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ABSTRACT

On the Gracey group of claims, Unuk River, B.C., are
mesothermal-type quartz veins; (1) with specularite-gold
mineralization, (2) with galena—pyritevgold mineralization,
and (3) with chalcopyrite—pjrite mineralization containing no
precious metals. The veins outcrop in a band of lLate Palaeo-
zoia(?) andesite tuff, siltstone,.argillite, and limestone
bordefed on the northeast and southwest by‘Triassic(?)vdiorite
gneiss sills. The main body of Goasf Range intrusivés out-
crops five miles southwest of the property; but several stocks
afe exposed about fi&e miles east of the property.

The regional-type metamorphism, and most of thé fqlding
'and'faulting of the bedded rocks on the property have béen
caused by orogeny associated with the Coast Range intrusives;
but some recrystallization of andesite-tuff can be attributed
to thermal metamorphism produced byvthe adjacent diorite~
gneiss sills. The vein-forming fluids are proﬁably derived
from Coaét ange intrusive rather than the 1oca1:sills,

In the quartz-galeha—pyrite veins anhedral gold fragments
are associated with three soft minerals, possibly telluridés;
which form inclusions in the galens. in the quartz-specular-
ite-~-golad veinslthe gold has been deposited in disruptions
between speqularite’cleavage’plates. Both classes of veins
contain minor amounts of gold in or near fractures in the

quartz. ' . ' ' 4



No veins contain both aﬁundant gpecularite and abundant
sulfides. The specularite probably has been deposited earlier
than the sulfides but in the same period of mineralization.
Specularite does not necessarily indicate hypothermal deposi-
tion, but it is usually one of the first minerals deposited
from\hydrothermal solutions. It is formed only under oxid-
izing conditions, and if exposed to latef sulfide-bearing,
and thus reducing, SOIutions, it tends to be reduced to

magnetite or an iron-bearing sulfide.
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INTRODUCTION

In the 1946 fleld season,. Thomas MeQuillsn and Pat .
Onhasy. prospecting -for Leitch Gold Mines. staked the Gracey
group of c;aims on the ’South Fork' of the Unuk .River. Of
‘the eight quartz veiné éampled theie by the prospectors, five
gave assays above one-half ounce in gold. 'Fonrxof'thase high
assays were from sampies taken across mineable widths., The
writer was .in charge of open cutting and intensive prospecting
on the Graoey group during the 1947 field season.

The five veins giving high assays were named after the
prospectors' sample numbers. (Map No. 3.) Q=17 vein has
been=tracsdmfor four hundred féet. and avéragesAfife feet
wide., At the west end the quartz pinches out .but mineralized
shearing continues. Thirty feet farther west quartz‘has
again been deposited, forming Q-17 west vein. This vein
averages sewen feet wide, and has been traced two hundred
 feet to the west, where it is .covered by deep glacial drift, -
Qs22fvein is.the probable faulted eastern extension Qf Q-l7
vein, Q-éz vein has been traced one thousand feet, to w@ere-
it becomes only eight to ten inchés.wide and assays only
traces in gold. It is suspected that Q-18 sample was cut
frOm.a large boulder of float. Float is'abundant in the area
where the sample was taken, but no vein was found iq place,
although the prospector searched for it himself. Q-19 vein‘
~ Was traéed for seven hundred feet, but only one small possible

'ore shoot was delineated. Q-24 vein is not 6f mineable width,



end is too irregular to warrant surface development under
present conditions. 'Threé additional veins, of which at

~ least one (Q-25) warfants further development, were found.

In the latter part of August geological mapping of the

major showings on & scale of two hundred feet to one inch
was commenced. Inolement weather forced cessation of work
in eagly Septembér. but further exploration, including
diamond drilling and geological mapping, will be QOntinuéd
in the 1948 field season.

; - \
‘KV/’



Looking east up the valley of the
South Fork which heads in a tongue
of the Frankmackie glacier.

Geological breaks show up in
the late snow.



OQuterop of Q=17 vein.

Stripping Q-22 vein. July 4.
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PURPOSE QF THESIS

Po descfibe the looétion. aocessibility, topography,
climate, history, and geology of the region; and more
particularly tb» - _ .

1, determine the age of the rocks by structural and
lithological correlation of the geology_with thet of nearby
areas,

2, determine the host rock of the veins, and the reasons
for its susceptibility to mineralization.

- 3, analyse the structure of the region as a guide to .
further prospecting and development.

4., determine the probable source of mingralizing fluids.

6, determine the mineral or minerals associated with
gold in the veins as a guide to further development.

é. determine the size of gold particles in the 'ore',
and its association with fracturing, to indicate size of
grinding necessary for milling.

7. determine the significance of specularife in the
quartz veins; and its association with the other metallie

minerals.



GRACEY GROUP. -~ Gracey Creek in
background; South Fork in valley on
the lower right; Gracey claims

are right center.



METHOD OF INVESTIGATION

Geological mapping could not be done to best advantage
until August, when most of the ground was free of snow. A
claim map was made in July, uéing'a Brunton compass and cha;n.
This map was drawn at 500 feet to the inch. The accuracy of
the surveying was about one in a thousand. Notes of the
survey were kept. |

When geological mapping was started each claim was drawn
at 200 ft, to the inch on a separate sheet. The claims were
then geologically mapped one at a time using Brunton compass
and chain, as no plane table was afailable, Traverses were
run north-east and south-west, in order to follow the trend
of the outecrops.' The c¢laim posts were used for 'tie-in'
points. The surveyor's helper kept notes of the surveyé
including topography, and the surveyor kept notes of the
'geolégy, After each five chains (500 ft.), the topography
and geology were plotted on the claim sheét. A claim was
mapped in about two days. The geological maps of all the
claims were compiled in one map (Map ¥o.3 in back pocket).

Rock specimens collected during mapﬁing were labelléd
numerically; and the number put on the map to show where
each specimen was colledfed. A suite of specimens was
collected from the wall of Q=-17 #ein; specimens heing taken
at 8 ft., 4 ftu, 3 ft., 2 ft., 1% £, and & £t. from the

"vein, and, as closely as could be determined, from the same
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bed. Laok of outerop made it difficult to obtain other |
suites of altered wall rock. Specimens of 'ore' were collect-
ed from each importaﬁt‘vein,

Thin sections were made of each of the sixty rock
gspecimens collected, gnd of the 'ore' from several of the
important veins, Polished gsections were made of the 'ore'!
from each important vein, The'deseriptions of all sections
were Kept on indexed cards to facilitate reference.

Literature was searched for information on the geology
of the Unuk and surrounding areas, and for information on
the significance of the specularite in the quartz veins,

| The geological sketch map of the Unuk by J.T. Mandy
(Bibl, Nq. 10) has been reproduced on a larger scalq (Map
No. 2 back poéket), This map, with maps of Portland Cansl
(Bibl, No. 5), Iskut (Bibl., No. 13) and Southesstern Alaska
(Bibl., No. 4) have been compiled (Map No. 1 back pocket).



Supplies dropping at campsite
from plane flying at two
hundred feet.



Boxes of dynamite dropped
from plane at camp on
South Fork.
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GRACEY GROUP i;'LocATION AND ACGESSIBILITY

The Graoey group is on the South Fork of the Unuk Rlver,
twenty-eight miles north-west of Premier, B.C, (see map Noel)e

The natural route to the property is by the Unuk River,
which d:aino into the Pacific at Burroughs Bay, Alaska, sixﬁy
miles north of Ketohikan. A wagoh road was constructed from
Burroughs Bay to the international bouﬁdary twenty-five miles
upriver, and gix miles beyond, in 1903, but has since fallen
into disrepair, However, Boundary Lake, on the international
boundary, is aoooSSible to.small airoraft. A good walking
trail has been maintained upriver from Boundary Lake fo La .
Brant Creek on the South Fork. A trail from La Brant Creek
to the Gracey group was started but not completed in 1947.
The trip froﬁ Boundary Lake to the Graoey group takes two
days, dbut cabins at Glacier Creek and the mouth of the South
FPork provide good overnight accommodation.

An slternate route is from Premier, B.C. to Big Missouri
by road, and'thenoe to Tide Lake by pack trail. Erom Tide
Lake to South Fork no trail exists, but Frankmackle glaciser
affords a good grade over the summit to Cobin Creek on the
South Fork. (See plate No. 1). This route is used only by
experienced mountaineers.

Pragile equipment was back-paokod to the camp from
Boundary Lake. The bulk of éupplies was well trussed into

about séventy-five pound bundles and dumped into the snow



Glacier pass from South Fork to Bowser-Salmon valley.

PLATE NO. 1
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from a'low-flying plane based at Ketchikﬁh. Recovery of
dropped supplies was well above ninety percent.
TOPOGRAPHY A

The topography of the Unuk 1Swtypioa1 of the northern
Coast Range. Maximum reliéf is seven thousand feet. Valley
walls in most places are scalable. Above timbérl;ne at |
sthirty-five hundred feet, heather slopes pass upward into
.domed rock ridges, or, in the'hiéher mountains, rough serrated
peaks cut by glaciers. (See plate No. 2). TPongues of glacier
extend from the main ice fields into the heads of the valleys;
and the main valleys exhibit the AU' shape characteristic of
glaciatioﬁ, ' ( .

Plate Nb, 3 shows the headwatérs of the Unuk (aléo(see
Map No. 2). Gracey Creek invthe right foreground occupies
a long straight glaciated vglley trending north-easterly,
Two miles below its junction with the South Fork, La Brant‘
Creek enters from the north, and the valley swings north-
westerly to its confluence with the valley of Ketchum Creek
and the main Unuk River. Th; main Unuk River is considered
to be the river below the junction of Ketchum and Sulfide
Creeks. It flows south-westerly, and is joindd byvmany
tributary streams before flowing into Burroughs Bay. |

All tributaries are laden with glacial silt, much of
which is deposited in the lower reaches of the river, The

lower river consists of many reticulating and constantly'



Looking eastward from the glaciated
coast range towards the interior plateau.

PLATE NO. 2
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changing channels, except where it plunges through four
narrow canyons. It has been navigated with flat-bottomed

river boats, but only at the expense of élmost continuous

lining,

CLIMATE _

The climate is similar to that of Portland Canal area.
Although no records of precipitation are available, it is
estimated that winter snowfall would reach twenty feet at
the property. Patohes of snow from one season linger until
Joined'by fresh snow of the next season. Above four thousand
feot élevation snow flurries can be expected at any time
during the summer. The abundance of snow prohibits geological
mapping until late in the summer, and incessant rainfall

makes it difficult even then.

