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I. IRTRODCCTION

During the summer of 1952 & geologle study
was made of the region sround the Zcetall River
eand of the mine 1tself. The chiefl purpose of the
investigetion was to extend the known ore reserves
snd to determine those areas which might be Tavor-
eble for mineralization, as well as B gonersl
prosnpecting of the area. Such & study, in the dee
tail in which it waé undertalkren, had not been‘done
before.

The grester part of the regionsl geology
was mepped by W. Holyk with the assistence of
Messrs. D. Lowrie and D. Webster of the University
of British Columbia., ¥r. Holyk has submitted his
report on the geology. I assisted also in thse
regional mavping and undertoock & detelled study of
the mine.

This report, then, concerns the results of
this study end wy conclusions regarding minsralizs-
tion and structure in the setting of the regional
geology,

The regionzl geologle mep enclosed with this
report hae been comriled from the fleld sheets of
W. Holyk end my ocwn notes. The map of the east
nlateau 1g based on the work of Messrs., Louwrie and

Webster. £11 other maps and diagrams are my OWn.



The work of W. Holyk end these two men
is gratefully scknowledged.

¥Mr. E, E, ¥ason, through his long
¥nowledpge of the Ecstall River, rrovided velu-

ebhle sssistance end advice.
11, CGEOGRAPHY

The srea of the Ecstall River, British
Columbie, lies in the beit of Coast Range moun=
tains bordering the Pacific Ocean. These moun-
tains are high and rugged end are divided by
many deep U-ghened valleys and fjords. The
slopes are long and steep and rise almost vertl-
celly to sharp peaks end ridges. On the floors
of the velleys and pnertieslly up thelr flenks,
underbrush &nd tall conifers grow in sbundance
due to the annual rainfell of 180 inches.

Duterops in the velleys do net exist, and
on'the plateaus immediately below the uvnermost
peake, where the vegetation 1s not so nlentiful,
the moss, grass, and scil further obscure the
geology. In a few ceses srrosion has laid bare
the outcroms on these nlateaus. The only rock
gxnosures remeining, therefore, are the steepv
bluffes, which are lergely insccesslble, the beds
of smaell creseks end streams, the shores of small

lekes, snd the upver ridges.
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Gecloglic interpretation is, therefore,

difficult,

I1I1. GEOLOGY

A, Gesnerel geology of thes Coest Ranges.

The main rocks in the Coast Ranges sre
those of the large batholithic intrusions com=-
posed chiefly of quartz-diorite and grsnodiorite.
They renge in ege from Uppsr Juressie to Upper
Cretsceous., The batholiths have intruded sedi-
ments and volcanics of unknown sge snd left them
es residual roof pendants. These intruded rocks
heve been Intensely metamorphossd and folded;
es a rule the élder formations are more deformed
end have dins exceeding 60°, whersas the younger
formations are less deformed and altered. £lso,
as a gsnersl rule, those sediments which are
nearest to the bstholiths are more metamorphosed
and disturbsd@ than those farther sweay.

The general strike of all the rocks is
northwest, and the elongetion of the batholiths

conforms to this direction {Armstrong, 1946).




Ba

The EBcstell Rilver.

1. Distribution asnd charsascter of the rocks.

e. General,

The rocks of the Eestall River consist
of a complex of metamorphic rocks bellieved to
be sedimentary in origin. They form & narrow
belt spproximetely feour miles wide between
bathollithic intrusioneg of guartz-diorite and
granodiorite. The belt strikes in e northerly
direction and has bsen mepred &s far es Red
Gulch Ridge %o the north and Beslan Creesk to the
gouth, but the metamorvhics are known to extend
farther in both dirsctions.* These rocks proba-
bly revnresent & roof vpendant cherecteristic of
the Facific Coest Ranges.

It should be mentioned in the beginning
that in this part of British Columbia there 1is
2 paucity of outcrops except in the few places
mentioned in the geogrephic description of the
area. This must be kept in mind when any
extrapolation is done on the continuity of vari-

ous rock units from exnosure to exnosure, In

% W. Holyk's revort contains good descrintions
of &1l the rock typss found in the ares, snd sre
to be found in hig Zprendixes 4 and B.




most eress where thare is a2 high degree of
metamornhism, ths exnosures &re more plentl-
ful ené the structure of the region, if any,
is more apparent. It should be further
emphasized thet the regional geology was
mapped on a sceale of 1000 feet to the Inch,
and that the lergest outcrops averaged about
five feet in width, On this basis,; therefore,
an exposure on the map would be represented
by .005 of an inch, or very ruch less than the
width of a thin pencil line. Of course, this
ig izherent in any reologpic maoning on & lasrge
scale, but at the Ecetall ERiver this voint
assumes nore Ilmportance. Gsologicelly it is
extremely difficult to extend single formations
over any great distance.

