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ABSIRACT

This theais comprises a field and microscopic: study of csrtain
gold and copper depcsits in the Flin Flon erea. The gold deposits ocour
in gold~-quarts-sulphide veins. Thesa veins have been classed as:

{1) gold~quarts veins, (2) qunrts—sulphidc-earbémtc veins, (3) quarts=
sulphide veins, andl (4) quartzs-arsencpyrite veins. One copper deposit |
was studied and it was classed as & sulphide replacement deposit.

The mineralisation peeurs along tiusnres"in voleanla recks
of the Aaisk group snd in post-iflesi intrusions. The minerals were
deposited from hydrothermal solutions, NMetallis mineralisation and
‘wall vock alteration took place at intermediate to high temperatures
and is related in age to the granodierite or the Kaminis granite,

_ The type of wall rock alt.arau-on accompanying the minerslisation
depends on the nature of the hydrothermsl solutions and on physical eone

ditions, such as temperaturs and pressure,




INTRODUCTION

General Statement

This thesis comprises a petrographic and mtmegraphic study of
certain mineral deposits in ths Flin Flon area. 7The deposiis wers in-
vestigated during the summer of 1952. The investigation consisted of
detailed mapping of the local geology with partioular attention being
givaxi to struoture and alteration of the rocks surrcunding the minerale
ited sones. Samplen of the rocks wers collected to mutnu the vary~
ing degrees of metamorphism sdjacent o the mineral deposits, Microse
coplc examination of thin sections and polished ore sections of these
specimens was later conducted at the University of Sasistchewan, The
pointa atressed were the identification of metallic minerals and their
mtusl relationship, the type and degree of wall rock alteration and
their interdependence om rock-type and typs of mineralisation, and the

paragenesis of the ores.

Location

| The area investigated lies west and scuth of Flin Flon and bew
tween the Second Meridian and the Saskatchewan-Manitoba boundary. The
minersl deposits studied lie along & belt approximately 2% miles long
extending from the south end of Bootleg lake north to Bomber lake which
lies north of the Denare smn-ns.ﬁ Flen highway., Map 1 shows the
geographio location ;:t the minersl deposits and their location rew-
lative to the geology of m district. '

General Charecter of the Ares

The area exhibits the general physical features of the Fre-
cambrian Shield. OQuterops are numerous and the relatively flat sure
faces of volcanie rocks are well exposed due to the area being swept by
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& nuzber of forest firea,
The intervening arcas between ocutcrops are occupled by mskegz,
swanps and patches of shrubs, alders and scme timber. Timber 13 re~
latively smsll and consists mainly of spruce, Jl.ckpiﬂa, birch, snd poplar.

Provieus Work

The earliest reports published on the ma are by E, L. Bruce
(1ak, 1915. 1516, 1918) who made a reconnaissance goologleal investie
gation for the Geological Survey of Canada from 151 te 1528, J. ¥, Wright
(1932) published & sumary report cn the Amisk lake ares rhiﬁh adjoins
the Flin Flon ares on the west. J. F, ¥right and ¢, B, Stockwell (1931)
published a summary mport?on'gold oceurrences of the Flin Flon diastrict.
T, Ls Tanton (1541) mppﬂdéuu area in 1938. More recent work was done
by C. H, Stockwel) (1946) from 19L3 to 1945, and at present A, R, Byers
is working in the area ;or the Saskatchewan Depa¥tment of Natural

Resources,

Acknowledzements
The author wishes to extend his thanks to the Saskatchewan Re-

search Council for financial assistance and the hbpratory equipment
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GENERAL GECLOGY

Oeneral Statement

The bedrock in the area is of Precambrian age, Direct core
relation with the rocks in eastern Cgnada is impossidle due to separation
by wida exphnses of granites, but 1ithologleal a:;d steatigraphio
pimilarities oxiat in the twe reglons, | | ) |

The following diw:uion of the regicnzl goology and the hﬁh
of formations shows below have been taken from Stockwell's (1946) re~
port on the Flin Flon area. Detailed megascopic and miemsebpie dés-
eriptions of some rock types within which mineral showings cccur have
been included by the writer, |

TABLE I
Table of Formationa
YOUNGER INTRUSIVES: Kanminis granite.

Boundary intrusives
Granite, granodiorite
Diorite, gabbro.
- INTRUSIVE CORTACT '
¥I331 SERIES: Greywacks and arkose

Greywabke, arkose and pebble beds
Conglomerate
. UNCONFORMITY _
OLDER INTRUSIVESS Cl4£L lLake granite

Meta-diorite, meta-gabbro,
INTRUSIVE CONTACT

AYISK GROUPs Quarts porphyry
: Rhyolite
Bedded 2taff and breecia
Forphyritic andeslite breccia
Andesite breccia
Porphyritic andesite
Andesite, basalt, flow breccia,; and
dacite.
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Amlsk Groupt ,

Stockwell (1946) has divided the Amisk greup into seven mappable
unite, The first five divisions consist of dark-green andesitic and
bassltic lavas with flow brecelas and assoclated pyroclastics, ﬁmy
of the flows are smygdaleidal and may also show pillow structurs, while
others are massive, Some lavas grads into flow breccias composed of
irregular reounded masses of andesite in & msirix of andesite.

Negascople examination of andesitle rock (Specimen Ko. hh)(n, ‘
from the vicinity of the Newcor mine, shows it to be medinm to dark
grey-green on ths fresh and weathered surfases, Feldspar phenocrysts
of about 3.0 millimeters are embedded in an sphanitie érmdmu which
possesses & closely spaced woak foltation{?) e dlstritution of the
phenocrysts is sparse and they can only be detested by careful inspection.
S1licification and pyritisation ocours along the follation planes, |
Microssople ommination shows & high degres of alteration, mostly by
hydrothermal solutions. The rock now consists of 30 per‘cem quarts,

Ll per eent chlorite, 2 per cent caleite, and other minerals such as
 pyrite, undeterminable feldapar, sericite and saussurite in traceu!”
Quarts u' present throughout the rock and it replaces the feldspar,
Feldspar phenocrysts are altered to sericite and are chloritised.
Ssussurite appears to hive been driven out by the quarts te aress rich
in chlorite., Chlorite, mostly pemninite, may ba attributed in part to

: nhn specizens described in this gectlion were thoughito be nht&ve:ly
unaltered.

_ (2) Billings (1949) defines foliauon as the ability of rocks ta break
along approximatsly parallel gurfaces,

(3) Traces mean presence in amounta less than 1 per cent.




Fig. 1 Specimen No, 1(b) Mets-diorite, Hormblends (dark grey)

shows recrystallization by changing from a brown to a green
variety (darker grey patches are green variety, lighter
grey are the brown variety), and by resorbed splintery
boundaries. Intersertal oligoclase (light grey) is altered
and has reerystallized along hornblende cleavage, Xe-nicols,
X100,

Fig. 2 Specimen No, 8. Diorite. Oligoclase saussuritized and re-

placed by chlorite and quarts. (Rhombohedral shaped grain in
right half is oligoclase, dark masses are chlorite and the
finer-grained masses within and around the grain are saussurite).
Chlorite along hornblende cleavage (left half), X-nicols,

X100,



- ‘, -
" deutris alteration of ferromagnesisn minersls and partly to hydrothermal |
replacement, Nost of the carbonate is introduced, The texture is meta=- 1
Jorphilc daa to the follatlon, 'All the minerals are slongaled and eligned
along the follation plsnes and possess elther sutured or sharp boundaries
between each other. The porphyritic sndesite breccla (Specimen ¥o, 17)
(Plate 1, Fig. 1) north of Henning-Haloney mine ie medium to dark grey~
gresn on the fresh and natherédh&"rfa&ea. ‘&u&ngular porphyritie frage
rents firying in sise and anragin; it?gmt. 8.0 ﬁilimun ian disxeter, |
are embedded in & porphyritis dark ?‘;reen matriz. The phenocrysts in
the matrix abont 1,0 m1llimeter Mj\gifa:ain,‘wuthsr 14ght grey and are
elevated on the westhered surface, Nlcroscopic exssination shows &
eomposition of 25 per cent hornblende, 15 per cent quartl; 15 per cent
tolsite, 2 per cont sericite, and a trace of carbonate. mgochsu
{An 28) is present to the extent of 30 per cent, and it is s.;ntmsol;
saussuritised, The phenocmts m composed of plagloclase and some
of them are moned. Quarts oecurs as irregular masses throughout the
rock snd also as stringers. The high quarts oontent 1s thought to be '
" dus to hydrothermsl solutions., The rock yc;éausas an alter;d ¢lastie
toxture, P | ‘- o
The upper two divisions of Stockwell's Aulsk group consist
of rhyolite, quarta poi-phy:y and quarts porphyry breceia, The qmri:’
porphyry is nne-gruiﬁed 1ight grey weathering, lithrphenogmte of
q;uart;t '-na’ comnonly of feldspar., The quarts porphyry and breccia are
probebly largely flews, tut some may be intrusive equivelents of the

lavas.



Fig. 1 Speeimen No, 17. FPorphyrytic andesite breccia showing
intense saussuritization. Irregular fragment (lower half)
nearly all replaced by quartz (light grey masses), and
zoisite (dark grey to blaek). Irregular masses of quarts
scattered throughout altered matrix (dark grey) consisting
mostly of hornblende and saussurite. X-nicols. X100.

