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ABSTRACT

A study of the Mount Nansen area, south-central Yukon,
has shown that its surface geology is similar to that of many
porphyry copper camps. The area is part of a northwest trendf
ing belt of Mesozoic to Tertiary calc—alkaliné igneous rocks.
Igneous rocks intrude and overlie metamorphic rocks of un-
certain age. At least three periods of igneous activity have
occurred. :

Rocks formed during the first period of igneous

activity are mainly extrusives and are called the Mount Nansen

group. Rock types of this group are commonly andesite porphyry

and andesite flow breccia. A hypabyssal hornblende monzonite

porphyry unit occurring as a sill and dykes has been included
vin this group on the basis of its mineralogy. The formation
extended into the early Tertiary.

A second period of intrusion produced two batholithic
rock units. Hypersthéne-quartz diorite is found peripheral to
a more areally éxtensive unit, of a quartz monzonite-adamellite
composition. The quartz monzonite unit intrudes the quartz
diorite but these units caﬁ probabiy be considered comagmatic.
Rocks of thishsecond igneous period are of mid-Cretaceous age.

A multiple phase porphyry intrusion, of late-Cretaceous
to early-Tertiary age, is spatially related to the batholithic
rocks. The earliest and closely associated phases include

‘units of biotite~quartz monzonite and quartz-monzonite porphyry.



A later sub-volcanic phase of rhyodacite porphyry has probably
intruded at a higher tectonic level. Porphyritic dykes and
extrusive outliers ofirhyolite porphyry appear closely
associated with this final period of intrusion.

The porphyry units have been brecciated and fractured.
Brecciation may be due to the explosive action of confined
late stage volatiles in sub-volcanic cupolas. Areas of frac-

turing have localized hydrothermal solutions that probably

have differentiated from the porphyry magma. Advanced argillic

and phyllic alteration mineral assemblages are found in these
brecciated core areas. Successively surrounding intensely
altered cores are irregular halos of argillic and propylitic
alteration. Supergene and deuteric alteration may have
increased the extreme amount of argillization and propylitiza-
tion found in these outer zones. The alteration pattern has
been produced mainly by>a decreasing, temperature and cation
activity ratio of the altering hydrothermal fluids. H+

Post-alteration faulting has modified the halo péttern

of alteration mineral assemblages.

£




INTRODUCTION

Foreword

The Mount Nansen area has potential for porphyry
copper-type mineralization. The geologicai environment is
similar to that of the large copper deposits of the south-
western United States. The author inveétigated this area

during the 1970 field season while employed by Cyprus Explora-

tion Corporation Limited. Several features common to porphyry
copper deposits were noted. Two of these are described in
detail within this thesis. They ére:

1. the petrolog¥ of an early Tertiary, éompésite

porphyry stock and adjacent rock types.

2. the zonal distribution of hydrothermal alteration
products, including the possible effects of a

supergene imprint.

Outcroplin the Mount Nansen area>is less than 5%.
Recognition of the various rock types, eépecially the
intrusives and their relationships is essential in coming to
an‘understanding of the complex geology. Coupled with the
lack of outcrop, many of the primary mineralogical and
textural features of the rocks are obscured by hydrothermal
and supergene activity. To assist with field work, petro-
graphic, x-ray diffraction and staining studies were made to
enable a better understanding of the geology of the Mount
Nansen area. A geological and alteration map shows the results

of these studies.




Location and Access

The thesis area is located in south-central Yukon
Territory, 115 miles northwest of Whitehorse and 35 miles west
of Carmacks (Figure 1). It encompasses 18 square miles-between
137°07' to 137°16' west longtitude and 62°03'30" to 62°06'30"
north latitude. |

Access to the Mount Nansen area is by a 45 mile long
dirt road branching westerly at Carmacks from the Whitehorse-
Mayo Highway. A four wheel drive vehicle is required to reach

the area except during dry weather conditions.
History

The first geologist to visit the Mount Nansen area was
D.D. Cairnes in 1914. He examined the gold placers on Nansen
and Victoria Creeks and made a reconnaissance survey of the
region.‘ His map and report appeared in the Geological Survey
of Canada, Summary Report for 1914. H.S. Bostock also of the
'G.S.C. undertook a reconnaissance survey of the Carmacks
district in 1932, 1933 and 1934. He compiled a report and map
which was published as Memoir 189.