Eolyk points out thst, broasdly spesk-
ing, the belt of metamornhics cean be divided
into two units: The Johnson Leake grouvn and the
Kine group. The Johnson Lake rocks are largely
confined to the drainage of that lake end to
the south of it, and the ¥ine groun of rocks
lie on the western side of the belt.

The Johnson Lake roclis are morse eesily
maprned in the field because of the small number
of lithologliec units. CQuertzite, srgillite znd

hornblendite are the predominate rocks, hey




form well-defined bands and do not veary a
great deal from thelr normal esppearence. The
structure, therefore, is more arparent in the
eerlisl nhotograrhs and is more essily dis-
cernible in the field.

The Mine grouvn of rocks hss a decidedly
different character. The maln rock tyres sre
chlorite schist end guertz-chlorlte schist
{both with varying amounts of biotite, horn-
blende and garnet), guartzite, srgillite and
limestone. In addition to these are a host
of rocks which are varietles of the standsrd
types. They are d4ifficult to »nlace in any one
groun, Farthermore, these varietiss occur as
2 bended complex with the basic units, The
result is to make the geology difficult to
interpret.

One examnle will point out this problem.
Examination of the reglonal geologic mep shows
that thsre is & feirly continuous outcrop across
the strike on Red Gulch Ridge. The lithology
and sequence of rocks ere easily identified.
However, on the west nleteau and on the slopes
south of the ridge, ths same rocks and their
relatlionships to each other cannot be found.

Igneous rocks, mainly basiec in comno-

sition, are intruded into the Johnson Lake and
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¥ine groups., One set 1s persllel to the strike
of its host rock snd has been metemorphosed to
the same degree. The other sst cuts ascross the
cleavege and schistoslity of the host rock and
1s unmetamorphosed, This latter groun, there-
fors, 1s the younger, and sntedetes the
regional metamorphism end deformation.

A group of rocks, whiéh cen neither bhe
placed in the Johnson Leke rocks nor the ¥Fine
rocks, is loceted sround the contact areas of
the betholithic intrusione. The sediments
eppear to have been "granitlized.® The texture
is strongly gneissic and the rocks are cross-
cut with a network of pegmstite dykes. Large
iinestone lenses with no continulty sre fre-
quent. The impressive thing about the rockes is
thaet they have bsen folded, contorted and bhent
into such & variety of sharegs and forms that
the mapping of them would be almost impossible.
The schistosity of the rocks is parallel to the
axiel nlanss of the folds, and since tﬁe fold-
ing has no regulsrity, nelther hasg the direction

of schistosity.




b. The "grenite" gnelss.

Two theories on the origin of the
"granlte™ # grelss have been advenced. The
rock wes originally eilther ignecous or sedi-
nentery., Thin sectlions of the rock from
varilous logalltles indiceste that the rock 1is
sedimentery., Exemination of the hend specimen
Tfinds proponents for both theories, while the
Tfield relastlionships are esquelly uncertein., I
favor & sedimentary origin for thes rock.

The bearing the origin of the rock
has on the geology is found in the siructural
implicetions. Should the rock be igneous in
origin, then its shape, size end extent can
be accounted for. However, i1f the rock is
sedimentary, then its form must bs derived
through deformetion. Since 8ll of the msta-
morphics at the Ecstall River are, in nmy
opinion, highly deformed, the granite gneiss,
being sedimentary, is no exception.

The rock is gneissic in texture, and

hes varying emounts of bilotite and chlorite.

3 Llthough the adjective "grenite” alludes to
en igneous origin for the rock, it will be
retained in this report but with the cquotation
merks deleted.




These nlaty minersls have a rough parasllelism.
Quertz is the predominate minerael and feldspar
is found in smsll quantities.

The granite gnelisgs 1s eesily dis-
tinguished in the field end for this resson
cen readily be tresced from exvosure to exvosure,
It 1ies off the hanging well of the two main
sulphide lenses and continues srreticelly some
500 feet north of the northern pyrite body.
South of the Third outecrop it begins esgein,
end nesr the hesdwaters of Red Gulch Cresk it
swells to an enormous size. On the high bluffe
farther north it compnletely diseppeers for no
trace of 1t can be found on Eed Guleh Ridge.