B ), AR o E

A b __,,‘ Bl - - -’Ii"’ g |

Fig. 2 Specimen No. 2. Dacite showing trachytic texture.
Aligmment of plagioclase and amphibole laths. Amphibole
altered to chlorite. ZXI-nicols. ZX100.
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Microsoopic examination of a thin section of Stockwell's

rhyolite (Specimen Mo, 2) from the east shore of Bootleg lake, shows an
appmxiuto;oompoaiiion of SO per cent of & mixture of potash feldspars n
and oligoclase (An 15) in indefinite proportions, 37 per cent chlorite,
10 per cent -optquc mimni. and & trace of quarta. The original com-
position is thaught to -have mmbled a dacite more clouly than & -
rhyolite, The texture is trlehytie with m:liutions of probabla feld-
spar phanocryltl {Flate 1, Fig. 2). Grni.u sise varies from 0.35 milli-
petar: domn o very small partiam.

Older Intrusiivo ﬁocka .

Dikes, #ills and irregular bodiss of meta~diorite and meta
gabbro are present, These sre uimim in appearance 1o some of the mas~
sive flows and possibly are closely related, tut possess chilled margine
and cross-cutting rehtiohuhipl-_ ' .

Megescopleally the meta~diorite (Specimen No. 1(b))is dark
grey-groen on the fresh gurface, m}ad.ﬁathors A medium m—énm.
Usually it &3 fine-grainmed, fmingrroa 0.25 millineter to 1.0 milli-
meter and aversging 0.5 millimeter. Occasionally it may possess a few
mediuz-grained phenoez-yiu of amphibole, o

Il:lcmeopié exanination shows the meta-diorite 1s composed of
60 per cent hornblende, 35 per cent altered oligoclase {(An 23), and the
remaining 5 per cent is penninite, epidats, carbonate, soi.at!te, sphene,
apatits, pyrite, and titaniferous magnetite, ﬁ:o hornblende gppuﬁ to
bs in a state of recrystallisation from & bro;rn to a green variety,
Resorbed, splintery bouhdariu of the hornblende also show recrystalli-

sstion {Plate 2, Fig. 1) Indications of the hornblende eltering to
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penninite and carbonate ars present, tut thsss are few, The aligoehso
is extremely sanssuritized, and it also shows evidence of recrystallisation
along the hornblende ¢leavage. Epidota and scisits replace homblends
and ulso occur as atringers assoclated with penninite. The apatite,
sphene aad opaque zinerals may either be accessory mimx"gls. or d&ue to
hydrothermal replacement. The meta-dlorite pasaeas.ss s reorystallised
or sutured textare. |

The Cliff Lake granite poerphyry is an sligoclase gr&xﬁto.
charscterized by opalescent quarts eyes. It is probably older than the
‘msa. geries, &3 boulders of a granite similar to it are found in the
¥issi conglomerate, ‘

Woel Serles

The Misai series lies unconformably on the Amisk group. Stocke
well bas divided the serles into three units, Conglomerate is prevalent
at the base and also occurs at several other horisons titﬁin the series,
Material comtsined in the conglomerates gives evidence for its derivation
from the clder volcanics, The eonglomerate passes directly into greywacke
and arkose with soattered pebble beds and lenses, Cross-bedding is

characteristia of the thres subdivisions of the ¥issi seriss. |

Younger Intrusions )
Diorite and gabbro are facles of granite and granodiorite
snd pass grsdationally into these rocks with no sharp contaot existing
between them, These intru;iona are seen o cut the Xlsei series., The
dlorite is medium grey~-green and weit.hera 8 light grey. 1t possesses
& weak follation and ranges in grain size from 0,20 to 3.0 millimeters.
Thin sections of diorite, mpecimens (8) and (20), show & composition




Fig. 1 Specimen 25(b), Diorite., Plagioclase grain bent
and twinning strained. Alteration to sericite
(fine white magses) end saussurite (dark grey
bodies). Z-niecols. X100,

Fig. 2 Specimen No, 390, Kaminis granite perphyry.
Mierocline phenocryst with plagioclase inclusions.
Groundmass (fine-grained aggregate along left edge)
consists of potash feldspars and quartz and minor
amounts of plagioclase., X-niecols. X100.
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of 80 per cent plagicclase, varying from (An 27) to (An 32), 2 per cent
anphibole, & per cent quarts, § per cent chlorite, 2 per cent spidote
and geisite, 2 'pcr‘ eint'nmenitc and ninor amcunts of apatite, opaque
mineral, potash feldspar and carbonate, The plagloclass is sericltized
and in places 'tim is masked by heavy saussuritisation to the exten£ of 75
per cent saussurite (Flate 2, Fig, 2). Some of the twin lsminas are bent and
show straining (Plate 3, Fig. 1). Amphibols 1s highly altered to chlorite.
The quarts content has been increased over the primary composition by its
introductlion along frastures and also 1t occurs as an altaration produet
of the plagloclase, Stringers of carbonate ln_d chlorite, ?luo epidote
and soisite are present. Originally the texture was probably hypidicmorphis -
but now 4t is sutured mosaic. ' .

The granite and granodiorite are charscterized by pink felde
spar, and are mediun to 1ight pinkishegrey on both the fresh asd westherad
surfaces, Bwen_l large masses are presgent with the QMtiem Laclen
of diorite tnd gabbro occurring along the gontacts. Foliation 18 present,
but 1t varies in intensity and massive rock is common. The prineipal
ninerals are feldspar, quarts, hornblends and biotiﬁ. \

Boundary intrusives cut the earlisr intrusions in the Flin *'

Flon area, They comprise a preat ﬁriety of types ranging from acidie
to ultrabasic. Thess sre found to grade into one another, but more
comoply acidie rocks intrude more basie types. |

Granite po_e_;seulng large feldspar phencarysts has been called
the Kaminis granite, . There sppears to be two different types of granite
porphyry which may be related, and their related dikaa intrude the
granodiorite and out the boundary intrusives.
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The typical Eaminis granite is ehauet.erigod by phenccrystis of
nicroclim larger than one inch. Its total potesh feldspar content is
about 60 per cent. Olizoclase (AnlS) comprises 25 per cent, quarty 10
per cent, and the rtmlining S per cent consists of biotite, eh1orm,
sphene, apatite and opaque minerals. .

The other iype of granite porphyry consliats of smaller phenow
erysts of oligoclase, averaging about half an inch in sise., Oligoclase
makes up about 65 per cent of the rock, potash feldspar 1(? per cant,
qusrts 20 per cent, and other accessory minerals § per cént_;- Both types
show that stresses have been aciive, Feldspar phenocrysts are fractured
and quarts is crushed and strained, Ividence of stresses is slso shown
by the presence of bent blotite laminae,

_ Dikes of Xaninls porphyry are probably more varled mineralogleally.
Microseoplo examination of a Kaminis porphyry dike (Specimen ¥o. 390)
shows the rock to be comprised of 62 per cent potash feléspar. 2L per
cent quarta, 10 par cent oligoclsase (An 21), 8 per cent bictite, and
traces of chlorite, carbonate, sericite, epidote and solsite, hornblende,
apatite, and sphere. The phenocrysts are composed of mainly potash foldw
spars, but there are a few cligoclase phenceryeis, (Flate 3, FMg. 2).




ECOROMIC GROLOGY

. oroor A (1)
Henning-aloney Gold Mine

Location and Development
The Henning-Haleney Gold Mine is about 1100 feet east of the

south end of Bootleg lake and about 4} miles southwest of Flin Flen.

The location of the mine is showmn on Group 4 map and on Map I,

‘ In July 1931 the claing were staked by P. J. Maloney and A, J.
Horming., Mining operations startsd in the lats thirties and enda& vory |
soon after, Detxiled gological mapping of the ground was undertaken by
Jde Fo Wright and €, H, Stockwell in 1933, The mineralisstion was ex- .
plored by a shaft and a number of trenches,

Geslogical Sotting

The mineralised aomes are in dlorits a short distance sast of
its conisot with tuffy, This diorite 1s a facles of & larger mass of
granodiorite which ococurs further east. The diorite and granodiorite
have Yesn described under the heeding of younger Latrusloens in the
seation on penersl geology.

Zones of thearlng occur in the dlorite. These sones are minere
aliged along the shear planss by siringers snd veins of quaris several |
inches wide. The shoar somes strike in two directions., One etrikes
north 20 to 30 degrees eest and dips 65 to B0 degrees southesst, and the
other strikes anywhere betweesn north 53 to 70 degrees east and dips
steeply to the southeast, Daefinlie planes of movensnt ocour within and
parallel to the shear Sones.

