciuKi composition change for tho whole area* The composition 
variation of the coned crystals of which the 2V_ was noasured 
i s nuch less than this maximum variation. i*or this reason 
the variations in 2V probably reflect variations i n the 
decree of ordering of the crystal l a t t i c e arxl not variations 
in composition, 

in rising figure 7 to detercino the composition of 
plagioclace the writer has nade the aosusiption that the 
plagioclase belongs to the low temperature aeries. The baeia 
for t n i s assumption i s the associati n of plagioclase with 
low temperature potassic feldspar, although this assumption 
io reasonable, the writer believes that there i s probably 
some departure of the plagioclase fr.m this curve. The X-ray, 
universal stage, and standard thin section determinations of 
the anorthite content r.ive sir i l a r results but they vary over 



10 per cent An, /hen the snort hit e percentage of the plaglo* 
elase, as determined by X-ray methods, i s plotted against the 
2V,C (Tuttle and Eowen, 1953, p. 103) i t can be noted that the 
feldspars f a l l both above and below the curve for the low tem­
perature series. The variations are (treat enough to suggest 
that there i s a considerable error in the determination of 
anorthito percentage by the 20 tlTl) - (131) method,. Until 
store i s known about this subject these anorthlto determinations 
should only be used qualitatively, 

Froo X-ray diffraction, universal sta^e, and thin 
section studies several conclusions can be drawn concerning 
the methods of investigation and concerning the feldspars 
fron the intrusions: 

1* The composition of the plagioclase as determined 
by X-ray diffraction methods alone should only 
be used qualitatively, 

2* The composition of the a l k a l i feldspar, on tho 
other hand, can probably bo determined within 
k per cent accuracy without hono^oniaation by 

3« Mono of the rotasoic feldspar of the I i t c h e l l 
Intrusions i s similar i n nature. It i s inter­
mediate and maximum microcline (Scith and 
lacKensie, p, l l f l l ) of the average composition 
0r Ot^b +Anc« 



4* The variations i a 2V of the potash fold3par 
iiiay be up to 24 decrees i n a single specimen. 
This change in optic an^le reflects a variation 
in the decree of ordering of tho crystal l a t ­
tice, and oat a variation in composition. 

5* In Figure ?3 i t io shown that tho two crystal 
phases of the porthite are compatible with and, 
xuoreovcrf support en origin of the pert hit c by 
exsolution and ot replacement* 

6* rest of the exsolution has &onc to completion^ 
and yet perthitic intergroutha s t i l l persist* 
This appears contrary to Tuttle and Dozen's con­
clusion that t o t a l l y unmixed potassium and 
s^diun feldspar w i l l separate completely i n 
a volatile rich eriviroraaont {p* 139) • 

7* i t appears, from usin^, Tuttle and Bowen* a 
classification of sali c rocks (p. 115,Appendix) 
that the I i t c h e l l syenite and quarts syeuite are 
group II c ©ubsolvus rock© and that the granite 
i s a hypersolvua granite (Appendix)* The 
facts that the syenite and quarts syenite con­
tain discrete crystals of both plagioclase and 
ricro pert hits and that the granite contains only 
discrete crystals of rrderoperthit© as their 
feldspar phases are bases for this distinction. 



The writer attributes the apparent inconsistency 
to post-crystallisation changes i n the syenite 
and quarts syenite. The mechanisms involved are 
explained in the next section. 

Henesis of the ' Itohell Intrusions 
The * i t c h e l l Intrusions are an assortment of i n ­

jected bodies (Daly, 1933, p. 74) that were enplaced in a 
hypabyssal environment, ' i l l s , dykes, and i r r e g u l a r stock 
type aiaseea have beer, recognised. Earlier olagioclase»hom-
blende porphyry tended to fonr. the s i l l s and dyke a and later 
s y e n i t i c rocks tended to form larger aore i r r e g u l a r bodies. 

ost of these bodies ire single intrusions but a stock-like 
Bass on the north 3ide of the M t c h e l l Glacier shows evidence 
of •••inor composite intrusion, outside the nap-area i n the un­
altered rocks of the Hazelton anci/or Takla (?) group no evidence 
of regional metaciorohi se or deep burial can be found. The only 
hi^h ^rade netamorphic rocko, suggestive of a Plutonic en­
vironment are found several miles to tha west bet..eon Latho-
l i t h i c caasaes of the Coast fountain complex. These features i n ­
dicate that the intrusions were eiro^lacod in a hypabyssal en­
vironment. The fact that the cross-cutting granite ia of the 
^ypersolvus tyre also supports a hypabyssal environment, nines 
the rocks of the d i s t r i c t show no megascopic signs of regional 
oetarerphism i t Is safe to assume that the depth of cover at 
the tine of emplacement was probably somewhat less than 30,000 
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feet, this beln* the lower limit of the ^reenschist f a d e s 
suggested by Turner and Verhoogen (p* 534). 

A compositional ; gradation soems to exist fro., oyeno-
dlorlte and albite syenite (plagioclase-hornblende porphyry) 
in the lulphureta Valley Region to the syenite, quarts syenite, 
and granite on the .*• itchell—Sulphurets Ridge and in the : i t c h e l l 
Valley. fcany of the more detailed relationships are s t i l l i n 
doubt but a general gradation between these rock types can 
be established* The mineral paramnesia of the intrusi :ns i s 
shown in figure 9* The albite syenite end syenitic rocks were 
not observed in contact but there definitely seems to be a 
compositional gradation between the two* The main masses of 
these rock types are separated by ins jo r faults and by a very 
lanje alteration zone paralleling tho faults (Figures 4 arid j)» 
There i s :ne feature, however, that supports compositional 
gradation* in the zone between the faults, l a r ~e, hits 
potash feldspar phenocrysts have been found that constitute 
up to 10 per cent of a highly altered albite syenite porphyry. 
Similar potash f- Id spar phenocrysts were one -sf the f i r s t 
minerals to crys t a l l i s e in the syenitic rocks above the faults* 
The close relationship between the syenitic rocks and the 
granites has already been mentioned* The fact that one gra­
nite cuts the syenite clearly indicates that the former must 
be somawhat later in ti&e* The intimate association of the 
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Figure 9t Paragenesis of the minerals in the 

Mitchell Intrusions. 
two, on the other hand, strongly suggests a common origin. 
The very position of a l l the intrusions makes i t d i f f i c u l t to 
suppose anything but a close relationship between a l l the mem­
bers of the Mitchell Intrusions. Although rather secondary 
evidence, the fact that disseminated copper, molybdenum, and 
iron minerals are found associated with a l l members supports 
a common origin. 

If we f i r s t consider the origin of the syenite, 



quartz syenite, and granites, we w i l l then have better under­
standing of the problems involved. The writer believes that 
the syenite, quartz syenite, and granites were derived from 
a common magaa by fractionation followed by al b i t i z a t i o n of 
tho syenite, quartz syenite and of the two-feldspar granite. 
The syenitic, two-feldspar rocks crystallized before the one-
feldspar granite. If the typical mineral compositions of these 
rocks are examined (Table IV), It can be seen that the rocks 
have normal compositions for granites and syenites (Figure 10}• 
This would mean that they have a very low anorthite content. 
But Tuttle and Bowon (p. 136) states 

The appearance of plagioclase early in the 
c r y s t a l l i z a t i o n of granites, syenites, and 
nephollno syenites Is strongly dependent 
upon the amount of lime present i n the mag­
ma. If there i s l i t t l e lime the p o s s i b i l i t y 
of plagioclaso appearing during c r y s t a l l i z a ­
tion i s highly Improbable, whereas i f the 
lime content is high plagioclase w i l l cer­
tainly be one of the earliest phases to be­
gin c r y s t a l l i z i n g . 

They go on to note that more than hO per cent of a l l rocks 
containing over 80 per cent normative Ab+Or+Q w i l l f i n i s h 
c r y s t a l l i z a t i o n with a single a l k a l i feldspar, with or with­
out a core of plagioclase. They state, "If fractionation 
takes place during c r y s t a l l i z a t i o n , the p o s s i b i l i t y of com­
pleting c r y s t a l l i z a t i o n with only a single feldspar is greatly 
enhanced." (p. 137). These facts are directly applicable to 
the evolution of the Mitchell syenites, quartz syenites, and 
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granites. Osing Figure 11, i t i s easy to see that unless 
the syenite, quarta syenite, and two-feldspar granite o r i ­
ginally contained considerable lime, the plagioclase, which 
typically comprises about 35 to U5 per cent of the t o t a l rock, 
could not have crystallised as a separate feldspar phase unless 
the f'H?0 was greater than It.,000 kg/ess • Such a pressure i s 
unreasonable since i t could only be attained below a depth of 
3 rriles, that i s , in a Plutonic environment* Therefore, a 
lime-poor magma would never have been in the two-feldspar 
f i e l d . It i s also easy to see how the cross-cutting granite 
WES formed by fractionation of the magma* \s the magna d i f ­
ferentiated by fractional crystallisation i t would pass from 
the two-feldsoar f i e l d into tho one-feldspar f i e l d . The soda 
content of the single feldspar would be increased as fractiona­
tion continued. This would explain the higher albite to micro­
cline ratio of the perthites in the sne-feldspar -ranito* To 
complete the history of those r^cks the line c intent of the 
plagioclase rust have been lowered after crystallization* The 
fact that the pla^ioclases of the syenite, quart2 syenite, and 
two-feldspar granite are invariably altered and In so.-.-e cases 
completely missing, although the potash feldspar resists a l ­
teration (Photograph 21), indicates that during the alteration 
Deriod the plagioclase was not in equilibrium with i t s environ­
ment while the microcline was (possibly isetastably)* 



f~i&UftE- 10** Contour diagram illustrating the distribution of normative Ab, Or, An in all 
the analyzed rocks in Washington's Tables (that carry 80 per cent or more normalize 

Ab + Or + Q 
Contours mow I han t, 2, 3, 4, 5, and 6 per rent. H 2^ \*r <nnt counter 

[after Tutfe attdf 3ow£h}t9S8,/tm) ; 

Figure H i Ternary diagram of the system NaAlSf^Og-KAlSivC 
C a A l 2 S i 2 0 a (after Tuttle and Bowen, 1958, pp. 132-135). 
diagram snows the approximate conditions that might be ex­
pected for the crystallization of the Mitchell Intrusions. 
BB1 represents the limit of solid solution. 
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Besides the "deliming* of the plagioclase described 

i n the preceding paragraph, there are other features that In­

dicate the area has undergone regional a l b i t i s a t i o n , which, 

at least i n part, must have followed the c r y s t a l l i z a t i o n of 

i n t r u s i o n s . The s o i i i t i a e d diabases strongly support a l b l t i -

z ation. Tho r e l i c clinopyroxene and a vrell-developed o p h i t i c 

texture indicate that the rock c r y s t a l l i z e d as a basalt, but 

now a l l the plagioclase i s e i t h e r a l b i t e or sodlc o l i g o c l a s e * 

A l l the Hazeiton volcanic and sedimentary rocks of the area 

contain mostly a l b i t e and less frequently o l i ^ o c l a s e . Con­

si d e r i n g that these are normal eu^eosynclinal rocks i t i s 

very u n l i k e l y that o r i g i n a l l y the plagioclase did not, at 

l e a s t i n sorre cases, have a higher anorthite content. Re­

gional a l b i t i s a t i o n over an area of at l e a s t 20 square ?:iles 

has surely taken place* U n t i l more i s knovm about the region­

a l d i s t r i b u t i o n of the a l b i t i s a t i o n , the writer hesitates to 

s u r e s t whether the a l b i t i s a t i o n i s related to metasomatism 

izm-edlately following the emplacement of the K i t c h e H Intru­

sions or whether i t i s related to a more widespread s p i l i t i e 

province. 