Discordent strikes and reletionshins
ere noted. Immedietely below the Third outecron
the greiss strikes N. I10® #., whereas the
neighboring schists strike N. 05° E, On the
north fork of the second eresk north of the
Third outercp on the west side of Red Gulch,
the granite gnelss was found to sliernate with
bends of chlorite =schist; on some of ths ex~
vosures the bends were up to § feet in width.
The contacts were fairly well defined and had
g strike of K. 10° W. On Swinerton Creek the
gneiss occurred as large irregulsr lsnses with
chlorite-blotite schist "flowing" sround the

lenses. Directly north of the North Lens, on
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the floor of Red Guleh Creek, the gneilss had
been hrokten iInto large blocks and the chlorits
schist folded sround the nieces {Illustration
los 6) Other exnosurss of grenite gneiss
were noted in the sres of Thirteen Mile Creek,
but these &are mere likely zssocisted with the
contact sreas of the batholith and sre not
exactly the same in spnearance #s the gneiss

described above.
¢s The "blebbed" gneiss.

A rather curious digression from the
usual granite gneiss wes observed below the
Third outcrop and neer the reguler grasnite
gnelss. "Blebs" or eye-shsned nieces of gneiss
lie in the blotite-chlorite schist like =
school of fish., The schist "flowed" around the
pieces esnd they became more numerous cleser to
the £0l1id graenite pgneiss.,

Such occurrencesg have been described
elsswhere. Vayrynen {1932) writing on the
Outokumnu region in Finland describes =
"blebbed” gneiss in rocks very similer to those
found at the Eestell. He ascribes its Tormation
to strong tsctonic movements where the mobility
is preat, and where there 1s & connsction with
etions. His rock is

pegmetite end anlite in

je
vartirlly icneous in oricin end this rether
! ¥ iE 2




fevors an igneous theory for the grenite gneiss,
Other writers heve ressoned that this type of
rock is purely tectonic in origin (the Alpine
school), has been formed from ohyllites through
igneous injection (V.M. Goldschmidt) and is
created by the sheearing of porphyritic rocks
(C.W. Carstens). I favor the tectonic origin
for the rock and believe that 1t was formed
through strong movements while the rocks were

in the vnrocess of metemorphosis.

2. Structure.

a, Shearing and elteration.

In the field of structural geology
there esre two types of shearing recognized:
first, sheer bresks; and sscond, fracture and
brecciation,

Shear bresks result where the rock is
under such pressure that it does not exnand
readily and deformation aprroaches flow.

Fracture and breceiastion result where
the rock fails under stress and expends; the
rock bresgks under light load.

The shear zones at the Festall ERiver
belong %o the first tyne-shesr breaks.

The sericite shsars find their greatest

development in the Mine group of rocks. They



are often localized along ergillites, but
this 1is not a gensral rule. They are com-
nosed of sericite prinecipslly, end vele
green meriposite (identified by W, Holyk).
The widths and strike lengths vary. The
widest zone mwapped is the so-called Red Bluff
shear found on the south flank of the west
plaetezuy it 18 100 feet wide but hes 2 strike
length of only & few hundred feet. It cannot
be correlated escross the Ecstell River, nor
can it be located northward on the west platesu,
The schistoslty within the shear zones
varallels the cleavage in the neighboring
rocks, but it is thought thet in some casss the
zone may cut across the schistosity of the
other roekrs at & very small angle, zlthough
there 1s no svidence for this, More usually
tha sericite schist is highly folisted! smsll
drag folds, z~folds, and large folds up to five
feet across the limbs are found, and within the
maln bodiss of sulphide, bands of sericite
schist have been folded énd contorted,
The smericite is an alteration nroduct,
snd not only do the zones revnresent areass of
stress but also slteration. Alteration and

ghearing annecar to be interdensndent. The

o

shiear zones renresent lines of high pressure

and they heve vrovided sultable channelways for
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ascending hydrothermal solutions which
eltered the rocks, The alteretlion nrocess
waé undoubtedly compliceted and resulted in
& thorough sericitizestion and the formeation
of cericlte schists with smell percentages

of nyrite., In the formetion of the serlcite,
Fel, Hgl, end Cal were liberzted and nertly
migrated into the surrounding rocks to form
sdditionel plegloelase, hornblende, and basle
feldsper. This would account for the higher
concentration of these minersls in ths rocks
eround the mein crebodles,

During elteration the zones remainsd
under vresgsure and it was through these same
chennels that the ore solutions trevelled. It
is veseible that the tectonic forces shifted
and the sulvhides favored only certain shears,
or the solutions favored s sericlitized host

rock in conjunction with = change in structural

From the reletiocnshlips of the messive
sulnhides to the sericite schists it is esvident
that the alisred rock wes Tormed before the
solutions denosited the ore, slthough further
elteration took plece during the ore emnlace=

ment.

1h.




b. Struetursl festurss,

The structurel history of the Ecstall
River has followed closely the intrusions of
the large betholiths. Originelly there wes &
gseries of unmetamorphosed sediments. The
sediments may have been disturbed prior to the
Intruslion of the bathollths, but it is more
likely that they were tilted, folded, metamore-
phosed a&nd intruded at the same time. The
important point is thet at the Ecstall River
all the intruded rocks were metamorphosed and
deformed. In no cese can they be divided
structurally according to the two litholopgle
groups outlined.