Mining in the_grea has been intermittent. All the
creeks were staked for placer gold by miners enroute to the
Klondike. Most claims have lapsed and in all, only from $5,000
to $7,000 in gold is thought to have been obtained from the

Nansen district (Cairnes, 1914).
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In 1943, prospectors located Pb-Ag-Au veins one mile.
south of the thesis area. These veins were later explored by
Peso Silver Mines Ltd. On the basis of this exploration,
Mount Nansen Mines Ltd. put a 400 t.p.d. mill into production
in 1968. Tha production period started September, 1968 and
ended April, 1969 as a result of poor recovery of the Ag and

Au values.



GEOMORPHOLOGY

Glaciation

The thesis area lies at the southwest end of the Dawson
Range. The Dawson Range is a northwest trending belt of gentle
summits within the Yukon Plateau. Most of the Dawson Range
escaped glaciation during Pleistocene time and is characterized
by gently rolling hills, V-shaped valleys and the absence of
lakes. These features ére consistent with a physiographically
mature surface.

Very little evidenwee of glacial erosion could be found
in-the Nansen area althéugh the area lies close to the western
margin of Pleistocene glaciation (Figure 2). Cairnes (1914)
‘noted glacial boulder-clay in Nansen Creek while examining gold
placers in the area. He postulated that since this area was on
the edge of a late Wisconsin (McConnell) advance, the boulder-
clay represented the effect of glacial tongues filling the
larger valleys. Henge ice action would probably not have
extended more than a few hundred feet up the sides of the
Nansen Creek valley and consequently the glacial deposits
would not reach far above the present valley bottoﬁ.

Bostock (1966) and Hughes (1969) believe the boulder-
clay to be related to a pre-McConnell advance to which they

have given the informal name of Nansen advance. Bostock (1966)

reports visiting a section at 4,600 feet elevation on the head

of Discovery Creek. The section shows soil at top, underlain

by angular rubble and then by coarse rotten gravel that lay
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on bedrock. This gravel, he believed, belonged to the glacia-
tion that left the boulder-clay. Bostock (1966) further
assumes that the high elevation at which the gravel occurs
indicates that the glaciation probably spread beyond the
locality where it has been found. However, lack of noticeable
glacial topographical features suggests that very 1little

glacial erosion occurred.

Plate 1. Section exposed in Discovery
' Creek. Glacial gravel is
cemented with limonite.

Climate in recent times has been both cold and arid.
Mean annual temperature is in the range of 20 - 30° Fahrenheit

and annual precipitation is 8 - 14 inches. The area is perma-

frost covered.




Topography

' The Mount Nansen area is characterized by gently
éf rolling hills. The maximum relief in the area is 2,490 feet

from the altitude of 3,400 feet at the lowest point in the

Nansen Creek valley to 5,000 feet on Mount Nansen. A central
ridge averaging 4,500 feet in altitude trends northwést across
the area. It slopés off gently to ﬁansen Creek on the west
and the headwaters of Victoria Creek to the east.

Topography indicates that at higher elevations glacial
erosion has not occurred except possibly by gla@ial tohgues in
the major creek valleys.

Geological controls such as rock type, hydfothermal
alteration and fracturing have influenced the trellis type
drainége pattern. Resistant Mount Nansen volcanics form craggy
bluffs which almost completely surround a topographic low of
hydrothermally altered intrusives. Strongly silicified areas
within these intrusives are left as dome structures. Creeks
generally trend north, northwest and northeast following the
predominant fracture trends of the area. . Nansen Creek,
Discovery Creek and the East Fork are examples.

’ Timberline is at an altitude of approximately 4,000
feet. The lowest sections of the area ére covered thinly by

spruce, birch and poplar. Thick brush extends above timber-

line but the higher areas are covered only by grass.
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REGIONAL GEOLOGY
Lithologies

The area is part of a northwest trending belt of Meso-
zoic to Tertiary calc-alkaline igneous rocks. The igneous
rocks intrude and overlie metamorphic rocks of uncertain age.

The bldest rock units in this belt are metasediments,
and granite and diorite gneisses comprising the Yukon group;
The oldest members of this group, which are possibly Cambrian
or older in age (Bostock, 1936), consist largely of quartz-
mica schist, hornblende schist with lesser amounts of quartzite,
gneiss and limestone. Succeeding these are a similar series of
Palaeozoic schists, quartzites, limestone and greenstones.
Bostock (1936) believes both members were cut by granite and
diorite gneisses which werc metamorphosed at the same time as
‘the sediments.

The Yukon group is overlain by the Triassic, Lewes
River series, Jurassic Laberge series and the Jurassic-Creta-
ceous Tantalus formation. These are mainly clastic sequences
/of shale, conglomerate, limestone, tuffaceous sandstone and-
minor coal measures. These rocks are not found in the map
area.

