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THE
INVESTIGATION OF THE PRE-CAMBRIAN VOLCANIC
" GENTERS IN THE FLIN FLON AREA

INTRODUCT ION

The area underbdiscussien in this feport comprises 2 small section
in the heart of the Flin Flon Mining District, nearby the town of Flin
Flon and the Hudson Bay Mining and Smélting Company. These are lodaxed
approximately on the Manitoba-Saskatchewan boundary at latitude 54° 457,
Communication is by a branch line of the Canadian National Railway froﬁ
' The Pas, Manitoba, where a Recordiﬁg Office is located. The Sherritt-
Gordon Copper Mine is reached by a spﬁri'from this Flin Flon line.

The area of ﬁhe volcanic centers occurs on the nortﬁ-west gide of
Flin Flon Lake and is therefore on the Saskatchewan side of the boun-
dary. Thié territory has been extensively burnt, thus making detailed
geological work possible. From the lake the larger of the volcanic
centers, terﬁed the Road Voicanic Center, is clearly visible, standing
out above the neighboring formatioﬁs.‘.This center is reached within a
few minutes from Flin Flon Lake, by & portage trail running t0 a lake
further west. Apﬁroacﬁing ﬁhe center this way, it rises up quite
vabruptly from a low grassy area. Ilts borders are equally.distinct on
. the west and north, but on the souﬁh it interfingers with many types of
explosive breccias, tuffs and flows.

The Club Lake Volcanic center lies due north of the Road Volcanle
center, and soﬁth of Club Leke. Its western border rises up very
abruptly but elsewhere it interfihgers with explosive materials and flows.

The ares of these volcanic centers affords about the moat facinating

geology that one could conceive. A remarkable amount of data which

dovetail to an amazing degree tend to prove that a major granitic in~



trusion reached to within a few hundred feet of the surface and then
broke through a series of lavas and sediments -to form two or more
centers of volcanic activity. About these is a series of explosive
breccias, tuffs and flows which in their field relationships gnd in |
their lithology are clearly related‘not only to the necks of the
volcanic centers but also to the granitic intrusive.

Younger more.basic intrusives 1lie within the Road Volcanic Center
and a second, younger series of explosive breceias, tuffs and flows

are similarly related.



t02°c0"

MERIDIAN
SASKATCHEWAN

MANITOBA.

| s Precieice INDEX MAP
L.

SHOWING APPROXIMATELY

ELk THE LOCATION OF 7THE
EM8:
: [oee DETAILED MAP.
L.
Hameed L., S, MicES o, 2 4 6 Mices.
N\ N . _:_:
S W
CREIGHTO
R05S
(SFP Law a
q
D |
cmwmu X
DOUGLAS ) £
oyl W o
3 &
O
. ¥ Y, Y o
PHAN
[ '
&
MysTric
L.

b/ SHE RRIT T
3\ JUNCT 704




northern edge and at a few

PRE~MISST COMPLEX

3 . . Py Iy

Bast of the Hissl and definitely underlying it is a complex of vol-

canics end intrusives which have very little pearing on the area described
herelin aund will therefor uot be discussed further.

MIS3I BERIES -

‘The iissil series in this seoction occurs in the bottom of & large valley
wixlch to the north is occuyied oy Creighton Ureek. The most goutherly out~
crops on the west side lles just north of where the Creighton granite reaches
the valley, sund on the east sidce just opuosite this point,

The Missi series here is made up of a busal conglomerate generally
bedly shesred, a middle division lurgely qu&rtz~mica sculsts and guartzite,
and an upper division largely conglémerate. “he middle division is relatively
very s0ft while the upper and lower divisions are moderately soft. As &
congequence these rochis are readily eroded and their presence is responsinle
for the vealiey here. The uy?er oouglomeréte division forms & ridge along
the east side,

South of the last outcrop the valley continues %0 the Road Volesnic
enter in such a meunner as Lo suggest the continuity of the series but no

rock readily recognizable as such is 0 be found. However, along the

vlaces within, one of which is indicated, are
other small musses of a neculiar nighiy sheared Light-grey to white rock
which is different from any other in the volocuic center. kuch of this is
clearly well ovedded and wade up of graius of quartz. ALL of it soows i~
regular rounded uartz grains and Soue has distinct bouldgrs in ite Murther-—
more 1t very closely ressemoles definite iissi about & mile to the north
which has been altered by & small granitic intrusion, the Club Lake Volcanic
Senter,

Migrosoropically the Iissi is seen L0 consist of large rounded to sub-

.

angular guartz graing in a medium to five grained, siliceous groundmass

usually with considerable biotile.




&3 & dense granular mass suggestive of

poedve)

3

hag peen definitely traced as due to silicification

with only Licited accompanying shearing., The feldspars in the groundmass
have been the most readily susceptlbd® to this alteration. The larger

guartz greins have wlso been aliered or injected with the luter guartz so

that they sometimes no longer ressemble original units; Lut show no evidence
of mylonitization. OShesring has given rise to coxnsiderable sericite pro-
bably derived from feldspars and white~micas. siotile partly altered 40
ghlorite 18 COuliOIle

The sediments from immediatliy west of the Club Lake Volcaunic Center take

oo

on & some;hat Gifferent appearsnce as tihey have been lundurafed and granitized.

fGuartz anu pyrite have been introduced, epidote and zoislte formed hydro-

thermally, while biotile and hormblende result from recrystallizstion of

1%

the mafic materials.
4

NI

Sediments of this type «fford evidence as Lo the original nature of the
peculiar inclusions on the Hoad Volcanic Jenter. The most important of these
incluglons is fine to medium-grained cousisting dominautly of guartz, feldspar,
sericite, bilotile and chlorite. ﬂgli formed elomgabed crystals of zoigiﬁe
are common and calcite has been extensively iuntroduced. There are o Pfew

large rouwaded units of quartz move or less localiized to one nand. This

sane goarse vand h&s been more permeanle 10 the penetration of epldote.

The whole structure of this rock is sazgestive of a sediment and fessembles
the above mentiloned graditized and indurated Missi.

Another such remmsnt oscurs in the volcanic center on the north side,
where the Hissl would ocecur if projected on down the valley. This rock is
medivm=fine grained and has abundant large biotile remnants which mofe or less
show & generzl aligiment. There seems 0 e & band of fine materiuls between

two coarse bands which is suggestive also of a sedimewnt. The rock has been

~pm———

considersply altered by granitic siringers, and these are responsible for

. T o v om E= T ersys - B oy P N e - I R N
some large feldspars belng present. @Ather examples of doubtful rock situdied



are most likely of igunecus origin.

The evidence points rether conclusively to certaln remmsnts being
Missl especially &s they are cut by dikes which would account for their
alteration and induration. The induration is a commonAGharacteristic of
the Missi almost in all locslities where 1t is‘traveréed by intrusives,
The preservation of the Missi here and not in the stretch immediately to
the north resulted from this induration. The absence there is readily ex-
2lained as oeing due to glaclation. It is clear thal the ice moved down

this vailey 0 the soutbhi. The constrictions &b the south end therefore

would account for the relatively greafter erosion im this section.




THE FLIN FLON SERIES

The Flin Flon series is distiuctly divisible into three parts, a
1ower‘ahd upper one of dark green and gray volcanics, snd a middle one of
Intermixed light gray and dark green volcanics.