This deformetion is most apparent in
the contact gnelsses previously described, and
more easlly seen because of the lack of vege-
tetion on the upper ridges.

The Johnson Leke group, as has besn
polntsd out, ls eesily identifisd because of the
simplicity of the 1i£ﬁologic units. At the top
of Red Guleh Ridge the group is narrow snd hss
a north strike. Extending to the south it fans
out to & greater width end compnlexity &nd strikes
northwests On the top of the east plateau, whers
there ars numerous couterops, the rocks are com=-
plicated by drag foldinz (ses mep of east nlsteau).

On the eest side of the nlateau the rocks din to

15,




the esast and folds nlunge to the north; on
the central part of the nleteau the dio is
west and the nlunge northj snd on the west
side, or Red Guleh Creelr, the rocks din east
eand the structure plungss south. The structurs
around the orsbodies Tollows this letter pattern.

Farther south from the nlatesu, follow-
ing the Johnson Lake group secross the ghores of
the Lake and Into the mountelns south of 1it,
the strike of quartzltes vary widely. On the
edge of the intrusive & lerge fold hss bheen
mapped that measures several hundreds of feet
ecross its limbs. In the first creek south of
the Lake, & wide argillite band is seen expend-
ing to the south end decresasing to the north.

These are but & few examnles to bring
to the sttention of the reader that the Johnson
Lake group has been deformed and folded to a
high degres.,

Although folding in the Mine series is

not as readily epparent,; nevertheless, there sre

discordant strikes, evidences of flolded struchtures,

end obvious folding in the orebodles and in the
rocks surrounding them (refer %o ths underground
sheets and the surface map of the two lenses).

A few locallties in the ¥ine group will
serve 88 examples of deformation 1n the series.

The grenite gnelss hss elready been discussed.
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Small drag folds beering east-west have
weathersd out irmmedietely sbove the Falls,
but the schistosity in the rock 1s north,

On the footwall of the Five Foot vein lying
to the east of the two lenses, the chlorite
schist is contorted. On &n exposure of
gusrtz=biotite schist on the west side of
Red Gulch Creek & feint lineation in the rock
strikes ¥. 10® E., but the cleavege sirikes
nerth. In Phoebe Cresk a larpge fold was
visible on the wsll et slevetion 665 feet,
and the rock exnosures In the Crsek varled
from K. 05° W, to K. Lh0® W, A folded quertz
vein striking east lles to the east of the
South Lens and 8imilarly folded quertz velins
are found throughout the area (Illustration
To. 7}« Although these guaritz veins are clearly
younger thasn thelr host rock, they sre still
indicetive of & differential movement which
nroduces folding.

The cleavage or schistesity in 211 the
rocks vary widely. In some cases it sctuelly
follows the folded contzcts of the different
rock units, but veuslly it is parellel to the
exial planes of the folds, Underground, where
the marring weas done in greater detesll, shearing
occurred parallel to these axiel nlenes (Illus-

tretion ¥o. 5).
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Shearing snd schlstosity are more
highly desveloped in the Mine group of rocks,
since they are genersily more incommetent
than the Johnson Lake group. It is in this
rock group, therefore, that ore devosits are
likely to occur.

I suggest that the ¥ine series of
rocks were folded at the same time as the
Johnson Lake group, although perhaps not to
the same degree. It is 1likely that the }ine
grounr, undsr continued vpressure, folded, but
wes more likely to sheasr through failure of
the rocks, &nd thet the schistosity has been
sunsrimposed on an already folded structure.

This does not in eny way give & clue
to the over-all structure. There is e suggestion,
howsver, thet the Johnson Lake group has been
felded in a tight syncline with 1lts eastsrn 1limdb
plunging to the south and its western limb plung-
ing to the north; the Mine group, which should
repeat to the esast of the axis of the syncline,
has been teken away by the intrusion of the
diorite. Whether this is the case or not would
most easily be determined by further mapping to
thse north scross Lockaby Creek-a valley slmost
Imrossible to get into from Red Gulch Ridge.

The over-gll structure becomes furthsr

obseured by the question of whether the drag




folde seen sre, in fact, flowage folds., 1IT
this were the case, the folds would niteh in
the ovposite direction from the major structure.

The menping was done on only =&
reconnaissance basgsis. The rocks sre exceed-.
ingly comnlex in their structure, and there
is, at present, no way of determining the
lerger nicture without further detsiled study;
but, even then, I doubt, with the outcrons ss
few and far between es they are, that a definite
conclusion could be recched.