Hlnce i t io probable that a l l the surrounding rocks 

have been a l b i t i z e d , i t i s d i f f i c u l t to see why the syeno-

d i o r i t e and a l b i t e syenite porphyry should not also have been 

afiacted* "̂ he presence of hornblende and pla;:ioclase pheno­

cry s t s in rocks is normal ard very eonmon, but the presence 



of a l b i t e and hornblende phenocrysts i n rocks i s f a r loos con-

eion. Therefore, taking the simplest explanation, the pl a g i o ­

clase had a much higher ar.orthite content at the t i r e ox crys­

t a l l i z a t i o n than at present* It can bo expected that the 

plagioclase and hornblende were tho f i r s t c r y s t a l s to separate 

from a d i o r i t i c or comparable magma* 

Even though extensive metasomatism has obscured 

many of the ori g i n a l features of the i n t r u s i o n s , guesses can 

s t i l l be made on the nature of the original rock types and on 

the conditions at the t i n e of emplacement* If, as i t appears, 

a l l the plagioclase has been albitised, then i t i s safe to 

assures that the original rocks probably belonged to a normal 

calc-alkaline series. Diorites» monzonites, quarts monzonites 

syenites, and granites vie re probably present* The plagioclase 

hornblende porphyry (albite syenite and syenodiorite) would 

have been the rnore basic typos, the syenite, quarts syenite, 

and two-feldspar granite would have been the intermediate rock 

typos, and the one-feldspar or cross-cutting granite would 

have boon the raost acidic member* Compared to the ot er rock 

types the one-feldspar granite has remained r e l a t i v e l y un­

changed* 

A general gradation i n edneralogleal composition 

between the various members of the ' i t c h e l l Intrusions can bo 

accounted f o r by differentiation by fractional c r y s t a l l i z a t i o n 

There are to-o d i s t i n c t p o s s i b i l i t i e s t d i f f e r e n t i a t i o n i n 



place and differentiation at depth. The writer favour" the 
hypothesis that differentiation took place at depth but only 
slightly below the observed level. The distribution of the 
intrusive reck types would permit differentiation in place 
but there are objections to such a hypothesis. The one-feld­
spar granite shows cross-cutting relationships; therefore, i t 
has been mobilized to some extent. Secondly, i f differentia­
tion was i n place there should be considerably more " d i o r i t i c " 
rocks to account for the amount of derived rocks. Although 
such a large body or bodies of n d i o r i t i c " recks have not been 
recognized, i t is possible that a large portion of the highly 
altered areas could have been " d i o r i t i c " 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 I i t c h e l l -
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 i t i s seen that they are keratophyres. Typi-



eailjr they contain 25 to 30 per cent a l b i t e , ;5 to 40 per ce;;t 

hornblende, a trace oP corroded clinopyroxene, and »:any secon­

dary minerals. 

Phh specimens that were sectioned were taken ir. area 

where the dykes traverse a l t e r a t i o n zax&Zm Possibly tho o l -

b i t i s a t i o n i s a r e s u l t of contamination since the dykes v.-ere 

i n contact with many r e a d i l y a c c e s s i b l e , r e a c t i v e , lav;-t©m— 

pc rat tire minerals* 

s t r u c t u r a l P e o l o r r 

• t r a t i oror-h i c 'c g uer cc 

Tho s t r a t i g r a p h i c sequence in the; * ' i t c h e l l - o u l -

phurets Region has not been determined because a l t e r a t i o n and 

intr u s i o n s have obscured toe r e l a t i o n s h i p s * In general there 

i o a l a r - o volcanic unit i n the eastern h a l f of the area and 

a larpe sedimentary unit i n the western h a l f , but s t r a t i -

graphic p o s i t i o n i n g of these unit.5 must await studies in 

d i s t r i c t s that are not as com; lex as the map-area• 

"olds 

In the map-area tho type of f o l d i n g could not be 

ascertained, since sedimentary lamination has been disrupted 

by widespread i n t r u s i o n and f a u l t i n g and in some places has 

been o b l i t e r a t e d by metasomatism. ?rora ;-'i,:ure 12, a stereo­

gram: of poles to bedding, i t can be seen that the area i s 

characterised by r e l a t i v e l y haphazard, moderately to steeply 

dipping beds most o f which s t r i k e approximately north-south. 



Some features c^ncernin^; the nature o£ the regional 
folding were aoted while i j i n ^ reconnaissance rapping about 
5 l i e s north of the map-urea in the v i c i n i t y of Frosty Creek 
''lacier, the toe of this glacier and alone an eastern 

tributary glacier oart j£ the crystal region of a major fold i s 
exposed (sketch rap, p. 23). The axial trace ox this antiforB 
approximately bisects the Treaty "reek Glacier; the plunge ia 
probably low to the north. The main fold is a concentric type 
with a si&ooth, round hinge sone and limbs that have steep but 
opposing dips. There i s no significant thickenir ; in the 
crestal region. 

A thick unit of sedimentary rocks occurinti; above 
the main volcanic unit which i s shown in Photograoh 12 contains 
closely spaced accordion-type fold:, (wavelength about 100 

feet)* These minor folds extend north to the hin;;e area of 
the sain structure and south to a main Icefield {about a t o t a l 
of 4 miles). They are not present alar. ; tho western limb of 
the main antiform. Unfortunately where they mer/e with con* 
foraable beds, outcrop is poor. In this area a few outcrops 
of massive, dark, argillaceous sediments are exposed. '-long 
the eastern limb ->f the main antiform the accordion-typo folds 
continue for several mllos but their t o t a l extent i s not lotown. 
In the most southern exposures that were examined the accor­
dion-type folds were nearly recumbent* If the main antiform 
hdB a northerly plunge then tills would be the farthest point 



exposed down the limbs of the main structure. 

There are several mechanisms that eossibly could be 

responsible for the formation of these unusual accordion—type 

f o l d s , Some are l e s s f e a s i b l e than others. It is not v*?ry 

probable that they were formed at the same time as the main 

str u c t u r e . Their geometry d i f f e r s greatly from that of the ma 

ant i f ORB and i t i s questionable i f the t h i c k sedimentary unit 

could undergo the ir.uch greater degree of crusta1 shortening 

necessary to form these t i g h t accordion folds over the broader 

warns. The p o s s i b i l i t y of two periods of oro^enic deforma­

t i o n i n these rocks i s also very small. The rocks show no 

evidence o f extensive deformation, regional metamorphiam, or 

any other phenomena that might be expected i n such areas. 

There are two other p o s s i b i l i t i e s that seem more f e a s i b l e . 

The f i r s t i s that thane accordion folds may be related to a 

major f a u l t . K more complete knowledge of the regional geolo­

gy would be necessary to substantiate tho existence of such a 

f a u l t . The second p o s s i b i l i t y , the one that the writer favors 

would be the development of the accordion folds by s o f t -

sediment deformation p o s s i b l y by gravity s l i d i n g * :uch struc­

tures m-i^ht be expected i n areas where there are unstable 

bottom conditions and t u r b i d i t y current deposition. The 

presences of the nearly recumbent minor f o l d s on tho eastern 

limb of the main antiform supports the l a t t e r hypothesis, ft 

change i n t h e i r a t t i t u d e would be expected i f tney have been 

folded. 



The reconnaissance work indicates that regional 
folds are reasonably simole, relatively open structures which 
in soma areas may be complicated by the oresence of minor folds, 
faults, intrusions, and lr-etasotaatized sones. 

Schistosity and 01eava;:e. 
Schistosity and cleavage are the only other minor 

structures in the map-area of major importance besides bedding. 
These structures are found at many places throughout the area. 
The distinction between cleavage and schistosity in the f i e l d 
has been somewhat arbitrary especially where i t lias been d i f ­
f i c u l t to distinguish between cleavage and poorly developed 
schistosity. In general where there i s a prominent alignment 
of micaceous minerals (mainly s e r i c i t e and chlorite) the struc­
ture has been called schistosityj and where- there i s no promi­
nent development of micaceous minerals i t has been called 
cleavage. 