HISTORY
The first active prospecting of the Unuk was done in

the eighteen nineties; but was mainly for placer on Sulfarets
Creek. The Cumberland property, on Sulfurets Creek, was
staked for lode gold and silver about 1900 but has never been
developed. The aforementioned wagon road was built to serviae
this property. The Globe property, near the headwaters 6f

the South Fork, was also staked about 1900, Though & stamp

mill was erected, no gold was produced.

After the death on the trail in 1903 of Ketchum, the
owner of the Globe, interest in the Globe and the Unuk in



Globe glacier in June (above)
and in September (below).



Mount Pearson at the
headwaters of the South Fork.

Rough valley bottom near
head of South Fork.



Valley-bottom beaver swamps.

Campsite at timberline
on the Gracey Claims.



Plane landing on Boundary Lake at
the British Columbia-Alaska boundary to
take the crew out in September.

Looking downriver (south) from McQuillan's
cabin at the junction of the South
Fork with the main Unuk.
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-general waned until the nineteen thirties, whqg_prospequrs
from Portland Cansl entered the region. In 1933 and 195%|'
Premier interests diamond drilled and made Qpen_cuts on &
group of claims staked in 1932 onAProut Plateau. 1In 1946
Canédian Exploratibn further developed‘the showings on these
claims. |

GENERAL GEOLOGY | '

Very little geology has been done in the Unuk., The
only geological map is a sketch (Map No. 2 in back pocket)
made in 1935 by Dr. J.T. Mandy of the British Columbia
Department of Mines, A brief report (Bibl, No. 10) accompan-
les this map. It was compiled after a ten-day reconnaissance
trip, during,whidh Dr. Mandy had the advice and guidance of
several of the ’old-timef prospectors. Dr. Mandy had prev-
fously visited Prout Plateau (Bibl. No, 11). He states 'The
sedimentary and volcanic rocks composing Prout Plateau are
similar in extent and character and may possibly be correlated
with the-Upper Bear River series of Jurassic age. In places
" the exposures of this series may possibly approach the
younger Nass series horizon.' PF.E. Wright published a short
report on the Unuk"inv1905-(3ib1. No. 8).

In an endeavor to determine the age of the formations in
the Unuk by strdotural and lithological correlation, maps
from nearby areas have been compiled in Map No. 1 {in back
pocket). These include L .

1), The.Iskut River Area, by P.A. Kerr of the Geological
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Survey of Canads. (Bibl, No. 13.) -
2). The Portland Canal Area by G. Hansen of the Geologi~-
cal Survey of Cansada. (Bibl. No. 5 )

3). Southeastern Alaska, by A.E. Buddington and Theodore
Chapin of the United States Geological Survey. (Bibl. No. 4.).

Structural Correlation - Intrusives.

The doast Range intrusives run northwesterly through the
correlated areas. Thé eastern contact of the intrusives
approximately folldws the international boundaryj but. con-
facts are irregular, with many sételliﬁes on both flanks. The
intrusives show considerable heterogenity, 'Buddingtoﬁ reports
granodiorite, quartz monzonite, quartz diorite, hornblende
biotite diorite, monzonite, hdrnblendite. and gabbro from'
sections along Portland Canal and Chickamin river, Kerr
reports diorite, orthoclase porphyry, and syenite, as well as
most of the facies mentioned by Buddinéton, from the Iskut
ondStikine sections. h

The age_of the intrusives is given by Kerr as~Triassic
to Lower Cregaoeous. and by Buddington as Upper Jurassic to
Lower Cretac®ous. The descriptions of the Triassic intrusives
given by Kerr (Bibl, No. 1) indicate they are very similar to

the diorite gneiss 'sills' on the Gracey group.

Structural Correlation - Sedimenta:y and Volcanic Rocks.

The :egiongl trend of the pre4intrusive sedimentary and

volcanic rocks is north to northwest, parallel that of the
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1ntrusi€es. This trend is partiéularly marked on the western
flank. Correlation of sediments and volcanics of the. Unuk
area on the east flank with those of Southeastern Alaska on
the west flank is difficult because of the intervening in-
trusives. /

Of the Iskut area Kerr states "the structure is}extreme-
ly complex; intense unéystematic fdlding and faulting are
present everywhere so that the boundaries between formations
are not well defined and can be indicated only in a general
waj."\ (Bibl. No. 1, p. 48), Structural correlation with
the Unuk is thus well nigh impossible,

In Portland Canal the structur&l trend of the Hazelton
group is generaliy north to northwest. This treﬁd, if con-~"
tinued, would bring Hazelton group rocks through at least
the eastern part of the Unuk drainage basin. Mandy's obser-
vations in the Unuk indicate & northerly trend to the sedi-
mentary and voloénic rocks, and thus substantiate correlstion

with Portland Canal,

Lithological Correlation.

Mandy has mapped three main types of pre-intrusive bedded
rock in the Unuk; 1limestone, argillaceous sed;ments, and
volcanics with associated hypabyssals.

The limestone is white to grey in color, and highly
recrystallized. Sections of well over one thousand feet are

predominantly limestone, but folding or flowage may give



répetition'or exaggeration of the true thickness. The'lime-
stone in the Iskut(§£§)thirty miles to the north-west is
similar in extent and character, and has been called 'fairly
definitely Permian' in age. ‘Limestone is known in thé |
Hazelton group of Portland Canal, but occurs only in a few |
lenses of several feet thiékness. In Southeéstern Alaska
limestone occurs in sections hundreds of feet in thickness

in Palaseozoic rocks, but only in thin lenses in Mesozoid rocks.
The limestone of the Unuk River area is thus probably
Palaeozolc and likel& Permian.

A mile or two to the west of the limestone band the |
gsedimentary énd volqanié rocks are metamo:phosed to phyllitas,
slates, and'schists, To the east they have undergone little
metamorphism; the sediments are well bedded and the volecanics
massive. The metamorphism to. the west may be attributed to
the greater age of these rocks, or to proximity to the main
body of Coast Range intrusives. However, metamorphism is
not intense in sedimentary and volcenic rocks that are in
contact with Coast Range intrusives in Portland Canal. The
metamorphism of the Unuk rocks west of the limestone is then
more likely due to the fact that they are of greater age,
and have undergone more diastrophism than those on the east
of the limestone.

- On the east of the limestone band, and on Prout Plateau,
the sedimentary rocks are well bedded argillites, sandstones,

and fine conglomerates, and the volcanic rocks are massive
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green andesites. The assemblage, &as stated by_ﬁ;. Manng‘
(Bibl, No. 11) olosely resembles the Bear River and Nass
forma#ions of the Hazelton group in Portland Canal. V

The structural and lithological correlation suggests
that the Unuk limestone is Permian, the sedimentary and
lvolcanig rocks to the east are Hazelton group (Jurassic?)
and those to the west are Pre-Permian. No fossils were‘found
in the limestone and it is doubtful if determinable fossils‘
will be found in the limestone or the rocks to the west ‘

‘because of the metamorphism,

Mineralization,

‘Rock exposed on the west flank of the Coast Range in-
trusives has undergone mefamorphism of a higher grade than
rock exposed on the east‘flank.‘ Gneisses and schists cut.
by pegmatite dykes predominate on the west, indicating a
deeper-seated type of metamoiphism than on the east where
argillites and slates predominate.  Erosion has cut down to
the zone of flowage on the west, and the rocks exposed now
were probably at a high temperature during the period of
'mineraiization and thus ndt affected markedly by mineralizing
fluids. On the other hand, the rocks on the easf would frac-.
ture rather than flow, and the mineralizing fluids would
encounter new conditions of temperature'gnd pressure, and
deposit much of their'loéd. Mineralization is not pronounced

on the western flank of the intrusives, but on the eastern
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flank Qonﬁaot me tamorphie deposits and mineralized veins are

relatively. sbundant,

LOCAL GEOLOGY |

Phe Gracey Group is on the mountain between G?acey,creek
and the South Fork (see Plate No. 3 aﬁd map No. 2). This
mountain is composed 6f limestoqe, tﬁff, gsiltstone, argillite,
and diorite gneiss., The sediments, including tuff, trend
north~-westerly, and‘dlp 40'to‘60 degreeé'northeast. They
grade into.one another, andlare in pléces intimately‘inter:
bedded, indicating practically simultaneous deposition duringA
gome periods. The abundance of limestone shows marine de-
position. The beds of the clastics range from a fraction of
an ‘inch to several feet in thickness. The main band of 1ime-
stone has an apparent thickgess of well over one thousand
feet. The sediments are intruded by diorite gneiss stocks
and sillk like‘bodies,_and aplite, lamprophyre, and syenite
dykes. - |

The'@ountain as a whole has not been mapped geologically.
" but an outcrop map was made covering the most important |

mineral showings (Map No. 3). The most important veins lie

in s thousand-foot-wide sedimentary belt trending northwesterly.

The belt is bounded on the north-east and south-west by sill
like bodies of dlorite gneiss. The 'lower sill', on the
northeast, is about three hundred feet wide and has been

traced_for~three'thousand feet. The 'upper sill', on the
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southwest, is more irregular gnd not as well deligeated,‘but_
is estimated.to be several hundred to one thousand fest wide,
Veins occur in the sediments outside the sills, but, fhough
similarvin mineralization and attitude, have shown neither
the widths nor the gold content.of the veins in the central
band of sediments. |
In some parts of the mapped area the sediments show
close folding and crenulation. The tuffs have in places been
recrystallized to a fine-grained gneiss. The gneissic struc-
ture strikes northweét, parallel to the strike of the beds
and the axes of the folds. To the west high angle shearing
with a westerly strike is widespfead. Dis¢ontinuous‘shears
are abundant throughout most of the mapped area. No major
| faults were proven, but one of about one thousand feet hori-
zontal offset, striking northerly, may occur west of Ptarmi-

gan Hill.



THIN SECTION PHOTOGRAPH KO. 1

Quartz and calcite have recrystallized
side by side, without formation of
gsilicates. Sericite is also present.

ee Appendix for photographic data.)