Therefore, no relationship cen be found,
at this time, between the ore dencsits end the
regionsl structure. The structural interpreta-
tion of the two maln lenges iz only local in
gcope &nd Will he deslt with in the following

secetion.

iIV. ORE DEPOSITS

A, General Charecter snd Siituetion.

The relationshin of the two main orebodies
at Ecstell River are best shown by the accommenying
isomstriec diagram. The avercge strilke is ¥, 05° E,
and the dip about 30° E, The red color renresents
the Forth Lens, anrnd mauve its henging well stringers;

the 1limits of the Horih Lens ere sccurately shown
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to scale, but the orsbody hss bsen erbitrarily

cut off et 500 feet sbove sea level whereas some
of 1ts outercps lie at over 600 feet sbove sea
level, The South Lens 1s shown in orenge; it
extends farther to the south then drewn end 1lta
derth 1s unlimited; however, the southward nlung-
ing rorth ninch-out has been determined by diamond
drilling and structural interoretation. ¥Xear the
surfzce the two 1ehses have & coneiderable overlan,
but with deoth they become farther srart.

Other mineralization of interest includes
the Third outecron, & five-foot veln of massive
sulvhides exnosed at the surface and to the east
of the two maln lensesg, and the Frizzell outeron.

The Third outcron, lying near the headwaters
of Fed Gulch Creck, showsd un to 7 feet of sulvhides
exnosed at the surface. The outcrop was drilled
extensively within the cepnabilities of the small
X-rey drill end mineralization nroved to be spotty
and intermittent. However, it should be remembered
thet drilling intersaections were around 1000 feet
ebove sea level end the South Lens is known to extend
1000 feet below see level. The depth-range for
minerallization in the shear zone has hardly been
exnlored thersfore,

The five-foot vein was explored underground
with two drill holes, but only sericite shear and

disseminated nyrite were found. The shear at the
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surface dies out to the north agsinst the granite

-pgnelss which 1lles between it and the Yorth Lens,

(ﬂ

but continues to the south.

Small stringers of sulphides were found
throughout the aree mapred; some, however, wvere
not assoclieted with serleiis schist. OF perticular
note 1s & 10 inch sulrnhide veln in sericite schist
locatasd weat of the Bouth Lens, This same
minsrselized shegr is found in the largs bend iIn
the main edit and wass nicked up ggain in Drill
Hole Fo, 60 drilled 500 feet south snd downward
from the Y¥o. 1 Crosseut,

The Frizzell outeron was found, after a

Fal

great desl of difficulty, by ¥W. Holyk near the
headwaters of Hanne Creel. The mineralization
wee weak and erratic snd the assays of the sarmle
talren were dissappointing, The sulphides siriks
northwest and the surrounding quartzites siriks

dus east. This anomelous situstion cannct

adegquately be exnrlained.

E, Tebemornhiecs arcound Forth and South Lenses.

The rocks sdjecent to the twe lenses include
mertz-chlorite schists, chlorite-~bioctite sehists,

with hornblende or garnet &s accessory minerels,

oy

highly hornblendic schists, granite gusiss with

chlorite or blotite being the predominate mineresl,

ilr

guartzites, argillite and sericlilte schist,




The granite gneiss lies off the hanging
wall of the two lenses, Other rocks ere not
easily correlated through the mine for any great
distance. Cuartzltes nredominste in the southern
end of the mine but give way to dﬁminantly chloritic
rock around the North Lens, For greater deteil the
reader is referrsd to W. Helyk's underground map
end my undsrground sheets found in this revnort.

0f svecial interest 1s the so-celled
crumpled chlorite schist. The name sccurately
describes 1t. Sericite is sometimes highly develoned.
It lies on the henging well side of the South Lens,
cuts between the two lenses and continuss on the
footwall of the Forth Lens. At the surfesce the zone
is close to thé Horth Lens, but undsrground it bears
sharply away from and to the west of the FNorth Lens.
Small zonss of crumpled chlorite schist are develoned
locelly elsewhere, These will be discussed under
the structurs of the orebodiles,

The sericite schist is developed zround the
two lenses, but is not always present. The Forth
Lens sericite shesr disaovesars with dernth snd to the
south, but not northwards. Ths South Lens sericite
ghear jolns with the Korth Lens to the north and dies

out et its most southerly end.
C. Pineralogy and Classificeation,

The sulphidss st Ecstall include pyrits,
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chelcopyrlte, smell amounts of snhalerite &nd
pyrrhotite, in & gengue of caleite, quartz and
goriclte,

The highest copper valuss are confined to
the fooitwall of the North Lens {(Illustration HNo. 10);
zine 1s largely found in the South Lens.

