Geol 'y of the Twin "J" Mine, M 1t Sioker "
wVancouver Island, B.C.' ~ ' 795384

John S. Stevenson 2
The Twin "J" Mine, operated by Twin ngn Mines, Limited,

represents an amalgamation of the 0ld Lenora, Tyee, and Richard IIX minaa'

(see FPigure 1) on Mount 3Sicker, 8 miles by road, north-westerly from the
city of Duncan, on Vancouver Island,
These mines produced 253,000 tons of copper-gold ore between
1898 and 1909, waefctmmm (scc Table I), |
Table I
Production from Mount Sicker Mines

Gold: Silver Copper
Mine tons Oz, 0z, - lbs,
Lenor 78,983 10,349 279,935 5,951,227
(1898-1907)
%gea 168,290 24,517 441,278 12,876,369
-1909) ,

(Riohfrd %1 5,405 134 16,806 250,453

During the more recent périu& of productios fror. these
properties, July 1943 to Muy 1944, Twin "J" Mines, Limited mined and
milled éra with values malinly in copper and zinc, with minor values in
gold, silver and lead. Figures are not svailable fo- this later production.

Fleld work was started by the writer in 1941 and continued

Ear'y published desoriptions of the propertles include those
in annual reports of the Minister of Mines, British Columbia and others
by Musgrave ?1), Weed (2), Clapp and Cooke (3), and Dolmare (4). Gayer
and Williams (5) huve desorived milling pructice at the property.

l. Presentesd at the annual Western Meeting of the C.I.M.M., Novenler
1944 and published by permission of the Chlef Mining Engineer,
British Columblu Department of Mines.

2. Mining Engineer, British Columbia Department of Mines.

DBCOB Rickas </
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GRNERAL GLOLOGY

The rocks !n the mine and nearby arcs (sce Figure 2)
inelude chorty tuifs, graphitic schists, sodic ande:zite porphyry,
sodiow-rhyolite porphyry :nd sodic=diorite: . |

Sediments. Cherty tuffs and rraphitic schist torether,
form a band (s+e Fipure 2) 1CC to 150 feet wide that, near the workings,
is at least 2100 feet lon~, and may be longcer, bubt the scareity of
outerops prevents tr-clns it with certainty. The sediment. within
this band strike N 70°7 sna dip 5098w,

The cherty tuffs are light‘gray rock:s, usually consisting
of 1/8-to 1/2-inch laminae of chert separatcd by thin layers of
sericite schist, Vhere ralatiVaiy undeformad, the rocks are slaty,
but where thev are deformed they possess laminae th:t are bent into

small canoe-shoued folds, '“here intencely deformed, elther hy close

careful examination to recognize the former chert layers, which sérva
to diatiﬂguiah these rocks from the more schistose phases of the
rhyolite porphyry. . _

_ The cherty tuffs are slways assoclated with black
graphitic schlist, Much of the black schist underground has been
folded into a succession of small drag folds (see Figure 3) and where
the drar foldins has been so extreme that it pas:es into shearing,
the thin laminae of the schist have boen nearly ﬁestroy@d and are
hardly recosznizable in the resultin: sheared roock,

Apdesite porphyrye This rook, thoucht to te extrusive,
is found in outcrops south of the ors-zone (sece Figure 2)s It is a
dull grey-green rock vith a slightly schistose texture and conteins
’widely.npacma, well=shaped crystals of alblte (Abgoﬁnlo) and a few



- 3 -
‘hognblende orystcls cet in a fine-grained to Jense ground mass of
alteration‘prdduata sueh as chlorite, epidote and carbonate, .Epidote
nodules, 1/8«inch to 1 inch in ﬁiam@t@f, arc characterlstic of the rook,
They stand out concplecuously on veathered surfacecs und are aligned in an
east-west direction in conformity with the general trend of the sediments,
The nodules consist of a “ine-zraincd interzrowth of epldote and guartz,
Some ﬁoduleﬁ ér@ very smooth =snd elliptieel in outline nd scem to ill
or to havg worked out from blow-holes or vesicles in & lavaj other nodules
are reetanpular in area and include unreplaced areas of plagloclase}
~these prbbmbly represcnt replacement of the pla foclase phenaorysta of
the andesite porphyry. The well-shaped erystols found as phenoorysts

and the Veaielem,.now filled with epldote, sugrest that this rock is
extrusive rathcr then intrusive.