T

THIN SECTION PHOTOGRAPH KO. 2

fear the contact with intrusive gneiss
the fine laminae in the sediments are crenulated.
Minerals are quartz, chlorite and sericite.
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ROCK TYPES

Limestone. .
 ‘. The main band of limestone lies northeast of the lower
8ill, outside the mapped area, but a few beds lie in the
central band of sediments. All the limestone is highly_re-
orystallized. Thih.sectiqns show.an interlocking mosaic of
grains up to three mm. in diameter. Many.grains show strong
twin-gliding. Chemical tests prove a trace of magnesium in
the limestone. | | |

Knobby protrusibns up to one foot in diameter have formeﬁ
4'from differential erosion where the limestone contains quartz.
The alignment of these protrusioné_is parallel to the con-
taqts of the bed and this alignment could be caused by flow-
age of the limestone, or may be indicative of thé original
bedding, or both. The quartz grains in the knobs range from
»06 to .15 mm. in diameter. The larger grains are strongly
fractured, étrain shadowed,'sutured, and intergrown. Isolatéd
quartzrgrains in the limeétone are of smaller average size,
about .05 mm. and are strongly strain shadowed.

The quartz in the limestonse could have ofiginated as wiﬁd
blown silt, water transported silt, or c§g££~gggg}es. If wind
or water transported, the Quarfz would possibly be accompanied

by feldspars‘and/or sericite. A little sericite does occur

with quartz in the limestone. Chert npdules,'on recrystalliza-

‘tion would have quartz grains of considerable size variation.

<
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The.grains here show a markequ small variation in size (;95 
to .15 mm.) in spite 6f the recrystallization they have under-
gone. No beds of chert have been found in the ares, but beds
- of 81ltstone, in places composed almost entlrely of quartz,
and in other places grading into argillite and tuff, are
abundant. The quartz in the limestone is of the same average
grain size as that in the siltstone, argillite, and tuff. The
quartz is thus probably wind or water transported, or both. -
According to Twemhofel (Bibl. No. 14) more grains tend to be
rounded, and rounding occurs down to a smaller grain size
(.03 mm,) in_wind transported 8ilt, than in water transported
silt (.1 to .05 mm,). Recrystallization, however, has changed
the size and shape of the grains so much that these criteria
are no longer applicable. Aeolign gilt, howevgr, tends to be
better sorted than water-transported silt, and as this silt
shows little variation in grain size and is predominantly
quartz it is likely aeolian. The irregular knotty aggregates
have formed from a 'rolling up' of the grains during the lime-
stone flowage. ,

Other impurities in the 1imestqne are sericite, tremolite,
chlorite, and opaque metallics. These minerals are in minute
amounts in some beds, but are abundant in others where the
limestone grades into argillites and tuffs. The tremolite
occurs as a few fibers replacing quartz and carbonate in a
bed of silicious limestone close to the lower diorite gneiss

sill,
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THIN SECTION PHOTOGRAPH NO.9.
Irregular contact of twin-glided carbonate
with fine-grained tuff., Actinolite shreds

have developed in the carbonate.
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Several beds of liméstone-about five feet thick which
outerop twglve hundred feet north of Ptarmigan Hill are
intercalated with beds of tuff, and contain inequidimensional
fragments of green andésite tuff up to several inches in
diameter. .These fragments are probably thin lenses of tuff
‘which have_'rolléd up' in the limestone during its flowage.

The essential minerals in the tuff fragments are_horn-
blende and plagioclase (oligoclase to andesine) in about
equal proportions. Gréins of these average ,15 mm{’in diaé
meter. Sphene, pyrite, and apatite are minor, forming about
one percent of the total. ‘ o

In the interiors of the tuif fragments the hornblende
grains are ragged, slightly poikildblastic. and altered in
part (about one-third) to chlorite. The plagioclase is
kaolinized, partioulaily in the centers of the grains, and
shows very little twinning. Titanite is clouded with leucox-
ene. .One.or'two smell epidote grains are present.

The carbonate five or ten millimeters away from the tuff
_ fragments has recrystallized to grains several millimeters
in diameter, and these grains are strongly twin-glided.
Highly strain shadowed, fractured, sutured, and intergrown
quartz grains up to .75 mm. in dismeter are present in one or
two'knots in the 1imestone.A They have probably originated in
the same way as the knotty aggregates of quartz previously
discussed. |

At the contacts of the tuff fragments with the limestone



THIN SECTION PHOTOGRAPH NO. 7.
Pyrite cube with inceclusion of diopside
and another replaced by actinolite at

contact of tuff fragment with limestone.

THIN SECTION PHOTOGRAPH NO. 8.

Plagioclase (light grey) with oriented

inclusions of fibrous actinolite (white).
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resctions betwsen the minerals of the tuff and the carbonate
have produced'diopside,vtremolite, and actinolite.. Some
radial aggregates-offa\fibrous chlorite are pseudomorphous
aftei a pyroxene; possibly‘diopside. and others.’with as8soc-
iated magnetite, replace actinolite, A4 few titanite grains
sh.owing much alteration to leucoiene are isolated in the
carﬁbnate, Qﬁe pyrite gfain has an inclusion of diopside,
and others are replaced-by actinolite (Thin section photo-
graph No. 7). No pyrite is found in the carbonate away from
the tuff fragments. The pyrite hés thus formed béfore,some
of the metémorphio 8ilicates, énd is probably not from later
hydrothermal activity.

The diopside, tremolite, and actinolite grains are most
-abundant in a Band gseven or eight millimeters wide at the
contacts of the tuff fragments and limestone. They are not
found in the centfal portions of the tuff fragments. A
rough zoning has taken prlace. Actinplite has formed for
gseveral millimeters on both sides of the contacts. Tremolite,
showing no green pleochroism, and diopside have formed only
in the carbonate several millimeters away from the contacts.

Piagioclase has recrystallized at the contact. The
grains are four or five times fhe diameter of those in the
tuff, and in one place contain oriented inclusions of actino-
lite (Thin section photograph No. 8), thus must have replaced
the actinolite. Some of the feldspar was probably originally

coarse as it occurs in bands angling away from the contact,
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'The coarse plagioclase has the same composition as that in the
tuff.(oligoclase to andesine), and thus has undergone no
chemical change. |

No metasomatism Waé necessafy‘to produce the alteration
at the contacts. The iron is provided by,the hornblende and
pyrite of'the tuff; the silica by the hornblende of the tuff,
and/dr the quartz inclusions in the carbonate., The magnesiuﬁ
comes from the hornblende or its chlorite alteration in the
tuff, and from the slightly magnesian carbonate. The calcium
comes from the carbonate and from the hornblendd in the tuff.
The titanite may be a primary constituent of the tuff, or may
have its titahium derived from titaniferous magnetite or
ilmenite in the tuff.

The rough zoning of the siiieates.supports the‘hypothesis
that alteration is purely metamorphic., Calcium and magnesium
and silica need not migrate far as they are present'in both
limestone and tuff. Iron, which is present only in the tuff,
has not migrated fa; from the contacts. Ferriferous actiﬁolita
at the contact gives way to the non-ferriferous tremolite and
diopside geveral millimeters away'frdm the contacts.

| Tuff near Q-25 vein contains disseminated carbonate
g;ains, and no reactioh has taken place here between tuff
minerais and carbonate. However, the carbonate is less
abundant,'the rock has undergone shearing rather than flowage.
The shearing may have prevented the formation of the new

metamorphic minerals, particularly diopside,
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Siltstone. - o S “ o
. The siltstone is very thinly bedded, whita to grey and

green in color, and composed predominantly of quartz. Some
beds contain abundant feldspar and chlorite, and grade into
tuff.

| The édartz graihs in the siltstone have diameters up to
+3 mm., but in most thin sections the maximum is ,1 mm, Grains
are strain shadowed, sutured, and intergrown to form a fine-
grained quartzite. No evidence of accretionary growth waé
" noted. - Serieite, chlorite, and calcecite fill interstices, and
andesine forms minute laminae in the siltstone.

The feldspar ‘is probably both volcaniovand detrital.

The siltstones grade ihto andesite;tuffs, coﬁtaining andesine
but some bands in the siltstone that are high in feldspar
contain no mafic miherals, and are thus likely detrital rather
than volcanic in origin. The feldspar in these bands is of
the same grain size as the associated quartz. The recrystalli-
zation prevents determining whether the silt is water transporb?
ed orvaeolian,

Tutl
Thin bedded, green to grey, water-lain andesite  tuff

forms the bulk of the ceqtral band of 'sediments’'. Predomihb
ant minerals are andesine and hornblende, Biotite is a minor
constituent. The grains average .15 mm. in diametér, and
show markedly little variation i;isize'in any one bed, and k?/
even in different beds. The original fragments have been well

compacted and recrystallized; »nd fragmental outlines were



THIN SECTION PHOTOGRAPH HO. 3

Hornblende forms 'feather-amphibole' in
the regionally metamorphosed tuffs.
The other mineral is andesine plagioclase.

THIN SECTION PHOTOGRAPH KO. 4

The dark band cross-cutting the hornblende lineation
is caused by alteration of feldspar to clay-
minerals. It may represent the original
bedding.
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seen in the fileld or}ih thin section. Fine chloritic msterial
interstitial to the plagioclase and hornblende is pfobably
-devitrified ash or glass, Accessory magnetite, pyrite, hema-
tite and sﬁhene are associated with the mafic minerals,

Although quartz is present in many of the specimens, it
is éonsidered to be detrital rather than volcanic. The rela-~
tive’amdunt of quartz varies greatly in different beds. The
tuffé-grade ihto siltstone., The quartz grains are in many
places in bands and 1enées rathei than disseminatzd. The
diorite sills are the intrusives neareét in age and in dis~
tance to the. tuff. The sills and the tuff may repfesent'
early ignaous_activity associated with the Coast Range
intrusivesé If so, the sills, though younger than the tuff,
are probabl& derived from the same magma as the tuff. The
later sills contain no quartz, and, as late differentiates
of the same magmatic facies are usually more silicious than
earlier differentiates it is doubtful that the earlier tuff
would contain quartz. |

In places the tuff grades into limestone, and here
carbonafe is locally abundant in the tuff, Where carbonate
grains are disseminated in the tuff no reaétion betwesn tuff
‘and carbonate has occurred, although, as described under
- Limestone, in some'places fragments of tuff in limestone were
&ltered on the borders to diopside, tremolite, and actinolite.