[T,

sineralized sones have been grouped and are designated by

> 1locations relative to the geology of the district and
estures are shom on ap I.
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A ghaf't has boen sank on quarta veins in & priucipal shesr sone
trending north 20 to 30 degroes scat. Dlorite outeropping north of the
ghatt $a3 sheared end oud by quarts, Seven pits and tremches ars located
slang shoars trending 1a the two directions, Trenching has also been dans
in the overburdm to tho south of the Ehaft, but no exosod bedrock was
secn, Howsver, strongly sheared and altered material on the sides of %the
trenches Indicates that the prineipal shear some st the shaft continues
beneath the overburdon to the south,

Wineralization
The dlorite adjacent to the mineralization haa bean allared to

varying degrees depending om the élstance from the minmralized sonas,

in outer me.ot alteration farthost fros the nineralization i3 marked

Yy agreyishegraon diorite, duker then the normal maltered rock,

This outer sone is charactarized by chlarite which is more sbundant than
Wreeisu. Mﬂmmarmrﬂizatmuappmdmmm
either becanes blesshed-Llooking by the presmcs of epldote and zoisite

or remaing the same green chloritis rock but with increase in the awourt of
carbonates, Tha diorite within the mineralized zane i3 hard and fin0w
grained due to silicification, end 43 bleachadwlooking due to tha presence -
of pericite, Carbomate 13 zlso present, but less than in the fntaruediste
sone, The gold becring veln was mob seen in place dus %o a covering of
overburdon and waste rock, btui pold ore found in the loading chutes
conslste of dmse, diurk greenish quarts which pospessed s charly
appoarance, A slight emount of sericlie and carbonate are presmt in

meraum table gives the spproximate parcemtapea of the

minerels presa ¢ as deternined by microscople exomination with increasing
alteration to the right, '
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Fig. 1

Specimen No., 32(b). Crushed gquartz with carbonate.
Carbonate (mottled grey, upper left corner) shows

straight line boundaries with quartz and also occurs
along cuartz fractures. Maybe simultansously de-
posited with quartz or after the crushing., Sericite
replacing quartz, (Fine white laths, lower right
cormer). Xenicols, X100,

Specimen No, 28(a). Serieite lath (center)
replacing chlorite (medium grey, irregular mass
at center) and earbonats (light grey making wp
most of micrograph). Xenieols. X352.
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Deuterioll) alterstion of minerals and regionsl metemorphism have
produced some of the slteration products. .Speemem' of dlorite not affect-
ed by mineralising solutions show the feldspars altered ‘ho sericite and
ssussurite, and the forfomlgnesm minerals to chlorits and pyrite.

_ Daring and followlng & period of frastaring minerslizing
solutions nig:xit-od along thi fissures and altered the niﬁemlogioal com=
position of the wall rook, Quarts and carbonates were deposited, The
aspociation of the carhonates with the quarts, and slse l;ncc straight
line boundaries coeur between the grains of the two minersls, suggests
that they were ci@;tmcously deposited, However, some of the carbonates
surround guarts grains and suggeat that they were deposited after the
quarts. The carbonates wore therefore dopuited,during. or shortly after
the silicification. (Flate 4, Fig, 1). MYost of the ‘earbonu't« are un=
frectured and sppear to have been deposited after the main movement, but
some grains are fractared and show that movement continued after the car-
bonisation. A period of'mormmm followed which was poat-carbon~
atisation. Stringers of ohloriu mt across carbmam nringors and
irregular masses occur where quarts 1: fraetnrad. The textursl and
otmctnnl relstionships pf the chlorite do not indicate t.hn; age of its
initial deposi'd.on_,‘ therefore 1t is possible that it begen at the ssme
time as the silicification and carbonatﬁ:ti_.@.: Epldote and zoleite
are associated with the chlerite and roplace 4t with inoreasing alter-
ation. laths of nrieit-o veplace a1l the non-opaque minerals (Plate k,
Fig. 2). The initial deposition of the lerieit.a, as in the ease of
chlorite, is not known and may mo‘dst-c back te the peried of silicifie

) Peuterie alteration is & term applied to alteration in an ignecus
rock produced by the conaoudaung magma during the later stages of
its consolidation,




Fig. 1

Fig. 2

Specinen No, 33. Arsenopyrite masses replacing none

opaque minerals (dark grey) along fractures. The

lighter grey patches are variously oriesntated arseno-

Jhpyrﬂ:.er grains, ZXe-nicols., Metallographic microscope.
32

ecimen No. 33. Gold and molybdenite in quarts,
Hedium grey is quartz, darker grey is carbonate).
g%g replacing corbonate and quartz, Plain light,
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cation, _

The quarts containing free gold &lse possesses minor amounts
of sulphides, Mieroscopls examination shows that ohaleéprrite iz most
shundant and it oscurs as stringers and irregular massed. Irregular
pyrite masses are next in abundance, Arsencpyrite is found as massos
of variously orientated grains either within the pyrite or alons.

(Flate 5, Fig. 1), Nolybdenite and gold are found in subordinate
ancunts. 7The gold appears as irregular masses or ﬁoor tubic shapes near
the molybdenite. (Flate 5, Fig. 2). _

Polished sections of mineralised rock taken from the dump probab-
1y depleting underground mineralisatien, and of mineralisation in ene of
the trenches, show th§ presence of chalcopyrite, pyrite md pyrrhotite,
Chaleopyrites often forms along stringers and pyri.h usually occurs as irregu=
lar masses in quarts. The pyrrhotite is fnnnd .m wry ainute quantitios
and 1s always present replacing the 1ntorior of pyrite, (Pate 6, Fig, 1),

Traces of what nppaf-a to be trn gold have alzo been found
in a mamber of thin sections of the dlorite. Fositive identification
is uipouiblo die to ite presence in Mor'amnts._._ The gold occurs as
fine "u%é‘pc" outting across strained quarts and plagioclese, Gold
ecourring in this manner was noticed in the diorite from the cuterop
50 feet east of the ph;ﬁ and in the wall rock of a trench north of the
northwest comer of the waste dump.

Sylphides and free gold replace non-opaque nimnla and were
the last to be depoaited, Fyrits is the cldest lulphidt md relatively
unsirained quarts within the masses shows that pyrite probably dates
back to the period of silicification, In the high gwade gold ore, pyrite



PLATE 6

Fig. 1 Specimen No, 32(b) Irregular masses of pyrite (lighter
grey) and chalcopyrite (darker grey). (Quartz is black).
Plan 1ight, X132,

Fig. 2 Specimen No, 16. Sericite (light grey, wavy and fibrous
bands) shear planes., Carbonate bands between the
sericite, (Dark grey rounded grains making up band
across the middle of micrograph). Sulphide (fine, black

gm)mmtmngmum. X-nicols
w. .
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is replaced by arsenopyrite, molybdenite follewsd and was replaced by
chalcopyrite. Gold, oceurring in minute amounts, was not seea to replace
the metallic minerals, tut it may bs inferred from other gold depoaits
in different areas that it was the lasit metallie mineral deposited,
mmmu@ in the trenches shows that pyrits was replaced by pyrre
hotlte, then latsr it was replaced by .chnleopyrlth

Faragenesis
The following parsgenetic disgram shows the sequence of

mineral deposition.

DIAGRAM 1
MINERAL HYDROTHERMAL CAICIE

Early : * Late
Fracturing oo w—— .
Quarts — | ‘
Carbonates. | —
Chlorite - . s—
Sericite . —————
Pyrite e rmnwo o m—
Arsenopyrite : '--A-mguu--aupu«--m"
Fyrrhotite . —
Molybdenite ‘ [——
Chaleopyrite I . J—

Notes Einoralt are shown from t-op to bottom in tho order in whl.m their
deposition appears to have begun,
Only the relative positions of the l:lnu are aigniﬂeant.
Dashed lines indicate inferred depositioen.
* These minerals replace pyrite only and therefore thesir relative
age relationshlp cannot be determined.
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North Trenches
Geologzical Setting o

The north trenches are about 2,000 feed north of the Henning-
Maloney Gold ﬂiﬁo as shown on Maps I and 4, 4t the north end of the
¥ap A ares, approximately north trending andesite breccis, basic lavas
and tuffs sre cat by & fault trending north 58 degrees east. This fault
offsets the volcanics, but the amount of movement is not o, Sub- ~
sidiary faults branch off at about north 30 degrees east, and approximately
east-west trending Kaminis porphyry dikes, about 8 feet wide, are dis~
placed along these fault planes. Exploration pits and trenches are found

where the Ksminis porphyry dikes are fraeturoé‘near the faulty 41n'the
subsidiary faults} and on the main fault.

The fault sons consists of sheared end crenulated volcanie
rocks. The eremulated appsarance is produced by fine, wavy graphitis
bands ranging from paper=thin up to 1/8 of sn inch thick, interbanded
with cherty wall rock and lensy ribbchs of quarts., A msin zone of
movement 1s marked by intenzely schistose rock about 6 to 18 inches
vides Quarts in the form of mmerous stringers ‘md weins up to 4 feet

wide oceur in this intensely sheared sone,

¥ineralisation
Quarts in the lsrger veins is practically barren but sulphides

are found disseminated In the silicified wall :.'oelt. Ankeri.lt.- is associat~

ed witli the quarts stringers and veins and occurs in large gquantities.

The high iron content of the ankerite imparts & rusty appearance to the

weathered surface of the whole zone, Serieitiuuon 1s sbundantly dew

veloped along the shear planes and this gives the unstained rock s

1ight grey silky look. {(Flate 4, Fig, 2).



The following table gives the percentage of ninarala' in the
country rock and slsoe in the mineralised zone as determined by micro=-
scople examination. |

TAELE
Tnaltered Altered Wallrock and Minerslized Fault Zone
Porphyritic |Andesite Andesite
Andesite Breccia | indesite | Breccis Vein in
" | Breccia {Wallrock) : (Fault-gzone )| Andesite
Specimen .17 #6(v) #16 #19(a) #18
Hornblends 25 - - - -
Chlorite 18 7 - - -
fuarts | 15 t» 29 31 ho
Carbonate tr s 40 L8 20
Flagloclase 30 (An28 } 23 - - - -
{o(enB) -
» Ewfold
Epldote=~ e ,
Zolaite 18 - - - -
(Zoisite)
Opaque ~ - 2 . 1 tr 15
Apatite tr - - | otp -
L~feldspar - 23 - : - -
E~feld + '
{An8) : .
Sericite 2 - 30 tr 25
- Saussurite | heavy 20 - - -
Biotite - 3 - - | -

A significant feature of this minerslisation is the removal of
forromagnesian minerals and ths replacement of the rock by quarti, ankerite,

sericite and sulphldes. Iwo sones of alterstion are spparent, Ankerite
and caleite form s sone farthest sway from the main minersligation, then




Fig. 1 Specimen No. 19(a). Carbonate grains fractured and fine-

%16.% carbonate greins between fragments, Zenicols.