1 aire 13 i s a contoured stereogram of polos to 
schistosity and cleavage, figures 13a and 13b are uncontoured 
stereograms of -polea to cleavage and schistosity respectively. 
It can be noted that tho poles form a broad, irregular girdle 
along a great c i r c l e . This feature shows that the cleavage 
and schistosity have both been warped. The markers*'* on t rat ion 
near the south od^e of the stereogram i s related to the area of 
best developed schistosity which secure in highly altered rocks 
on the south side of t i t c h o l l Glacier. This concentration 
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i s not a result of the warping* 

In the poet empirical observation in the f i e l d has 
shown that in ssany l o c a l i t i e s cleavage and schistosity bear a 
consistent relationship to n&jor structures, Thir, however, 
does not seen to be the case i a the '• itchell-. 1 ulphuret a dis­
t r i c t * There are so: e areas that contain Hell-developed quart 
s e r i c i t e schists where the schistosity i s about "JO decrees 
to tho main faults or lineaments. These areas are nearly as 
wide S3 they are long, ho folds or shear zones car- bo found 
that arc responsible for these lar^e areas of ;.'ell-dtvelored 
sehisstofiity or cleavage. If this i s the case then there 
should be soiac other cechanisia responsible for the produc­
tion of these structures, A very significant feature ia the 
direct correlation between the decree of alteration and the 
development of schistosity* Typically the inoot hi ;hly a l ­
tered rocks, provided micaceous minerals are present, have the 
host developed schistosity* The only s l i g h t l y altered rocks 
that have r»od cleavage or any schistosity in then- are "o;:,e 
of the incompetent sediments* The development of schis­
tosity and cleavage in the itchell-;Sulphurets region nay 
have been dependent on two factors: The decree of altera* 
tior and the amount of stress in the rock a** the t i e of 
alteration* fta alteration proceeded c&caceoue minerals 
crystallised and simultaneously tho strength of the rock 
was decreased* If there was sufficient stress in the rock 
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at the time of alteration the micaceous minerals would tend 
to be aliened perpendicular to this stress* Development of 
schistosity in this manner ms&ft he somewhat similar to the 
development of axial plane or AB cleavage of folds, but i t 
would be directly related to alteratior. and not to regional 
deformation of the rock. 

. Faulting i s of major structural importance in the 
area, hain faults that were recognised are clooe in tine to 
the period of rock alteration and probably were active at tho 
close of the - i t c h e l l na&aatio cycle. The faults that are shown 
in Figure 4 are narked by offsets in litholegies. I any of the 
faults have only tentative positions (indicated in Figure 4 
by question marks), because the metasomatism has affected most 
faults and has made their recognition d i f f i c u l t . Undoubtedly, 
there are many minor faults that have not been recognized, 

the nost important faults are a group that cut the 
main bodies of the i i t c h e l l Intrusions (the western and central 
parts of Figure 4). These faults strike approximately north-
south and dip about 40 degrees to the west. The upper or most 
westerly of these faults i s the best documented of the group, 
probable because i t i s the youngest and has not been as strongly 
affected by the alteration, *.t least some movement along this 
fault i s post alteration since i t offsets major alteration zones, 
i ovement along this group of faults was probably very complex. 



Drag features i n the Mitchell Valley (west side down relative 
to east)are opposite to those observed in places on ; i t c h e l l -
Sulphurets Ridge, Even though the drag features are of l i t t l e 
value in determining the movement, the movement can be e s t i ­
mated from the general position of the intrusions and from the 
positioning of various intrusive rock types. The rock types on 
Mtchell-Sulphurets Ridge are very similar to those in the 
Mitchell Valley but they are di s t i n c t l y different from those 
in the Sulphurets Valley. From these features i t can be seen 
that the resultant movement along the faults has shifted the 
west block to the south and s l i g h t l y to the east relative to 
the east block. This movement i s of a very unusual type for 
moderately dipping faults, that i s , st r i k e - s l i p movement with 
minor thrusting. A general rotational movement on these faults 
i s suggested by the fact that the regional strike i s different in 
the west and east blocks. In the west block units strike slight­
ly to the eant of north and in tho east block units strike gen­
erally to the northwest. The total amount of movement along the 
faults i s unknown. The west block has moved possibly a few thou­
sand feet to the south relative to the east block or i t could 
have moved over a mile. 

Besides the faults described above the only other 
possible major fault that has been recognized i s the marked 

lineament trending north south along the eastern border of the 



map-area (frontispiece)• Until further information i s gathered 
the writer i s reluctant to c a l l this structure a fault for no 
major offset of lithologiee has been demonstrated, and beyond 
the northern, border of the map sedimentary and volcanic units 
cross the lineament (section AB figure o)» Certainly at the 
southeast comer of the nap-area this structure io some tyre 
of fracture or fault system. There are small but steep-walled 
gullies alon;r, the lineament. If this structure i s a fault i t 
i s d e f i n i t e l y pro-alteration for i t has controlled the devel­
opment of alteration zones, 
i vl^nite ^onea 

Xylonite zones have been found associated with major 
faults, and on a small scale as minute zones in the "crackled** 
members of the i t c h e l l Intrusions* The mylonite zones asso­
ciated with major faults are chiefly in altered rocks, ega-
scopically, the mylonitlzed rocks are mostly buff to ~rey, 
some hove a very distinctive blotchy appearance, and moot of 
them have a "cherty* texture, in thin section these rocks are 
seen to be characterized by a very fine-grained, r^icrocrystal­
line, mosaic of feldspar, ; oat of the mylonites are rich i n 
aibite, low in quartz, contain considerable potash feldspar and 
oericite, and minor accounts of cany other minerals* 

Mmxte mylonite zones, which are chiefly in the 
"crackled" syenitic rocks adjacent to the cross-cutting &ranite 



Photograph ZU (K-76) Photomicrograph of 
mylonitized -'ranite or quartz syenite (some 
of lighter grains are microperthitic - X30, 
polarized l i g h t ) . 

on the north side of the Mitchell Glacier, probably formed from 
stresses developed by nagnatic activity. They seem to be 
closely relatod to the intrusion of the granite. Some of these 
zones are present i n specimen shown in Photograph 17« 

Tectonic Breccia and Boudinar.e 
There are many breccias in the Kitchell-Gulphurets 

region of which the origin iQ unknown, but there i s evidence 
to indicate that a large shear or breccia zone, v;hich i s sfcov/n 

in Figure U on the north side of tho : i t c h e l l Valley, warn formed 
by tectonic activity that i s probably relatod to faulting. The 
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central and eastern parts of this sons are a Jumbled complex 
of brecciated f relatively unaltered sedimentary, volcanic, and 
some intrusive rocks* Cn the western border of the area there 
are features that indicate the sons has suffered extensive 
shearing. Sedimentary beds are in o i l stages of disruption. 
First boudina;-o structures developed; then aa deformation con­
tinued the boudins were brecciated and the fragments were juirw 
bled together in a larre movement zone. There i s no obvious 
explanation for such a large movement sons, but since the faul­
ting i s probably very close in tine to the main period of a l ­
teration, there i s a po s s i b i l i t y that this movement zone i s 
a result of a rapid release of vo l a t i l e materials. 



CHAKl':-;tt 17 - .i'XK ALT r'.ATI", a' 

Introduction 
Alteration i s widespread in the rocks of the , i t c h e l l -

Sulphurets Region* If the I i t c h e l l Intrusions are considered 
to te the source of the altering fluids, i t i s interesting to 
note that the visible portion of the alteration halo io greater 
than three tines the area of the intrusive bodies* A l l rocks 
of the area, even the ones that isegaacopicaily ap ear to be 
fresh, have been affected to some extent (Photographs 9 and 1 0 ) . 

Weak propylitisation is the r.ost eonmon type of alteration 
throughout the area* Regional albitization of the plagioclase 
feldspar has also taken place but i t i s questionable i f " t h i s 
Phenomenon i s dire c t l y related to the oain period of alteration 
or whether i t is related to a .ore widespread s p i l i t i c province. 
Albite, calcite, s e r i c i t e , quartz, chlorite, and pyrite are 
the most coruron secondary m inerals. The distribution of those 
and other secondary minerals, determined fro:., thin—section 
analyses, ia shown in Figure 15. The preservation of pseudo-
rsorphs with increasing alteration indicates taat a major por­
tion i f not a l l of the alteration has taken place at constant 
volume. 

Ilea 2l Atte,r?^i?ja 
The major oeriod of rock alteration must have followed 

the consolidation of nost of the I i t c h e l l Intrusions. 1oacibly 
i t was synchronous with or closely followed the crystallisation 



77 

of the c r o s s - c u t t i n g g r a n i t e . Large p o r t i o n s o f the p l a g i o ­
clase—hornblende porphyry and moderately l a r g e p o r t i o n s o f the 
sy e n i t e and o n r t s s y e n i t e have beer a l t e r e d . In c o n t r a s t , the 
areas o f c r o s s - c u t t i n g g r a n i t e t h a t have been examined, although 
they show esuch evidence o f v e i n i n g by quarts and c a l c i t e , do 
not c o n t a i n much rock a l t e r a t i o n . The i n f e r e n c e f o l l o w s , t h a t 
s i n c e the c r o s s - c u t t i n g g r a n i t e i o the youngest o f the - I t c h e l l 
i n t r u s i o n s , a l t e r a t i o n cay have been continuous w i t h c r y s t a l ­
l i s a t i o n . Although t h i s might w e l l have been t r u e , I t should 
be noted t h a t the m i n e r a l s i n the c r o s s - c u t t i n g g r a n i t e are not 
as s u s c e o t i b l e t o a l t e r a t i o n as those i n oth e r r o c k s . This 
l e a d s t o another i n f e r e n c e t h a t the miner a l s i n the g r a n i t e 
were c l o s e r to being i n e q u i l i b r i u m i n the a l t e r a t i o n e n v i r o n ­
ment than those i n the oth e r -.-embers o f the i i t c h e l l I n t r u s i o n s . 