In one or two areas, and in partlcular in the outecrop on

the north side of Ptarmigan Hill, the feldspar in the: tuff has
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been sausauritized. Here epidote is very abundant, forming
ovér fifty peicent of the rock. It is mostly in patches
associated with plagioclase, but also odcurs in irregular
microscopic veinlets and lenses cutting all otﬁer minerals.
Albite, untwinned and with abundant inclusions, has formed in
'irregulat masses probably replacing andesine, although andesine
could not be proven. Calcite grains are disseminated through~
out the slides, 'kaolins' cloud the feldspars, and small:
zoisite grains form inclusions in the feldspars. Chloriti-
zation of the hornblende accompanies the saussuritization of
the feldspar, but some of the chlorite has been replaced‘by
the abundant epidote. |
Alteration is not confined to the tuff near the chlérite
gneiss sillg., Areas several hundred feef from intrusive
outecrops have sbundant epidote. Some of the tuff beds.near
the sills show crenulation, pérticularly where the sills cut
écross the bedding, but thin sections show no reconstitution
of ?pe minerals.‘ |
In some areas the tuff shows no beddihg,‘and is indis~

-tinguishable from fine-grasined intrusive diorite gneiss.

Thesé areas have been mapped as massive greenstone. Since

the outcerops lie on strike of tuff beds rather than on strike

of diorite gneiss sills, and since most thin sections contain _

Quartz, which does not occur in the intrusives, the rock is
- undoubtedly 'sedimentary' in origin. Marked lineation of

hornblende 'feather amphibolef (Thin Section photograph No. 3)
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}‘ipdicates dynamic metamorphism was stronger here tﬁan in
-ggrrounding areas. In one thin section (see. Thin Section
;photograph No, 4) a band of kaolinic alteration crosses the
amphiﬁole lineation, and may represent the original bedding.
Why dynamic metamdrphism has been more intense in these areas
has not been determined. The areas are not pérticularly.
close to exposed'intrusives. the bedded rocks on their margins
are not severely folded, and they are foo irrggular to bé
associated with concealed faulting. The gneissic structure

in them is parallel to the regional folding and foliation,

Gngiss_of Tuff Origin.

Where the sedimentary rocks are silicious the contact
with the diorite gneiss sills are sharp, but where andesite
tuff is the main\sediment the tﬁff‘has-recrystallized. bedding
is obscured, and the contact with the sill is indistinguish-~
able. Some of the rock mapped as diorite gneiss has undoubt-
edly formed by recrystallization of tuff under dynamic meta-
morphism, The gneiss in several outcrops shows bands of
coarser and finer grain size and lightef and darker grey-green.
coloré. These bands may be from multiple intrusion, but are‘
mére likely original bedding in tuff. The gneissic structure '
In these bands is parallel to that in the sills and to the
regional lineation. This paragneiss contains the same ﬁinerals
as thé orthogneiss. Andesine and hornblende predominate;

biotite, pyrite, magnetite, sphene, and specularite are minor



THIN SECTION PHOTOGRAPH KO. &

Gneissic structure from lensey aggregations

of hornblende erystals. Andesine comprises

most of the rest of the slide but chlorite
epidote, sericite and carbonate are also present.

x 80

THIN SECTION PHOTOGRAPH KNO. 6

Fresh andesine in recrystallized tuff. Hornblende,
quartz, chlorite, asectinolite, and epidote are present.
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forming about one percent of the rock. The average g?ain
gize is ,2 mm, A few of the;specimens contain quarti. and
thus are probably sedimentary rathgr than infrusive, The
gneissic structure is produced by aggregation of hornblende
grains to parallel lenses. Andesine has been kaolinized and
gsericitized, and hornblende chioritized. Minute grains of
epidote (,05 mm, in diasmeter) are associated with the kao=-
linic alteration of plagioclase.

Gneiss has been formed by recrystallization of the andes-
ite tuff for twenty or thirty‘feet 6n each wall of the acid
dykes. The gneiss shows no addition of material, but ié
coarser in grain size than the tuff. The gneissic structure
has been produced by segregation of hornblende into parallel
lenses. The structure is not parallel to the walls of fhe
dykes, but is parallel to the regional foliation. The dykes
must thus have been intruded before or during the orogenioc

period;

Intrusive Diorite Gneisgs.

" Phe intrusive gheiss, like that formed from tuff, is
composed predominantly of andesine and hornblende, but it
contains no quartz. Apatite; titanite, and ilmenite or
titanifeious magnetite are accessory minerals. Euhedral
.érystals of hornblende up to a millimeter in diameter occur
nin parallel lenses in a groundmass of subhedral andesine

grains of about .5 millimeters diameter. (Thin Section photo-

7

-
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graph No. 5) o _

At sharp contacts with the sedimeﬁts the gneiss‘is fine
'grainéd from chilling.‘and in places cuts the sediments at
a small angle. At omeexposure the sediments have been
crenulated and shattered at the contact (Thin‘Section'photof
graph Nos 2),' Angular fragments‘found in boulders of gneiss
may bQ xenoliths of tuff or sutoliths. “

»The gneiss has undergone similar alteration to the tuff.
Peldspars have been saussuritized with the production of
albite, epidote, cliﬁozoisite. and clay minerals, and have
been sericitized. Hornblende has altered to chlorites and to
epidote. Ilmenite or titaniferous magnetite is rimmed by
titanité, énd the two are altered in part to leucoxene.‘

Four criteria have been found to distinguish the ortho-
gneiss from ﬁaragneiss. Quartz, probably detrital in origin,
iis ih places disseminated and in minute lenses and bands in
the paragneiss, but has not been found in orthogneiss.: Ih
places vague banding, probably bedding. can be traced into
parégnéiss. The'orthogneiés contains xenoliths of tuff or
autoliths. The orthogneiss, although sillflike. in placeé

crosscuts the bedding of the sediments.

. Dykes.

Sediments and gneiss are cut by aplite, lamprophyre and
syenite dykes.

‘The aplite dykes are composed of about equal proportions
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of subhedral orthociase, quartz and albite in graips up to
five millimeters in diameter. Muscovite, chlorite, and
anorthoclase are minor constituents, forming less than one
percent of'the'dykes.

One or two grains of garnet snd pyrite were noted.

?arts of some orthoclase grains have recrystallized,
probably because of.stress, Parallel lathé, arranged en
echelon and in places joined, are all of the same optic
orientation, but of a different orientation than the host
cryétal, The 1aths are-clearer than the rest of the crystgl.
In places orthoclase grains are repladed on the borders by
anorthoclase. Fine flamboyant quartz grains; el mm, in
diameter, fill irregular fractures in orthoclase ahd albite,
| The aplite dykes have undergone little alteration.
Sericite flakes replace the orthoélase, and clay minerals
cloud thefplagioclase. Chlorite has completely replaced the
few grains of mafic originally present.

The aplite dykes have irregular walls, stringers of
aplite forming reticulating veinlets in the wall-rock. The
vandesite tuff wall-rock has recrystallized to diorite gneiss,

as discussed under 'Gneiss of Tuff Origin's.

Several lamprophyre dykes also cut both sedimentary rocks
and diorite gneiss, Thin sections were made of two of these
dykes. |

Ong,xéckersantite, contains twenty’percent biotite in

flakes avegaging‘,z mm. in diameter. The biotite forms
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inpiusions in labradorite laths and partially fills inter-
stices between laths. Augite, in phenocrysts .5 mm, in
diameter, makes up typ or three percent of the rock. Labra-
dorite laths, up to 1 mm., long and fofming seventy percent
of,thg rock, have a sub-parallel disposition, giving the rock ..
8 trachytoid texture; Two or three percent of quartz in |
grains .15 mm. in diameter is present with biotite in the
'interstices between the labradofite and:augite crystals.
Minute grains of opaque, probably magnetite, are present.

The other, a spessartite; has gsixty-five percent euhedral
hornblende phenocrysts up to 2 mm. long. One percent of
biotite is scattered through the slide both in‘hornblen§e
phehodryéts'and their interstices. Andesine in grains up to
+5 mm., forms the groﬁpdmass. Minor apatite is scattered

" throughout the groundmass and ih one place forms an aggregate
of a dozen or more crystals.

Both rocks are quite fresh, augite and hornblende showing
only slight alteration to éhlorite, and feldspar a little |
clouding by clay minersals. |

One outcrop of a syenite dyke was found. Thié-dyke
contains sixty to seventy percent albite laths of random
orientation ranging in size from several microns to Several

millimeters; and thus giving the rook a seriatq texture,:
Hornblende grains, mostly twinned and very acicular, up to
5 mm. long, form inclusions in some of the large albite

grains, and are scattered through the rock with the fine
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albite laths. Chlorite and magnetite pseudomorph pyrozene,

apatite and magnetite are accessory minerals.

Coast Range Intrusives (not including Triassic?.s;lis).

The eastern contact of the main bodj of Coﬁst Range
intrusives is about five miles southwest of the property,
but several stocks oﬁfcrop in the sedimentary and volcanic
rogké east of.the property, Specimens were taken from one
of these stocks, about four miles east.

The rock is a medium-grained granite. Zoned oligoclase~-
albite forms fifty percent’of the rock, orthoclasg thirty
percent, quartz ten percent, and biotite and hornblende ten
percent. Some of the orthoclase enveloped the'plagioclase
and quartz, giving the rock a poikilitie texture. Sphene and
ilmenite or titaniferous magnetite are accessory minerals.

Alteration is slight; plagioclase is somewhat clouded by
¢lay minerals, orthoclase contains a few flakes'of sericite,
and hornblende shows chloritization. Sphene and the opaque

mineral are bordered by leucoxene.
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ME TAMORPHISM ‘

Sedimentary rocks have undergone minorAchtact'metamorph-
ism where they are intruded by diorite sills, but-béth sedi-
'ments-and sills have undergone regional metamorphism.

Where the contacts of diorite sills are close to silicious
limestone minor tremolite has formed, and where sills intrude
andesite tuff fhé tuff has recrystallized to diorite gneiss.
Where calcareous tuff is intruded a few garnets have formed,
but these are localized within a few feet of the contact. No
large skarn zones are found. The diorite must have been low
in volatiles, and transmitted little heat to the country rock.

Dynamic metamorphism has produoed'a iegional foliation.
The gneissic structure in both the sills and the recrystalliz-
ed tuff trends northwesterly. Hornblende has thé feathery
poikiloblastic form typical of dynémic metamorphism. Liméstone
is recrystallized; the carbohate grains show @winrgliding
from flowage, But have not reacted with inclusions: of quartzs
Quartz grains in all rocks except the acid dykes show strain
shadowing. Quartz inclusions in the limestone are aligned
from flowage;

Most of the metamorphism is regional, from orogenic
movements associated with the coast range intrusives; bdut
some local contact metamorphism has been produced by the

diorite sills.
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STRUCTURE

FPolding. |

" The central band of sediments has been folded into north-
westerly-trending‘discontinuous anticlines, synclineé'and
monoclines plunging to the northwest. Some of this foiding
may be due to the intrusion of the sills, for it becomes less
intense away from the sills.