BBXQL;&Q.RQEEQZEIO This rock has been referred to as feldspar
porphyry in the lagaﬁds in figures 2, 5 and 7. Rhyolite purphyry{and the
dlorites are the two most widespread rocks (see Figure 2). The porphyry
is found in irregular areas both north and south of the ore-bodles,

Where it w:8 possible to study the relation of the rhyﬁlitﬁ to the
sediments underground the rhyolitw wAas seen to intrude the sediments as
8111s that follow the folding of the s-diments. Dykes of rhyolite
..porphyry cut eérly phases of the dloritec.

The rhyolite 12 intrusive and possess no features %o
sugrest that 1t ic extrusive, It intrude=s the sze¢diment:, andesite
porphyry and early phases of Lhe dlorite but 41t is cut LY later phuses
of the diorite.

The rhyolite porphyry 1s a ligbt grey=-green to white
schistose rock, characterized by alhite tAbQOAnMQ phenoerysts, Some
phases of the rock h:ve preminent guartz phenocerysts or eyes in ad&ibionr

to ihe albite phenoerysts., I: the less schistose phases of the rock
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the phenocrysts haTp to distinsulsh the porphyry fron schistose phusen
of the tuff. However, where the rhyolite 15 so schistose that the
phenoerysts have boe:. yﬁftly destroyed and are not roadily visiile, the
rock may be recosnized by the warty appearance ol the cl@mvagwuaurfaoaa
caused by unsheared remnants of the phenoorysts.
| Diorites. Numerous outerope of fine=grsincd snd coarse=
graoined diorites oy féund. The fineegrainc. dioritc 1: silielike and
conforms to the strike ond dip of the adjacent sediments, but the coarsc=
groined phases form irrecular intrusive bvodles, some of whicﬁ are welle
defined dykes. |

Although all the diorites a ¢ older than both the sedimente
an® the andesite porphyry, somne phases ere younger than the rhyolite
porphyry and oth » phass: ure older than the rhyoll e,

The diorit = are darkegrcen rocks that are of eneral dioritie
aprearance, btut v.ry considerably in texture, from fine-groined to coarsee
arained =n- rron porphyritic to evenegraine! rmcké. In 8 hand=-:pecimen
all the dlorite: are charascterirzed by rcadily vieitle ilmenite nd under
the mieroscope Uy ¢ miorograchie intergrowth of juurtz and albite (Abyoﬁnlo)
In some thin=ssctions thls interrrowth wns seen to comprise as much as
3¢ per cent of thg rocke The 1ntwrmrowth.might belon: to the magmatio
staze in ‘he history of the diorites, but the I et that it defluitely
replaces such sceondary producets as shreddy amphibole -ud aetlinolite,
augxewts‘thmt 14 formed much latoer in the history of these rock:, probably
during an early phase of hydrothermal asctivity.

Laboratory work included the study of 116 thinesections,
tut for the present paper the petrography will not ‘¢ eserit d in
detail,
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THY Q10 BODTES

The ore, found as a replacement of folded, cherty tuffs
and related grmbhipie schist: 1s of two closely allicd tyres. One '
type, callcd "barite orc", consists malnly of brite snd sulphides, with
small amounts of quartz; end the other Lype, called "quartz ore® edn#ista
mainly of ~uart? ond chalcopyrite.

The ore occurs =8 two separa’«, easterly trending bodles
arout 15C feet apart {sce FPigure 4), that .ere formerly known as the
"Rorth vein an’ the South velne. Desause o the present doubt atout these
oreQbadiaa teins veins 41 the sense of fissure-rillincs or shear -
replacement: the wrlter prefers to drop the Q&rm vein and refer to them
as the North ore-body and the South ore-body. Most of the ore mined

in the e rly days cam: {rom the South ore-~body, but most of that mined"
by Twin "J" camc from the Horth ore-~body. Nearly all of the workings

o the South ore=body are ocav: ¢ :nd inacco:sible, and only the workings
on the North ore-body «re acce:.zible for study at the precent tize (1944),

The two ore~bodies are parallel and lie alon~ two main
dr:~ folds in the band of  edinents (see Figure 5) |