VYV e

"

Fig. 2 Specimen No, 18. Pyrite cubes (black) along crushed
quartzesericite band. Carbonates (lower left corner)
and quartsz (upper right corner) replaced by Pyrite to
a lesser degree. In guarta pyrite forms larger and

better aygomorphic grains than in seriecite-guartz
band, Xapicols. X100,
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with e addition of sericite. The main mineralizod sone is highly
8ilicious with a decrease in the auomb of ankerite. |

| Toxtural relationships of tho quarts sud earbonates are similar
to those described occurring &b the Hemuing-ifalonay Uine, The silicifi-
catlon and carbogatization are related, and since soae of the quarts |
mmwmmmmmmMaommmt, &
recurrent period of movement slong the fault after the dsposition of
these minerals is suzsested (Plate 7, Fig. 1)s Sorloits occurs along
planes of wovenent and replases crushed quarts, thorefors it could have
beon depoaited durimgand after the fracturing,

Exazination of thin soctions and & polished section (Specimen
m.xa)mmt(gnmumwmphmmgem Tt ocours as
guided replacemsnt along shear planes and forms sutomorphls grains
roplacing quarts it forns better automorphle grains, (Flate T, Fig. 2)a
Pressure ahadsw{z)m not present along the pyrite boundaries suggesting
that the pyrite formed after the main erushing, or that the movemont after
pyritisation was not pronounced. Fheve pyrite replaces serisits bands
the gruins show poor crystal form. This iz probehly dus to minor strosscs
bemgeapnbleorpm&wingmtam these bands nore easily than in
the quarta, thorefore hindering the formation of large pyrits cubes,

*

1 '
Tl&epluingnhamls are oftens found along etruciural or texturcl features

that wuld naturally be exnacted to guide peneirating solutions, such
as fractures, bedding planes, schistosity, contact belween mineral
graing of tha sume ordifarent species, mineral cleavages, and mineral
Mmﬁtﬂmﬁgp&m"ﬁi&mﬂshﬂﬁamﬂanﬂ&dﬂmﬁh&d

( )aa pocurring as guided replacement {Bastin, 1990, p. 33)e

" Pressure shadows are borders of any nineral partly surrownding or sure
rounding crystals of pyrite, avsenopyrita, o any othur aineral #hat
would fracture rather than recrystallize uwnder strain, 7The minerals
forming thase borders psually show a preforred orientation with respect
%0 the faces ofihe crywtal which they border, (Plate 3, Fig. 2),
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Paragenesis
The following diagram shows the sequence of mineral deposition.

DIAGRAM 2
MINERAL HYDROTHERMAL ORIGIN
Early : Late
FRACTURING -
Quarts ——
Carbonatea
Sericlta - . . W S———
Pyrite : ‘ S

CROUP B

Lecation and Development |

The Group B tranches are about 2,500 feel scutheast of the
southeast end of Douglas laks, The mineralised vone 1s a mntl,ﬁmtim
af the north fault minerslisation eﬂf tha Gr@np. A map, and has b-ean “x-
plored by 11 trenches for a length ef approximately 350 feet.

Geologieal Settins
Twa en echelon faults are present, The scuthwest fault 1s &

gontinuation of the north fault of the Group A map, and ii; cuts across
messive or amygdaloldal andesite and andesite flow braqeli; Thess vol~-
canic rocke strike at north 25 degreas west and thers 1is a zmggnt-ian of
pillows facing southwest. A dike of feldspar porphyry is cut off by’_ this
fault and is seen only ou the scutheast side of the fault, This southe
wezt fault does not continue to the northeast, but anothar fauit, 250
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feet to the morthwest trending at morth 53 degrees east and dipping 65
degrees nert..’megl, does eontinue and follows a contact between granodiorite
to the poutheast and volecanle recks to the northwest, There are two sets
of subsidiary faults. One set parallels ths main faults snd strikes at
north 53 degrees sast, and dips from 65 to 80 degrees northwest. The
main southwest feult may be represented by these miner faults, or anyone
of them may be the main fault, Another fault set varies in strike from
north 'oo.' pgm 30 degrees sast and also varfes in dip from vertical to 75
degrees sSoutheast. The two sets ef subsidiary faults occupy the position
between the two main en §chelon fazlte, and all of the explarat_ion work
has been conduated on the subsidiary faults and on the main southwest
fanlt. |
Three ssts of Jeints are present. One set sirikes north 30

‘Gegrees west and dips veriically or steeply scuthwest, & second set
strikes about north &0 degrees west and dips from 60 to BO degzrees southwest,
and the third set strikes north to alightly east of north and dips verti«
cally ta SO degrees west,

The well rock is cut by quarts stringers varying in width from
1/16 to & inch, A vein up to 10 feet wide is slso present. Nost of the
stringers ocoupy the jJoints which strike north 30 degrees west. -

Wineraiization
The following table shows the percentage of minerals in the
altered wall rock and in & mineralized quarts vein,
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TARLE §
MINFRAL ¥ALL BOCE - T yim
"~ Specimen Ko, 30 (8]} | Specimen No, 30(b)
Quarts 10 -1
Carbenate | &9 -
Flagloclase T 710 (unels) -
{an8) Ol
Sericite 10 (from plag ; w
. alt,
Cpajue . tr . 3

The andesits wall rock is altered to & Iight grey, dmee,
cherty reck by hydrotharmal solutions which deposited quarts, carbonate,
sericits, and mtallic minerals. The wall rock is also i by quartis-
anksrite stringers, Wasthering of the snkerite staing the rock to & msty
color, Carbonstes replace the wall rock mﬁ easily and, depending on the
degres of alteration, they are present for varying widths along the sirike
of the sone, Texturs) relationekips of the quarts and sarbonate are similar
to that oequrﬂ.ag at the Fenning-izloney ¥ins, t'. and. 2 silieification
and enﬂ:maf.tutim are prdbably related, Carbonate siringsrs across
quarts and earbonate grains mﬁu thad there was resurrent movement
after the peried of cerbonatization and silieification with more care
bonates being deposited, Sericite replaces mMu and quarts, tot its
initisl period of deposition cammot by determined and it may have commenced
daring the period of silicification,

The metallie minerals consist of pyrite, galens, sbmluiu.



PLATE 8

Fig. 1 Specimen No, 30(b). Fyrite cubes and presswe shadows
formed in quartz. Orlentation of pyrite cubes and
a4

alizoment of prespure shadows., Xendeols. X100,

Fig. 2 Specimen Wo. 35(a). Avsenopyrite grains (blaek)
fractured amd quarts recrystailized within fractures.
Sutured textures of quartsz grains (left side of

micrograph) indicates crushing and reerystalligition.
Xenicols, X100,
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chalecopyrite, and native gold. Sphnlor:l.t, was only oburﬁd in the hand
specimen and not in the polished section, Native gold was detected only
by the microscopie examination of polished and thin sesticns of the wall
rock.

Pyrite oocurs as well developed cubes with striated sides. The
cubes range in size from 0,01 to & maximum of 0.6 millimeter, with an
average of adout 0.) millimeter. The pyrite ocours in the fine-grained
silieified wall rock end rot in the coarsewgrained quaris stringers.
Pressure shadows ‘Mamg pyrite greins show recrystallisation of the
qnértn after pyrite was depositad, The pyrite crystals and related
‘pressure! shadows show & preferred orientation. (Flate B._ Fige 1).
Cubes of pyrite are also deformed thus indicsting post-pyritisation
movements, There is evidence of quarts replecing pyrite, probably dur-
ing the time of recurrent movement, 28 this was the last pariod of quarts
recrystallisstion and pyrits fractured by the stresscs @d be easier
o replace than at any other time. |

Galena was readily visible in the hand specimen, buti only very
minor amounts were seen in the polished sectlon, Here the galena replaces
pyrite. | |

Sphaiériu, visible in the hand specimen, was not se{m in the
slide, but by inference, 1% pro’bably- formed prior to the chaleopyrite
and aft,uar the pyrite and galena, '

Chaleopyrite eccurring in very minuts maunts rcplaeu the
pyrite and 1s also present along fractures in the quarts.

The age relationship of the gold was not determined as it
oceurs In minuts quantities, and 1s only in contact with quarts. However,
by comparison with gold deposits in other sareas, it mey be inferred to be
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the youngest metallic wineral deposited in this mineralisation,

Parsgemesis .
The following parsgenetie diagram 1llustrates ths peguence of

minersl dsposition as determined by microscople exazination, ‘

DIAGRAM 2
HINERAL HYDROTHERMAL ORICIN
. Early - Late
Fracturing —— v > ma——
Quarts
Carbonate -
Galans — .....-...“
Sphalerite - ——
Chalcopyrite S
Gold ......-’

* ige relationships inferred.

GROUP C
Hewcor Mine
location and Davelopment
The Newcor Gold Mine is sbout 33 miles mouthwest of Flin Flen
and 11es several hundred feet esst of Douglay lake as shown on Msp I,




GROUP

.....