However, the sills are considered to have undergone some
deformation with the sediments becaﬁse; they have suffered
similar mefamorphism to the sediments. the gneissic structure
in them is parallel to the regional foliation (although a
primary flowage structure would have'the’same trend since the
strike of the sills is parallel the regional foliation, it
‘wouldvnot be a8 marked a structure, and would more likely be
caused by orientation of ‘isolated grains, rather than
‘aggregafion of grains into lenses such as has occurréd here),
fragtures. including those mineralized are continuous from
sedimentary rocks into sills, no dykes of‘diorite from the.
sills cut into the sediments. |

| The time of intrusion of the sills is important. If the
sills were intruded while the sediments were still relatively
flat-lying, they would raise the overlying sediments, but
would probably not cause folding in them. On the other hand,
if they were intruded after the sediments had been folded or

tilted so that they dipped at moderate or high angles,
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folding (or‘further folding) in the sediments beﬁween'sills‘
would.more likely take place. If, on the basis of the
correlation discussed previously, the sedimenté are consider-
ed to be Paiéeozoic. ahd the sills Triéssic. the problem of
the conformity of Palaeozoic rocks to Triassic rocks is still
to be solved} to determine the amount of folding before:
intrusion of the sills. In thé Iskut area the contact be-
tween Permian and Triassig is uncdnformable; and in South-
‘eastern Alaske it is suspected of being perhéps angularly
unconformable, but not markedly so (a variation of twenty
degreés in dip but no change in strike is reported in one
place). Oh the whole, thére does not seem to be much orogeny
before Triassic time, which would indicate that the Triassic?
sills were intruded into relatively undisturbed strata, and |
thus would produce little further disruption in them.

On the basis of the available field information, the
upper and lower are not considered to be parts of the one
trough~like body which contains & shallow basin of sediments
‘%ép the following reasons:‘ at the contacts the sills do not
dip-under the sediments consistently, the regional dip is
fairly steep, about sixty degrees northeast, the sediments
between the sills, though folded and fractﬁred, contain no
dykes of diorite.

The relation of the sills to the sedimentar& rocks is
important because, although veins continue from sedimentary

rocks into diorite, they diminish from about five feet to one

-
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foot in width, Samples taken on surface indicate a decrease
in gold content where diorite is the host rock. Apparently

the diorite is unfavourable to minefalization,

Regional Fractdre Pattern.

A1l the dykes strike>from forty to sixty degrees esast of
north and dip vertiocally. The irregularity of the dykes,
especially tbe aplite, indicate the fractures they occupy
are tensional. |

The quartz veins, including those outside the central
band of sedimentary rocks, are cloSely’parallel, striking
south sixty-five degrees east, and dipping eighty degrees
north,’ | |

A zone of abundant shearing with specularite mineraliza-
tion is exposed iﬁ the outcrop north of Ptarmigan Hill. The
- shears vary forty degrees in strike, but those of mosf abun-
dant gopge strike northerly. Dips are verticgl. Bands of
limestone several hundred feet wide on the east of this
broken zone are not found on strike-on the west of the zone.
A band of limestone to the north, outside the mapped area,
may be the continuation. A right<hand fault of over one
thousand feet horizontal offset islsuspected. The presence
of specularite in stringers several inches wide in the zone
indicates the faulting was in pa;t pre-minerslization. |

Q-17 and Q-22 vein are each offset several feet by left-
hand faults, and a fault cutting off the west end of Q-22-



34

vein has the same strike, north fifteen degrees east, indicat-
ing Q-17 and Q422 are the same vein, offset by a left-hand
fault, |

If the structures, éxcluding the post-vein left-hand
faults, are assumed to have resulted from one set of forces,
they may be'fittéd_into the strain ellipsoid diagram as

follows:

o regronol Solding and Folratron
\

priperatized Fowlt of Jewge Aosplocerners

Ty ke —ff//a‘{ Aerrsror Ffroctares

vens folled ke cones’

The veins are known to have formed on shear zones,
because the wall—iock, particularly the hanéfgéll. has abﬁn-
dant gougé, and where thé quartz pinchés out betwseen Q-i?
and Qél? west véins Sheéred rock persists, .

The'folding, with regional foliation parallel.the axes
of the folds, indicates the stress causing the deformation
wa.s Efiﬁi?re' From the strain ellipsoid diagram above, this
pressure was from the southwesttor‘northeast; |

The’two evident sources of ptessure ére the loqal gills,

trending northwest, and the main body of Coast Range in-

truSives, also trending northwest., The metamorphism is’
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regional, thus likely produced by the orogeny associated with
the Coast Range intrusives. If the fractures are produced >Mf‘*%7

by the same stress, they must be regional also, but a larger

ares will have to be mapped to verify this.

Relation of Veins to Sills,

The veins show no direct spatial relation to the sills,
Q-19 vein, Q-25 vein, and several veins outside the mapped
area, are well over one thoﬁsand feet from sill outerops.

No marked change is noted in the mineralogy in tracing the
veins away from the sills. Vein fractures occur well into
the sills rather than just on the borders. Many other
mineral deposits, including one reported ﬁo contain specu-
1arite.'have_been found in the Unuk. Thus the mineralizing
fluids probably were not derived from the diorite sills,

but probably were derived from the main Coast Range iﬁtrusiva

or its satellites.
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VEINS -

Gemoral. | | |

The quartz veins have formed in_sheér zones, as indicated
by gouge on the walls, but no movement along the zones hgé
been proven. The veins continue fromlsediments into diorite
but diminish in width and gold content in the diorite. The
veins contain about’tén fercent of metallics. 1In order of
abundance these are gélena, pyrite, speeularite{ chalcopyrite,
sphalefite, magnetite, three soft mineralgypossibly telluiidss,
and gold. Q-17 vein is by far the most interesting, both
economically and mineralogically. Most of the surface devel=-
opmént has been done on it.  Invone place it'dutcropé'cone
tinuously for over one hundred feet. |

Wall Rock Alteration.

Fairly fresh samples were obtained from Q=17 vein to de=-
termine the nature of the wall rock alteration. 'Speoimens
were taken, as~cldse1y as could be determined, from the same
bed, and at 8 ft,, 4 ft., 3 ft,, 2 ft,, 1% ft., and ¥ ft.
from the vein. A specimen was taken from the shéar zZone
betwéen Q=17 and Q=17 west veins, |

At eight feet from the vein the wall rock shows no altera-
tion that can be attributed to hydrothermal activity. It is
metamorphosed, but the metamorphism is similar to that in
most. tuff speeimens taken from the mapped area. The andesine .
is in part well twinne&, and'although.altered to clay minerals.

is not more so than in tuff outcrops away from the veins,
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Epidote and chlorite have developed as alteration ﬁf plagio-
clase and hornblende, but these minerals are also present in
tuff and gneiss in most other parts of the area.

Four feet from the vein the wall rock still shoﬁs no
change; andesine is well twinned, hornblende still the
'feather-amphibole' type of the majority of the tuff specimens,
epidote, ohlorife,iand kaolins ére minor. However quartz._
which is usually diéseminatéd or in thin bands in the tuff,
occurs as thin introduoed veinlets in the thin section.

The next section, taken at three feet from the vein,
shows considerable alteration. Many of the plagioqlase grains
have been completely replaced by sericite. Only the larger
sericite flakes show the maximum birefringence of normal ‘
(403 mm, thick) sections; most flakes are about .0l mm,
thick, and thus low in birefringence. The clay minerals are
here abundant, but not as abundant as the seriéite, Quartz
veinlets are more numerous, forming three or four percent of
the section. .The few feldspars that are fresh enough to show
tWinning have twin lamellae of greater extinction angles
(labradorite instead of andesine); and one or two grains have
two sets of twin lamellae at right angles. It is doubtful,
however, that thié more calcic feldspar has been introduced,
for it shows the same haziness as the andesine further away
from the vein, and shows no veining relations to indicate
replacement.

At two feet from the vein the feldspar has almost complete=-
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ly disappeared; and hornblende has altered in 9htirety to
chlorite. The wall rock is héré composed of quartz and one or
two vaguexplagioclase residuals in a fine grained groundmass
of sericite, chlorite, and clay minerals. A few fractures
across the thiﬁ section are bordered by fairly'coarse (o1 mm.)
flakes of sericite.

The next séction was taken one and one-half feet from the
vein, in an area where thefe are few fractures or veiﬁlets.
It showed surprisingly little alteration when compared to the
gection taken two feet froﬁ the vein. About half the feld~'
spar has been sericitized; thg remainder is fairly fresh énd
is well twinned, andesine in composition. Hornblende is only
in part (about.half) replaced by chiorite; Disseminated
quartz, probably residual, is strain shadowed and recrystall-
ized, but this deformation ocecurs in all the sedimentary
quértz. |

i At one half a foot from the vein all minerals exdept the .
quartz are reconstituted to a fine pulvurulent mass of
sericite, chlorite, and kaolins; Some of the sericite has
grown to poikiloblastic muscofite, particularly near frac-
tures. Several regular veinlets of albite, clear but With
pdoriy developed twinning, transéct the section. |

The next section was taken from the shgar'zone betweén
Q-17 and Q-17 west veins, and is not from the same bed as the
éections described above. .The‘original rock, however, was

gimilar andesitalor‘daoite tuff. An assay of this sheared



rock gave several tenths of an ounce of gold per ton. Seric-
ite shreds, conétituting about thirty,peroenﬁ of the slide,
and chlorite (five percent) show a marked parallelism to lens-
e8 of carbonate and to the direction of'elongation of the
albite grains. Carbqnate lenses form about thirty percent

of the slide, ané'albite, poorly twinned and partly sericit-
ized, formsAabout-thirfy-five percent. Highly strained
quartz is present in disseminated grains and lenses. Bu= -
hedral pyrite crystals are present in the carbonate lenses,
and.in polished section the pyrite is seen to be rimmed and
replaced by'marmatitic sphalerite. A few subhedral grains,
possibly apatite, are too sméll to identify,

Ghost-like inclusions of wall rock were'found invthe
veigiin many ﬁiaces. The fragments are completely altered
to a soft pale green sericitic material too friable to permit
making thin sections. |

Wall rock alteration is thus confined to narrow limits,
having progréssed only three or four feet into the walls.
Serioite,.clay minerals, and chlorite have formed by alterae
tion of the plagioclase and hornblende.. Quartz and albité
have been introduced in veinlets a fraction of a millimeter
in width; and in the shear zone itself, carbonate, pyrite
and sphalerite have been introduced. The hydrothermal
additions needed to produce this alteration are potash.'séda,
(proﬁably introduced as albite molecule as the albite ocours

in definite veinlets), zinc, and sulphur. The quartz. cal~
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cite, and pyrite in the shear zone are probably hydrothermal
as they occur in veinlets and lenses. The wall rock altera-

tion-is typical of that accompanying mesothermal veins.