The f i e l d r e l a t i o n s make i t d i f f i c u l t t o f i x the 
r e l a t i v e time o f the pe r i o d s o f f a u l t i n g and a l t e r a t i o n . Large 
a l t e r a t i o n zones have been o f -set by major f a u l t s . The sharp 
upper U n i t o f a l t e r a t i o n on tho north s l o p e s o; the i t c h e l l 
V a l l e y i s a r e s u l t o f i t s being mainly a f a u l t c o n t a c t . On the 
ot h e r hand, many major f a u l t s have been rohealed and o b l i t e r a t e d 
by a l t e r a t i o n and have a l s o c o n t r o l l e d the development o f some 
a l t e r a t i o n zones, i oreovor, the mylonite zones t h a t v/ere exa­
mined have been a f f e c t e d by a l t e r a t i o n . These f a u l t s w i t h 
t h e i r a s s o c i a t e d r y l o n i t e zones zro d e f i n i t e l y post i n t r u s i o n . 
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The only slaple explanation would be that the major periods 
of faulting and rock alteration were very close In time* 

Nature and Temperature of the Altering Fluids 

A study of the products of•alteration gives soce i n ­
dication as to the nature and temperature of the altering fluids* 
As stated before* the Eain alteration minerals i n the i i t c h e l l -
Sulphurets region are alb i t e , calcite, s e r i c i t e , quarts, ch­
l o r i t e , and pyrite (?), Chlorite and pyrite are less abundant 
than the others. It is known that the a l k a l i content governs 
the formation of seolites, s e r i c i t e , and kaolin i n alteration 
zones at temperatures below 400° C* Turner and Verhoogen i n 
discussing experimental work done by ?ioll (p* 577) state: 

At lower temperatures (below 400° G«) It 
depends upon the a l k a l i concentration of 
the active solutions whether zeolites, 
s e r i c i t e , or kaolin are formed 

Kaolin originates from SiOj- or AI2O3-
aela in neutral solutions iree of alicali 
Petals or in acid soluti;ns containing 
a l k a l i metals, at temperatures below 
400° C*; on the other hand, ssonteorii-
lonite forms ir. alkaline solutions of 
the a l k a l i metals, and at higher con­
centrations of potash, sericite appears, 
At very high concentrations of a l k a l i , 
zeolites, especially analcite apoear* 

If, as the writer believes, alteration in the Mitchell-Sulphurots 
region i s predominantly a low-temperature phenomenon (below 
i*00° C.), then from £oll*8 experimental work i t would seem that 

the altering fluids contained moderate concentrations of the 
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a l k a l i petals, These conditions c o u l d p o s s i b l y account f o r 
the e x t e n s i v e a l b l t i s a t i o n as w e l l as f o r the s e r i c i t i s a t i o n . 
These c o n c e n t r a t i o n s were? probably r e l a t i v e l y uniform over l a r g e 
areas since t h e r e Is no evidence of strong 20nation. 

Besides the a l k a l i metal content, the s o l u t i o n s must 
also have c a r r i e d c o n s i d e r a b l e carbon d i o x i d e o r s o l u b l e c a r ­
bonate t o f a c i l i t a t e the extensive formation o f c a l c l t e . I n 
the case of the map-area s i l i c a would have been displaced from 
liroe s i l i c a t e s and c a l c l t e would have formed. Turner and Ver-
hoogen (p. 57#) s t a t e ! 

Whereas s i l i c a r e a d i l y d i s p l a c e s carbon d i o x i d e 
from carbonates at noderste and high tempera­
tures, many s i l i c a t e s are converted with equal 
ease to carbonates by hydrothertral reaction w i t h 
solutions containing carbon dioxide or soluble 
carbonates, at low temperatures. Autometasoma­
t i c replacement o f such minerals as feldspars, 
a u g l t e , and olivine by carbonates i s a common 
deuteric process Illustrated by igneous r o c k s 
of w i d e l y different composition. 

This feature a l s o e x p l a i n s why no skarn sones are found near the 
i n t r u s i o n s even though t h e r e are many limy rocks i n the v i c i n i t y 
Besides the l i b e r a t i n g o f tho s i l i c a from the s i l i c a t e s by the 
carbon dioxide or s o l u b l e carbonate, quarts was probably added 
to the s o l u t i o n s at t h e i r source. ; any quarts v e i n l e t s are 
found i n the g r a n i t e s and s y e n i t i c r o c k s , some r which are 
relatively unaltered. 

The presence >f hydro .--en s ulnhide o r so e such s u l ­
phur-bearing compound i n the a l t e r i n g f l u i d s would ho the 



easiest way to account for the formation of pyrite In the 
altered rocks* The forror--a^ner.Ian minerals such -as hornblende, 
pyroxene, and b i a t i t e would be replaced by a marneoiunj-rich 
chlorite and by iron sulphide. The reason for believing that 
this type of chlorite ray be relatively rich In magnesia is 
discussed later* 

'-"any of the hand specimens, examined in this study, 
contain inconspicuous quartz, calclte, chlorite, and In a few 
from I i t c h e l l 7alley, fluorite veinlets* These minerals at 
many places fona a network of cris3-cro3sins veinlets, which 
average from 1/32- to 1/4 of an inch in width* In &sm areas 
fractures containing these veinlets .ray have been the only 
channel-ways for the altering f l u i d s . 

There are several reasons for believing that 
alteration throughout the area i s uniformly a low-temperature 
variety, First, there Is no evidence of cteeo thermal gra­
dients* Alteration varies in intensity but there i s no 
significant change in the types of secondary srinerals from 
place to place (Fi&ure 15)* Secondly, hi^h-tetoerature altera­
tion minerals, such as c a l c - s i l i c a t e s , potash feldspar (except 
metastably), pyrophyllite, tourn aline, etc*, have not been found. 
Thirdly, a l l secondary minerals that have been identified, 
except the potash feldspar, are compatible with and sup- ort a 
low-tennerature origin. The potash feldspar, which i s thought 



to bo secondary, ts found only adjacent to so*ne Intrusive con¬
tacts in hi^vtaspesature zones where low-terperature neta-
soratlsts has beer. euprrtapased* The -potash feldspar is possibly 
a metastable r e l i c of the ea r l i e r high-tenrperature metasomatism* 
The ubiquitous nature of secondary calcito probably signifies 
a widespread, relatively uniform low-temperature environment 
of alteration. Turner and Terhoogen (p, 57-) state that secon­
dary hydrothemal calclte i s a product of low-tesiperat ur e 
metasomatism rather than moderate or hi-^h temperature. 

In sulfation the active fluids at the tiase of meta­
somatism probably contained moderate concentrations of Ha, K, 
•2102, and H2s, high concentrations of CO2 and HgO, In the 
• i t c h e l l Valley trace -amounts of HF, and were at some elevated 
temperature probably below 400° C, for a considerable period 
of time* 

ne-ree of Alteration 
The altered rocks can be subdivided into two groups 

depending on the degree of alteration. The f i r s t .;;rcup includes 
those rocks In which r e l i c s of original high-temperature con­
stituents are i n a l l stages of replacement by low-temperature 
minerals* *ith continuing alteration the primary minerals 
that were susceptible to replacement becane more and mora a l ­
tered u n t i l a point was reached that a l l the minerals suscep­
ti b l e to alteration had been completely destroyed. This point 



itsrka the s t a r t o f the second ;;rour o f a l t e r e d r o c k s , low 
w i t h c o n t i n u i n g a l t e r a t i o n the secondary minerals increased 
i n s i z e and developed b e t t e r o r what laight he described as 
^ f r o o h e r " c r y s t a l s l^hoto raoh 3 4 ) . Photographs 29 to 33 

i l l u s t r a t e the f i r s t group and Photographs 3i* and 35 i l l u s ­
t r a t e the second :rouo. Such a s u b d i v i s i o n Day he of primary 
importance i n d i s t i n g u i s h i n g the a l t e r a t i o n zones t h a t make 
tho best host rocks f o r the ore mi n e r a l s , Fross t h i s p re­
l i m i n a r y study o f the h i t c h e l l - i u l o h u rets r e g i o n i t so eras 
t h a t the d e o o s i t s t h a t have the beat chance o f beine; ore 
grade are i n the second group and th a t the l e s s promising 
d e p o s i t s r a y o c c u r i n e i t h e r ^roup. 

Judging f r o n the v a r y i n g decrees o f a l t e r a t i o n o f 
rocks over lar.^e a r e a s , the w r i t e r b e l i e v e s t h a t there were 
probably many " c e n t e r s " o f a l t e r a t i o n , 'unless such rJ.noralo 
as s e r i c i t e and c a l c l t e car. f o m over an e x t r e r e l y wide range 
of temperatures, there was probably not s i g n i f i c a n t tempera­
tu r e v a r i a t i o n s from the h i g h l y a l t e r e d rocks t o the o u t l y i n g 
a r e a s . Also, as shown by r e s u l t s o f t o l l ' s experiments i n 
toe previous s e c t i j n , the co n c e n t r a t i o n s are Important f o r 

:-oveniin;: tho formation o f a l t e r a t i o n m i n e r a l s i n an e n v i r o n ­
ment o f low temperature. Th"\ s e r i c i t e i o widespread, and 
k a o l i n , o t h e r c l a y r.ineral3, and z e o l i t e s ^ r e n e s l i - i b l e , 
Liean t h a t the c o n c e n t r a t i o n s i n the a l t e r i n g f l u i d s probably 
d i d not vary g r e a t l y f r o n t h e h i g h l y a l t e r e d rochs to the l e s 

http://rJ.no
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altered rocks. This leaves one c r i t i c a l variable; that i s , 
the degree of soaking or the amount of altering solutions to 
which the rock was exposed. 

The quarts-sericite schist probably represents the 
highest &rade of alteration. Batsman (p. 104) states: 

with most rocks, except limestone and 
quartsite, the end product of altera­
tion i s a rock composed mostly of s e r i ­
cite and quarts. The original f e l d ­
spars, ferroBagnesian minerals, and 
micas are a l l changed to ser i c i t e , 
and s i l i c a Is generally added. 

?ince the preatest development of quarts-serlcits rocks i s in 
the . i t c h e l l Valley (there are also considerable quantities 
of quartz-serlcite schist about where the legend i s in 
Figure 4) the main center of alteration was probably near the 
cross-cutting granite. 

Susceptibility of j inerals to Alteration 
In general ferromagnesian minerals and plagioclase 

feldspar were by far the noat susceptible to alteration, and 
apatite, potash feldspar, and quarts resisted alteration. 

A general alteration series can be established by 
using the oseudomorphs in the altered plagioclase—hornblende 
porphyry. Photographs 30 to 33A i l l u s t r a t e Increasing altera­
tion in these rocks. Photograph 29 shows a relatively un­
altered microcline phenocry3t in an otherwise highly altered 
porphyry. In these rocks the hornblende is cost commonly re­
placed by chlorite, c a l c l t e , pyrite, and trace amounts of 
s i l i c a . In some of the least altered rocks i t is replaced 



- ill*. -

Photograph 29* (K-167) Fhotomicro.-Taph 
il l u s t r a t i n g a relatively unaffected 
microcline phenocryst i n an otherwise 
highly altered albite syenite porphyry 
(X25; polarised l i g h t ) , 

by epidote and perhaps actinolite (?), In the more highly a l ­
tered rocks sericite has accompanied tho chlorite, calcito, 
and pyrite In replacing hornblende. The plagioclase in a l l 
these rocks, whether the hornblende Is altered or not, i s 
albitized { some oligoclase ). This feature loads one to be­
lieve that the albitization could be independent of tho rest 
of the alteration. Calclte and aerielte are the main secon­
dary minerals that replace plagioclase. Occasionally minor 
olinozoiclte io present, Fven though the plagioclase and 
hornblende are equally altered In the lowest zones, rel i c s of 
plagioclase are present in rock3 where nearly a l l vestlgee of 
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Photograph 30: (E-210) Photomicrograph of a 
relatively unaltered plagl:>clase~horhblende 
(albite syenite) porphyry (X25; plain l i g h t ) . 