~The Plin Tlon series lies on top of the kHissi. The conbtact oy one
and a half miles was cureffully studied. In this stretch besides curving
around in a semi-circle, it shows many minor crenulaitlons. Aréund the

wnole length of this includiag these minor changes iun direction, the strike

N

and dip of straba both above and selow correspond foughly Or exactly with
that of the contact. At most crenulations there are minor structures in
the volcenics which plunge south. The contact can be seen clearly nesar
the Fluxgline rallway and along Urelighton Creek. In the {irst localisy
1t curves around in an arc; the beds of poth series follow the arc and in
the volecunics there is plainly visible a méunor syncline plunging soublie
There is no evidence of a faglt here anG 1t 1s difficult to conceive how
a fault could ve vetween the two series. On Ureighton Ureek the contact
is as low as 10° to the easl ana 1s irregular. To the south along the
trend‘of the contact, volcasnic rocks @r@‘well exposed and there is no
break iu their continuity such as would be’necessary'if & fault followed
the eastern boundary of the Hissi.
Further definite coufirmation of this is presented in comnnection with

the description of the Road Volcanic Center and related extrusives. The
Flin FTLOYW volcanics in places lie‘on the upper division of the Missi found
in the arca under discussion, and farther north rest on & still higher divi-
81011, I placés‘ihe volcagics can clearly ve seen to ftruncste the beds in
the Ilissi. In ome place the strike of the beds in the two formations
are ab an angle of 20% It is coﬁcluded that the volcanics in past ab

least overlie the Missi unconformably,




THE LOWER FLIN FLON ”IVIquh , 7

To the aouth of the Road Volcaulc Uenter there are ited #reas of

whiich in nog way is comparanle to the pre-Missi Complex.

less gnelissic and structurally indicales & close strati-

graphical relationship with the overiyiug rocks. It is not in direct cone

tact with the #issi

lere but one mile t0 the north similar volcunics
lie on the Missi. Between these areus small patches of similar rock above
@he. Missl, aid also in the Hoad Volcanic Cenber may 26 related. These
r0ciks are claszified &s thie Lower division of the Flin Flon se sries,
dtracturally this southern ares of volcunics conforms to the Middle
division, aand if the Missi Originelly conformed to the sturctures of
these two, which is likely since it does o the north, it would negessarily
heve laia below the Lower &ivision.

The Lower Flin Flon division is made Wp wainly of massive dark green

and gray volcanics which are probably larg

Ly lavas. Rarely they are
amyglaloidal and show pillow structure. Ia many places they show rounded
phenocrysius of quartz, and some parts are hard and cherty. Frequently

<. +

crocrysts of feldspar or knots of this mineral occur. These tyves excep

for colow are somewhat similar to the ronyolites sad quartsz yozyhyﬁsies of

In the geries there are also weil vedded tuffs, and some of the
massive rock PTOLably represents tulf, Brecciss made uy of similar green
froguents in & green metrix sre Tare compared to their abundance in higher

S0T1e5,

Unly one section from the southern ares was studied microscopically.,

This represented & green lave consisting dominantly of lmlOLOl)hOu Lorn~
blende with some wuartz and feldspar, & considerapble part of the yuurtsz

occurring as veinlets. The rock is a Porphyry, the feldspar phenccrysts

b0 & Fime granular mass of epouite

Or completely alter

and zoisite. Amygdules, of epidote with a raciating structure, also oc Cursg.




accessory, and caleite in the guartz velalets, occur
paringly. The composition in per cent 1s approximately as follows:
Quartsz and Peldspar--30, Hornplende—~60, Tpldote and Zoisite less than
10, 9alcite and magnetite.

Of the sections studied from the northern arsa, 0nly one wus of the
creenish type described above. Large feldspar phenocrysts or knots Qf—it,
which have altered slightly to epidote and are showing breakdown into a
granular mass due to silicification, form about fifty~five per cent of
the rock. The green masses surrounding the feldspars consist of medium
grained closely compacted idiomorphous hornblende, sometiaes present to
the exbvent of excluding all otﬁer minerals. Interstigially a little
guartz and feldspar occur. Within the hornblende areas and entirelr spart
from the large comparstbively unalsereld feldspars, are fzirly large massés
of epidote which most probuably represent amygiulies. The phenocrysts are
o;iQOGIOSe. The réck closely resgsembles that from the southern section,
and is added evidence for cokelating the two areas, since this type of
lave does not occur elsewhere.

An example of & gray léva from this area was also studied. This was
porphyritic, the feldspar phenocrysts showing & high degree of sagussuri-
tization and only being recognizable by thelr outline. The groundmass
is fime-grained consisting of guartz, chlorite and small patches of alfered
feldspar. Hornblendephenocrysts form about five per cent of the rock and
are of late development forming ab the GXQGHSG.Of the other mafic winerals
and cutting ascross the earlier flow structure. Calcite has been introduced
al a later period. The composition in pérvoent is approximately: Huartz-~40,
Saussuritized Peldspar--35, Hornblende—ﬁ, shlorite--~15, Caléite, Magnetite
aud a Ltrace of introduced ejidote.

South of the Club Lake Volcanic Center there is an ares dbying atbt the
base of the Niddle division which was believed from field evideunce to be

a remnant of the Lower Flin Plon.



Under‘the microscope it 1s seen 10 be a rock which is dominantly hoin-
_blen&e and cut by yuartz stringefs which have b;ought in counsidersable
calcitef The Lorunblende ocours as elongated needles and rods, and as
idiomorphous erystals. In places it is present to the exclusion of all
other minérais. A siliceous gfoun@mass ocours @mongst the hornblende
hut much of it may also be‘éf ap introduced nature. HMagnetlte 1is an &ac-
cessory. The character of this rock therefore is the same as the other
green lavas of the Lower Flin Plon, although no phenocrysts oI a@yz@ules

were Seells

CREIGHTON GRANITE
The Crelighton Graﬂité as shown on the acoompanying map is part of a
large area which extends to the north-west, west emd south-west for many
miles. The part shown here 1ls the most easterly. The granite has not
been fouand in contact with the Missi though if both are coatimuous-td‘
the south, in the area south of where Creighton Creek first Iflows over
the iissi, ;t is ;gp?rent that phey must lie in contact. for & short

stretch, The granite however definitely cuts the Lower flin Flon volcanics

gouth of the Road Volcanic Center. Since the Missi and Lower Flin Flon

are the youngest rocks the granite is in contact with, and sincé these
are not greatly deformed heve, it seems logical to conclude that the
granite nearuy was that part nearest to the gurface at the time of ilo-
trusion.

The relationship between the granite and the Road Volcanic Center

~

are obscured by a draw which is due to the presence of a relatively young
feldspar porphyry dyke of a type which is more readlly eroded than most
obher rocks. Similar material aund possibly part of the sazme dyke follows

the ovase of the Missi 4o the north for miles. Near the volcanic center

5y

it auparently followed the base as far as possible and then continued along

the same trend into the adjacent rock.
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The Creighton granite throughout the many Squafe mile t0 the north-
west 1s coarse grained. In many places there are small dykes and it was
noted that the texture in these, as along the contact with the country
/rock, was coarse even in stringers of a few inches at distances several
feet from the main masé.