Horih oro-~body. The North ore-body measures about 1700 feet
alongz the strike, 120 fect Jovn the dip an. Trom nue to t'n fret in
thickness, The ore occur: along a drag=old in southward-dipping
uadimhntﬁ. | '

This dra@-fold‘conaiats of two closely releated folds, one
above the other, but close enoush to ¢ considered almost as one, Many
minor wrinkles or folds are found within the larger fo0ldse The distanoce
measured aoro®: the wildth of e#oh fold renges rom ten to tuenty feet,
and the distance measured from top to bottom of the double=fold 1o about
rifty feet. The crestelines of the doudble fold strike X 70°E with the
strike of the sediment , and are horizont.l, |
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The isometrio projection, Figure‘z, end the detailed ¢:0:8=
sections, Figure 7, show the drag=-rold on the North ore-bodys. Figure 6
is an isomet:ic projection of several adjacent stopes that, taken together,
make up the largest single block of ore mined on the North ore-body. The
boundaries of these stopes were chosen arbitrarily by the Twin "J"
management for purposes of mining only. The tops and ends of the stope
as shown on the diagram represent the limite of mineadle ore, and not the
limits of mineralizations The outlines of the various stope floors are
considered as eontours on the ore-body, The mineable ore extended from
“the 9th rloér'down the upper 1limb of the fold to the 4th floor, then
took a roll and widened between the 4th =nd 2nd fiuarm. then steepened
to the sill floor on No. 2 level; below this 1t took another roll) between
this 1evmi and the 2nd fleor velow, after which 1t ﬂtaﬁpénea arain and
p@taraﬁlout on the ceecond :nd third floors telow the levele The crosse
ueatianél detaila of nﬁé-orawboﬁy are shown in Filgure 7} the sectlons
alon; co-ordinates 10,000 East and 10,050 East are through the middle
and east ends of the diagram in Figure 6 ond the seection along co-ordinute
10,540 Tast 1s at the easterly limit of stoping on the North ore-bodys

South ore-bady. Most of the workings on the South ore-bedy
are caved (see plan in Pigure 4) and information about the ore-body
has had to be obtrined from old plans and sections of the workings,

| This ore-body is 150 feet south of the North ore-body, and

1ts upper limit is 150 feet higher than that of the North, The plan
relations may be seen in Figure 4 and the crossesectional relations in
Filgure 54 The ore-dbody has s 1¢ngth of 21C0 fe ¢, a vertical extent af
about 150 reat. and a thickness of about 20 feet, The few parts of the
ore=hody that were accezsible helon@ to parts of folds, probably similar
to, bdut larga: than, those of the North ore-bodys
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Zaultse Two main faults, strikins east and west and nearly
vertical, displace the ore-~bodies, These faults and their relation to
the ore-bodies are shown in Figure 5,

The north fault is between the two ore-bodies, This fault,
in going westward, strikes into the South ore-body at = small angle,

Near the Richard shaft it 1s 26 feet north of the ore, but farther west
near the Tyee shaft, it iz much oloser; and towards tﬁ@ portal of No. 1
adit, 1t 1s along the north wall of the ore,

This ruu;% displaces the Bcuthvor@~body about 200 feet
upmard (see Pigure 5), end an unknown distance aaebwnfd. with respeot to
the North ore-body. Long sections of barite drage-ore may be seen in the
north fault below the south‘arewbody. '

The south famult has beer seen by the writer only in the lower
workings toward the west end of the mine, For the construction of the
soction through the Tyee sﬁaft as shown in Figure 5, the position of the
south fe 1t has veen taken as that shown on a cross-section made through
the Tyee shaft during the early period of operations. On this old section
the fault is shown es 80 to 100 feet south of the shaft and definitely
south of the South ore~bedy.