Minefalization,» ‘

_ The quartz veins may be classified as follows: (1) those
with chalcopyrite and pyrite with or without magnétite; _
(2)'fhose wifh galensa and pyrite, and (3) those with specu-
1ér1te. The first class was found to contain only traces of
precious metals, irrespective of the amount of metallics, but
the last two classes givé good assays'in gold, particularly
where metallics are abugdant.

In all veins found the quartz has crystallized in grains
up to several millimetérs'in diameter. One or two small wvugs
weie'nqted, and these are bordered by the coarsest grains of
quarfz, Excépt for the rare vugs, vein fiiling shows none of
the features of open space deppsition, and thus was probably

deposited at moderate depth.

Chalcopyrite -~ pyrite Class,

Four veins containing chalcopyrite-pyrite mineraliiation
were found on the claims, but none gave an assay above a few
hundredths of an ounce in gold, In'these veins the pyrite
occurs in cubes up to several millimeters across, and, where
magnetite is present? forms inclusions in the magnetite.
Chalcopyrife, where abundant, veins and replaées quartz, and,

where sparse, is found only as inclusions in pyrite. No
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definite paragenetic relations, other than thét the sulfides
were later than the quarfz, could be established.

Q=23 vein is rather a zone of quartz stringers than a true
vein. Assoociated wiﬁh the quartz is a dark green chlorite,
which in fhin section shows the anomalous blue b;réfringence.
of penninite, " The quartz contains aggregations of sericite,
and is clouded by clay minerals. Magnetite constituteé five
to ten percent of the polished sections.

The footwall.side of Q—25 véin contains quartz~-chalcopyrite
minéralization, and the hangwall éuartz-galenaépyrite mineral-
ization., Gold assays in the footwall side were very low, bpt
in the hangwall side were very encburaging# No fracture or

selvage separates the two classes of mineralization.

Galena Pyrite Class. -

The galena pyrite veins usually carry good values in gold.
The éol@ is generally proportional to the amount_of sulfides,
but may continue into sulfide-poorvquartz. However, two veins
found outside the central band of sedimentary rocks contain |
fifteen or twenty percent galena with minor pyrite, but gave
aésays as low as one or two tenths of an ounce per ton.

The small possible ore shoot in Q-19 Vein contaiﬂed»very
little galena_but<did contain a few disseminations and lenses
of coarse (up to & centimeter in diameter) pyrite. The pyrite
‘grains are oxidized on the rims so that Fhey fall out of the

quartz, ¥  Some were collected and mounted in a polished
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secfion. Although inclusions of chalcopyrite and sphalerite
are abundant, no gold was found in the pyrite. One small free
particle of gold was found in the section, likely a reﬁnant
after oxidation of the pyfite, or a particle that was deposite-
ed in quartz near pyrite.

Q-17 and Q-17 west veins are on the same shear zone,
separated by thirty feet that is barren of quartz. As afore-
mentioned, the sheared‘rock between these two quartz veins is
mineralized with pyrite‘and sphalerite, and gave gold assays
“of SGVerai tenths of an ounce per tdn, Q-17>West vein is
‘mineralized with five to ten peicent of galena and pyrite but
contains noAspecularite, Q-17 vein is miﬁeralized with about
five percent specularite but contains no sulfides. The signi-
ficance of this marked change in mineralization is discussed
later. |

The mineralization of Q<17 west vein was studied in de=-
tail as it afforded some interesting specimens. In thin
sectidn the quartz grains are found to be strongly strain
shadowed and fractured, and the coarser grains (5 mm.) are
cut by many veinlets of small (.1 mm.) flamboyant grains.
Pyrite and galena occur in these veinlets, and replace the
coarser quartz in their walls. Coarse quartz is clouded by
clay miherals, » »

Polished sections shownthe pyrite to be markédly free of
fractures and inclusions, The galena, however, has inclusions

of gold and three other soft metallio minerals. The soft
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Intergrowth in galena of gold
with isotropic white mineral (No. 1)
and isotropic grey mineral (No. 2).

POLISHED SECTION
PHOTOMICROGRAPH NO. 1

(see Appendix for photographic data.)
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POLISHED SECTION
PHOTOMICROGRAPH
NO. 2

x 700

POLISHED SECTION
PHOTOMICROGRAPH
NO. 3

Lensey fractures in galena, with no relation to
galena cleavage, contain intergrowths of gold,
isotropic white, (No. 1) and isotropic grey (No. 2)
minerals.
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minerals are in places found singly, but in most places are
in aggregations of two or more (see Polished Section photo=
hicrographs Nos, 142,3,4 and 6). The three soft metalliecs
other than'gold have not been identified owing to their small
size. They can be seen under medium power (8 ocular, 3b
objective) only when sections have been well pplished. Their

reactions to tests are as follows:

NOQIJ.. i NOoa : Noo3
Coloxr - lighter white g very little moderately darker
| than galena darker grey - than galena with
) than galena a tint of brown
Hardness no relief ﬁo.relief softer than
from galena from galena galena
Anisotropism nil nil moderate with a

brownish birefring-

ence
BOp ... J0EETe | memtive  slight otoh to neg.
HC1 negative negative neéative
KCN. negative negative quick biaok etch
Eﬂéls dark brown, negatife ~ darker brown than
stronger than ‘ galena



No.l Neaz _ Np.gw

HeCl, negative negative moderate brown
| stain
KOH some remain clear negative .~ negative

and others turn
brown; even in same

reagent drop

A spectrographic analysis on minute amounts including
some galena indicated the presence of:

No.1l No.2 . No.3

Ag medium medium. : ) medium
gg  wesk weak weak
2b present but known in galena included
Te traee - trace ' _ tiace
As : strong negative ‘ negative

3

These reactions did not conform to those of any of the -
minerals listed in 'Short'-(Bib1.~No._l5)¢ The'iragmente
are so small that on etohing the reageht drop overlaps onto
the galena. and reactions cannot be taken as diagnostic. |
Spectrographic ‘analyses were taken on minute amounts, and thus
may not be entirely reliable. The minerals are hereafter
referred to by their number in the above table,

'The long striﬁger-like form of some of the aggregations

(see Polished Section Photomicrographs Nos. 2 and 3) suggests
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POLISHED SECTION
PHOTOMICROGRAPH
NO. 4

Gold filling a minute
fracture in galena.

x 570

POLISHED SECTION
PHOTOMICROGRAPH
NO. &

Gold in anisotropic grey
mineral (No. 3) in galena.
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POLISHED SECTION
PHOTOMICROGRAPH
NO. 6

x 204

POLISHED SECTION
PHOTOMICROGRAPH
NO. 7

The gold remains in pits formed
by the oxidation of pyrite
and galena.
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they are of iater age than the galen37 They do not show any
relation to cleavage diieqtions in the galena.

Besides occurring as blebs and minute veinlets both aloné
and with the other soft mineralé in the galena, gold was found
in pits where galena has oxidized (see Polished Section phdto-
micrographs'Nos. 6 and 7), and in~oi'near fractures in the
quartz. |

Q;zz-vein. the probable faulted eastern extenéion of
Q-17 vein, is minerslized with galena and pyrite, but not as
abundantly as Q-17 west vein., Polished sections show irregu-
larly walled veinlets of galena cutting into pyrite grains.
Chalcopyrite~and sphalerite form lens-like inclusions, 1ikeiy
replacements, in the pyrite,. and rounded grains with no appar-
ent parageneticvrélations in the galena. One small fragment of
gold was found in the oxidized material at the edge of galena,
A veinlet of specularite a fraction of an inch wide was noted
‘in one trench across the vein, but the trench contained no
other metallics. |

The galena-pyrite mineralization in Q-25 vein is, as found
. in polished section exaﬁination, accompanied by minor sphal-
erite, chalcopyrite, the soft mineral No. 1 and gold. Galens,
in irregularly Walled veinlets, replaces fyrite, and contains
rounded iﬁclusions of sphalerite and chalcopyrite. The golad
was found as a small stringer in fresh galens,

Paragenetic relations in the galena-pyrite typé of mine

eralization are (1) pyrite, (2) sphalerite and chalcopyrite,



POLISHED SECTION
PHOTOMICROGRAPH
NO. 8

x 204

POLISHED SECTION
PHOTOMICROGRAPH
NO. 9

The gold in the quartz specularite shoot
occurs mostly in disruptions between
specularite ‘cleavage’ plates, but in a

few places forms lenses between plates.
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(3) galena, (4) soft minerals including gold.

Specularite Class.

Only one vein, Q-17, containing abundant specularite
mineralization was found on the. property, although one small
veinlet of specularite was noted in one of éhe pits on Q-22
vein.v However, the presgnce of othe; quartz specularite veins
is suspected because of abundant float in one or two drift
covered areas. |

Thin section shows the specularite to be associated with
fractures in the quartz, but replacing quartz on the edges of
the fractures. Plates of the specularite cut well into quartz
grgins, and even traverse several grains. The quartz is
6louded by fine clay minerals, and in places includes masses
of sericite which are likely altered fragments of wall rock.

Polished sections show the specularite ‘cleavage’ flakes to
be markedly twisted and folded. 1In the opsn spaces or weak-
nesses produced by the deformation gold has been deposited.

In no piace.was golad observed to cut across the ‘cleavage’
plates, and replace the specularite. It has been deposited as
lenses between parallel plates, but most is found where the
‘cleavage’ is disrupted, leaving angular openings. (See Polish-
ed Section photomicrographs Nos. 8 and 9). A few small frag-

ments of gold were noted in or near fractures in the quartz.
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‘Significance of Specularite.