In the aouth—eastern part the granite takes on quite a different
aspect. From a short distance nofth of Creighton Creek to four thousand
feet to the south, in many places along the contact the granite gradés to
' rhyolitic or quartz porphyritic material of a fine to dense fexture.
Throughout much of the area of the little Xmob between Creighton Creek,
the Missi, and the feldspar porphyry dyke, the granite ?aries greatly in
texture and is meily fine grained. in many places it is a quartz porphyry,
elsewhere a feldspar porphyry, and ih still other places it shows no
phenocrysts. Dykes given off to the south in the Lower Flin Flon volecanics
grade sharply frqm granitic material to rhyolitic 6r quaftz pdrphyritic
materials In the area of the volcanic center and southward for one thou-
sand feet where‘the granite contact is obscured there are no granitic
dykes but there are sbme of rhyolitic and quartz perphyritic texture.

These are most reasonably éonsidered to be related to the Creighton
granite.

The foregoing evidence further indicates that this part of the granite
must have been closest to the surface, and more strongly suggesty that it
must have been very close to the surface.

Under the microscope the typical granite is seen to be ooarse-grained
and véry salic, with quartz and feldspar in approximately equal amounts.

In all the slides studied orthoclase was the dominant feldépar being about
ﬁwice as abundant as the other acid feldsparé, namely, acid oligoclase,
and rarely albite and microcline. The mafic content is largely biotite,

considerably altered to chlorite, tbgether‘forming less than ten per cent.



11
&1l the sections showed clear evidence of éiliciﬁication, and frequenily
were cul by quartz striugers. Bpidote is present in sbme regrésentimg &
hydrothermal alteration of the Teldspars. This epidote is sometines well

developed occurring us fairly large masses. In the finer grained phases of

the granite, representing the chilled contact, the epidote is guite dig-

In the cosrse granite the large felds ars apparently formed ready natis

for tue hydrotheimal solutiosns so thet the epldote ocours eutirel

k¥
of

these minerals. There is also anund

L oevideunce of sericitization of the

i

feldsyers which arve as & result often clouded with sericite. This process
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no doubt occurred along with 4

colpion inm the feldsyers, as

out-the rock,

Pieocliroic halos are common in the viotite und seem to owe thelr
origin 4o titanite, which in & few coses was npticed elsewhere in the
granite sections, sometimes undergolng a breakdown in%o wn anorphous

mass. Apatite is a common accessory but is not the ceauser of the halos in

biotite. Kagnetite and pyrite are usually present. The epidote ig

usually colorless or «lmost s0, but in a few Ccases where 1t has developed im

the ueiguborhoou of u materials 1t is gfeenish and pleochroic.

The typicsl Creighton graanite may therefore e sumnmed up as an
aphanitvic rock, conbtaining shundent well developed feldspars, dominantly
orthoclase and acid oligoclase, which has peen moderately silicified, the
latter action tending o produce a granular mass of tde'feldspars. Hydro-
thermal action has clouded the fgldspérs with sericite, epidote snd some
calcite. The domposition was found to be guite uniform an@ dmy be ex-—
pressed in per cent as follows: Quartz—-40, Feldspars—--45, Biotite and

Shilorite--5--10, Bpidote--0--0, valclte-~2, Magnetite, Pyrite, Apatite

and traces of Titanite.

.

3

Some pliases of the granite have as low as twenty per cent gua

te with

[




iz
resultant increase of the feldssars. Two sections of a yuartz-dioritic
Qﬂase were also studied, and were found to be very uniform although coming
from widely separated places. Hornhlende forms a littlé over ten per
cent with bilotite slightly less common. Heldspars form about fifty per
gent and quarﬁz thirty per cent. The feldspars are here more highly

epldotized than elsewhere., Apatite is guite abundant as an &CCeE80IY .
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THE ROAD VOLCANIC CENTER

What is herein described as the Road Volcanic Jenter is a relatively
high area which abruptly cuts across the south end of the lurge valley
ocoupled by the Missi. 1t is therefore a pronounced topographical feg~
ture which does not readily £it in with the linesr ridging to the north,
southh and east. Likewise the geology is quite different from thed in any
of these localities. There ére a great variety of materials including
innumerzole small isolated Dblocks or areas of many different types.

There sre some relatively large areas which are clearly intrusive bodies
and also numerous dykes. Some mésses are clearly lavas, others are
vedded tuffs ana some are exploslve breccias. There are other peculiar
brecciss some of which aypear to be intrusive.

In many places the rock varies greatly in texture which in part is
clearly due to original wariations and in parf appears to be due to altera-
tiou. Por instance hormblende, or garnets and chlorite, or epidote in
places with quartz, are abundant along certain lines or cracks, or in
certain irregular centers, and decrease in ﬁumber or size of crystals
away from these; thus suggesting alteration around holes or cracks, which
in part may nave been fumaroles or breaks along which vapors and gases
escaped to the surface. Near these and elsewhere tuere is much rock with
& bleached appearance and as s comsecuence there are gra@atipns into
various other types of materials. There are so many types of materials
and 80 meny intermixtures that it 1s quite imgossiole t0 describe all.
The poundaries are 4o a large exbtent exﬁremély irregular. 3Some extrusives
have many irregular offshoots and some rocks present an appearance Sug-
gesfiug that they had veen stirred tégether when 1n g plastic stabe,
Closely associsated blocks of bedded material often show widely differeut
orientations.

In a number of places many small faults are observable but do not

form any recognizable systein. They resresent in the main block Ffaults




They represent in the main block faults and there is no evideuce of
major faulting;' These occurred «t several different times, effecting
even the youngest intrusives,

From this mgize of wmaterials certain features stand oat-clearly.
Along the north-western edge opposite the Creighton granite are hard
light gray puyolitic materials which have the sppearsnce of chert or
porcelain and are similar to rocks found slong the contact of the granite
and in dykes related to ite: These same rhyolites occur elsewhere in the
volcanlc center and are even denser and more like porcelain. They are

especislly common in peripheral regiouns but also occur as altered rem=—
nants withic. This type of rhyolite in the field was termed "porcélain
riyolite "

M

The wost prominent rock of thls area is another rhyolite which was
termed ”hornblende‘rhyoliﬁe" due to the presence of hormblende which

in many pleces is very abundant. This rhyolite more or less formns the
central sore of the'volcanic center aud where 1t occurs in intrusive
contact with the porcelain rhyoliﬁe can be seen Lo be later. Somelbimes
there is a gradation belween the two %ypes Lo a dirty light gray rock
differing from the porcelain rihyolite only in the presence of hornbvlendc.
plhase was found to represent the earlier

thie later horunblende mabterials.

In many places tnese materials in their massive form grade to

breccia which has indef

ate to definite fragments. These in part aopear

60 be intrusive, the fragments representing materials thet have cogled
more rapldly and therefore are Larder and liner grained. Definite ex-~

plosive breccias are common, many of which have been pleked up by later

of alterstion, and representing both types of rhyolites. The typical
Jorcelain rhyolite breccla vonsists of large angular Iraguents of this

white wezthering rhyolite in & green sroundnass.




i5
Otners shovw [ruguments verlously rounded and assimiléted. The horn-
blende rhyolite breccis shows siuiler occurrences.

Together the rhyolites ccoupy most of the porthwestern and western
part of the area, snd ocour throughout the sdﬁﬁh@astern part inlrelatively
smaller masses. The field evid@nce suggests that they regresent plugs
or necks, dykes sud remmants of;ﬁhese, gud theat they were developed near
the surface.