Unconformably overlying the Yulkon ¢roup in the map area
is the Mount Nansen group. The rocks of this group include
basic volcanic lavas, raﬁging in composition from basalt to
dacite. Aalso included in this group are flow breccias, tuffs,

small areas of sediments, and small dioritic bodies, associated

With the lavas. The volcanics in the map area are predominantly
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of the Mount Nansen group and are typically porphyritic
andesite. The ﬁount Nansen group is considered by Bostock
(1936) to have formed in late Jurassic or early Cretaceous
time.

The Mount Nansen volcanics have been invaded by a
succession of Mesozoic plutonic rocks contemporaneous with
the Coast Range intrusives. The intrusives trendvnorthwestf
southeast and emplacement is probably related to a regional
scale, tectonic feature. They are composed of a great variety
of rock types ranging from diorite to syenite and granite.
Diorites are thought to be the oldest of the intrusives
followed by syenites. The most extensive intrusions and
probably the youngest of this group are rocks of a granodiorite-
adamellite composition. These latter Qranitic rocks make up a
large portion of the thesis area.

A final period of intrusion took place in late Creta-
ceous to early Tertiary time. Small hypabyssal stocks were
formed and appear spafially related to the granitic intrusives
of the main Mesozoic batholithic event. Most of them are fine
to medium grained, porphyfitic, acid rocks; largely quartz
porphyry, granite porphyry, or granophyre with some rhyolite.
A composite intrusion of this age is centrally located in the
thesis area surrounded by outliers of rhyolite.

The youngest rocks in the region are the Carmacks
Volcanics. The lavas are mainly andesites, but range in
composition from basalts to dacites, trachytes and rhyolites

(Bostock, 1936). These plateau basalts unconformably overlie
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all the older formations. The Carmacks volcanics are not found

in the thesis area and have been completely eroded exposing

many of the described rock units (Figure 2).

Mineralization
Most of the mineralization found in -the Dawson Range
is thought to be related to the late Cretaceous-early Tertiary
acid, sub-volcanic intrusives. Placer gold deposits now of
non-economic quantities are found in streams leading off the
stocks. Nansen Creek and Back Creek have been worked for gold

since 1910 (Cairnes, 1914). "~ Canadian Creek leading from the

" casino stock, some 65 miles to the northwest of the Narsen area
was staked for placer gold in 1911 (Cairnes, 1917). i
Pb-Ag-Au vein deposits, such as those found zonaily
around the Casino stock are thought to be genetically related
to the early Tertiary intrusives (Godwin and Phillips, 1970).
Porphyry coppér type minerélization is also being
actively looked for in areas where these stocks have been
exposed. Since most éf the Dawson Range has not been glaciated,
supergene enriched zones can be expected. The Casino deposit
and the Williams éreek prospect (Abbot, 1971), 24 miles north-

east, are examples of porphyry copper mineralization located

in the Dawson Range.
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ROCK UNITS

Field Mapping Procedure

Outcrcp in the Mount Nansen area is less than 5%.
Float had to be mapped as representative of bedrock to a large
extent. Road cuts and old slumped trenches gave some added
control. The mair variables considered when mapping float
were:

a) angularity of float sample

b) size of float

c) abundance of rock type )

d) grade of slopes -

e) occurrence ofkrock type uphill

f) disappearance of rock type on uphili grade
ROCk.type was obscured in all valley floors due to downslope
solifluction of ridge rocks, and mapping in these areas was
merely conjecture. |

‘Faults and/or fractures were located by geophysical,
geological and air photo data. Several zones of fault gouge
and shearing were noted and these are shown és being defined
fractures on the accompanying map. There was not enough
geological control to map offsets.

Twelve distinct rock types were observed in the Mount
Nansen area and their description and distribution féllows.
The rocks are described in probable order of decreasing age.

Following the description of the rocks, an inferred strati-

draphic order and interpretation is presented.



16
Lithologies and Petrology

vukon Group Metémofphics - Unit A

The Yukon group is of uncertain age but is generally
considered early Palaeozoic or Precambrian. The group comprises
the only metamorphosed rocks of the area.

Exposure of the Yukon group metamorphic rocks is
limited in the map area, although they crop out over a con-
siderable area just to the south. A small sub-circular window
of metasediments is exposed, probably as a result of block up-
lifts in the volcanic cover south of Discovery Creek. The
float in this exposure is predominantly hornblende gneiss and
metaquartzite. They are high grade, regionally metamorphosed
rocks with a sedihentary origin. The hornblende gneiss has
dark green, hornblende rich layers (1 - 2 mm thick), alter-
nating with white felsic layers (1 - 2 mm thick).