Although'specularite in places comprises as much as ten
~percent of the vein filling, and sulfides in places comprise
fifteen percent, in no place was specularite found in contact
with the sulfides. Specularite is the only mglgiiig, except

for gold, in Q-17 vein, and yet none is found in Q~17 west §7

—

vein, which-is in the same 'break' with only a thirty-foot
length that is barren of quartz intervening. Both specularite
and sulfides are found in the eastern part of Q-22 vein, but

they aie neither abundant nor in contact.
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\ Spgcularite, though fgirly.common in the 'contact meta~-
morphic' type of deposits, is not a common vein mineral. This
discussion will be primarily\on the significance of hydro-

’ thermal hematite in veins, Most, but not all, hematite'of
hydrothermal origin occurs as specularite rather than ‘as
earthy-lustered,hematite,

Lindgren (Bibliography No. 25) presents specularite as a
characteristic mineral in 'ore deposits of deap-seated ori-
gin'. According to Lindgrén, in these deposits it is'found
in the cassiterité véins, where it is commonly associated with
caséiterite, arsenopyrite, pyrite, tourmaline, etc., and in
the gold and silver~bearing veins, where it is commonly assoc-
iated with gold, pyrrhotite, ilmenite, magnetite, galena,
zinchlende, etec. ‘ o

The structure and the wall rock alteration of the specular-
ite-bearing veins in the Unuk suggested the veins were formed
under mesothermal conditions, rather than hyPothermal. The
literature was searched for examples of depdsits containing
specularite (or hydrothermal hematite) to see if they are
consistently hypothermal, and at the same time to Seé what the
relations are between the hematite and sulfides.

Before examples. of deposits aré considered, some discussion
concerning the chemical relations of hematite to sulfides will
give more significance to the mineralogical associations in
the deposits. In the first place, sulfides are deposited only

under reducing conditions, and hematitse, inoluding the weather-
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ing product, only under oxidizing conditions. In the second
place, if hematite, F%QS. containing trivalent (feriic) iron,
is subjected to reducing conditions, it should be reduced to
magnetite, Fegoz.FeO. containing trivalent (ferric) iron and
divalent (ferrous) iron or, of sulphur is abundant, to0 pyrite,'
Pyrite, according to Partington (Biblipéraphy No. 34) is
gupposed to cohtain divalent iron.- Hematite thus should not
be deposifed from the same solutions as sulfides, and if after
deposition it is exposed to later sﬁlfide-bearing solutiohs,
it should be reduced to magnetite or pyrite. Gilbert (Bibliogﬁ
raphy) No. 27) mentions several deposits in which hematite has
been‘feplaced by magnetite, and magnetite by hematite, and
mentions that both replacements are found in the same mineral
depdsit. He attributes the replacements tovchanges from oxidf
izing to reducing conditions and vice versa. -In anéther aper .
(Bibliography No. 32) he mentions that the replaceﬁent of
magnetite by hematite is most vigorous in ores that are sul-
phur poor. Reducing conditions connectéd with sulfides would
"inhibit the oxidation of the magnetite,r

According to Van Hise (Bibliography No. 33) hematite is
reduced by hydrogen sulfide.as follows: ‘ .

Fezoz + 2 HgS * CO2 == FeSy; *» FeC0z * 2 Hy0

to form pyrite. Hematite can form, however, by the action of
alkaline carbonates on pyrite as follows:

8 FeSy » 15 NayCO, = 4 Fe 05 » 14 NagS + NaySg0z + 15 CO,

2
The latter reaction bas been carried out in the laboratory.
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Hydrogen sulfide and alkaline ca:bonates are both possible
constituents of hydrothermal solutions. 4

There seems to be little possibility of & solid solution
of magnetite and hematite. Broderick (Bibliography No. 19)

- shows that specimens of an iron oxide that were descfibed as
80lid solutions of magnetite are in reality meéhanical mix-
tures. The compohents of the mixture are visible in polished
sections studied under the microscope.

The relative temperatures bf crystallization of ferric
oxide, ferrous oxide, and sulfides of iron may also have a
bearing on the apparent antipathy of hydrothermal hematite to
sulfides. Butler (Bibliography No. 23)'has. on empirical evi-
dence, constructed a chart showing the relative temperatures
of formation of oxides and sulfides of the-common ore metals.
The temperature zones shown on this chart are fairly well in
harmony with Emmons' zonal theory and with the zoning implied
by Lindgren's classification of ore deposits. Terric oxides
and gilicates arefvery largely confined to the high tempéra-
ture zone. Ferrous minerals are formed at high temperatures,
and continue to form, though in léss abundance, to the low
temperature zone. Sulfides 4o not form above the intermediate
temperature zone, but continue to form in the low temperature
zone. Thus unless a low temperature type of mineralization is
superimposed upon a high temperature type, or vice versa,
nemstite would not be likely to oocur with sulfides. fThe

zoning suggests a gradusl change in the nature of the deposit-
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ing f%uid, from oxidizing during its early, higher-temperature
- stages to reducing during its late, 1ower-temperatﬁre stages.

The influence of pressure may also bé important in some
cases. In the Ouray district of Coliorado (Bibliography No.
35) laccoliths and sills_have associated veins containing
hematite, magnetite, chalcopyrite, and pyrite. Most of the
magnetite Was deposited before hematite. A decrease iﬁ pres-
sure on the depositing liquids after they deposited magnetite
is evident from the formation of filled fissures cuttihg mag-
netite-bearing lodes. The ligquid is presumed to have volatil-
ized to some extent,’owing to this decrease in pressure.
F3013, being quite volatile, probably formed. This ferric
iron has been deposited in fissures as hematite. The oxida-
tion of ferrous to ferric iron provides considerable heat, and
s0 the hematite was not necessarily deposited at a lower
temperature than the magnetite, though it was deposited later
in the period of mineralization. |

Examplés that are relavant to the above discussion are now
‘given, tabulated according to their probable temperature of
formation. _

Epithermal deposits.,

Some copper deposits in Tertiary sediments‘and volcanks in
Japan are 'often intricately cut by veins and veinlets of
quartz and micaceous specularite', 'The specularite is decid-
edly primary in origin'. Its formation in Tertiary rocks,

thus at shallow depth, was considered by Takeo Koto (Bibliog-



~52-

raphy No. 26) to be worthy of comment as it refutes the gener-
al opinion that speéularite is a hypothermal mineral.

On Iron Mountain, at the junction of the Coldwatsr and
Nicola Rivers, veins of specularite are found in Tertiary(?)
volcanies (Bibliogréphy(No. 26). If the deposits are Ter-
tiary they must have been deposited at éhallow depfhs.

At Katinai, Alaska, specularite was observed as an in-
crustation formed by fumaroles; thus here it formed under
atmospheric pressure.

At Hickey's Pond, five miles West of the head of Placentisa
Bay, in Southeastern Neﬁfoundland, are depositshqf speoﬁlarite
associated with abundant alunite. (Bibliography No. 2L) The
deposits afe ih a‘silicified zoné at the contact of grdnodior-
ite and volcanic schist. Specularite, alunite, and quartz
in the zone are in parallel bands giving a gneissic structure
to the deposit. The specularite occurs in ragged masses or
individual grsains and blades, lineatqd parallel to the
gneissic structure. OSmall amounts of pyrite occur only in
the specularite-poor silicified gchist. The presence of
alunite suggests the deposit is epithermél. In the same
locélity are speculér;te—bearing quartz veins containing a
few grains of alunite. The seduenee of deposition is (1)
quartz, (2) specularite, (3) pyrite and alunite. In one or
two places pyrite cubes replace specularite. |

No reduction of specularite to magnetite is reported.

However, the abundance of alunite (K,0.341505.6H0,4503),
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indicates sulfur rich solutions ih the later stages'of}de-
position, and the py{ite may.have formed from the reduction
of specularite rather than from introduction of pyrite as
such. Thé reactions may be as follows:

‘Feglz » 2Hg0 == 2Fe(OH),4

2Fe(0H) 5 * ZHZSl == 2FeS » S 7 6Hz0

2PeS + 25 == FeyS, (pyrite)
Only HoS and S need be added in aqueous solution to cease the
replacemént,_but they would bé'reducing.,and a later change
back to oxidizing condifions is necessary for the\formation
of alunite. The deposit may then be an example of reduction
of hemgtite to pyrite by sulfur rich solutions introduced at
a late stage. The alunite, introduced at a still later stage,
may have formed at much lower temperature than the specular-
ite. | | | |
Mesothermal deposits.

An example of replacement of hematite by magnetite during
the introduction of sulfides is found in the George Copper
deposit of Portland Canal, B,C. (Bibliography No. 28). 1In
this deposit the paragenetic séquence is given as (1) wall
rock alteration (2) pyrite (3) arsenopyrite (4) quartz
(5) épecularite (6) magnetite (replacing speculariteﬁ(7) 6hal~
copyrite. |

The deposition of quartz midway in the deposition of the
metallic minerals suggests a change in conditions, since it

is usually the first mineral deposited in a vein, and the
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speoularite_indicatgs this change was to oxidizing conditions.,
The replaéement of,hemétite by magnetite before the‘deposition
of chalcopyrite indicates & renewal of the reducing conditions
necessary for the deposition of sulfides.

The deposit was considered to have formed undér inter-
mediate temperatures at a depth approximating eight thousand
»feet. *

In the large quartz veins of Great Bear Lake,‘N.W.T.
Bibliography No. 29) specularite has been deposited eérlier
ther other metallics. It is not stated whether or not the
.bematite and later sulfides are in contacf, The veins are
consideied formed at 'not very elevated temperatures’.

At the Eldorado mine, Great Bear Lake, N,W.T., hematite
is associated with depositsvof fitchblende (Bibliography No.
22 and No. 30). The hematite in the 'veins' was deposited
after pi%éhblende, and before the sulfides,

Sulfides that are in contact with hematite include pyrite
and chalcopyrife, and these iron bearing suifides have formed
by reduction of hematite.

The temperature of formation of this deposit-is difficult
to establish as the deposit shows several fairly distinct
periods of mineralization. |
Hypothermal deposits.

At Kalgoorlie, Western Australia, specularite is found in
the 'deép vein zone' with quarfz, magnetite, and ilmenite

(Bibliography No. 36). These are cut by the later telluride
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. bearing quartz veins.

In the Virgilina District, North Carolina and Virginisa,
primary bornite and chalcocite in quartz veins have minor |
éssociated specularite. Lo relation is given between the
- sulfides and the oxide. The veins are considered to belong
to the 'deeper vein zone'.