‘They are altered in places in the manner generally found in this
locality, garnets sometimes being very common. This material is cut by
stringers of epidote and, epidote and quartz. In some‘irregularly oval
areas it was noted that from edgntiy rock of hoinblende rhyoiite, there
was a gradation towards the center to bluish rhyolite showing no horn-
blende, to light buff mateiial, and finally t0 a core of epidote. Many
other peculiar features were noted. |

Microscopically a gradual transition has been traced from the chilled
granite contacts, through)a finer-grained phase (rhyolite) from the edge
of the volecanic center opposite the granite, to ﬁhe typicél dense por=-
celain rhyolite. A section of the rhyolite from the edge of the volcanic
center is very similar to the chilled granite, which occurs opposite it
acrogs the small intervening draw, and the latter seems to definitely
represent a deeper seated phase of the former. The minerals present and
the alterations in each are indentical and they look alike texturally.
The mafic content is higher in the rhyolite possibly in part at least
due to contamination as the rhyolite was int:uded in the country rocke.

In other places the rhyolite is exceedingly fine-grained and its com=
?osition is ideuntical with the granite., Apatite was obsérved as an ac-
gessory in some of the rhyolite also.

The hornblende rhyolite is medium fine-grained and contains as a

rule less than twenty per cent hornblende as large moth-eaten phenocrysts.

Minute needles of chlorite occur sparingly in the groundmass.,
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Magnetite and‘pyrite sre quite common, and apaﬁite is an accessory.
Garnets were present in two of the slides studied from the central part
of the intrusion of this :hyolite.

These rocks cut and intensely alter the rocks logically assigned to
the Missi series which occur within the volcanic center. They also cut
and include blocks of green volcanics which are believed to be remnants
of the Lower Flin Flon series. These occur mainly in the south and south-
eastern sectioﬁs. éreen dykes may also be cut by the rhyolites. These
rocks clearly represent more than one period of intrusion.

Besides these light gray intrusives there are materials of various
‘shadeé between these and dark greén and graye. These in part are due to
alteration of some of the other types but some hay also represent separate
intrusives bodies in a sequence from the light gray to the dark green
intrusives.

In the eastern and south-eastern one-third of the area there are
numeréus jintrusive bodies of green rock, some up to one thousand feet
long by one hundred feet wide. They are of very irregular shape mainly
tending toward lenticularity but with many irregulér offshoota. The
larger bodies are suggestive of necks or plugs. There are smaller bands
or dykes which likewise are irregular‘andvrafely éhow any continuity.

These rocks definitely cut the rhyo;ites already described; though rhyo-
lites and gquartz porphyfies of similar appearance of still later age are
xnown and which also cut the Middle Flin Flon serieé which wiil be des-
cribed later. Some éhow chilled edges. There is a sequence of these
green rocks, at least three distinctly differing ages and types being
readily recognizable and there seem t0o be more.

The rocks of this later series are in places indistinguishable from
the Upper Flin Plon rocks and possibly earlier intrusives related to

these. Oné of fhe oldest of the later green intrusives is a peculiar

spotted material.
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It has 1igh§ greenish gray sPOfs or phenocrysts of feldspar mainly about
one-~quarter inch in diameter and in most places making up by far ﬁhe
greater part of the rocke. The matrix is green and the whole has a faded
or bleached appearance and is fairly uniform in texture. The long ex-
tension to the south is entirely of this material,except fér some later
dykes.

There are a few other areas of fair size, all of which appear to be
smallrstocks or necks. This type of material is thq most extensive of
the green intrusives. Other somewhat similar materials mainly of later
age also occur and this gemeral type of porphyry was intruded at
several periods. Dykes of this type were noted beyond the volcanic
center, in the Lowér, Middle and Upper Flin Flon series, to thé north,
oast and south. To distinguish it from other porphyritic green intrusives,
this pale bleached porphyry was termed "pale-face"” diorite.

Microscopically the "pale~-face" is“seen to cénsist of forty-five
to fifty per cent large aitered feldspar phenocrysts, in a groundmass
of quartz, chlorite and some altered feldspar. The feldspars have all
been highly saussuritized and in one case seemad'to represenﬁ andesine,
0ld twinning bands being faintly discernable. The ssussurite is dominantly
ioisite, with epidote, quartz and calcite. The phenoorysts hgve no
regular shape due to‘alteraxion processes., OCalcite is common as stringers
cutting everything else. Typically this rock does not qontain any
hornblende, possibly only due to complete alteration to chlorite, but
phases closely allied to it, of less altered parts, have from five to
twenty per cent with the resulting decrease in chlorite content. Chlorite
is common altering also from biotite.‘ The composition in per cent is
approximatelys Quartz—-SO, Saussﬁritized Peldspar--50, Chlorite--10--15,
Hornblende-~0=-~-20, Epidote, Titanite, Biotite and considersable Calcife.

This rock therefore may best termed a Quartz diocite.
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The other 1a£e green intrusives show great variety in texture and
c¢olor which in part is due to differences in the size of the bodies and
position relative to the contact, for in the larger masses there can
be seen a gradation from coarse or porphyritic texture in the center,
to fine or dense texture at the contact which is usually of a different
shade. The masses are usually relatively small, that is less than fifteen
feet wide and fifty feet long, and of irregular shape. They were noﬁed
beyond the volecanic center as well as»within it, being quite abundant
to the east., Becsuse of similariﬁy to extrusives in the upper division
they are not readily distinguishable. None were noted that were con-
sidered to be a likely source of any la;ge quanitiy of extrusive material
but they are probably related to nearby necks which must lie t0 the east
or south~-east,

Some of these green intrusives are definitely known to cut the "pale-
face“'and some of these show the same alteration of the feldspars to"
sauséurite. One such rock has smaller phenocrysts with clear cut out-
lines. Interlocking with these are coarsely crystalline masses of horn-
blende, -Titanite is very common buf altering to an amorphous mass due to
hydrothermal effects. Another similar porphyry has the phenocrysts form=
ing less than twenty-five per ceat of the rock, in a groundmass of equal
proportions of quartz and hornblende with some feldspar and ofher minerals
of minor importance. |

Another type cutting the "pale~face™ is not porphyritic but shows
a high degree of hydrothermal élteration*with the development of abundant
epidote which probably replaced the feldspars of the groundmass. This is
the only intrusive which has abundant biotite. Hornblende occurs as a
late development. The composition in per cent is as follows: Quartz~--30,

.Epidote-—ss, Biotite--25, Hornblende--10, and some magnetite.
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Other green 1ntrusives show no extensive hydrothermal alteration
and'in part are definitely known to be later than some of the intrusives
cutting the "pale-face" and may all be later. One consists of sixty-
five or seveﬁty per ceﬁt hornblende the remaingder being quartz and pos-
sibly feldspar, with a little epidote and traces of titanite. Other
gimilar infrusives contain about forty per cent hornblende and ten per
gent chlorite, with duartz and feldspar together, about forty.per cent.
Basic oligoclase was definitely identified in one of these. Such rocks

as these probably represent the last voleanic activity of this center.
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THE

CLUB LAKE VOLCANIC GENTER

The Club Lake Volcanie Center occurs southwest of Club Lake at the
northﬁestern limit of an extensivé outerop area. It is marked by a ﬁill
with a steep to vertical northwestern slope bordering a swamp which in
the main marks the contact between the Missi and the Flin Flon series.
The base of the c¢liff here may also approximately mark the'dontact but
if this is so 2 minor anticline lies to the west for on a small outcrop
in the valley only the western half is Missi, the eastern half being
made up of rocks related to those of the cliff which are post~Missi.