Photograph 30At (K-210) As above but with 
polarised l i g h t . 
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hornblende have been destroyed. The potash feldspar resisted 
alteration u n t i l most of the plagioclase had been destroyed. 

Alteration Minerals 
Alteration minerals w i l l be discussed in an approxi-

Esate order of decreasing abundance. The distribution of a l ­
teration minerals i s shown in Figure 15, 
Albite - Aibitisation i3 ubiquitous i n the area, Plagioclase, 

a eoi&aon mineral in the region, everywhere i s either a l ­
bite or oligoclase. Besides the main occurrences des­
cribed throughout the thesis, minor axrounts of albite 
are also found l i n i n g veinlets, both In mylonites and 
in soire syenitic rocks. This type of albite appears to 
have grown in place of other minerals, whereas root of tho 
secondary albite i s replacement of pre-existing plagioclase©. 

Some of the sedimentary rocks and mylonitea, which 
are rich in albite, have developed a s i l i c i f i e d appear­
ance* This appearance results from the rock breaking 
through grains instead of around them. This type o f 
fracture results Iron the interlocking nature o f grains 
in these microcryctalline rocks. 

The evidence for a i b i t i s a t i o n has been discussed in 
the sectior an the genesis of the M t c h e l l Intrusi ma* 

Calclte - Secondary ca l c i t e , usually In minor amounts, l a 
found i n most rocks of the area. It t y p i c a l l y reolaceo 
lime-bearing s i l i c a t e s , i t h or without quarts i t i s 
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also eomnon as small veinlets* Calcite and chlorite are 
associated with chalcopyrite and pyrite in a main minera* 
Used Bone on ^iteholl-SulphuretG nidge (Photograph 34), 
Sots© eedlnentary rocks contain large percentages of c a l * 
cite, but i t i s not known whether this calclte i s p r i ­
mary or introduced. 

Photograoh 34« f&£45) Photomicrograph 
illustrating; calcite-chlorite host rock 
of a Kineral denosit on fitcholl-nulphurets 
Ridge (XdOj plain l i g h t ) , 

8&BLflUJI * f-oricitic alteration i s one of the most widespread 
types developed i n tho area, I ost COffonly sericite i s 
found as an alteration product of plagioclase, but i n 
noro highly rset.isomatised zones i t has also replaced 
othor s i l i c a t e ninerals, " oil-developed quarts-soricito 
schists are found in the I i t c h e l l Valley and i n none 



- 91 -

Photograph 351 (K-36) Photomicrograph of 
quarts-sericite schist (no r e l i c minerals 
remain - XBO; polarised l i e h t ) , 

places in the Sulphurets Valley, At a few l o c a l i t i e s 
these schists contain chlorite, rainor apatite, rare rel i c s 
of plagioclase (Photograph 33) , and at one l o c a l i t y - to 
the west of M t c r e l l Glacier they contain minor b i o t i t o . 
The presence of sericite in these schists from six widely 
separated l o c a l i t i e s i n the / i t c h e l l Valley has been 
confirmed by X-ray powder photographs (the l o c a l i t i e s are 
shown in Figure 15 )• In a Mineralized mylonite zone on 
the upper northern slopes of "ulphureto Valley sericite 
occurs with relatively abundant fine-grained hydrother-
mal bl o t i t e . 

The styles of replacement by sericite arc cany. In 



GQise specimens iriinute flakes of sericite have formed 
uniform gride throughout host minerals. In sorse, the 
flakes are randomly chattered throughout the host; whllo 
in others, they have formed alteration zones in the host, 
in a few specimens the sericite flakes have formed sin¬
gle train-like veinlets, A few of tho highly altered 
rocks contain poeudomorphlc clots of sericite after 
plagioclase, 

quartz - 3econdary quartz i s abundant in the quartz-sericite 
schists, massive s l l i c i f i e d rocks, and in veinlets which 
mainly occur i n the schists, 3yenitic rocks, and granites 
but also in other rocks throughout the area. In the low 
grade altered rocks i t Is d i f f i c u l t to separate the p r i ­
mary quartz from tho secondary quartz. 

Two distinct generations of quartz veinlets have been 
found i n the quartz-sericite schist. The f i r s t genera­
tion i s by far the r&oat abundant end i s closely connected 
to the formation of the schist i t s e l f . These veinlets 
usually average about 1 inch in width and say comprise 
over 50 per cent of the rock. In a l l places they paral­
l e l the schistosity and are usually separated by areas 
of granular quarts, sericite, chlorite, and pyrite. They 
may have been formed by metamorphic differentiation. These 
veins are invariably barren. The second system of veins 
usually cuts the f i r s t at high angles. These generally 
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do not comprise t ore than 2 per cant of tho rock. At 
many l o c a l i t i e s they contain coarse chalcopyrite and. In 
a few rara cases, galena, sphalerite, and tetrahedrite. 
In one area small Mounts of chalcopyrite had migrated 
considerable distances fror. these veins into the country 
rock. 

Chlorite - Chlorite i s cocaaon as a minor constituent through­
out the region, but in a few places i t occurs i n abun­
dance, 'here i t i s subordinate to quarts, sericite, and 
calclte,tho altered rocks in tost places are pale buff 
or some shade of grey, but where It i s abundant the rocks 
are sons shads of green. Only the rocks that contain 
greater than 5 per cent finely disseminated chlorite 
have a greenish t i n t * In a few specimens the sericite 
as well as the chlorite i s green. 

Variations in the typos of chlorite hove been noted 
in thin section. Chlorite found as a widespread altera­
tion product i s pale green approaching colourless, i s 
weakly pleochroic, and has anomalous blue or brown bire­
fringence. Chlorite found locally In some o&ner&li&ed 
areas Is a much darker green, i s strongly pleochroic, 
and eorsrsonly displays anomalous royal purple b i r e f r i n ­
gence « 

W, G, tfeffery, in his work on the Campbell Chibou-
gamau Kine i n Quebec, has described a similar phenomenon 



(unpublished thesis, 1959, pp» 149 and 153)* He was 
able to divide the chlorites In that area into two 
groups: Chlorite I and chlorite II, Chlorite I has a 
high MgDNlwi content and chlorite II Is rich in Iron, 
These two groups were distinguished by their optical 
properties. The main diagnostic properties are as f o l ­
low* (after Jeffery, p, 149)J 

Type I Type II 
Usually colourless or Green 

pale green Ploochrolsnt - strong 
fleochroisE - n i l to faint Length slow - positive 
length fast - negative elongation 

elongation 
He states: 

Between the two variations the optic angle 
passes through eero, the chlorite i s iso­
tropic, and the birefringence i s n i l . As 
the birefringence decreases from that of 
types X and II they can be termed respec­
t i v e l y low chlorite I and low chlorite XI, 

At the Campbell Chibouga&au Kins chlorite II i s found 
chiefly as wall rock alteration associated with sulphide 
mineral 1 sat ion, whereas, type X l i not associated with 
Djineralisation, He cautions against using tho chlorites 
as a guide to ore since chlorite II i s also found in 
shear cones that are not mineralised, 

following Jeffery* s distinction of the two varie­
t i e s , the writer believes that the dark green, more 
strongly pleochroic chlorite which i s found in some of 
the copper mineralised areas, could be richer i n iron 



than the chlorite found as a widespread alteration pro­
duct. The elongation of rcost of the chlorites in the 
map-area i s negative (length fast) and only a few have 
positive elongation oven in the ore zones. Possibly 
this neflN that a l l the chlorites of the area contain 
considerable Mcnesla* Hey (1954) in his review on 
chlorites has noted that the optical properties do not 
vary proportionally to changes in the H t o t a l / fe+Kg 
ratio. From his charts i t can be seen that variations 
i n the optical properties are also dependent upon the 
amount of s i l i c o n present, but s t i l l optical variation 
reflect a general variation in iron and magnesium con­
tent. In the "ore" zones i t i s quite possible that the 
copper, upon entering the rock, replaced the Iron of the 
pyrite which then entered the chlorite. The writer has 
no proof for this hypothesis but offers i t as feasible 
explanation for the observed phenomena. 

Pyrite - Siaall amounts of disseminated pyrite are widespread 
throughout the area. Pyrit© Is included with the altera­
tion minerals because the formation of tho bulk of i t 
was probably more closely connected with the alteration 
processes than with other sulphide deposition. Wherever 
observed, i t Is older than the other sulphides. Pyrite 
associated with rnagnesian (?) chlorite and calclte In 
most areas has formed as a replacement product of p r l -
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nary flSAONgnettiaii minerals. The pyrite In the region­
al l y altered rocks constitutes typically less than 5 per 
cent of the total rock, Arounts greater than thi3 are 
r.'-re and hove undoubtedly resulted froc the addition of 
iron to the rock. 