On Tipella Mountain, near Harrison Lake, B.C. micaceous
ﬁgmatite occurs in a zone of lens-like bodiest Highly altered
rocks Sn the contact of granite, and in places}the granite
itself is the host rock. (Bibliography No. 16.)

If the specularite is derived from the grénite,'its dé-
position in the granite indicates formation under high tempera-
ture.

Lindgren (Bibliography No, 25) statés 'at many contacts of
intrusive rocks not ﬁharacterized by pegmatites, quartz vein-
lets abound and often carrj crystallized specularite’.

Other Deposits. | |

It is perhaps noteworthy that specularite occurs without
other_associated metallics in many veins, and these hematite
veinslare probably more abundanf.than the literature indicates,
for, since they are seldom economic, they receivé little-pub-
licity. The veins at Tipella Mountain are'apparently barren
of sulfides. Others in which no indication of temperature of
formation is given occur at Finger Lake, near Vanderhoof, B.eCoy
and on Iron Range Mountain, near Xitchener, B.G;(Bibliography

No. 16). The Kitchener deposits have been calleé-sedimentary
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in origin (Bibliography No. 17), but later work shows the zone
of micaceous and éarthy nematite crosscuts the bedding. A
smali smount of magnetite occuré but as a rule 1ittlé of no
pyrite or other sulfide is visible;
| Hydrothermal hematite is much more common in the 'contact

metamorphic' deposits, but is seldom associated with Sulfides‘
in these deposits. The hematite is élways in parts of the
deposit that contain little sulfide, and'the-su}fides in parts
that contain little hematite.

The almost complete lack of hematite in pyrrhotite bearing
déposits has been attributed to the fact that pyrrhotite is
a8 stronger réducing agent than most §ther_su1fides. Since
both pyrrhotite and hematite‘are commoniy deposited in the
'deep\vein zone' they would normally be associasted. If an
iron oxide is found with pyrrhotite it is invariably magnetite
rather than hematite (Bibliography No. 27). |

Further evidence of the tendency of hematite to be reduced
to magnetite and/or pyfife is found in some deposits in which
the hematite waé probably originally sedimentary or a product
of weathering. Reduction of hematite to magndite and pyrite
is considered to have occurred in the iron deposits of Michigan.
Veins of pyrité indicate the presence of a reducing agent
which could be organic acids (Bibliography No. 20). At Mesabi,
'graﬁhite in<consider$b1e amounts associated with the magne=~ - .
tite, and siderite, indicate the former presence of reducing

material which would convert the higher oxides of iromn into
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magnetite' (Bibliography No. 31). Oxidation by hematite solu-
tions carrying copper and éulfur is presumed to have caused
deposition of native copper rather than copper sulfides in
parts of the Michigan Copper Deposits (Bibliography No. 38).
'Bleaching of hematite from the wall rock of'ore zones attests
the the participation of hematite in the reactions producihg
déposition, |

In summary, though hydrothermal hemafite is comﬁonly de-
‘posited under hyp-othermal conditionss it has formed in veins
which appear to be mesothermal and epithermal, and in fumarole
incrustations. The hematité is usually one of the first min-
erals to be deposited from veineforming solutions. Where
hydrothermal hematite was formed affer hydrothermal (or mag-
matic) magnetite, an accompanying increase in temperature has
likely occurred.  Hematite is depositedlunder oxidizing con-
ditions. If sulfur bearing, and thu§ reducing, solutions in
contact -with hematite, the hematite tends to be'replaced by
magnetite, or if the solutions are very rich in sulfur, pyrite
or perhaps some other iron bearing sulfide. Abundant hematite
Athus should not occur with abundant sulfides becasue of their
chemioai incompatibilityy and geologic evidence substahtiates
this theory. |

Thus the éulfides of @-17 west vein, and the specularite
of Q-17 vein, could not be deposited from the same solﬁtion at
- the same time. o marked shearing of fhe'quartz has taken

place in either lens, thus reopening of the main 'break' by
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continued movément after the formation of vein is improbsable.-
The mineralization of the two veins more likely occurred at
differeﬁt times in the same general period of mineralization,‘
that of Q~17 vein occurring first under oxidizing conditions
and that of Q=17 west vein occurring later under reducing
cdnditione. |

According to Schwartz (Bibliography No. 39, p. 371) the
association of gold with specularite has no particular signi-
ficance. He states 'A few examples of association of gold with
specularite have been described. This oeccurrence does not
gseem significant except as an indication of fairly high tem-
perature of formation at an early stage in formation of the

veins',

Mineralogical Conclusions.

In the galenapyrite type of mineraslization most of the gold
is associated with three soft mineralé which may be teilurides.
These minerals ocour as individual grains and aggregations in
the galena. Minor amounts of gold are present in‘énd near
fractures in the quartz. The gold ‘'particles are up to 50
microns long, but are mostly irregular and much narrower than

this.

T e
o

In the specqlari%e type of minéralization the gold occurs
in disruptions between specularite 'cleavage' plates, and in
minor smounts in and near fractures in the quartz. The gold

particles are fairly equidimensional, and up to fifty microns
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in diasmeter,

The granularity of the quartz, ana the mineralogic assem-
ﬁlage point to deposition under moderate temperature and pres-
sure. Under Lindgren's classification the veins would be
mesothermal.

The difference in mineralogy between Q-17 west Qein and
Q-17 vein is probably the result of deposition at différent
times during one general period of mineralization. The hema -
tite of Q-i? vein was probably deposited first under oxidiz-
ing conditions, and the sulfides of Q-17 west vein deposited

later under reducing conditions.
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GENERAL CONCLUSIONS

The limestone of the Unuk Area is probably Permian, the
sedimentary and volcanic rocks to the west of the limestone
fre-Permian. and those to the east Triassic and &urassia
(Hazelton).

The host rock of the veins is a dynamo-thermal'metgmorph-
0sed water-lain dacite tuff, or andesite tuff containing
detrital quartz. The veins do cut intrusive diorite gneiss,
but diminish in both size and grade in the intrusive.

The ihtrusive diorite has caused reérystalliéation of
tuff on its contacts, forming paragneiss which is difficult
to distinguiéh from the intrusive orthogneiss. Little or no
skarﬁ has developed in siliceous limestone beds near the
intrusive diorite. Actinolite, tremolite, and dippside have
forméd, likely by metamorphism rather than metasomatism, in
bands of a few millimeters' width fimming tuff fragments in
~ limestone. Epidote is abundant in @ost andesitic and dioritic
rocks, both intrusive and extrusive. The area has undergone
regional metamorphism of medium grade. |

The quartz veins show a8 marked parallelism in attitude,
striking 115 degrees, and dipping 80 degrees northeast, with
the exception of Q-19 vein, which dips only twenty to forty
degrees north-east. They have been ihtruded along 'breaks'
caused by shearing forces. Iiineralized faults, dyke-filled

tension fractures, the vein 'breaks', folding, and regional
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foliation can.fe‘fitfed into a strain-ellipsoid pattern which
indicates the deforming pressure came from the southwest and/
or northeast. The source of this pressure could be orogeny
agsociated with the coast range intrﬁsives, or the loqal diorite -
gneiss sills, but is more likely the former. The most prom- .
ising veins occur in & band of sediments between two sills,
‘but the evidence indicates the vein—forminé fluids were
derived from Coast Range Intrusives rather than_the Triassic(?)
‘gills, | |

The wali-rock alteration prbduced by the veih—forming
fluids has pénetrated only a few feet into vein walls. Seri-
cite, kaolin, chlorite, pyrite, albite, and quartz have formed
by replacement and fracture-filling;ﬁ This alteration is
typical‘of veins of the mesothermal class. |

Quartz feins are divided into three classes on the basis -
of their minerélogy, (1) Chalcopyrite, pyrite, magnetite
veins devoid of precibﬁs metals (2) Galens pyrife veins with
minor sphélerite, chalcopyrite, three soft minerals which may
. be tellurides, and gold. The gold occurs in irregular vein-
lets and segregations, usually associated with one or moregof
‘the soft minerals as inélusions in galensa; and as individual
grains in or near fractures inAthe quartz. (3) Spéculérite
veins, confaining little or no sulfides. The gold occurs in
irregularities between specularitembleavage'flakes, and in or
near fractures in the qua}tz. Classes (2) and (3) .give good

assays in gold.



The gold grains in class (2) are quite irregular, up to
50 microns long and about ten microns.wide. Those in class
(3) are more equidimensional, and up to 50 microns in dia-
meter. Extraction of gold should not be difficult.

Specdlarite is deposited under oxidizing conditions, and
thus cannot be deposited from the.same fluid at the same time
as sulfides, which require reducing conditions for depdsition.
No geologic evidence\for two periods of mineralization was
}fOﬁnd. so the specularite and sulfides are considered to be
deposited at slightly different times, the specularite first,
in the one general period of mineraslization.

The metallic minerals in the veins are members 6f the mod-
erate to high temperature type of mineralization. The quartz -
grains are fairly coarse (several millimeters in diameter) thus
not of the epithermal type; . The lack of banding and other
structures diagnostic of open-space deposition, except for a
few vugs, indicate deposition at moderate pressure. Vein
filling, wall rock alteration, and the regularity and contin-
uity of the ;breaks' all indicate s mesothermal deposit. The
veins show good promise of continuing to depth.

Theoretical sequence of events in the region is (1) De-
position of sediments - limestone, quartz siltstone, argillite,
and tuff, in marine environment, at times practically simul-
teneously, during late Palaeozoic time. (2) Uplift, erosion,
and probably some tilting or slight folding during the Appal-

achian Revolution. (3) Depression of the area, and continued
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sedimentation of tuff and probably minor limestone. Intrus-
ion of‘diorife 'sills', probably as separate bodies, perhaps
causing some folding in the intruded sediments during Triassic
time. (4) Slight uplift and erosition of shallow water
sediments}és argillite, and volcanics (ﬁazelton) during Jur-
assic time, giving fairly deep burial of fhe Palaeozoic sedi-
ments, (5) Intrusion of the Coast Range composite batholith
during Jura~Cretaceous timﬁ, producing furthér folding,
regional metamorphism, faulting, and uplift of the bedded
rocké, followed and accompanied by miﬁeralization. (6) ZBro-
sion, infpgrt~by glaciation, till today Palaeozoic rocks are

again exposed.
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