The Club Lake Volcanic Center is a complex which shows rocks of
many different textures and colors badly intermiied. Contacts are both
sharp and gradational. The area outlined on the map is largely coarse
textured gray to pink grénitic material. This rock besides occurring in
a central rounded mass has a long~wedge-shéped protrusion extending south-
westward along the bedding. The oﬁtcrop in the valley shows someigranitic
material, some induration and'granitization of the Missi; and probably
closely underlay or was at the outer limit of the granitic intrusive
body. The absence of outcrops between this area and the cliff however,
suggesté that the connecting link was thin and probably like the southward.
protrusion. From these data the mass would appear to lie in the Flin
Flon series jﬁst above the Missi and to have a mushroom or laccolithic
éhape so far as the southern and western extensions are or were concerned
since the latter is now largely removed by erosion. The abrupt cliff
suggests however that the core area as now exposed may be the top of a
neck extending down into the Missi. Some granitic or rhyolitic dykes
west of the Missl on the oprosite side of Creighton Creek, may be re-
lated to the Club Lake mass.

In a few placés the granitic material shows sharp contacts but
mainly the contacts are gradationale. The protrusion southward grades
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from coarse to fine granitic material, to dense green rock not dis-
tinguishable from enclosing voleanic rocks which in part are bedded and
in part explosive breccias so are clearly extrusive., 1ln places around
the core area the granitic material grades to and becoﬁes irregularly
mixed with indefinite inclusions of dense rhyolitic material., Outward
the rhyolitic material increases in sbundance and the granitic material
eventually disappears,--usually within something like ten feet. Beyond
are indefinite dyke-like bands of rhyolitic material of a light greenish-
gray color and a peculiar brecciated appearance. The fragments are very
poorly defined and the appearance suggest that as the magma moved those
parts which toﬁched the walls cooled rapidly to a very dense material
which however was carried along and intermixed with the liquid material
until eventually the whole mass congealed.

These features indicate that the magma was injeetéd under conditions
permitting of extremély rapid cooling around the contact of the core and
beyond. Presumably it was very close to the surface.

Within the central core the granitic material shows a wide range.

In places it is a fresh pink to gray coarse textured granite such as

) ﬁight be found in any plutonic mass. This material grades through various
stages to dark gray materials of a mieéceous schist or coarse-textured
igneous rock aﬁpearance and to the cherty rhyolite already described.
The dark gray material especially the micaceoﬁs schist appears to grade
fo dark gray and. green voldanie rock such as occurs around the mass in
places. OUver much of the area the darkx rocks and the light granitic
rocks are intimately intermixed. in places the dark materials occur in
definite inclusions and these appear to be of volcanic rock in various
stages of alteration. Elsewhere the two types, largely including the
igneous textured phase of the.dark material, are intermixed in such &

way as to suggest that they were stirred together in a plastic state,
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Immediately tb the south of the Club Lake Volcanic Center and
direcfly on the Missi isAa very considerabié thickness of very coarse
explosive breccia. Similar material may be represented in the small
outerop in the valley to the west. The character of this material clearly
indicates that it was very close to a vent and as the abundance and size
of blocks decrease very rapidly toward the south it is clear the vent must
have been to the north. The breccia contains materials ranging from
granitic to rhyolitic textured material similar to those of the center
to the north; it contains matérials similar to the indurated and altered

Missi, and green volcanic rock. All of these featurgs are exactly what
might be expected from an explosivé eruption in the vent to the north,.
Overlying this basal breccia is a series largely of rhyolite flows and
éxplosive breccias containing rhyolitic fragments. In general lithology

and in many detailed respects such as the abundance éf small pyrite
crystals or pseudomorphs of iron oxide after pyrite these extrusives re-
gemble the intrusivesof the volcanic center. TMurther it is clear that
the thicikmess of these rocks greatly decreasedtin both directions away
from the vent., There is therefore no doubt that the Club Lake granite
occupies a vent which was the.sourée of these extrusiveé. :The material
within it now of course represents the last intrusion which'may never
have reached the surface and which naturally might be expected to
differ from the earlier extrusives of the series surrounding it.

Surrounding the voleanic center there are many dykes related to
it. These are largely small, irregular and indefinite and not readily
distinguishable from the rocks they cut.

Within the volqanic centei and near'by there is much evidence of
- alteration some of which has.already been presented., It seems clear
that blocks from the intruded rocks were enveloped by ﬁhé magma, éltered

and assimilsted in a manner similar %o that observed in modern volcanoes,
Besides there is evidence of alteration nearby suggestive of being the
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result of escaping vapors. Along cracks and in zones the rocks are
distincetly reddened. Hormblende needles show up fairly abundantly
and are probably the result of alteration.

The relationships clearly show that the intrusion and volcanic
activity was post-Missi and of Middle Flin Flon age.

Mieroscopically the Club Lake'graﬁitic‘body is clearly related to
the Creighton granite. Its coﬁposition in per cent may be expressed
és follows: Quart z=-35-~40, Peldspar--50, Epidote—-l——lo, Biotite
(Chlorite |--8, Magnetite and ?yrite up to--3, Calcite, Apatite and
rarely Titenite. The feldspars present are orthoclase, albite and acid
oligoclase.

The feldspars show slight degrees of sericitization and epidotiza~
tion, and sometimes contain introduced calcite. OSilicification is more
prominent in this series than anywhere else and all stages of this

‘alteration are present., When this alteration is very slight the feld-
sgars become very faintly‘granular, whereas when extreme a complex
granular body of quartz and feldsPar is produced.

The dark phase in this granite is similar but contains about
forty-five per cent hornblende, alteriﬁg slightly to green biotile.

No epidote or calcite occur in this rocks. Very similar to this phase
are certain dark green dykes which cut the Surrounding country rock.
Hornblende forms about twenty—five per cent and biotite ten per cent.
Silicifications is evident. Quartz porphyry dykes also occﬁr which are
related to this volcanic center. The groundmass is very fine and
gericite is quite commone. The quarté phenocrysts are uncommon but
large and have been fractured and injected with later quartz.

The green volcanics contain abundant introduced epidote and con-
sideréble magﬁetite. They consist ofififty per cent quartz and feld~

spar, twenty per cent hornblende and twenty-five per cent epidote. The
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schist which grades to the volcanics contains about thirty per cent
biotite and chlorite and slightly less calecite. Introduced pyrite is

present in place of magnetite. This schist may in part be tuffaceous.
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MIDDLE‘ELLE_E;gg_;ﬁg}g;gﬂ

The Middle Flin Flon series of volcanics is contimmous from the
southérh limit shown on the accompanying map, northward for more than
six thousand feet. South of the Road Volcanic Center, the Middle

Division rests on the Lower Division. The top of the Lower Division
iﬁ most places where exbosed is found to be very rusty. The rustiness
extends for a depth o: two feet in places and much more, locally,
along cracks. The rusty zone in places is highly sheared and very
soft. No rustiness occurs in the basal part of the Middle division
s0 this zone is considered to be a weathered surface.

Northward from the Road Volcenic Center the Middle division ex-
cept for possible isolated patches of the Lower division, rests with
angular undonformity on the Liissi. The anéle in one place was measured
at 20°. Far to the north beyond the Club Lake Volcanic Center, the
Middle Flin Flon again rests on the Lower division. It is notable that
in the séctioﬁ where the lliddle division rests on the Missi, the‘trend
of this formation, of its basal contact, and of the contacts between
other formations stratigraphically below this, shpw a well defined
swing toward the east as if they had been bulged out in this direcition.
Further, in this section for a distance of about one mile north of the
ﬁOad Voleanic Center, the basal HMissi ie more highly sheared than to
the north suggesting it had been subjected to some extra folding.