The sulphides occur ss bands of sguigranular
minerels ranging from cosrse to extremely fine and
massive. The sulphides produce no gossan or oxide,
other than a locsl stalning of rocks in the creeks,
end 1t wsethers to a sand made up of sulphlds
nineral erystels. Sulphides lying on the dump for
nesrly twenty yvears show no sign of oxidation,

The neturs of the banding, which in some
nlaces 1s contorted end folded;, end the massivensss
of the sulvhides, indiecszte that the deposit 1s =
replacemsnt of a favorsble rock. Batsman (1951)

ists the criteria for & replecement gs follows:
(1) Unsupported nuclel (i the denrosii is =
cavity filllng then such residuasls tend

to 11le on the floor of thse deposit).

(2) Bedding planes in slifgmment with the
wall rock.

{3) Pre-cxisting rock structures thst con-
tinmue on sither sids of the orebody,
end especislly if they continue into
the ore,
The Ecstall derosit moets all these reguiremsnts,
but the last point is not so readily discernible

end examnles of this are not common.




There 1z soms evidence that the beanded
sulvhides form apovhyses in the ssricite schist,
thereby indilceting thet the schist had besn
"3isplaced” (Illustration Neo. li). This vrocess,
as well ss renlacerment, is »nert of the ores

devposition.

7

Structure,
1. EHorth Lens,

The doninent struecture in the Yorth Lens

1s a southward plunge with the exls migrating in

i

southeast direction (Illustrations ¥os. 8, ¢, 10).

tn

mall strisztions or undulstions on shesr walls, the
plunge of folds, 2nd an isograd of the thickness of
the lens, and of the copper values follow fhe same
southerly pattern {(Illustrations ¥os. 8, 9, 10).
Only the south end of the North Lens, which nlunges
northward, is the exception.

¥ith regard to the striations and undulations
sesn on sheer walls, I do not regard thess s&s indica-
tiqns of & din=s5l1liv movement. For examnle, the crest
of the undulstions may plunge 80° S, messured in
the nlens of the shsar wall dipning east and strik-
ing north. Here the movement is not up and down
in the plane of ths shsar, but rather in a

direction at right sngles to the striztions. These

small folds ere vproduced by rotational forces mich




l1ike the meking of ripnle marks on & beach., VWhen
the rotectlional stresces become rore nronounced,
folding, more vparticularly drasg folding, resulis,
and this 1s in svidence throughout the mine.

Folding is evident, esvecially on thes surfece
of the éeﬁﬁsit. Goling scross the Forth Lens the

folds in the sericite schist waste bands reversse

S

themsslves several times ascross the deposit., Folds
are observed in the sericite schist on the hanging

wall end fooiwall of the sulphides and in unrenlzced
quertzite (surfeece map and underground sheeis).

This unsystematic direction of folding lesds me to
postulete that the favoreble replaced host rock, or
sericitic rock, had doubled cver on itgelf,

The bottoming of the Xorth Lens is particulerly
verplexing. Drill holes under the lens contacted
neither nmineralization nor shearing. The leng had
completely diseppeared., Those holes which were blanks
have been ploited on semi-logarithmic paper (Illus=-
trations Yos. 1, 2, 3), the angle of hole dip sgainst
the depth. Hone of the heles deviated more than 3° in
strike so thet this is & constant factor. Alsc plotted
is the &ngle of sachistosity of the rock in the drill
cors sgainst the hole depth,

In the idesl case, in uniformly divpoing or
gtriking schists, the schistosity curve should change
with the curve for the dip of the hole. L& can be

sesn Irom the graphs, thils is not the case.



Either the dip or strike in the rocks
underneath the Korth Lens is changing markedly.
Ls elsewhere in the mine, this is indicative of
disturbed or foldsd rocks.

The vrobsble csuse of bottoming in the
Forth Lens is two-fold: first, the ore devosition
is depsndent on the develonment of the sericite
gchist; these shears zre zones of meximum stress
where rocks have aporoached flowage and allowsd
eltering solution to mirratej seecond, shearing is
regarded as the end product whers the rocks could
no longer be deformed. Folding controllsd and
czused the thickening in the North Lens, and
conversely, the lack of folding, shearing and
deformetion has bsen resnonsible for the ninche
out in the North Lens.

It 1s my bélief that Just &s shearing and
folding may reeppesr slong the strike it can £lso
do so with denth. The Forth Lens could reopen
wilth depth and would mest likely be found to The

southeast of the orebodye.

2. ESouth Lens.

The South Lens is regular in shane end
continuity, and roughly resembles a vrarsllelogram
with its sides plunging 70° to the south. This is
conformeble with the structure underground and on

the surfece; strietions, undulstions and folds
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generelly plunge 70° southwsrd, slthough there
is 2 tendency for the engle to be steerer st the

north end then £t the south end,

o

“

Of particuler note is the wlde-scele foléd-
ing sround the Yo. 2 Crosscut-the widest nart of
the Bouth Lens, £2& in the case of the Korth Lens,
the folding hes bssn responsidble Tor this exnension
in the lens.