NEWCOR MINE

SCALE: | INCH TO 200 FEET :
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The pparation consisted of mining a quartz-arsenopyrite vein
which has a gensral trend of north 32 degrees wesi, Developmont of the
mine extended to a depth of L10 feet in 1547 wher: the operations were
forced to close down due to the low demend and price for arsenie. Con-
siderable exploration work hes been done by the campary. Diamond drilling
wss conducted along & length of 1,000 feot, Kine trenches were mapped
by the writer; thess wers distributed slong & length of 2,000 f2et,

Ceclogieal Setting ,
| A fault sone striking north 32 degrees ‘iége'lt and dipping 65

| to 85 degrees southwest intersects basic flow breccis and andesite which
is locally amygdaloidal, The strike of the volcanis rocks is north 35
degrees west and they dip about 70 degrses southwsst, The fault cannot
be traced for any distance either to the north or sonth of the mine, To
the south 1t branches to the west and east. The west branch fault strikes
north L2 degrees west and dips 70 degrees southwest. The branch to the
vast trends south 60 degrees sastoand dips €5 to 70 degrees scuthwest,
Further to the nouthmt u;pthbr fanlt parallel to and 80 foet to the
northeast is pregent, BEranch faulis at north 85 dagrees sast ocour
along these faults,

Tares sets of joints are spparent. One set strikes saste
west and dips steeply to the north or is vertical. A west of north
trending joint set dips vertically or stesply in either direction, The
third set strikes east of north and also possesses a varying dip in either
direction or is vertical.

A lenticulsar vein up to 30 inches wide, consisting of quarts
interbanded with sulphides and altered wall rock inclusions, occurs in
~and parallels the fault sone, Quarts stringers are also present o;nd occur
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4n three directicons, Two of the directions correspond to the east of

north and west of north trending Jjoint sets, while the third set of
quarts stringers strikes north and dips steeply to the east.

Mineralisation
. The following Table shows the approximate psrcantages of the

minerals present in the sltered andesits and i{n the vein.

B §
KINERALS ALTERED AEDESITE VEIN
135001 g0 #36 £35(a)
Ghloi-itc ' 30 30 8 tr
| Quarts 20 ‘ Ly % 8
Carbonate i - - -
Flagloclase 10 (unalt.}| -~ - -
Saugsurite 32(8080f | ~ - -
Sericlite ;:dttl feld 20 12 3
e — s %%

(1) Specimen number.

In the southern-most trench (¥ap Group C), 8 vein of wuggy
quarts up to 18 inches wide occure in the fault zone, Nassive sulphlides
are not present, but pyrite is disseminated along the shear planes of the
wall rocke. In the trenches te the north, stringers of massive aulphidea
up to uvera‘.). inches- wide are amsociated with the quarts vein;' Dissenine
ated sulphides are also found in the vein quartsz. '
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The wall rock is silicified and cut by quarts stringers apart
from the mein quarts-sulphide vein. Ankerite and caleits are assoclated
with some of the quartis etringers and are confined to them. The main
alteration eonsists of chloritisation and sericitisation, tut with ine
creasing ellicification chlorite and sericite decreass in amount.

¥asses of chlorite and sericite are prevalent replacing
fractured quarts, Penninite comprises the msjority of the chlorits.
The chloritisation and ssricitisation probably date back to the commence~
ment of the period of replacement, I‘I'hom is always a certain degree of
chloritisation and sericitisstion in weekly metsmorphosed rocks indicating
that rocks are very susceptible to this type of alteratien, ﬁxérefore,
1% 1s reasonable to assume that chloritiastion and sericitisation date
back to the outset of lltoratio’n caused by hydrothermal sclutiocns. From
textural relationships, chloritisation endsd before the sericitisation as
sericite replaces the chlorite.

, carbonaﬁs are not visible in the thin seotions of highly
nineralised quarts veins, but are present in hand specimens of this
quarts, Thelr distribution must therefore be local, and since they
are aszsociated with quarta stringers and veins, they were probably de~
posited with the quarts., ¥incr amounta of carbonates are present in a
thin sectlon of altered n;ll rock, and replacé chlorite and sericite.
Since the main carbonatization was probably depoaited with the quarts
prior to the main chloritisation and sericitizstion, s second period of
carbonatisation is suggested by the carbonate replacing chlorite and
sericite. | '

Arsenopyrite is confined to the guarts vein and does not #ppear
in the wall rock. The arsenopyrite forms automorphie grair.:a which replace




PLATE 9

Fig. 1 Specimen No. 42, Sphalerite (medium grey) replac-
‘ ing arsenopyrite (light grey). Inclusions of
chalcopyrite in sphalerite. (Dark grey to black
is quarts), Plain reflected light, X132,
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Fit Aﬂ

Fig, 2 Hand specimen of arsenical gold ore. Banding of
arsenopyrite and quarts, The wide arsenopyrite
band grades from fine-grained on lef% to coarser-
grained on right, Plain light, 3/5 size.
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the quarts and contaln unstrained quarts inclusions. lhny of the arseno=-
pyrite grains are fractured and quarts has recrystallized within the
fractures and around the arsenopyrite grains, (Flate 8, Fig. 2). This
indicates that the arsenopyrite was deposited with the querts and re-
placed the quarts mostly before md during a period of recurrent move-
ment. Since most of the nuenopyﬁ.t_.e eryetals are f:;aeturod, there was
1ittle or no arsencpyrite deposited after the stresscs ﬁnad. ,

The arsencpyrite is i'oplaeed by minor amo{mtu of other sulphides.
Fyrite replaces arsencpyrite irregularly and its presence aleng fractures
shows that 1t ui"d;poaiud after the pericd of fracturing. ‘St.ringers of
sphalerite cut across arsenopyrite, end sphalerite also replaces pyrite
irregularly. The sphalerite shows later replacement by chaleopyrite
(Plate 9, Fig, 1), Gold was not visible, but its presence has been
proven t:w the mining opernt.im and 1t 18 known to bo associated with
the araenopyrite. , L

The arsenical gold ere shows a b_mﬂgd Appearance under bota
megascopic and microscopioe emimueh; | 'Jm 'mterbanding is seen between
argenopyrite and quarts. The aumopyriu alco ahm gradation from fine~
grained on one lido of the band to mno—grained on the other, {Flste 9,
Fg. 2). Iuemcopieany, bands of pyrite and aphalerite are also present,
The sphalerite ban,dl occur where the fine-grained arsenopyrite is in son=
tact with the quarts bam;.

Paragenesis .
The tolloﬂ.ng peragenetie diagranm Muttmtel. th& sequence

mineral deposition as determined by miercscoplo examination,
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DIAGRANM &
UINEIAL EYDROTHERMAL : ORIGIN
Early ' late
FRACTURING - - |
Quarts e——
Arsenopyrite S
Chlorite - ——
Sericite - o e o i
Carbornate - - ————
Pyrite | - —
Sphalenite —
Chalcopyrits —
Cold
OROUP D

Location snd Development

The Group D trenches ars about 2,400 feet east of the Newcor
¥ine and between Dougles and Fhantom lakes as showm on Map I,
A> fault sone trending north LS degrees west has been explored
by six pits over a length of approximstely 250 feet; The fault zone has
not been traced to the northwest or the scutheast sz the cuticrop is

surrounded by a muskeg.

Geological Setting
The fault sone occurs in volcanio rocke which are part of a

llrgi belt of the Amisk group extending from epproximately near the
Second Meridian east to Fhantom lake and north towards Flin Flon. The
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outerop traversed by the faull sone consists mainly of amygdaloldal
sndesite and andesite brecela with interbanded rhyolite or dacitas,

The 1ight colored rhyolitis er dacitle interbands ave massive and way
either be flows or intrusive equivalents, Th:en width of the acidlec bands
could not be measured as they pass gradationally and frregularly into
more basic and darker volcanies, At the southern and western part of
the outerop, rhyolitis or daeitie bands are more prevalent and ocour

in oqua:l. or greater abundance than the andesits with which they are
interbanded, To the nerth, ho:cmr,. thg'mom acidic bahds progressively
dirinish in abundance and are absent st the north end of the outerep.
The fault sone oocurs on the southwestern part of the outerop and cuta
across thc voleanies where the acidie bands are present.

The fault sone conaists of several parallel faults which
strike north U5 degrees west and dip 70 te 80 degrees southwest, One
fault at the south end of the sone dips 70 degrees northeast. The
parallel faults together with variously altered and unaltered wall rock
between them ¢ompriss & mene up to 20 feel wide. The width varies aleng
the length of the gone depending on the number of parallel fsults present.
The lecation of the faults within the gone i3 marked by intensely sltered
schlstose voleanics mineralised by sulphldes and quarts.

Two sets ajr Joints have been feeogaigcd.‘ One met strike east
of north, 1s perpendicular to the fault ztne, snd dips #teeply both weys,
Another set of joints sirike west of north up to an angle parallel to the
fault sone and dips 75 degrees in both directiens.




Mineralisation
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The percentage of minerals ocourring in the altered volcanics

and {n the mineralised zones is given in the following table,

Opaque

- TABLE 8

| Altered ¥all Rook Vein Sulphides
YINERALS Speeimen Noi 37(a) | Speeimen No. 37(b)| Specimen No. 38
Chlorite L O 2 tr
Quarts 10 . 78 34
Carbqnat. - tr tr
|Saﬁs§ur;to - 3 -
Sericite 54 L tr
Epldote and W .'m

» Loisite 3 tr -

2 64

"~ Carbonatization ig negligivle, btut silicification iz quite
intense in the wall rock as shown by Specimen Ne, 37(a) in the above

table. The quarts in the wall rock is finewgralned and its presence

can only be aucpa'ctcd by the inoreased brittleness and hardness of the
rock, Quarts ocours in two ways) (1) &s stringars in the altersd wall

rock adjacent to the intensely schistose rofk marking the sone of move-

ment, and (2) ae veina within the sone of movement, Sericitization is
intense in the wall rock and chlorite occurs only in minor amounts.