The bulge comes in the area where the granite also bulges to the east.
These features suggest that the surféce of the lissi where it is over-
lain by the Hiddle division was higher than elsewhere and that it was
bulged up in an anticline. This may have been formed by the intrusion
of the granite. A

The uower division of the Flin Flon Series may have been continuous h
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&t one time. 1n fact this seems most reasonable since in part it is
tuffs and breccias that would have been laid down everywhere. 'here-
fore part was probably eroded away'and deformation may have occurred
prior to the depesition of the middle division. At any rate the
evidence indicétes that the iiddle division is in'angular unconformity
with the Lower division. Along the contact in one place the beds of
the Middlé division éppear to overlap to the north as if laid down on
a slope.

In the area of the Road Volcanie Center, the Middle series is
badly broken up through faulting and later intrusion. fThe lower part
occurs mainly as isolated masses within‘the eastern thifd of the vol-
canic center area. Patches occur also along the southern side and up
the west side in & narrow band possibly t0 the gully‘separating this
area from the Creighton granite, as in this section there are some
amygdaloidal rhyolites,‘some breccia and some evidence of bedding
suggesting that these rocks here are extrusive, Immediafely to the
south of this volcanic center there is a consideréble mixture of
materials Which probably includes isolated patches of the Lower divi-

sion volecanics and intrusives.

The Middle Flin Flon rocks are largely rhyolitic ektrusives. The
basal member whidh 1sunot continuous is an explosive 5reccia. This
contains sharply angular ﬁlocks of materials ranging from coarse tex-
tured granite to dense rhyolite.‘ Complete gradations between the two
types dan be found in the various blocks. There are also blocks of
green volcanic material and of other materials which in appearance,
texture and oompositién 80 closely resemble indurated and altered

Missi as to be considered as derived from this formation. 4 variety
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of other materials also occur. The matrix is a fine green tuffaceous
material and in places the blocks are absent, only the green tuffs
occurring at the base. The sharp knife-edge angularity of many
blocks, intermixture of a variety of types of these, and many other
features indicate clearly that the breccia is the result of an ex-
plosive erqption. In places there are boﬁbs: irregularly ovaloid
masses up to two and a half feet long, of rhyolitic materials which
show a dense cherty chilled edge of equal thickness all around which
grades to a much coarser material in the center. Locally the Basal
member appears to be conglomerate and contains rouhded masses of chert,
‘quartzite and fine cohgldmérate.

The physical appearance of‘many of the beds is exactly similar
to much of the intrusive materisl in the voleanic centers and to the

Creighton granite.

A fine grained phase &f the basal breccia wasg studied microscopi-
cally; Fraéments of a very dense rhyolite occur in a tuffaceous ground-
mass whiéh ig fine grained in part and made up of méterials similar to
the fragments. This mater?al alternates with coarse.bands rich in
biotite. The frégments have a cloudy groundmass due to minute grains
and specks of magn;tite and flecks of biotite. Epidote is also common
and there are a few ﬁhenocrysts of orthoclase so that the material
closely ressembles the earlier intrusive rhyoiites of the Road Volcanic
Center.

One granitic fragment from fhe basal member probably represents a
feldépar porphyry. A few large phenocrysts of orthoclase and oligaclase
occur in a fine graihed groundmass of quartz and feldspar, Silicifica-
tion is extensive. Except for quartz being moré abundant than feldspar,

the rock ressembles the Creighton granite.
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Another granitic fragment was téken from imuediately south of the
Road Volcanic Center. It closely ressembles phases of the Creighton
granite that are low in Quartz. The feldspar is dominantly orthoclase.
Sericite end calcite are common within the feldspars. uraphic inter-

growths are present.

In the series there are other similar breccias which however show
_blocks almost exclusively of rhyolitic materials in a green tuffaceous
groundmgss. There are light gray well bedded rhyolite tuffs‘which
generally show considerasble hornblende. Bhyolife flows which are
amygdaloidal and vesicular in many places also occur.‘ Rarely they
show rounded quartz phenocrysts. Some breccias contain distinct to
indistinet light gray rhyolitic fragments with considerable hornblende
in both fragmentsland matrix, and passing from one to the other.
Locally garnebts were noted in both materials also.

Intefbedded with the light gray rocks are green materials which in
the méin seem tq be tuffs but some are flows. Pyrite or pseudomorphs
of iron oxide after pyrite océur in rocks of this series in fair abun-
dance. |

The slide studied of the smygdaloidal rhyolite 4id nob show any
amygdules but a primary flow structure was evident. Silicification
is extensive and epidote stringers comnon. Biotite and a little mag-
netite form about twenty per cent of the rocks. The section studied
of the green materials azppears to be a very silidified flow. Horn~-
blehdé forms about forty per cent, as well formed elongated crystals
of late development. Much calcite has been introduced, and there is
slight epidotization of some of the feldspars. The uppermost beds of
green tuffs consist of about twenty-five per cenﬁ hornblende which has

developed at the expense of the abundant chlorite and possibly also some
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epidote. Feldspars sre evident and usually have epidote masses or
crystals Within.

Hornblende as a late development is displayed also in the breccias,
here cutting across both groundmass and fragments but being less com-
mon in the latter as they are more dense. The fragments are very similar
_to the rhyolites of the Road Volcanic Center. Apatite occurs in both

materials. Fpidote and garnets are also present.

The series and the materials of the series show a wide difference
on either side of the Road Volcanic Cehter and change materially eway
from it., The bfeccias are much coarser and thicker near the volcanic
center, and coarse textured granitic blocks, up to one and a half feet,
were noted here only. Going north the sizé and the number of blocks
gfeatly decreasgs until only tuffs were noted beyond fifteen hundred
feet. OSimilarly the other mémbers of the series become thinner or
change in character so that for five hundred feet beyond the fifteen
hundred foot point there are only green materials, 1argely clearly
tuffs, and the series is thin. It is notable that this change cor-
responds to the bulge in the Miséi and reaches its maximum at the
point about equidistant from the two areas of the Lower division, this
again supporting the idea of an upwarp of this areé in post-Lower
division time and suggesting the presence of a hill here during de-
position of the,bpper division.

South of the Road Volcanic Center the Middle division is consider-
ably thicker and contains much more of the light gray materials and is
mainly rhyolite flows and explosive breccias. The breccias occur

both near the base and the top of the series. They are definitely
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finer towards the south but studies have not continued far enough to
state conclusively that this is a consistent trend, .

Interesting and peculiar features were noted at the northern end
of thé isolated southeéstern area of this series. At the edge of the
outerop there is what appears to be a dyke breccia. It is made up of
indefinite and definite fragments varying from dense cherty rhyolite
to coarser quartz porphyry which occur in a similar matrix. To fhe
north are some isolated patches of similar materials which appear to
lie on top of the Lower Flin Flon series. Going southward on the main
occurrence the dyke-like>a@peérance becomes less clearly definéd, and
beyond an area of drift similar breccia occurs in the series which is
clearly extrusive. The materials are similar to the Creighton granite.
It therefore appears that granitic magma escaping along a fracture near
ﬁhe surface was so rapidly chilled that those parts which came in con=
tact with the walls were almost immediatley solidified but by the force
‘of intrusion were carried on and eventually the material flowed out
on the surface,

The relationships and the microscopic determinations indicate that
the rbcks of the Middle Flin Tlon éeries near the Road Volcanic Center
were derived from this sdurce.