Observed under the microscope, the dark green layers
consist of euhedral hornblende (1 mm) and plagioclase (An30).
The white layers consist of fine grained quartz, plagioclase
and 'some potash feldspar. The metaquartzite is cream-white
coloured, aphanitic and structureless.

No idea of the regional structure of these rocks could
belgained. Bostock (1936, p. 17) believes that the trend of

folding in the Mount Nansen area is north 60° east with strata

dipping up to 30°.



Bt Y, 2, %, & S, &, h ., 8 . %y ]

Plate 4. Hornblende gneiss.

Mount Nansen Group - Units B, C, b

The Mount Nansen group is the most areally extensive.
rock type of the area. It includes extrusives and sub-volcanic
sill and dyke intrusives. A marked feature of the extrusive
rocks is their resistance to efosion, so they form high hills
with long, steep slopes leading down to bordering Vélleys‘
All of the higher hiils are covered by this group. They
derive their name from Mount Nansen, an excepfionally prominant
topographic feature at the northwest corner of the map area.
Three rock types of this group crop out in the Mount Nansen
area. They are shown on the geology map (Appendix 3) as
follows; andesitic flow breccias (B), andesite (C), and horn-

blende monzonite porphyry (D). The breccias and andesite
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C
occur as flows and cover much of the underlying Yukon group

and later extrusives. Hornblende monzonite porphyry occurs as
a sill and dykes. Dykes of this unit trend north and north-
easterly. The author believes they representifeeder dykes to
the extrusives, because of thin close spatial and compositional
relation. Bostock (1936) believes this group to have formed
during late Jurassic to early Cretacedus time.

Unit B is andesite flow breccia and is found south of
Discovery Creek. It is composeg of fragments of Mount Nansen
andesite and minor Yukon group metamorphics, in an aphanitic
andesite matrix. Fresh surfaces are dark grey-green while
weathered surfaces are light grey-green. Fragments are usually
distinguished from the matrix by being darker in colour. The
lithic fragments are commonly of pebble size (4 mm -~ 64 mm) ,
but may be larger. Following Krumbein (1963, Appendix i), the
fragments usually are_subangular.having a sphericity of 0.7 and
a roundness of 0.3. The individual fragments are rarely
touching each other. Andesitic matrix makes up most of the
rock. |

Thin section examination of typical andesite flow -
breccia reveals porphyritic andesite fragments in a micro-
crystalline matrix of andesite composition; The fragments
are composed of plagioclase (An30_40) and hornblende that
frequently has been replaced by clinozoisite and chlorite.

The plagioclase phenocrysts average 0.5 mm in length. Micfo—

lites of pPlagioclase and secondary minerals after the mafics

form the groundmass of the fragments.
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The matrix of the rock is microcrystalline. It is

" commonly composéd of plagioclase, ilmenite, leucoxene, chlorite,

epidote and possibly remnants of pyroxene.

Unit C is typically porphyritic andesite, but minor
basalt is included in this unit. The andesites are dark green
coloured and speckled with white plagioclase phenocryéts on
fresh surfaces, while bleached greenish—grey on weathered
surfaces.

A microscopic investigation reveals that the
porphyritic andesites are composed of plagioclase (An30—40)'
hornblende and magnetite (3%).

Plagioclase, commonly l.mm. in length, is typically
saussuritized, broken, and exhibits normal oscillatory zoning.
Sericite commbnly»flecks the phenocrysts in rock samples
located near later intrusions. Plagidclase phenocrysts form

approximately 40% of the rock. Anhedral hornblende, some

"possibly a replacement product of pyroxene, has altered to

aggregates of green biotite and in some instances chlorite,
epidote and magnetite. The microcrystalline matrix is
composed of anhedral plagioclase, chlorite, epidote and horn-

blende.
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Plate 5. Mount Nansen extrusives. Two
examples of flow breccias (left)
and porphyritic andesite (right).

Unit D is a hornblende monzonite porghyry. - It occurs
as approximately 25 foot wide dykes at the»northwest éorner
of the map. WidesPreadifloat was also mapped along the Wheeler
Fault south of these dykes. This float was thought to represent
@ sill-like body in this area. |

The rock is named a hornblende monzonite porphyry
rather than a more general field term horﬁblende porphyry to
indicate that the rock is mineralogically not related to the
more acid intrusives of late—Cfetédeous agé (Zppendix 2).