Several diagonal faults cut the North ore-body (see Figure 8),
and probably also ocut the Suuth ore-body, but these ocould not dbe obacrved¢
Some of the diagéﬁal fault: may be seen in the isometric projection
(Figure 6)s In this projection the faults are shown by their traces on
the top and front sidss of the enolosing block, and by thelr intcrsections
(short sine=curve linecs) on some of the atoponloora. They have veen
arbitrarily lettered from A to E inoclusive for purposes of correlation
on the,préjeaticn only. As may be seen in the projection the diagonal
faults displace the ore~body only a few feet horizontally and verticallye
Most of these faults displace westerly Segments of the ore southward and
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downward for distances rongsing frbm,ﬁ to lﬁ‘éeet; in some fuults,
however, altnouéh ﬁhe diredtion of the horizontsl dlsplacement is the
-sume as in others, the dircetion ot thé vurtile‘diuplucement is
reverscda. The displacement -long the dlazonu) foults glves a resultant
plunge to the ore that is steeper by 15 denrees than the horizoﬁtal .
crest-1lies o the drig-fold. However, becuuse of u ievers:l Df.the
vertiosl displacement in some of the diuronul frults, the ore-body as
a2 whole does not huve any up reciuble plunge.

A Tev flut, or very gently dip in: fuulis uiao cut the
North ore-body, tut these dioplace the ore even less thean most of the
diagonasl Taulto.

In ddition to movement along the well-defincd fuulls
deseribed ‘wbove, considerable slippage hus ocourred beiween sharply
folded beds in the grophitic schists.

o ORLS \ND MINL \LOGY

Analyses ol the ores. Flgures for these, with & description

of the materisl snalysed, are slven in Table II.

Table II
analyses of Mount Sidkar Ores

tmﬂl,‘,’fst GQCQB » Cuve

3t 5

P S
D

o

Gold _
0z./ton 0.14 0.975 0.20 0.01 0.01 0.03 0.026 0.04

Silver

oz./ton  2.87 2.05 4.0 4.8 0.3 1.5 3.6 0.9
c Tr :

Olp)g?; cent 4’.56 1032 1.05 2006 ’ 0.84 201.0 Oo86 7.06

a’

Lager cent -- 0.6 0.4 243 1.0 0.9 1.1 trace
Zine ‘ '

per cent -- 6.12 7.6 19.7 8.8 12.3 17.8 0.21
Iron

per cent == - 21.9 5.23 8.59 4.1717 3,42 8.43
Lime :

per oent 6.60 - - - - - - -
5102 ] .

per cent 13%.50 -~ 6.10 13.20 2.88 9.62 4.40 68.14
BaS04

per cent 37.30 -~ 26.3 32.5 59.3 51.9 47.1 1.12



l. Aversge assay [ ore from Tyee mine duri:_ 1904, quoted by MusgraVﬁ(?)
and probatly mostly from South ore-body.

2. Average ussay of ore mined by Twin "J", 1943-44, mainly frum Rorth
ore-body2, |

3., "Barite ore", North ore-body, No. 2 Level

4, "Barite ore", North ore-body, No. & Level

5. "Barite ore", North ore-body, No. 2 Level Specimens
6. "Barite ore", South ore-body, O Level (Tyee 200) taken by
g. "Barite ore", South ore-body, O Level (Tyee 200) writer

o "Quartz ore", North ore-bodiy, No. 2 Level

1. 1n sepuruting leaa Lrom burlum-bearingz ores, care is tceded in
selecting a reliable procedure. The usual procedure for the lead
assay of buarium~free ores is inadequnte, and requlres modification.
The above reported leud asssys were secured using an original method,
foun. to slve nost consistent checks with suantitative spectiougraphie
analyses.

2. C. Rutherforu, pecrsonal comnunication.

The materlal collected by the writer, unalyses for whioch are
given in ocolumns 3 - 7 of Table I1, representé analyses of specimens and

do®not lndlcate the uveruse grade of ore mined. Ry éﬁéfégé'yfédd’cf

ore ‘is naturally less than the analyses given above because it was = °
Bécessary to mine large amounts of barren chert &long with t he vee
mineralized materialy, .o - . ROV S VTS T SV SR AL -

The ore 1s very massive and breaks with a blocky fracture
like that of an igneous rock. This blooky, or almost cogchoidul fracturing
of the ore muxkes 1t reusdlily aistlngulishabvle underground from its
gchistose wull-rocks.