From the gap fifteen hundred to two thousand feet north of the Road
Volcanic Center, breccias and flows again come in, increasing remarkably
in abundaﬂce toward the Club Lake Volecanic éenter. The basal breccia
in particular is well exposed'and in the short distance of sixz hundred
feet becomes very thick and very coarse. Blocks up to four feet in
‘diameter were noted, There is an abundancé of coarse granitic textured
rocks. 3By far the greétest development of this type of breccia occurs

Just south of the Glub Lake Center, as it did south of the Road Volcanie

Center suggesting that the prevailing wind during both eruptions was



31
southward.

The Middle Flin Flon series in the.vicinity of the Club Lake
Oenter is very similaf to that near the Road Center but 6wing‘to less
étudy, more difficult structure and pocrér outcrops,'a less complete
picture of the formation has been obtained. To the east the series
appears to thin out, to contain less of the 1ight gray rhyolitic
materials and finer pyroclastics. The rhyolites in the Club Lake
section seem to have a-iarger quantity of pyrite or of péeudomorphs
of iron oxide after pyrite. The same peculiar breccias with indefinite
and definite fragments of various texture in a similar matrix as found
to the south, occur here. The hornblende bearing rocks were not noted
to anything like the same extent here as to the southe In general it
seems to be clear that the éxtrusives in the north came from the Club
Lake Volcanic Center.

The two volcanic centers although differing from each other are |
both 6lear1y related to the Creighton granite and are both of approxi-
mately the same age. Evidence points to the Road Volcanic Center being
somewhat earlier than the Club Lake Center, and therefore might well be
more basic. Furthermore the former was probably formed before the final
intrusion of ﬁhe Greighton granite into its present position and is
probably closely éllied with certain earlier phases. This accounts
for their close proximity but slightly varying nature.. The Club Lake

Center on the other hand probébly formed when the main mass of the
Greighton came into its present position and thus is almost identical

with it.
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UPPER FLIN FLON DIVISION

The Upper Flih Flon division occurs along the west shore of Flin

Flon Lake. It rests in all localities on the Middle division though
td the north near Little Flin Flon Lake the Middle division appears to
be thin and not reédily récognizablé, and may even pinch out. The
relationships between the Upper and Middle divisions were carefﬁlly
gtudied throughout most of the length of the contact. WNorthward and
' gouthward from the Road Volcanic Center they appear to be conformsble,
but to the east the relatiomship appears to be different. ln one place
the Upper division strata appeared to successively overlap those of
the-Middle division and the attitudes of strata in the two divisions
appeared to be quite different. The relationships strongly suggested
that there had been & hill in this location at the beginning of Upper
Flin Flon time and that some erosion and possibly some local deformation
_ﬁad téken place here. The presence of faults of different age cutting

the green intrusives fufther supports the suggestion of deformation.

.What has been included as the top of the Middle division in some
places, a breccia made up of rhyblitic fragments in # green matrix may
more properl& belong to the late period of volcanic activity represented
by the rocks of the Upper division. Above this there is a thick series
of green volcanic roéks which are in fhe main tuffs, in many places very
well bedded. There are some breccias with green fragments in a green
matrix, and some flows which in places are amygdaloidal ‘and show pillow
structure. In the section above this basal part there are similar
materials with a variety of interbedded breccias and flows. The

breccias are in the main readily distinguishable from thoseof the

Middle division though some have light gray fragments in a green matrix--
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like those in the lower series; In the Upper division the light gray
fraguments are only in part rhyoliﬁe like that in the Middle division.
Many of them especially higher in the series are distinctly quartz
porphyry and some contain 80 many small rounded quértz phenocrysts,
possibly in places amygdules, as to have the appearamnce of sago pudding.
In addition there are generally many green fragments, some which are
éxactly similar to the coarse porphyry found in the Road Volcanic Center.
Others are lightly to thickly spotted with round spots of quartz, quartz
and epldote, or epidote. These are in the main very irregular in shape
and probably were originaliy Jjagged pieces of highly vesicular lava or
pumice,

Generally these breccias are cemented by soft green tuffaceous
material and were'clearly the products of explosive eruptions. About
the middle of the series west of the lake there is a considerable zone
of breccia carrying quartz porphyry. Next to or within this zone there
are irregular thin bands of quartz porphyry ﬁhich in part are probably
flows. In the series there are other flows which have a texture in
part exaétly similar to the coarse green porphyry of the Road Volcanic

Genﬁer. They show definite pillow structure»with the pillows in places
entirely of porphyry and in other'placesvwith only the center showing
many phenocrysts. In places they weather decidedly vesicular. Other
| green flows some shéwing pillow structure also occur. In places the
flows passing to a breccia suggestive of flow breccia. ‘There are some

well bedded tuffs which also have a texture much like thé goarse por-

phyry.

The flow studied microscopically from the basal part of the series

appears to have been a porphyry but has been subjected to & high degree
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of chloritization effecting both the mafic materials and the feldspars
so that chlorite now fofms over fifty per cent of the whole. The
feldspars are ;mst probably oligoclase. Introduced calcite is abun-
dant and there is & little hornblends of late development.

Higher in the series other flows are common.. One.ofbthese contains
1arge‘phenocrysts of feldspar and hornblende in a medium~-grained ground-
massg of.quarpz feldspar and chlorite. Oligoclase is the dominant feld-
spar but orthoclase is also fairly abundant, Calcite has been introduced,
The composition in per cent may be expressed as follows: Quartz--20,
Feldspar-~45, Chlorite~--20, Hornblende~--10, Calcite-~5, Biotite, Magnetite
and Epidote.

Another section of similar material possibly represents a pillow as
two phases of the same material are present. One phase is fine-grained
and. composed dominantly of minute needles of hornblende, and contains
numerous calcite amygdules., The other phase is coarser and contains less
hornblehde. Feldspar phenocrysts occur commonly in this material, while
only one occufred amonggst the fine-grained phase. The feldspars of the
groundmass were identified as oligoclase but are very indistinct due to
considerable epidotization. In the field these flows texturally res-
semble some of the green intrﬁsives of the Rosd Voldanic Center and
mioroecoPIcally they are somewhat similar, Correlation however is made
impossible by the high degree of alteration suffered by these intrusives,
but it is not unlikely that they are’ related,

One section studied seemed to represent a flow breccia, fragments of
a hornblende rich material with feldspar phenocrysts occurring in a sili-
ceous groundmess with abundant coarse brown bilotite. The hornblende occurs
&8 a multitude of fine needles surrounding the slightly epidotized feldspars,
Other areas in this rock consist mainly of coarse hornblende altering to
biotite and may represent foreign material which has glven rise to much

of the biotite of the groundmass,
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.Wbll up in the series, the breccia fragments are rather peculiar,

haying been 80 highly epidotized as to make their identification impos~
sible. Oﬁe section of these showed a very coarse aggregate of quartz and
epidote with traces of biotite, chlorite and calcite. Another could
definitely be spotted as a lava as it had abundant amygdules of epldote
and quartz together. The groundmass was also of gquartz and epidote but
fine-grained. Traces of chlorite and some hornblende needles were also

present.