Epldote and soisite characterize the altered wall rocks and replace

the quarts ajong the crushed bands, The chlorite of the varlety pen«

ninlte surrounds and replaeis the epidote and solsite, Carbonate ocour-




PLATE 10

Fg. 1 Specimen Mo, 37(b). Quartz es lenc ghaped grains
dus to movemsnt, Sericite (fine greyish-white
specks) aleng pluncs of mevement, Epidote, soisite
and carbonete (rounded, dark grey bodies in lower
left third), and suiphides (black), also along
planes of movement, X-nicols., X100,
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Fig. 2 Speeimen No, 38, Pyrite forming automorphic

gg;m in guartz, Plain reflected light,

’
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ring in traces also replaces the ipidotn and 1s replacsd by the chlqrit;.
Sericite 1athe definltely replace irregular bodies of chlsrits and also
replace quarts along :tracguna.

Sulphides oocur disseminated through the altered wall rock and
as stringers assmociated with veln quarts which parallels the shuﬂng.
Some massive nulph;lde stri.ngors are up to 6 inches wide,

Eiereacopiu observation of poluhed sections lhm that the
sulphides consist of pyrite, pyrrhotite, anﬁ ehalcapyrit«. (mu 10,
Fie, 2). Pyrit,g i most abundant and shows autcmorphie gryatﬂlisatim.
Presmire shedows of 'roerys’ballised quarts gurround the pyrita cubes and
suggest that the rock was uadar stress after the pyrite was deposited,
The pyrrhotite and chaleopyri.ta replact pyrite 1mgu1ar1n Fyrrhotlite
ccours only in tracea. nnd chaleopyrita thmgh mora abtmdant is also
present in small amaemt.s. Chlleepyrit.e rephees tha pyrrhatitc. The
age of pyrite replmmt by shaleopyrite and pyrrhotite mlgtin to
chla"ri‘zintim_ and sericitisation, is not kmown, and 1% may be inferred
from other nincral daposits that the ﬁyrrﬁotito and chalcopyrite were
- deposited during and after the e!;loritiution and sericitisation.

Paragenesis
The following parugenatie diegranm muatrnten the sequence of

nineral depositd.ona
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DIAGRAM 5
MINERAL : HYDROTHERMAL  ORIOIN
- Farly | late
FRACTURING -
Quarts pR—
Pyrite U
Epidote and :
Zoiaite | —
Carbonates ‘ .... N
Chlorits o - — - . So——
Sericite ——mmm—m———————— o—
Pyrchotite ' ‘ R

Chaleopyrite ‘ _ et

' GROUP B
Location and ﬁsvélbpment -‘

The Group E trenches are 1,600 feet north of the Newcor Mine
shaft and appmmf.e]& 1;&90 tea_t east of Douglaa lake, G'mp E on
¥ap I shows thai.x: location ',z_'ﬁlgtivo to the physical features and geology
ef‘thema.

Ten exploration pits 1ie along a fsull:zone trending north k2
degress weat over a length of 300 feet, The sone waz not trased either
noerthwest or southsast due 40 the lack of immadlately adjacent outerop

and the presence of mskeg.
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Geological Setting
‘ The couniry rock cut by the fmlt consists of andesite, a
unit of the Amisk group of vol_canie rocks. A northerly trending belt
of these volcanis rocks lies between Douglas and Phantom lakes.
Winerslisation is controlled by the fault which strikes north
L2 degrees west and dips 70 to 80 degrees southwest., The planes of major
‘mﬂmont are marked by scnes of highly altered snd schistose andesite up
te"j 2} feet wide, tut the adjacent wall rock appears to be unaltered. 4
single or two parallel planes of movement approximately 5 feet apart
wake up the main fault sone, the width of which depends on the nusber of
planes of movement. | .
Jointing eccurs in spproximately three directiens. (ne set
parallels the fsult, & second sel atrikes at s large amgle east of north
and dips genily %o the pouth, and the third set approximates & northerly
etrike and varies in dip in both directions, Two directions are common
to both the jJoint sets and quarts stringersy the direction parallel to the
fault and the other #iriking approximately north, Uuarts siringers slso
oceﬁpy a third direction which trends perpendicularly to the fault sone and
dips vertically or at L0 degrees northwest, | '

Mineralisation |

The following table gives the approximats percentage of minerals
in the altered wall rock and in the quarts vein traversing andesite, as
deternined by microscople examination of tain sections,




A TABLE
‘ Altered ¥Wall Rock Quarts Vein Quarts Velin
MINERALS Specimen No. LO(b) |Specimen Bo. 39 | Specimen ¥o, LO(a)
Quarts 10 - 88 86 |
Chlorite 15 - tr
Carbonate 10 - S
Plagioclage | 20 {alteved) - | -
{4n30)

Rornblende 0 o - -
Epidote and Zotsite 5 - -
Saussurite | (extireme) | - -
Opaque | - ' 18 - 8

[t}

Mineralisation is confined:to the sone of intense alteratlon
uséciated with tha;‘ planes of movement, lLocslly a quarts vein is found
in the highly’ altered rock, This quaris vein is lenticular and may possess
a naximum width of 1l inches or may decrease in sise to & stringer.

Sulphiﬁa mineralization occurs as disseminated replacement of the
highly altered wall rock, or &«» masgive stringers in the quariz., ¥here
quarts 1s abseni, pyrite stringers parallel to the fault sone still ccour,

¥ith the advent of stresses fractures were prolussd in the andesite
along which hydrothermal solutions migrated and altered the rock by alter-
ing the original minerals and introducing new ninerals. 0lizoclase i
extremely saussuritized and amphibole 1s aliered to chlorite, biotite,
carbonate and quarts, Quarts was introduced and & minor samount of car~
bonate 13 associated with this sillcifieation. Later miner carbonati-




PLATE 11

Fig. 1 Specimen No. 40(a). Tourmaline (fuszy and medium
grey, near center) replacing quartz. The tourmaline
and quartz are fractured, and sulphides (black) found
along fractures in the tourmaline and between quarts
grains, Xenicels. X100.

Mg. 2 Specimen No, 41. Chalcopyrite (greyishewhite) and
sphalerite (medium grey) simultaneously deposited.
Chaleopyrite specks in gphalerite due to exsolution
(quartz is dark grey). Plain reflected light. X132,
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sation is shown by stringers of carbonate which formed after a period of
. fraetaring.,  Chlorite, of the variety penninite, has also bem introduc-
ed along stringers, Irregular ﬁasaa; or'chlo;ite ares replaced by rounded
nmgéen of epléoté and soiaite,.uhich coour ;long.eruahed bands. The
later carbonats ;tfingcra out stringers of chlorite.

| tburma;ine was noted in one thin section. Iﬁ replaces the
vein quarts and in turn is replaced by sulphides, The tourmaline is
frachired éqd strained, and therngﬁru L) prebahly depositsed during the
silieification befors requrrent movement along the fault, (Plate 11,
Fig. 1), | |

Arsenopyrite, pyrite and chaleopyrite are the only eulphides

present. lioroseople exanination shows that pyrits is moat sbundant
and ccours as lrregular masses replacing crushed quarts and ss siringers
along fractures in the quarts, ahalcapyritq 13 second 1n relative abun-
dance and eocurs 4n the same habit as the pyrite. There is & slight
tendency for confinement of the chaloopyrite to fractares, It a1so ree
places the pyrtéa in 1rﬁéu1ar magses . irsepopyrito-m not cbserved
in the polished a‘ktion, but 12 pressnt ia the band speclimen, and by
comparison wilth other deposite where arsencpyrite eecurs,;ii is probably
the oldest sulphide. . . R

Faragenesis N _ o
The follewing disgram 1llustrates the sequencs of minersl

deposition,
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DIAGRAM 6
MINERAL HYDROTHERMAL ORIGIN
Early late
YRACTURINO e —
Quarts —
Tecarmaline w——
Chlorite - - - o - -
Epidote and , |
Zoislite PR
Carbonate - 7o a—
Arsenopyrite U
Fyrite | | C————
Chaleopyrite —

¢ In hend specimen only, therefors relative age ‘:l.afemd.rrom other deposits.

GROUP ¥
Lgoation end Development |

The Croup P pits are 175 feet soutlvest of the scuth shore of
- Bosber lake, Bomber lake i3 balf a mile scuthweat of the villsge of
Creighton and north of the Deaver lake highwey as shom ca Map I.