Further on the matter of folding, drewings
of strucbtures on the becks and walls of the drift
strongly indlcate highly disturbed strats, and in
the mid-vortion of the mine the vinching-out of
the cuartzites to the north is evidence of tight
folding. |

Smell sheers where there is a developnent
ef gnarled end rolled-up guartz, pyrite and "creamy®
swirled chlioritie fock night renresent ruvture down
the exiel »nlens of tight folds; in 2 few csses this
is very sapnarent, but more usually the roclt is 8o
textureless &8s to mekre any determinestion of the
linsstion impossible.

he crumnled chlorite schists might represent
this axisl nlane sheerings from the highly folded
end distorted nsture of the lerge sheer zone around
the ¥Yo. 6 Crocsscub, one can obssrve the limbs of
folds sliced off by the shearing {Illustration ¥o, §

end underground sheets).

2?.




3. Summarv.

Mapning of the two lenses on & scale of
30 feet to the inch shows that all the rocks-the
21l rocks &nd sericite schist-and the massive
pyrite ore are greatly disturbed. Rock units are
difficult to trace through. The crummled chlorlite
schlsts sopear to revresent breaking slong the
axial nlane of folds and might be due to a different
structural phenomenon from the serieclte shesars
which ars largeiy sn slteration product. The
sericite i1s folded in the same manner s&s unaltered
rock 8,

The juxtapositicn of the two lenses is
regarded as fortultous, elthough the three 2ltera-
tion zonses-Forth Lens, South Lens, snd the South-
western sheer with smell mineralization-have &n en
echelon patiern which may indicate a grezter over-

gll structural pattern not yet perceived.
E, Comparison with Other Deposits.

L search through the geologic literature for
pyrite replacement devnoslits was not too fruitiul.
Such derosits have not, in the past, besn economie
in Forth Zmerice, but in Eurore some revorts have
been written on such ores, especially those 1n Sweden.

Per Geijer {(192!1) hes summerized the Swadish

pyrite renlacement dencsits. The orebodies were
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formed during sn encch of folding and are =
replacerent in vronounced eschistose layers in
steenly inclined formations and flssure zones,
The minersls formed by renlecement show
schistosity by crystslliizetion and pronocunced
banding, Folding 1n the erebodies &and pre=-
rmineralization folding in the host rock cen be
scen; the folding continued until gradusl
golidificaetion made the mass rigid., There are
nleces where enticlinel and synclinel structures
have controlled the form of the orebodies which
generally follow the nitech of the folds.

George Hanson (1920) comnared the pyrite
dsnosits in metamorphic rocks in Forthern
Manitoba, Veedon, Stratford and Capelton in
Cuebec, and Kyshtln, Russia, The degree of
schistosity is of vrimary imnortence in determin-
ing the size of the orebodiss which sre generslly
nersllel to the country rock. Ore wes formed
after the development of schistoslty snd the degree
of folietlon determines their size,

Betemen (1951), 4in snesaking of revlacement
tyoe devosits, states that "the chericzl character
of the host rock slone msy bhs ths controlling
fector in locelizing ore, but the structural
features generally oversate in conjunction with

other factors ..... Fltching folds and dreg folds




heve besn immortant in localizing ore in many
pleces.”

The Boliden denosit (Cdmen, 1Shl1l) in
northern Sweden 1s perticulsrly interesting; to
me, it closely resembles the denosit at Zecstall
River.

In this case the bedroeck ig Pre-Cambrien
in age and conelsts of phyllites, greywsckes and
greenstonss., Cranite hes been Intruded and liss
gouth of the mine, The rocks are strongly folded
end strike east-west and dip steerly south. There
ere two orebodiles 600 meters long =nd mexirum LO
meters wids &nd are en echelon nosition &nd over-
lep to the right. There are threes tyoes of ore.
A drag fold lies between the conteet of the sedi-
ments and voleaniecs, The structure is ceused by
shearing stresses, end the axis of thse fold
pitches 50°-50° E,

In the drsg fold the stress formed sultable
channelweys for escending hydrothermal solutions
which altered the volecanie roecks, and resulted in
their sericitization. Further shearing slong
elteretion zones produced & schisted rock which
was renlaced by ore solutlons, Alteration cone
tinued after ore emnlacement., The pitch of the
ore follows the axis of the drag fold., Folding
in the serieite schist probebly feormsd by locel

moverent during the mise en nlece of the cres.
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Banding in the ores does not alweys correspond
to the follation in the schists and often forms
aporhyses.