Along the shore of Flin Flon Lake, about fifteen hundred feet north
of thé'large island, in what is probably the highest part of the series,
rocks of a different type are exposed. Here grains of quartz and feldspar
occur in a green groundmass. The quartz“grains up to one-third inch
in diameter are rough and irregular, or ?ounded, or show distinct
crystal outlines. They raﬁge from very abundant to rare and absent
megascepically. Mahy of the gralns are distinctly blue and some are
as vividly blue as found anywhere. 1In places the rock shows well de~
fined pillow structure; elsewhere it‘has distinct textural differences
suggestive of tuffs. The material certainly éﬁpears to be extrusive.

Agsociated with this ére darker green and gray rocks with white, red
and green amygdule~like masses.

Two of the sections studied were rhyolite porphyries. The ground-
mass is fine-grained and contains large phenocrysts of féldspara,
gquartz and knots of quartz. Inclusions are common in the feldspars;
mostly biotite, epidote and apatite. OSilicification is evident being
alded by fracturing. Garnets were present in one of the porphyries.
Ghlorite, biotite, hormnblende and epidote are quite limited in abun~-

dance. Another of these late rocks was 8lightly more basie, coarse
brown biotite forming twenty per cent with chlorite, hornblende and
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epidote in equal proportions about fifteen per cent. The hornblende
and epidote are of late development and well'crystallized, but are
prior to the silicification which introduced some calcite. The struc-
ture and composition of this rock is quite suggestive of one'of the
greenish intrusives of the Road Volcanic Center although of course

much less altered,

Throughout a large area lying mainly west of the northern two
thousand feet of Flin Flon Lake the volcanics of the Upper division
including the highest just described, show hornblende needles, in
 places very abundant. Northward and southward they were not noted or
were less abundant. These crystals are of secondary origin possibly
due to alteration by hearby intrusion or volcanic activity. If this
is true it affords a clue as to the center from which some of‘these
later volcanics originated. Further it was noted that>explosive breccia
was much more abundant in thé“series east and south of the Road Volcanie
-Center than to the north. In view of the various features described
it is believed-that the Upper division of the Flin Flon series is
closely related to the green intrusives of the~RoadAVolcanic Center,
and that part came from the necks there exposed and the remainder from
other vents sbmewhax to the east down the dip obscurred below the sur-

face by extrusives.
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RHYOLITE AND QUARTZ PORPHYRY DYKES
— - OF . -
POST~CREIGHTON GRANITE AGE

Within the Creighton granite end in the Upper division of the
Flin Flon series'there occur rhyolite and quartz porphyry dykes which
ére similar to those related to the Creighton granite. They differ
however in that though some sﬁow no phenocrysts of quartz most are
distinctly porphyritic, whereas the earlier rocks though rarely show-
‘1ng phenocrysts usually show none. Also the later rocks were not noted
to show the abundance of small crystals of pyrite or pseudomorphs of
iron oxide after pyrite found in the earlier ones. They are commonly
light gray and cherty in éppearance. Most of those within the Upper
Flin Flon series are very irregular in shape and relatively small in
éize.j They are commonly lenticular, rarely tabular in the surface ex-
posures; and therefore many be tongue-like in underground extent. The
material of which they are composed is not féadily distinguishable |
from that of bloéks in the explosive breccia in the middle part of the
Upper Flin Flon division, or from that of bands nearby which are believed
to be flows; Some féllow the bedding and are not readily distinguishable
from flows wheresas others cut directly across the strata. These fea~
‘tures suggest that these dykes and sills are closely related to the
rhyolite and quartz porphyry extrusives.

In some of the dykes in the Flin Flon series, the quartz pheno-}
crysts are distinctly blue. 1f this chafacteristic is original it
suggests the possibility of relationship to the upper part of the
Upper division. Some dykes carry fine grains of feldspare In some
there is a banded texture as if the dyke is due to repeated injections.
Quartz ocours abundantly in some, as stringers and irregular masses.

These dykes are altered and carry hornblende needles in Places as do
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most of the surrounding rocks. They are sheared to about the same
extent as the voleanics in which they ococur. These features further
support the belief that the dykes are of about'the same agé as the
enclosing extrusives.

In the aresa of the Cieighton granite about forty-five hundred feet
north'of the east end of Creighton Lake theee.arg some gquartz porphyry
dykes which cut feldspar porphyry d&keSs The quartz prOphyiies, sdme
of which show feldspai phenbcrysts also, are fresh and young in ap-
pearance. They are similar to those describad-above and may be related.

Microscopically in all these dykes, feldspar phenocrysts are common
While‘quartz phenocrysts are rare or absent entirely. The hornblende is
early in all cases, occurring as moth-eaten phenocrysts, and sometime
in aggregate masses. The groundmass materials are fine t0 medium grained.

There is slight epiditization and sericitization of the feldspars.
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STRUCTURE

The general structure of the Flin Flon series northeast and east
of the Road Voleanic Center is synclinal with a trend of about 35°
east of south, and a piunge south of rodghly 30° tp 40°, Within this
area there aré many minor folds with similar trends and plﬁnge. In
places these are relatively open but elsewhere they are slightly 6ver-
turned toward the west. Ln the section under discussion along the
lake north of the Road Voicanic Center no minor folds other than small
ones were noted so that in the section from the base of the Missi to
the lake shore there is practically no repetition of strata. The dips
range méinly from 30° to 50° to thé easts The maximum thickness of the
Plin Flon series exposed west of the lake ié probably about eight hun~-
dred feet. The Missi at the first outcrops north of those next to the
Road Volcanic Genter is probably not over two hundred and fifty feet,
whereas twenty-five hundred feet to the north it is probably over three
hundred and fifty feet.

Immediately south-east of the Road Volcanic Center there are ex-
posed'two small anticlines, the 6ne on the east oﬁen, the one on the
west much narrower but not overturned. Tﬁey'plunge south-easterly
at sbout 40°, Westward there is a syncliné plunging 40° south, and
then an anticline represented by the narrower band of the Lower Flin
Flon division, succeeded by another syncline.

Within these last two folds, in the south there are minor folds
which are overturned so that dips are mainly from 30° to 70° to the
east; Toward the north the folds appear to be more open.

From the foregoing it is clear that the Roéd Volcanic Center is

in thé axial part of a major anticlinal area. UYhe structures plunge

south which acecounts for the extension far to the west of the Flin
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Flon series. The Missi, if it had not been cut out by the Creighton
éranite; would have swung abruptly to the west in the area of the
Road Volcanic Center. Indeed there is enough of the MMissi left in
this area to shew quite'distinctly the beginning of this swing; and
the swing in the feldspar porphyry dyke here, which so closely follows
the base of the MNMissi is further emphatic evidence of the change in
axtitudé. |

’Exactly on the axial trend of the Hoad ?olcanic Center to the
north; in the Pre-Missi Complex, there is indicated a great anti-
clinorium which for over two miles shows the same southward plunge.
Thus the evidence is such that the structure as postulated for the
#olcanic center area is undoubtably correct. Refe;ring back for a
moment to the-sectiéns on the Flin Flon series it becomes much more
apparent why the areas of greeﬁ voldanics southweat of the Road Vol-
canic Center are considered %o be of the Lower Flin Flon division and
- 0 overlie the Missi.

It is interesting to note that the structures immediately south-
east of the Road Voleanic Center are much more open than is commonly
the case. 1t seems probable thaﬁ the Volcanic Center acted as a
hard knot ahd résisteﬁ deformation. Such an hypothesis would ex-
plain the irregularity iﬁ the trend here of the contact between the

Lower and Middle divisions of the Flin Flon series.
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