Clay hjlnerals - Clay minerals have bcon noted In ft few speci­
mens, especially from rocks of low grade alteration, A 
clay mineral (or minerals) tea been recognised selec­
tively replacing certain sones of olagioclase crystals 
i n the syenitic rocks. This mineral (or minerals) could 
not be resolved in X-ray powder photographs. Although 
the possibility that thsy may have been overlooked or 
ristaken for sericite io s t i l l considered, clay minerals 
do not appear in <;-roat abundance in the map-area, Largs 
kaolin!see atones or any "chalky" type altered rocks have 
not been observed, 

•:"iicvoto - (Usually pistacite, minor clinosoislte), Spidote 
occasionally occurs in abundance but i t i s not one of 
the tnajor alteration minerals of the area, Ferroiaagnesian 
minerals in so; e of the least altered rocks are replaced 
by pistacite, Clinozoisite was identified i n a few thin 
sections as an alteration product of plagioclase, 

fliotitQ - Minute flakes of hydrothencal blotlte exist in a 
few areas In similar types of occurrences as sericite. 
The highest concentration of secondary biotite was noted 
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i n a porcolar.cous sylonltlsed rock which occurs on tho 
upper northern slopo of nulnhurets Valley. This rock 
contains ninor disnorinated chalcopyrite and Molyb­
denite* 

rptagh BtMmi! • fatten feldspar i s not a MMB alteration 
product In the area but i t has been included In this 
section since i t Is fnund intinately associated with 
chlorite adjacent to BOM of the intrusive contacts. 
Moreover It does not seem to be In dyke-like bodies. 
In those contact areas i t i s d i f f i c u l t to distinguish 
between dykes and retasoaiatissed country rock. Potash 
feldspar has also been found as a constituent of micro— 
crystalline, mosaic aggregates in mylonitised rocks* 
Here the potash feldspar was probably an original pro¬
duct of the rock that re crystal Used upon mylonit last ion. 
I hoto&raph 29 illustrates such a mylonite. 



The i t c h e l l Intrusions appear to have been tho 
focus for thrf5 development of several mineral deposits. These 
deposits occur both, i n the intrusive rocks and in the surroun­
ding altered racks, Excluding the gold-silver deposits, about 
which l i t t l e io known, the most promising deposits, economi­
ca l l y , are of a disseminated nature and are of very low ;;rade 
but possibly contain very lar~e tonnages, 

Tvses of rjeooslta 
1« Si33er.inatod Carper i n or Very Closely 

Associated vvlth i-.embero 01 the ; i t c n e l l  
Intrusions, 

Hematite, magnetite, pyrite, chalcopyrite, and to 
a lesser extent molybdenite have been found very sporadically 
disseminated throughout or immediately adjacent to the syenite 
quartz syenite, and granites. Similar mineralisation has been 
found associated with the plagioclase-hornblende porphyry but 
coot places i t i s In smaller quantities, 'riven in the syenitic 
granitic members over any significant area, the copper and 
tnolybdenum would only amount to traces, -Noticeable concentra­
tions hove been recognised in some areas. To date, the r.oct 
promising these areas is an alteration zone In the central 
part of the rain intrusion on itchell-Sulphurats fridge. In 
places this deposit has been tested by diamond d r i l l i n g , which 
Indicates that average -rode would probably be In tho order of 



•3 to 1 per cent copper, Pyrite and chalcopyrite are the only 
metallic minerals found In abundance In this sane, but specks 
of tselybdsnlte have been renosniffied in a few places, " a.r;netite 
and hematite iiava boon found in concentrations in or .adjacent 
to this zone, Chalcopyrite is the only primary copper .Incral 
t h a t has been identified. It occurs in sub equal amounts -dth 
the pyrite. 

Three possible origins for tho exist :nce of this 
altered aone hove been considered by the writer. They are 
faulting, explosive brecciation, and the alt or i t lor. of a 
sheet of" sedimentary rocks Included in the intrusion. The 
writer favors the last hypothesis. The ân-̂ ue material con¬
sists of alto red rock conprisln;; calclte with lessor amounts 
of chlorite and quarts {"hoto.^raph 34), Mthou^h so~e of the 
c h l o r i t i c areas have developed S B a l l shear surfaces, no sig­
nificant faults can be demonstrated In t h i s zone. In one area 
near the top of the ridge, a small zone of breccia was noted 
as having rectan.^ular blocks of altered porphyry sot in v;hat 
a pears to be a granulated porphyry matrix. This broccia 
could well have been forced by a volcanic type explosion 
(Carr, I960 and Lite et a l , 1957) but the area Is off to one 
s i d " uf the isain aone and 13 i n o i ^ i f i c a n t in sise, or three 
reasons the writer believes that the zone merely represents a 
sedimentary sheet cau;;ht up in tho oroccor. of IntrusI n, 'lie 
f i r s t reason Is that where sediments have been obsorvod in 
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contact with similar typos of intrusive rocks, they novo beer 
altered In a comparable manner. The second reason i s that as 
this zone extends to the south i t spreads out into a much 
larger area of altered rocks i n which r e l i c bedding s t i l l per-
ci s t o . The third reason Is that blocks of limestone and one 
block of dra,^ folded, well-boddod sediments have boon found in 
the center of this sons at the top of the ridge. 

Another area in the - i t c h e l l Intrusions that has 
significant concentrations of copper and minor amounts of 
molybdenum Is the main body of cross-cutting granite on the 
north side of the i t c h e l l Olacler, Typical mineralisation 
of Ciiio type i a shown in Photograph 26, At this l o c a l i t y 
pyrite, chalcopyrite, and occasionally molybdenite occur as 
sulphide veinlets, sulphide-bearing quarts, calclte, and 
rarely chlorite voinlets, and as disseminations throughout 
the rock. In this area the granite and syenite have been 
"crackled", f ineral-hearin/-; solutions hove permeated the 
resultant closely spaced fractures and have invaded the rock 
between the fractures. There are areas up to 50 .feet in dia­
meter that contain a stoekwork of these veinlets. Those areas 
have a considerable concentration of sulphides but the minera­
lized zones tend to be sporadic and widely separated by l a r e 
areas of barren rock. There io no extensive alteration asso­
ciated with these "ore" aonos. As yet, no continuity of these 
deposits has been demonstrated and tho bulk of the rock i s far 
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too low £rade t o t o c-inod at a p r o f i t . 
2« Diasor ir;;it,ml Copper i n Kasalvo.. 5 y r i t i c 

j ^ a l a c e n e n t Monies 1.n P c t i i r ^ n t a r ? :..ock3 

To date o n l y one such body lias been found i n the 
area. I t Is shown In Figure U to the west o f the . i t c h e l l 
G l a c i e r . At t h i s l o c a l i t y sedimentary rocks have been h i g h l y 
r e p l a c e d by p y r i t e . Tho o y r i t i c replacement was s e l e c t i v e , 
being c o n t r o l l e d by the composition of tho sedimentary l a y e r s . 
This d i f f e r e n t i a l replacement has preserved the sedimentary 
l a m i n a t i o n i n otherwise very h i g h l y a l t e r e d r o c k s . These rocks 
have the s l l i c i f i e d appoarance t.-.\at was de s c r i b e d i n tho sec­
t i o n on a l t e r a t i o n m i n e r a l s where a l b i t e i s d i s c u s s e d . In 
t h i n s e c t i o n i t i s seen t h a t these r o c k s are h i g h i n a l b i t e , 
c o n t a i n c o n s i d e r a b l e e p i d o t e , and have minor anounto o f q u a r t s . 
The o y r i t e content v a r i o s f r o n about 1 t o ovor 75 per cent, 
; e s t o f the p y r i t i c rocks are barren but l o c a l areas c o n t a i n 
c o n c e n t r a t i o n s o f c h a l c o p y r i t e disseminated throughout o r i n 
minute q u a r t z v e i n s . In t h i s 3aire area c o n c e n t r a t i o n s o f 
c h a l c o p y r i t e and t r a c e arnounts o f r a l e n a have been noted at 
the "noses" of what appear to be completely r e p l a c e d and pos­
s i b l y boudinar.ed p l a ^ i o c l a s e - h o r n b l e n d e porphyry dykes* Sparse 
s n a i l v e i n l e t s o f purpl e f l u o r i t e are found i n those zones, 

3« p i o s e n l n a t e d Copper and '• ' olvbdenur,  
i n - v l o n i t o ones 

The o n l y noteworthy example o f t h i s typo of d e p o s i t 
i s an the upper northern s l o p s o f fJulphurets -"alloy. The I r o n 
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staining over the deposit i s a snuch darker brown than over the 
surrounding rocks. The attitude of this aone i s similar to 
that of the nsajor faults of the v i c i n i t y . The strike i s ap­
proximately north-south and the dip Is about 45 degrees to 
the west, 

Pyrite, chalcopyrite, and taolybdenun are very fine­
ly disseminated throughout an extremely fine-grained, por-
celaneous, light grey and ^reen rock. In thin section i t io 
seen that this rock comprises ssainly microcrystalline f e l d ­
spar (albite and potash feldspar (?)), s e r i c i t e , and fine­
grained, hydrothernval b i o t i t e , inor to trace amounts of 
chlorite, calclte, and apatite are also present. In hand 
specimen this rock appears s i l i c l f i e d but no quarts was iden­
t i f i e d in thin section. The sulphides tend to be relatively 
evenly distributed throughout the rock. They are o.Iy v i s i b l e 
as .irute specks to the unaided eye. The grade of this de­
posit i s probably so-v.ewhat less than 1/2 per cent copper and 
.02 per cent oolybdenimu 

*** Disseminated Volvhdenun in 

Disseminated molybdenite has been noted In a ret? 
l o c a l i t i e s in quarta-acricite schist but the only significant 
concentration found to date i s on tho south side of the . i t ­
c h e l l Glacier at an elevation of about 4 ,000 feat and at a 
distance of about 4,000 feet to the oast of the r.ain ?:orohyry 
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intrusions, Tho only chalcopyrite found in this area i s i n 
rare scattered quarts veinlets. The molybdenite appears to 
have been concentrated in quarts-sericlt© schist near the con­
tact of a massive sone. The r.o30ive son* generally Is a few 
hundred feet to the couth. In the areas that the tsritor 
examined the molybdenite occurs as coatings on the cleavage 
surfaces, coarse flakes (sone rosettes) i n cross-cutting 
quarts veins, and as minute, cross-cuttinc veinlets of pure 
molybdenite. The £*>lybdenite coating the cleavage surfaces 
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5* V e i n Deposits 
S e v e r a l types o f v e i n s are found throughout the 

r e g i o n e s p e c i a l l y i n the c e n t r a l unci e a s t e r n p a r t s o f the 
cap-area• q u a r t s , c a l c l t e , b a r i t e , q u a r t a - c a l c i t o , and q u a r t s * 
c s l c i t e — b a r i t e v e i n s have been observed, the quarts v e i n s are 
by f a r t h e cnost common and the l a r g e s t , Barren quarts v e i n s 
up t o t e n f e e t wido have been found, Quarts v e i n s c o n t a i n i n g 
c h a l c o p y r i t e , p y r i t e , galena, and s p h a l e r i t e .have been found 
t h a t range up t o 3 feet In w i d t h , hut In ^o s t places they ere 
s & a l l and. tend'to be I r r e g u l a r , Quarts v e i n s c o n t a i n i n g o n l y 
c h a l c o p y r i t e are "Hsre cocoon than the ones w i t h galena and 
s p h a l e r i t e . I n the o u t l y i n g areas beyond the rao borders a 
few complex s u l p h i d e v e i n s have been found t h a t c o n t a i n a r ­
g e n t i f e r o u s t e t r a h e d r i t e . To date these have proved to be 
of l i t t l e importance, however, sons quarta-»calcIte-barite 
s t r i n g e r s were noted t h a t c o n t a i n p y r i t e , ralcr.o, s p h a l e r i t e , 
t o t r a f e d r i t e ( ? ) , and e l e c t r o n * One sample t h a t ^ao assayed 
has i n d i c a t e d t h a t these v o i n l e t s cay c o n t a i n c o n s i d e r a b l e 
g o l d and s i l v e r . The economic importance o f these s t r i n g e r s 
has not yet been a s c e r t a i n e d , Barren c o l e i t o and barren 
b a r i t e v e i n s up to two feet wide have a l s o been encountered 
but no ore minerals were a s s o c J e d w i t h them, 