_ Group F consists of six emall pits which 1a slong a fault sone
trending north LO degrees west, The fanlt sone extends over a length of
225 fest and then the fresturing decreases in intensity snd pgraduslly
fader out along strike. Exploration work was condusted along the highly

sheared xone,



Coocloglcal Setting
Hineralization occurs in andesite of the Amisk group of

voleanie rocks, The andesite is part of a belt of volcanies lying
weat of Flin Flon,

The mineralisation is stracturally eontrolled by the fault
trending north LO degrees weat and dipping voftieally to 70 degreea
southweat, This zone appears to be offset to the left at about 69 fest
from the nortk end by & possidle fault, Another explanatiion for ihis
left-hand offset is that thers are two en schelon sones present,

¥ineralisation

Quarts and sulphides gceur in highly sltered and schistoss ande-

| site which merks the sane of fault movement., The querts cocurs ss &
lenticular vein ranging up to 30 inches wide., Two varleties of quarts
are present, One is coarse-grained snd white, ths other is fine-grained
and cherty~locking. The two types grade into one another, The coarse=
grained variety is ﬁnaruiiud by*pyrite eubes ﬁﬁr to 3/16 of an inch.
The wublie pyrite my ‘oecnr as :iiuemntad erysials or as massive bodles
in the fractured quarts, Stringers of massive pyrite are alse found |
parallel to the fault surfece, In the ﬁm—grsined' quarte the pyrite is
ll;so fine=grained ind does not show oryetal form te the same degree as
in the coarss~grained quarts, Wolybdenits also ocours in the dense quarts
tut is not present in the coarse variasty. |

' lﬂcroieapie exsmination of & thin section and 2 polished sestion
of the minerslised quarie ?hm 95 per cent quarts, L per cent sericite,
1 per cent chlorits and a trace of mtallid'ninerﬂc; The guarts grains
are fractured and pbnoas sutured boundaries, 7The larger grains of quarts
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show recrystallisation along their boundaries. Chlorite cccurs along

the crushed quarts boundaries and is replaced by sericite and sulphides,
Sericitisation is patchy and appears to have proceeded during the fracturs
.’ng poriod and -.1” afier the erushing., The sulphides consist of pyrite,
chalcopyrite and sphalerite. Fyrite occurs in a few large masses, usually
along fractures as has been deserlbed.megascopically., Chaloopyrite ia
most ﬁbundant, and 1t occurs as irregular masses and along fractures in !
_the qurts' and as irregular replacements of pyrite, Sphalerite is |
agsociated with and was probably depositdd at the aamﬁ time as the chalcow
prrite, The chaléopyritc, however, was deposited over a greater time
range as it is uén to replaca the sphalerite by fine irregular hap-
hasardly located bodiss. (Flate 11, Fg. 2). ‘

Paragenesis
Ths -following diagram illustirates the mequence of mineral

deposition, i
DIACRAR T

HINERAL | HYDROTHERMAL ORIOIN
. Farly Late

FRACTURING ———— m—— |
Quarts SSTR—
Chlerite e —————
Sericite . - - e N S——
Tyrite s
Sphalerits et
Chaleopyrite
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DION LAKE COPPER

Location ,
The Dion Loke shaft is sapproximately 800 feet west of the
north end of Dion lake as shown on Yap I,

'Geologic‘al Setting . _

A shaft seven feet square and of unknowmn depth hes been sunk in
granodiorite, The granodliorite is part of & mass of Spockwell's (1546)
younger intrusions lying west of Fhantem iak_q and east of Bootle g 1ake.
This grancdlorite is cut by a dike of Ka;nﬁ:ia porphyry south of the
shaft, |

| The sast eide of the shaft ir bounded by closely spaced slips
ptriking north 50 degrees west and dipping vertically. Striae indicate
a horisontal movement. Two sets of joints along which there has been
movement &rs present en the south side of the shaft., One set strikes
north and dips vertically, the other atrikes north 50 to 65 degrees east
and dips 70 to 85 dogroeu northweat, Fifty feet tcs.t of the shaft the
Kaminis dike has been displaced 3' feat to the right along a plane strike
ing north 15 degreea east and dijrping 60 degrees weat,

Winapalization

Mineralisation is ecenfined to & frasiure zone in the grano~
© diorite. The Ksminis worvhyry dike Intruding the grencdiorite south

of the minsralisetion &3 not as highly fractursd nor 43 1% aliered or
einerslised. The following table shows the approximsta percentage of

®inerals presant ag the alteration of the grancdiorita progresses,
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 TABLE 8
Unaltered Altered
Granodiorite Granodiorits Ore
#3371 #392 #393
Quarts 25 33 ' 30
Chlorits g O tr
Serieite 10 39 &9
Pllgioclasc 3h - ‘ -
4030 (unelt.} -
K-Feldsper - 20(unalt) A 11 ‘ -
Riotite g 10 -
Calelts tr tr tr
Epidote and . '
Zolsite tr tr -

Alteratien has changed the light plnkishegrey weathering grenow
diorite to a darkef greenish-grey rock. The granodlorite has also de-
ereased in grain pize, Sericiiizstion is the pein type of glteration,
fhers has been no apparent silicification other then that due to the
feldspar alteration, Plagiaélase feidapars have baen completely eocn-
vertad to pericite, whereas potash Ioldspua remain yelatively unalterad.
A similar condition iz descrided by Sohwarts (1939, p 192). Thers is no
chloritisation asseclated with the hydrothermal nlt.ura:tion. Chlorits ia
present in the unaltered rock, mt as slteration mm@ea the pro«
portion of lathslike biotite in:reaaas and it hap besn concluded thet
the biotite has been reconverted from the chlorits, The chlorite is pro-
bably due to deuteriec nltarat;m of originsl amphibele or blotite. A
einor amocunt of carbonate is present, par‘f. of which was derived from



PLATE 12

Flg. 1 Bplcmﬁo. 393 chnm rag
El‘yrrhoﬂh and pyrite both light grey).
Pyrite (as shown) appears to have aligned
triangular depressions, Plain reflescted
light, X132,
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deuteric alteration and the remsinder was introduced. Epidote and
tolsite assoclated with chlorite occur in minor quantities in the
unaltered and altered roock, A douteric altm'atio? of feldspar and
fervoenmagnesisn minerals appears to be the explanztion for their dee
position,

Sulphide atnoralisstion omeists of prrite, pyrrimt.m. sphalerite
and malaopyrﬁ.’m. Megascopically aulphides appear to he t;!.nely dig~
seninated throughout the rock, uith graater cmmtnﬁm along weak
foliation planes, _lﬂcroucopia gtudy shows i-hat chalcopyrite is the most
atundgnt sulphide, It cocurs as irresular masses and is found along
frectires betwsen and within the gangus minerals, Fyrite, pyrrhotits and
h,_s;nnalsrita are less abindant, with pyrrhotite teing rslntively 208706,
(Plate 12, Fige 1)s - T

_ Yrﬂttia the oldest and 1s replaaud by pyrrhotite aphalerite
and cl{a]_.'?apyritc in that order, Small maea of unreplaced pyrrhotite
are found within the chaleopyrite snd therefore pyrrhotits is definitely
older, Two axpla_h#ti&na for ine. ml;tivg ages of sphalerite ‘aiui chalsow
pyrite are possible, Fine “epecks® of chaleopyrite esxur within lsrge
masses of sphaleﬁ.tb. Cne bxplamtion-tar tais is that the two minerals
fermed simitanscusly, then wilh Jater changs In conditions chalecpyrite
separated out by execlatlon, The a}temative o‘xphmtioa is thet the
chaleopyrite is younger end is replacing the sphalerite. Tue writer
prefers the latier sxplanablon ss the chaleopyrite lnslusicns are too
irreguler and are too irregularly spaced to be axplained by the exe

\ l4"‘ .-

solution phan@ﬁn&n.
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Pararenesis
The follewing diagram illustrates the sequence of mineral
deposition es determined by microscopic exanination.

DIAGRAM 8
MINFRALS HYDROTHERMAL ORIGIN
Early ‘ late
FRACTURING —e
Carbonates ————
Serioite - o e e o 2 e
Fyrite —
Pyrrhotite S
Sphalerite m———
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DISCUSSION AMD SUMMARY

Types of Deposits
Classification of the different mineral deposits into types

is based on the concentration of some minersals and the abgence of others.

The following table illustrates the degree of abundance of thess minerals

in the various types of deposits.,

M-Qnﬂu-&ulphid.
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Characteristic
nerals
Quarts
Ankerite
Caloite
Chlorite
Serioite
Netallie Minerals .
Pyrite
Arsenopyrite
wwmuu

lolybd.nit-
Sphalerite
Chaloopyrite
Gold

T [ Tourmaline

Quarts

Ankerite

Oalclte

Chlorite

Epidote & Zoisite
Bericite
Saussurite
Metallic ifinerals

I - ¥ineml occurring abundantly,
X « Average abundance
* « Miaor abundance
= Most abundant metallio minerel
- \R} » Average {0 minor atundant metalliic minersl
%) = lstallic mineral not occurring in all deposits and present in miner
smounts, or if found in all deposits of that partieular type, then

osaurs in very minor amounts,
Hmnlng-hlmey Gold Mine and Group F minerslisation belong to this

Q)
g tmehu of Group A mineralisation and Greup B Mineralisation
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There ars certain limitations in the preceding table which
mist be realized before conclusions regarding the classiflcation of
the deposits mey be made. Detail ha-s been saarificed 4in order that more
fmportant facts may be emphasised. A certaln smount of exaggeration in
elmmg relative proportions of the characteristic minerals has been
made in order that differences in the deposits may be magnified. Miner-
#ls cheracterizing a particular type of deposit, though not comprising
the greater percentage of the minerals are llsted as abtundant, while
others thdugh relstively atundant are listed as cocurring if minor
sbundance. An éznmplc of this 1s found in the sulphide replacement de~
posit making up the Dion lake copper mineralimation. An approximately
corraai:onding eontent of about 3O per cent quari;.s is presant in the un~
altered granodiorite and in the ore. 4s no marked sddition of quarts
is recoymized, the silicificatien is listed as present in minor abundance,

¥2ll Rock Aldsration

-

®all reck alteratlon, regardlosa of the rock type, takes place
eccording to g delinite sequence, A fow minor devliations froa this
gonersl get scheme have besan noted, and with the exvepiion of carbonati~
sation, & general rule is followed. Alteration by deateris solutions is
masked by zltoratlon relsted to the later {recturing and Rzyd:;otheml
solutions, |

In general, deaterle alterations are caused by tae sction of
gases and golatlions present within and related to the solidified magua.
As physico=chemical condiiions change, the primary minerals are changed
over late minerals more stu‘oiw under. the prevalling conditions, Ferro-

ragnesisn minerals are first rac;uverted inte mi.nly chlorite, and feld-




- 7 -
spars change over into mainly sericite and caloite.