A Tinely lawminuted or.banded appearsance produced by layers of
chalcopyrite und pyrite alternating with layer's of sphalerite is charact-
eristic of much o1 the ore. The buandinz has been largely destroyed in
~ places where the srain of the ulphides 1s courser thn averaze, or where
the "barite ore" hus been replaced by "quurtz ore". This banding has been
caused by preferential replucement of different bands in the laminated
chert or cherty-tuff by the sulphides; small uﬁreplacea remnants of

schistose tuff and cliert may still be seen ir some of tuc ore.
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The "barite ore" is a fine-grained mixture of pyrite, chalco -
pyrite, sphélerite, and a 1ittle galens in o gungue of barite, quartz
and calcite. The order of minerulizution, from oldest to youngest, 1s
ags follows: burite, calcite, pyrite, sphulerite, chmlcopyriﬁe, und zulena,
quartz, and luate culcite,
Table III gives the mineralogicul composition of representative
specimens of "burite ore", re-cust from chemicul unaiyses ziven in

Table II -

Table III

Mineralogleal couposition of "Barite Ore".
(per cent)

Columns ' "
in Pyrite Chalcopyrite Sphal- Gulena Barite Quartz Calolte
Table IX erite (caloculated)
3 45, 3.4 11.3 o5 26.3 6.1 7.4
4 7.4 6.0 29.4 2.7 32.5 13.20 . 8.8
| 5 17. 2.4 13.2 1.2 59.3 " 2.88 4.0
6 6.3 6ol 18.3 1.0 51.9 9.62 6.7
i 5.5 2.5 26,6 1.3 47.7  4.40 12.0

Quartz ore. The "quartz ore" i:s found as iong lenticular
masses replsaocing both "barite ore and the enclosling schists along the
double-drus, folae. IV runzes from one to five feet in thickness and
varles considerutly in depth. The .lstribution of trne "quartz ore" in
some oross sectlons may be seen in Flgure 7.

| Where tlie quartz repluces "barite ore" any one cross-section
consists wholly of waus5siVe uartz put where 1t‘replaoes schist a cross-
section of the ore conslsts of many smaller lenses of quartz separated

by layers of schist. In some faces of "onuartz o.e", the rock amounts
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,to 50 per cent of tgg'urea, in others it amount¥® to a very small per-
centage nnd consists of o few thin partings of schist between the thicker:
quartz lenses. The individual quartz lenses follow the foldings 1. the en-
closing sediments and may be flat or may dip steapiy southward, Quartz
extends upward from the main fold only as a few scattered areas of quartz
in ﬁhe burite, and exte.ds downward as u few narr-ov lenses of quartz in
the sohist, '

The "quarty ore" is fairly uniformly mineralized with
chalecopyrite . nd for thut reason it is the type of ore thut wus mainly
sought by the eurly operators., The mineraloglcal domposltidn of a
typlecal sumple of "quartz ore™ 13 us follows: pyrite, 4.1 per centy .
ohaloopirita, 20,5 per cent; sphalerite, C.% per cent) galena, traoce}
barite, 1.1 pcr cent; gua.ts, 68.1 per cent; calcite, 5.6 per cent.

Much of the chalcopyrite is eveuly diatribuied through the quartz but
some of 1t occurs =3 luyeis or streaks thut follow unreplaced layers
of schist in the quar.z. Quartz containing evenly distributed chalcoe
pyrite repluces falrly muassive burlte ore, but the quartz containing
‘layers or streaks of chalcopyrite replsces schist., Both types of quartz
occur together.

| Age of the ore. In uge the ore 1s luter thuﬁ both the'
folding and metumorﬁhiam of the sediments., Narrow veins of "burite ore"
that cut folded sediments Indicaute a post-folding age and unreplaced
fragments of schistose sedlments within the ore indicate a post-meta=
morphism aze. This is in accord with the findings of Newhouse and
Flaherty (6) who, after mi_croscope study of polished sections of
deformed ores from several mines, sald of ores from the Tyee mine, "It

appears that there has been some deformation of thls ore, but that
it has becn small in amouut® ( 4, p. 603 ).

This minor Zefor.ation could h.ve teen caused by strains set up iu the
ore when the post-ore fuults, such as dia:onsl fuults and the north and

south faults, formed.
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RELATION OF THI ORE TO SODIC ROCK3

The ore is closely reiated to sodic rhyolite porphyry and
sodic diorite., Both rociks are found underground, but whereus the
diorite is found only ut a lew places, the rhyolite porphyry lies
imm&diatély above n:id below the narrow band of folded tufis in which
the‘ore is found. Both rock types are older thun the ore.