Prlp-arv • e t a l l i c ; m o r a l s 

L i t t l e i n f o r m a t i o n was gathered fro© a o i n e r & l o -
•praphic Study, I ost o f tho ore miner a l s tend to be f i n e l y 
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disseminated and in discrete grains. Only rarely are they 
found in contact with one another and even then the relations 
are rot clear. The ;rain feature that caxso out of the study 
was the fact that pyrite i s invariably oldor than the other 
sulphides* It was observed veined and replaced by chalco­
pyrite In nany sections and in one section i t was replaced 
by palena. 

j Trrite - Pyrite was considered in the section on rock altera­
t i o n . There i s no clear distinction between pyrite i n 
the mineral deposits and oyrite disseminated throughout 
the altered rocks. . erhaps where pyrite i s finely a i s -
secinated with indications that l i t t l e i f any Iron was 
addod to the rock, i t ray be considered a3 a product of 
alteration. nether no-re closely connected to tho a l ­
teration or to other sulphide mineralisation, pyrite i s 
by far the raoot abundant and the earliest sulphide i::ine 
of the area. 

-•vrrhotitfl - It i s far less abundant than pyrite but i s found 
in similar types of occurrence either by i t s e l f or with 
pyrite. The largest area containing dio. eninated r>yrr-
hotito i s in the upper southwest arra of the fulphurcts 
Glacier beyond the southern border of the r,ap. yrr.:o-
t l t e and chalcopyrite veins varying fro;.: 1/2 inch to 
2 feet In width have been found associated with a dia-
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base dyke along the m&t side of tho Sulphurets Glacier. 

Heniat i t a * specular hematite has frequently been found in the 
syenite, quartz-syenite and granites. It occurs as small 
specularite or quarts-apecularite veinlets and as d i s ­
seminations throughout the rock. On ^itchell«Sulphurets 
Ridge large concentrations of disseminated hematite and 
hematite-bearing quarts veinlets occur in the quarts 
syenite adjacent to an altered zone. Hunerous specu­
l a r ! to-bearing • quarts veinlets have also been found on 
the north side of the 1 i t c h e l l Glacier above a large 
altered sons in syenitic rocks. In some of these vein-
lets the hematite Is associated with a green sphalerite. 

ba:netite - As are pyrite and hematite, magnetite i s found in 
trace arvounts disseminated throughout or near the I i t ­
chell Intrusions* The only place that i t was observed 
in abundance was on Mtchell-oulphurets Ridge where i t 
forms the matrix of a small area of breccia. It has 
also been found in veinlets up to 3 Inches wide In both 
the i I t c h e l l and 3ulphureta Valley3. There i s no close 
relationship between the s&gaetlte and economic sulphide 
minerals* 

Chalcoovri^e - Bif*"-\sinated chalconyrite In trace to tsinor 
amounts i s widespread In or near the * i t c h e l l Intrusions. 
It i s randomly scattered throughout rock or i s concen­
trated in minute veinlets, invariably the chalcopyrite 
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i s associated with pyrite and as described above, i t is 
soisetiraee associated with molybdenite. The pyrite-
chalcopyrite and the chalcopyrite-oolybdenite ratios 
ore variable. Typically the pyrito ia in ;-rcater accounts 
than the chalcopyrite and the molybdenite i s in looser 
amounts. 

-: olvbdenite - In aost areas that molybdenite i s found, i t 
i s only In trace amounts. Besides the c&in occurrences 
that were described above, molybdenite occurs also a3 
films on bedding planes in some of the highly altered 
sediments. 

/•Sfialerito. Galena., and Tetrahedrite - These minerals are 
not abundant, but they have been found In various types 
of veins throughout the area. The veins are usually in 
the outer regions of alteration. 

•lectrua - gleetrun as scaly aggregates has been found at one 
l o c a l i t y . Here It Is associated with sphalerite, galena, 
and probably tetrahedrite (?}. These minerals occur In 
quarts-calcite-bnrlte stringers that are scattered 
throughout the altered rock. The elect run i s v i s i b l e 
to the unaided eye and i s a s i l v e r white colour. The 
gold and s i l v e r of sose elect rur. was separated fron the 
other constituents. The ratio of "old to s i l v e r was 
determined to bo 46.2/43. - (assayed by Golvin). 



secondary " i r - w a t s 
L i m o n i t c , m a l a c h i t e , and t o a leaver extent a s u r i t e 

and f e r r i n o l y b d i t e e x i s t i n the cap—area* As shovm i n I hoto-
graphs 2 and 3 i r o n s t a i n i n g Io con*ar>n throughout the whole area, 
In r ^ s t areas these s t a i n s are o n l y very t h i n c o a t i n g s * The 
o n l y e x c e p t i o n i o i n the c i r q u e b a s i n t o tho south oi tho toe 
o r the Sulphurets G l a c i e r . Hero s o l u t i o n s , running over a 
p y r i t i c q u a r t z - s e r i c i t e s c h i s t h i ; ^ i e r on the h i l l , have de-
i x j s i t e d i n tho basin a spongy i r o n :osoan, which i n pla c e s i o 
probably c r e a t o r than 20 f e e t t h i c k . At o t h e r l o c a l i t i e s 
ir-alacoite has been found l o c a l l y i n abundance but u s u a l l y It 
i s a r e s i d u a l weathering product and tho weathering has r o t 
continued t o any great depth* Tho r r o s s i b i l i t y o f any super­
vene en r i c h e d sones i s s m a l l , f o r . ^ l a c i a t i o n has s t r i p p e d tho 
area of any but the r o o t recent weathering products. 

P e r i l s o f the Altered. ; socks and I i-.or-1 Per>osito 
In the M i t c h e l l - S u l p h u r e t s r e g i o n the a l t e r e d rocks 

and m i n e r a l d e p o s i t s rere f o r c e d i n waning stages oi' c a ^ i a t i c 
a c t i v i t y . T h e i r formation was f a c i l i t a t e d by the presence 
o f larr^e q u a n t i t i e s o f v o l a t i l e m a t e r i a l s t h a t had been 
trooped i n the v i c i n i t y o f the I i t c h e l l I n t r u s i o n s . Those 
f l u i d s were p o s s i b l y concentrated d u r i r ; the d i f f e r e n t i a t i o n 
processes* The e a r l y d i f f e r e n t i a t e s s u f f e r e d e x t e n s i v e auto-
metamorphisc by these r e s i d u a l V o l a t i l e s * There was possibly 
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a complete gradation between the residual ^ r ^ n i t i e ma^-a arid 
the hydrothertsal solutions* s\s the parent maipssa was frae-
t i raa&iftg with cr y s t a l l i s a t i o n , the volatile components Mould 
have been concentrated in the residual s i l i c a t e melt* The 
altered rocks indicate that active f l u i d s probably carried 
considerable a l k a l i material with them, indicating a possible 
gradation from the j&ag&a to the hydrothermal conditions* 

The major period of alteration and subsequently 
developed mineral deposits mainly followed the complete crys­
t a l l i s a t i o n of the s i l i c a t e mommas. This i s indicated by the 
fact that essentially a i l of the altered rocks were forced 
at a sub-mafTratic, elevated temperature probably somewhere 
below 400° 0 . Although to begin with, the alteration was 
probably a higher temperature variety near the intrusions. 

ft comparison with the highland Valley area brln :s 
out I portant differences in the environments of ore deposi­
tion in what might have otherwise been o.inilar "Porphyry 
Copper" tyoe deposits* Whereas in the Highland Valley area 
the v o l a t i l s s nay have escaped through volcanic vents, in 
the ! itchell-T'Uiphurets region they lingered for some tine 
after the crystallization had ended. The presences of vast 
amounts of volatilea in the rocks not only f a c i l i t a t e d the 
extensive roci< alteration but also allowed c o n s i d orable c i -
>;ration of the rr^tal-bearinn solutions. In the highland 
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Valley region the contrast in environments i s marked by steep 
thermal gradients, lack of extensive rock alteration, and the 
localisation of the mineral deposits lp sub-volcanic structures 
(-hite et a l , 1957, p. 503). 

The mineralising fluids In the & Itehell-ihil )hurets 
d i s t r i c t probably travelled through main structural con­
duits of the area to the points of deposition. The nature of 
the conduits was probably quite variable. In so 3© places they may 
have been faults; in others, penaeable schistose zones; in others, 
b re eclated zones; while s t i l l in others, they ray have been ''crac-
kled M areas. The factors governing the sulphide deposition v.ould 
he the physical-chetiical properties of the rocks and the envi­
ronment. 

For sore unknown reason, possibly the development of 
major faults, the temperature following alteration was probably 
lowered very rapidly. As has been shown in previous sections, 
sons r:ain faults -were probably active during the main period of 
rock alteration. Possibly the formation >f these faults permit­
ted the escape of the vo l a t i l e materials. If the temperature 
f e l l gradually i t would be expected that a r t r i l l i c or similar 
types of alteration, on a large scale, would hove beer, super­
imposed on the higher grades of alteration. 