The Melenas devposits in Sweden (Gavelln,

1939) occur in the save ege and type of rocks.

£11 have been intensely folded &nd reglional
nmetemorphism and shearing have sltered the rock

go thet often the originsl texture is indiscernible,
The ores are replecsments of sericltic schistes and
congist of pyrite, vyrrhotite with chalconyrite,
galens and sphelerite. The ores are contorted and
folded with the schists, and the shape conforms to,
end is controlled by, the degree of folding. Cavelin
slludes %o an over-sll structure, but he stetes
that the lsck of outerops in the region mskes its
{dentificetion lmpossible.

Further resesrch in the literature would
undoubtedly produce more examnmles similsr to those
outlined, and to the numerous nyrlte deposits not
hereln describsd. I heve visited many »yrite
prospects and rnearly all conform to the same pettern.
Revlacement denosits invariably o&cur in folded
metamorvhics slong zones of elteration; the shape,
size, and control of the orebodles are determinsd by
the folding, and its structural sttitude in snsce.

The point is made, therefore, thet all the
evidence at Ecstall River indicates that the derosits

there are similar, and thet their geologic and
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structursl history conform, in egsence, to the

general pettern of pyrite replacement denosits,

V. CORCLUSIOES

A, Geologic end Strucbtural Festurss,

1, 211 ths metamorphic roecks in the roof
nendant have been folded. Metamorvhism and
structursl defermation were contemporansous. The
marginel gnelsses, becasuse of their vroximity to
the betholithe, are more contorted. Ths swelling
of the granite gneiss in the headwaters of Red
Gulch Creek is probebly duvue to folding.

2. Shear zones develoned in areas of high
pressure} the regional schistosity end cleavage are
narellel to the axial »lsrnes of the structures.

3. Shear breaks providsd sultesble chennsls
for hydrothermsl solutions; the rocks were thereby
altered to sericite.

li. The ore solutlons migrated through the
geme zones &nd both Yreplaced™ and "displaced" the
ssricitle favorable host rock,

5. Folding end seriecitization continued

until the sulphide mass was too rigid,




B, Ore Controls.

1. Shear zonss are confined to the Mine
group of rocks; other ore denosits are, therefore,
likely to be found with the asscociation of these
two features,

2. Folding has contrelled the size and
shane of the Horth Lens, and, to & lesser extent,
the South Lens.

3. The juxtaposition of the granite gnelss
rossibly caused the doubling un of the North Lens
end the thickening in the South Lens., It is not
g2 controlling fsctor in the dencsition of ore,
but merely over the shape of the orsebodles.

., A determinatlicn of the over-all
structure should yield a further control over the
location of the orebodies much in the same manner
as the other nyritie replacement deposits which

have been desceribed in the revnort.
c. Practical Applications.

1, ©Since the shave of the Forth Lens hsas
been determinsd by the folding, those forces which
ceused its pinching-out with depth may reopen the
lens with denth. This would have to be accomnanied
by shearing end the'development of sericite. The
structure of the Xorth Lens is plunging 70° at
sbout S, h0° E., &nd eny new orebody would lie

elong this direction.
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2, The fouth Lens should continue
ferther in depth. Fowever, the folding ebout
the Fe. 2 Crosscut could either thicken the
lens or reduce it in width,

3. The Third outerop is favoradbly
located elong & shear and near the granite
gneiss (if this is = control), end en orebody
could fevelop zlong the strike ond with denth.

h, The shear to the southwest of the
South Lens 1s well develoned with denth a&nd
could show minerelizastion eilther along the
strike or down the din.

5. This mak%es the flat ground beétween
Red Gulch snd the Ecstall River south of the
mine a Tavoreble prospscting ares. It is not
felt that the South Lens will continue southwards
et 1tz »resent levels. Rather the lens will
continne its rlunge in the southeasterly

direction 2nd will be at greater denth,
D, Ceneral Considsrations.

The underpground workings have besen fully
utilized both in diamond drilling and in mavping
the geology. If the orebodies are to be extended

in denth, the workings will have to be further

develored for there 18 no longer any nractical way

to dr111 deernsr Trom the nresent locations., Host

of the undsrground geology lies slong the main

3k,
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edlt-wnich does not glve much of & cross
sectione-and the erosscuts which give en

everagse ssctlon of about 60 feet. The

When the underground workings ars
extended, the utmost practliceblility should
be ussd for the mining of ths ore, the

situation of Tuture 4rill hole stastions for

until the mine comes into operstion. At thsat
time, as the worikings ere extended, 1t would
be prectical to work in further detall on the

surface snd undergrcund geology.
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ILLUST. NO. 4

FOLDED STRUCTURES, NORTH LENS
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