4 further relation of the ore to sodic material nay be seen
in the narrow alblte~burite-quartz velnlets that huve been found in
the ore, Although the total amount of alblite in the ore 1s small, 1its
prese.ce indlcutes thut the veln-solutions themselves woecre in part
sodio, |

; It ig interesting to note that sodic porphyries have be n
fourd assoclated with ilmportunt pyritle deposits in the Rio Tinto
district, Spain, most recently describer by Williems (7); in Shasta
oounty, California (8); at the Eustis Mine, Qpebec (8); and at
Buchans, Newfoundland (9 & 10). Of th.se pyritioc deposits, the copper=
lead=-zinc de?oslt at Buchans 1s the only one which contains barite
comparable in amount to that found in the Sicker depcaits.

In recent years considerable discussion has arisen about the
close assoclation of albite and gold by Gallagher, (11); Reid,(12);
Bruce, (13); und wisser, (14). Gallagher notes that
"where gold is the only valuaile metal, and other metallid wlnerais are
not abundant, the zeneticully reluted rocxs ure commonly high in alblte®
(11, p. 699),
but
"where gold is subordinute ti other metals, or wnerevother metallio
minerals are very abundant, sodua feldspars ure generally lucking, und
not uncommonly lhe genetlcully related rocks are notubly potussier,.
(11, p. 700}, ‘ |
The Sicker deposits ure un exoaptidn to the second generulizution for,

‘although they contain g.1d in amounts subordinste tuv other metals and

other metallic minerals in greater abundant, they are assoclated with
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rocks high in albite, and also contain some alblte thenmselves, Gallagher
does, however, llst as exceptions to his generalization several

"pyrite~chalcopyrite deposits, without gold, but a2ssoclated genetieally
with magmas that gave rise also to highly albitic rocks," (11, p. 728).

Although the Sicker deposits contaln as much gold per ton as do some
larger low-grade gold depositis, they are structurally and mineralogically
comparable to thoée 1isted by Gallagher (11, p. 727-728) and may there-
fore Le added to his list of excentions to the generalization (11, p. 700)

noted above,

ORIGIN OF THE ORE-BODIES
Origin of ore-solutions. The ore is later than the intrusion

of both the rhyolite porphyry and the dlorites. It 1s improbable that
the ore-solutions came directly from either of these rocks, but it is
probable that they originated in the same magma from which these réokn
differentiated. A small area of granodiorite, one mile square, is '
found three miles to the north-west on Mount Brenton, but larger areas
lie 81x miles north-west of and 14 miles south-east of Mount Sicker,

The granodlorite is too far away to be directly related to the Mount
Sicker ore-bodies, but probably it underlies them at no great depth,

and is the crystallized'part of the magma responsible for both the sodloe

rocks and the ore-solutions, themselves sodic in part.

Structural control of the ore-bodies. The localization of the
ore-bodies has been controlleu struoturaliy by a reglonal fracture-zone
and by drag-folds in the narrow band of tuffs and graphitic schists,

It has not been controlled genetically by the nearby rhyolite or diorite.
The fracture-zone, ﬁow 81licified and pyritized, is a reglonal feature |

which, though poorly defined, can be traced by 1solated mineralized out-

erops, from Mount Richards on the east past Mount Sicker to Mount Brenton
oh the west, a totgi distahce of elght miles., The displacement along

this break is unknown. The mineralization along this zone con#ists
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,fmainly ol raplmcem;;; lenses of quartz containing pyrite and small
amounts of chaloopyrite und, althou:h several'mineralized outcrops
along this zone were seen by the writer, barite wus seen only on
Mount Sicker.

The mineralizing solutions responsible for the Mount Slcker
ore;bodien probubly found access from the magma-chamber alon: this
fracture-zone snd deposited much of thelr load of minerals in the
drag=-folded sediments. Although the fracturing probably extended
upward through the overlylng fine diorite, nelther the physical nature
of the fracturing in the diorite, nor the chemioa! conditions in that
rock were favourable to the deposition of ore. When the solutions ene
tered the sediments they rose u; the dip and deposited their msin load
of minerals in the drag folds where relatively open conditions or zones
of tension prevailed. Thus were formed, first, the South ore-body, and
farther upward, the North ore~body, but subsequent faulting displaced
the South ora-boﬁy upward with respect to the North ore-body, so that
its upper limit is now above that of the North ore—body.'
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