Xn order to sive a complete explanation of the gene­
sis of the altered rock and mineral deposits of tho d i s t r i c t 
the Importance of a structural trap should be considered. *s 
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i t has been shown, some apparent differences in the "Porphyry 
Copper" type deposits can be explained by the history of the 
v o l a t i l e phases. The stoat important feature ia whether the 
fluids are trapped i n the v i c i n i t y of the intrusions or whether 
they are rabidly released to the surface. If the volatiles are 
not rapidly released to the surface, the nature .->f the coru'iaina 
rocks becomes very important, i f the confining rocks are per* 
smabla or hove permeable structures within thee:, the pases or 
supercritical fluids w i l l continually travel away from their 
BagB&tle source. These conditions w i l l be marked by composi­
tional and thermal gradients. There would bo a certor of a l ­
teration with successively lower prodes of alteration away €roa 

this center. The second case i s that of the ltchell-Sulphurets 
d i s t r i c t . The writer believes that an impermeable "tran" rock 
auct have been present for the area to obtain a relatively uni­
form environment of alteration, A suitable **tropn rock in the 
sap-area Is the volcanic horison along the eastern border. Prom 
reconnaissance mapping It i s considered feasible that the ciajor 
anticline, which outcrops in the Treaty Creek area, was the 
trapping structure, following the end of c r y s t a l l i s a t i >n the 
volatiles would be travelling and diffusing away fror their ra.p-
i;~atic source. As they entered the cooler surrounding rocks, 
their temperature would he lowered and tho temperature of the 
rocks would be increased. Finally tho-/ w^uld roach the l i r . i t 
of their alprntion when they c -uld not oerr-eate the raos^ive 

http://lir.it


volcanic rocks. Temperature and diffusion gradients woulJ be 
set up within this confined syoter• The evidence indicates 
that soma sort oi" equilibrium wee probably reached below 400 o« 
In this environment of relative equilibrium i t appears that the 
soaking of the rocks continued for none time* .Such a theory 
could acc >unt for r::ost of the observed phenomena of the area. 

Classification of the (-io.oral Deposits 
The deposits sf the ."'itchell-Gulphurets region are 

si;.,liar to the "Porphyry Coppers" of the southwestern United 
States and western South America, The -•"itchell-Sulphurets 
deposits have a l l the rain characteristic features: vary larr^o 
tonnage, low grade copper and minor nsrlybdenutr: mineral!nation 
associated with porphyrinic yranitic rocks. As with ssost of 
the "Porphyry Coppers11 chalcopyrite ia the main primary ore 
r;iiioral« Pyrite i s probably Dore abundant in the i i t c h e l l -
Julphurets deposits than in troat "Porphyry Coppers". any of 
the ore bodies In the w Porphyry Copper" deposit;: have large 
horizontal dimensions. This 13 not true of a l l the i t c he 11-
Vulp iurets deposits; however, there are sther nPorphyry Coppers' 
sucn as, Bethlehem and ;*an f anuel that have large v e r t i c a l ex­
tents. : crvaalve al b i t l z a t i o n i s not a cocoon type of alterati• 
in the aPorphyry Coppers", but in the Itchell-.Sulphurets dis­
t r i c t i t could be related to a s p l l l t i c province and not to the 
Intrusions. 

Tho deposits in the I t c h e l l - v.lnhurets re ion ere 
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possibly of the raesotheraal type, but since tho temperatures and 
pressures at tho time of their formation have only been e s t i ­
mated, fchi3 conclusion i s speculative, s l l features of the a l ­
teration Indicate that i t io mainly a low-tencperature variety, 
probably having developed at soase elevated temperature below 
400° C. The pressures were erobably moderate, but conditions 
can only fce assuned. "ince the intrusions were ereplaced in a 
hypabyssal environment, and there io no evidence that the hy­
drostatic pressure exceeded the confining pressure, i t is 
probable that moderate pressures existed. 
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CHAPTER v i - surr-ARi yiRD CX:CLU3£>BS 

Tils sequence /e?logical esmtQ in the . i t c h e l l -
Culphureta region may he b r i e f l y aucasarised as follows a 

1. Deposition of the Cppsr Takla u ) and/or Lower Basel-
ton rocks i n a t y p i c a l su^eosynclinal envlroncmnt 

The sedimentary rocks of the arsa were deposited 
In an open-water narine environment probably by 
turbidity currents* The volcanic rocks are 
chiefly water-lain pyroclastic3# 

2 . Intrusion of diabasic s i l l s and dykes particularly 
into the well-bedded sediments 

3* ^placement of the plagioclase-hornbiende porphyry, 
syenite, quarts syenite, two-feldspar granite, and 
one-feldspar granite in that order {combined differen­
t i a t i o n with minor composite intrusion followed by 
post-crystallisation changes have resulted in the 
present Intrusive rock types) 

km Regional a l b i t i z a t i o n 
This alteration may have taken place over a long 
period of tine but at least in part i t has f o l ­
lowed the consolidation of the i i t c h e l l Intrusions. 

5. Extensive rock alteration and mineral deposition took 

place In the waning 3ta^es of the ! i t c h e l l isa/^satic period 



6 . Kajor faulting during the late stages of rock 
alteration and mineral deposition 

7. Intrusion by scattered, thin keratophyre (basaltic (?)) 
dykes 

Possibly the albitization of these rocks was 
caused by contamination* 

£• Sxtensive erosion by glaciers in Pleistocene and 
Recent time. 

Conclusions 

The mineral deposits in the v i c i n i t y of the Mitchell 
and Sulphurets Glaciers are of the "Porphyry Copper" type. To 
date no orebodies have been outlined but exploration i s con­
tinuing. It i s possible that these deposits w i l l be of major 
importance in the future* 

The mineral deposits were formed i n the latt e r stages 
of magmatic activity associated with the Mitchell Intrusions. 
Important differences between these and other "Porphyry Copper"-
type deposits can be explained by variations in the history of the 
vol a t i l e phases. In the Kitchell-Sulphurets region the volatiles, 
which were concentrated during differentiation, probably l i n ­
gered or were trapped for a long period after crystallization 
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 ea r l i e r members of the 
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Mitchell Intrusions. The presence of these volatiles also 
allowed extensive <al "ration of the metal-hearing fluids from 
their original ma;^atic source. This could be an objection­
able feature governing the economic accumulations of copper, 
and molybdenum* tt could permit greater dispersion of these 
metal3, 

Tho structural states of the feldspars are compatible 
with the thermal history of the ares* The ext naive >rderlng 
oi' the .feldspars, in these hypersolvua rocks or hypabyssal i n ­
trusions, was orosjot&d by the fcrapo<w$ vo l a t i l e s . 

Future studies In the d i s t r i c t could add information 
on the stratigraphy of the Lower Jurassic of northwestern 
British Columbia, on the formation and strati.-raphic relation­
ships of turbidity current sedinents, on the s p i l i t e problem, 
on the formation of unusual igneous rock types, on the devel­
opment of rock alteration, on the migration of metals Croc a 
&a;~inatie source, and on many othor related subjects* 
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Cla^sittcation of 2alie nocks 
(alter Tuttle and Bowen, 
19$S, pp. 129 and 130; 

IfTun:ing now to the classification of the rocks whose 
compositions place ther. in or near "petro^eny^ residua sys­
tem", we can f i r s t divide these recks into two broad groups: 

(I) Hyperoolvus granites, syenites, and nepheline 
syenites, characterised by the absence of plagioclase except 
as a component of perthite. 

(XI) 3ubsolvus sr^nites, syenites, and nepheline syen­
ites, characterized by both potassiuxa feldspar and plagio-
clase feldspar. 

Group (II) can be further divided into three subgroups 
on the basis ;f the albite content of the a l k a l i feldspar! 

(A) Ab of potassium feldspar > 30 per cent by weight. 
(B) Ab of potassium feldspar < 30 and > 15 per cent by 

weight. 
(0) 4b of potassium feldspar < 15 per cent by weight* 
This i s a genetic classification In the sense that 

Groups 1 and IIA can be considered high-temperature rocks 
(and therefore undoubtedly owe their origin to majestic pro­
cesses), whereas rocks in Group 18) completed crystallisation 
or recrystallissation at low temperatures. Group I IB occupies 
an intermediate position between IIA and IIC. Replacement or 
Ketaso&atic rocks w i l l undoubtedly f a l l i n IIC, but, as has 
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been pointed out elsewhere (Tuttle, 1932), the fact that a 
rock fal l o i n this -jroup la not evldonea that i t has not had 
a magj&Atie history because unrixins of plasioclaae frorj pot as-
slur, foldt*par con and nust co on i f cooling has taken place in 
tho presence of Volatile materials vhich flux such a reaction..,* 

''The above classes of salic rocks can be further sub­
divided on the basis of the alkali-feldspar modification. Only 
three subdivisions are considered here although napy othor com­
binations are known. For example, the following phases M | be 
found in a single a l k a l i feldspar crystal from the Beinn an 
Duhhaich granite! (1) hl&h albite, (2) low albite, (3) 
laonoclinic potassium feldspar, and (4) t r i c l i n i c potasslura 
feldspar. Feldspars ca^ be placed In or between the groups 
by measuring t? and u^lng the graph proposed by Tuttle (1952, 
p. 557). 

(I) Kypersolvus Oranltes. "yenites, and f?epheline 3yenites 
(1) sanIdine-hlgh-albite perthite 
(2) orthoclase-high-albite perthite 
(3) microcllne-low-albite perthite 

(II) Subsolvus Granites, 3yenitos, and Rephellne fyenites 
(A) potassium feldspar composition Ab ) 30 per cent 

(1) sanldlne-hlgh-albite perthite 
(2) orthoclase-low-albite perthite 
(3) nicrocllne-low-albite perthite 
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(B) potaccium feldspar composition Ab < 30 and > 15 
per cent 
(1) Mn1 illns h l i h i eT trite perthite 
(2) arthoclase-lov*-albito perthita 
(3) r.icrociinQ-lov-albite perthite 

(C) potastsiua feldspar composition Ab ( 15 per cent 
(1) orthoclase-low-ulbite perthite 
(2) iiicrocline-lov;-alblte perthite 
(3) microcline w 
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