Altsrations by hydrothermal solutions are due teo the addition
and ,subtractioﬁ of ions or elemonts, and chemical reactions resulting
from the pressnce of residusl solutions which emanate from the magmatie
reservoir after intrusion of the magmwa, Ragularities in the metssoma~
tism noted consist of dllpritllqtion always succeeding silicification and
carbonatisation, and mericitization succeeding chloritisation, Metallie
mineral deposition 1s usually the youngest. A sequence in sgreement with
the one noted has been delcribed'by Lindgren (1928). In the varicus
deposits he studied, ferromagnesian minerals were propylitized, and with
increasing intenaity of alteration, chlorite is replaced by sericite.
Quarts though m stable mineral msy be sericitised and chloritized. G. M.
Schwartz (1932) made & study of hydrothermsl alteration of igneous rocks
and he also reviewed other literature on the subject, and noted & similar |
sequence, | '

This is only & general pattern and is not strictly adhered to
in every deposit studied, tut & certain degres of agreemsnt is present
in all the deposits, This sequence of final deposition does not mean
that the introdustion of the alteration minerals menticned was sll poste
silieifications It both pre-dates and post-dates nuieiricatioﬁ, bt
silicification has been superimposed on the prior alteration and enly
the finsl period of deposition is observed. A fact worthy of note is
the shori pericd of sillcification relative to the other perlods of
slteration. | '

So fnr the discussion has been only descriptive, not explanatory.
Iiterature published on wall rock alterations is also noatly deseriptive.
To explain why a particular alteration aéquenea is present in particular
ltj’pﬁl of rock is a research problem in itself and w3711 not be discussed.
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The explanation must ultimately depend upon thermodynamis considerations,
_ the energy changes involved in assembling lons of differing sise and
change in particular orystal lattices, and the orfoct‘ef their ooncentrailon
in the nineral_in.tng soclutions and in the sclid minerals.

Oripin of the Mineral Deposits

_ In the formetion of metallis mineral deposits two factors
are of major importances (a) the origin of the minerslising seluticns,
a'nq. (b) the formation of fissures aleng which solutions travelled and
whers they deposited the minerals. Upon these iwo factors also depends
the age of the mineralisation,

Thers 18 & general lémemt among geologlsts who have worked -
in the Flin Flon area, aﬁd among geologiste who have worked in etker
areas where similar depoalits occur, that the mineralisation 1s related
to 1gnecus intrusion, Bruce (1518) based his conclusion en the fact
that there is muscovite (sericite) and tourmalins in the deposits. |
Theses minerals could not have been derived from basio veleanie rocks
that surround some of the mineral deposits, as these rocks lack the
necessary radicals or elements for the rormaﬁon of these minerals.
Tourmaline and mscovite are usually sesociated with intrusions, therefore
the presence of these minerals in metallie amineral deposits indlcates
the deposits ars related to ignecus intrusions. He iluo states »s evidence
that the minerslization oocurs a short surface distance awsy from in-
trusive bodiss, and that the vertlesl distance to the intrusion is pro=
bebly less. '

There sre two possible ignecus scurces for the mineralising sol-
utions. The solutions may have originated as emanations from the ine
trusive mass shortly after its intrusion or during its intrusion, Ane-
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othey possidble source is the emanatlon of solutions directly from the
parent magna reserveir. If the solutions eriginated from the intrusive
mags then the mineralisatien would be ralated to the age of the in-
trusion it 1s associated with, However, if the solutions originated from
the parent magma reservoir, then the age of mineralization cannot be as~
eribe;l to any one intrusion of the ares; and may have been emplaced any-
tj.;ne after the first phase of the intrusions ended. | '

The orizinal magmatic reservoir could easily have been the
source of residual mineralising solutions. Mneralising eolutions would
- be in a gassous state within the utagnatie chamber where the temperature i
is above the critical tmperaéurn of the residual solutions. These
therefore would: rapidly diffuse through the rock aided by pressure at
depth till a temperature below the eritleal ﬁmperat;uro is resched.

The gameous state would then change to a liquid state and would migrate
until a fxvourable eondition for deposition of n;uurala would be en=
‘countered. -

The alternative origin for the minertliling solutions 4s that they
were related to the end products of the various intrusive masses: .‘m the
arvea, Thelp transpartation as & gas or liquid would depend on thether

the critical temperature was reached, The age of mineralisation would
correspond to the age of a particular intrusion,

Regardless of whether the ninomlisiﬁg sclations oﬁziﬁated
from the original mﬁnt.ie chanber or as emanations from a e_oonns ine
trusive mass, the deposits ars related ‘to igneous activity mé'have beeﬁ
deposited during a dcrinj.telagc. The vaﬁability of minerslization would
primarily be controlled by the physico~chemical conditions prevailing. |
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Fissures are important in the control of minersl deposition,

Mineralisation in flssures has been noted in the Amisk group of vole
canic rocka and in fissures cutting the post-liissl intrusions. Flesures
mineralization ean only be dated relative to the post~Missi intrusions,
88 recurrent movement along old faults related to the Amisk group folde
ing may also take place dus to stresses set up during and after the pariod
of intrusion, ' _ |

Two general trends of faults are spparent with probably different
ages of mineralisation assoclated with them, Fissures trending west of
north tend to be pre-Kaminis granite. Stockwell (1546) noted that a
Kaminis granite dike cut the ai-nnopyrita vein at the Newgor mine., The
writer however, saw a Zsminis dike on the east side of the vein, but was
unable to trace it across the veln due to & thick cover of overburden and
nine waste rock, At Dion lake, granodiorits is replaced by lmlphidea,
while nearby Kaminis granite ls unaltered and less fractured. Fissures
trending east of north tend to displace Xaminis granite dikes, EKaminis
dikes are displaced by fissuring in the morth trenches of the Group A
map area and b& the faulting of the Group P mineralisation. 4t the
Henning-Maloney mine fiasurc‘s trend east of north across the dioritia
ruc;as of the granodiorite, bu.t their age relative to the EKzminls granito
is not knom. |

The aze of mineralization may ba related to the gmodiorite or
to the Kaminis granite, Mineralization along pre-~Kaminis nerthwest
fissures 1s related to the emanations from the pre-Kaminls J:ntrusienu.
Bortheast trending fissure mineralisation ls related to either proe
Kaminls or post-Xaminis intrusions.
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SONCLUSIONS

l. Two main types of wineralieation occur in the srea: {A) Sulphide re~
placement depesits, and {B) Gold-guarts-sulphide veins, The gold-quarts-
sulphide veins have \mm‘ further subdivided on the basls of certain
characteristie minerals intos {1) gold-quarts veins, (2) guarts-sulphide-
carbonste veins, (3){quar‘tn-su1ph1do veins, and (L) quarts-arsenopyrite
féins. _

2. Wall rock slteration and deposition of metallic minavals has taken
place at intermediate to high temperatures, and has been caused by
hydrothermsl sclutions migrating aleng fissures,

3. The mineralisation is related to the granocdioriie or to the Kaminis
granite. | |

L. A definite sequence of deposition is present., ¥ith the exception

of carbonatisation, which may be depoaited at any time during the pequence,
chloritizatlon always succaads #ilicification and usually earbonatisation,
- and serioitization succeeds chleritization. In ;bha deposition of matallie
mineralu.l tha sulphidea with the exception of pyrite and arsencpyrits,
which may be deposited during the beginning of the mineralisation, are
the youngest. A generzl sequence is pyr‘rhotite, galena, molybdenite,
sphalerite, chaleopyrite, and native gold which is the last to be de-
poaited, |

5., Table 9, summarising the differences in the types of ﬂn&raliaation,

‘ shows that with the exception of silleification, carbonatization,
chloritisation and aorici.tigation secur in varying amcunts, sither
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alons or together. Sines the deposits ocour in rocks of approximately
the sams chemical compositlion, the typs of wall rock alteration depends
on the nature of the hydrothermal solutions, and enphysieal conditions,
such a3 temperature and pressure, prevailing during depoaitien.




LEGEND AND SYMBOLS

(For A1l Maps)

LEGEND
Quartz veins, stringers

Kaminis granite, porphyritic
granite,

Boundary Intrusions

Granodiorite, quartz diorite,
granits

# Diorite, gabbro (border facies of
' grancdiorite)

| Meta-diorite, meta-gabbro,
amphibolite.

Rhyolite, quarts porphyry,
qQuartsz porphyry breccls,

Rhyolite

Tuff, agglomerate

Porphyritic andesite brecoia,
andesite breccia.

porphyritlic andesite

Andsgite, basalt, dacite,
and fiow breccda
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SYMBOLS
Lineation

Foliation (dip known, vertical)

Badding (direstion of dip known, upper
side of bed unimown)

Bedding (vertical)

Bedding (ineclined, top known)

Bedding (upper side known, dip
unknown)

Fault

Shear zone

Trench

Shaft

Building

Quartt stringers {inclined)

Quarts stringers (vertical)
Jointing (inclined)
Jointing (vertical)

Outcrop pattern
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