The hornblende monzonite porphyry is a mesocratic rock
composeqd of phenocrysfs of black columnar hornblende (up to

5 mm) and finer grained plagioclase (1 - 2 mm), set in a
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microcrystalline greyish white matrix. The rock is moderately
magnetic. Weathered surfaces are thinly coated with reddish
prown, hematitic limonite, which is a result of the oxidation
of magnetite.

Examination of several thin sections showed this
porphyritic rock to be composed of andesine (30%), potash

feldspar (35%), hornblende (15%), and minor quartz (5%).

’
Commonly, chlorite, epidote, biotite, apatite, and magnetite
are found as accessory minerals and deuteric alteration

&
products.

Euhedral hornblende phenocrysts are often twinned,
have an extinction angle (cAZ) of 180, and a pleochroic scheme
of deep green (Z) to pale green (X). The hornblende'is usually
altered (up to 50%) to chlorite, epidote and magnetife. In
one section (C-83) hornblende is being replaced by a felty
mass of green biotite. Plagioclase (An45_55) phenocrysfs are
generally subhedral and broken. They ere locally normally
zoned and commonly saussuritized to a mixture of albite,
epidote, and chlorite. The microcrystalline matrix is made
up of interstitial potash feldspar and small amounts of quartz.
Hyrmekite is found marginal to the potash feldspar in one

section and is probably due to a late magmatic replacement

reaction of potash feldspar (Williams 1954, p. 20).



Plate 6. Hornblende monzonite porphyry.
Unstained and stained pair.

Mesozoic Intrusive Rocks - Units E, F

The Yukon and Mount Nansen groups are intruded by a
variety of igneous rocks which according to Bostock (1936),
vary from dioritic to granific composition. The age of the
intrusion has been postulated to be late Jurassic to early
Eocene, and the intrusion itself has been related to the
Coast Range intrusion sequence (Bostock, 1936). Bostock's
postulation has been confirmed by a recent K-Ar age determina-
tion from granodiorite samples collected on the property of
Casino Silver Mines Ltd. which yielded Cretaceous ages of

95 my. and 99 my. (Findlay, 1969, p. 27).
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Two distinct rock typés form a northwest trending
batholith in the central thegis area. These are hypersthene-
quarfz diorife (E} and quartz monzonite (F). Unit E is found
as small irregular bodies peripheral to Unit F. Although no
contacts were observed in the fiéld? several float samples
with quartz monzonite'intrusive.into hypersthene~quartz
diorite were found, indicating the quartz monzonite (F) is
the younger unit.

Uﬁit E is a mesocratic, fine to medium grained, equi-
grahular hypersthene-quartz diorite. It is recognized in the

&
Mount Nansen area by being highly magnetic, non—porphyritici
and fine to medium grained. -

The rock exhibits a fine érained hypidiémorphic-
granular textufe in thin section. Hineralogy of the rock is
andesine'(SO%), potash feldspar (10%), biotite (10%),
‘hypersihene (10%), and hornblende (10%). Accessory minerals
are magnetite (2%) and minor.apatite. Common deuteric altera-
tion minerals include biotite, chlorite, hornblende and actino-
lite.

Plagioclase (An40_44) is typically subhedral and
b;oken.' Some of the smallexr laths are normally zoned. Larger
plagioclase crystals méasure up to 1 mm. Hypersthene crystals
(1 mmjAare characterized by their pink pleochroic scheme and
parallel extinction. 1In most sections examined, hypersthene
is being replaced extensively by actinolite. Actinolite has

@ fibrous habit where it replaces the orthopyroxene along

fractures. Two biotites are commonly present, one primary
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and the'other of deuteric origin. Primary biotite laths (1 mm)
are anhedral and are strongly pleochroic. The pleochroic
scheme is deep red brown'(z) to faint tan brown (X). Secondary
piotite is brownish green, has strong absorption and very
little pleochroism. Anhedral orthoclase (.5 mm) poikilitically
enclose all primary minerals. Quartz £fills irregular inter-.

spaces between grains.

l

T
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Plate 7. Hypersthene-quartz diorite

Unit F is the most areally extensive rock type of this
group., It is medium to coarse-grained granular rock composed
of plagioclase (4 mm), quartz (3 mm), orthoclase (2 mm), horn-

blende (3 mm), and biotite (2 mm).




" Under the microscope the quartz monzonites have a
hypidiomorphic—granular texture and are composed of andesine
(405), orthoclase (20%), cquartz (1535), hornblende (10%),

pbiotite (5%), and minor zircon. Common secondary components

arc magnetite, sphene, chlorite, epidote, and sericite.

Locally the amounts of quartz and biotite are variable. Quartz
jn some samples ranges up to 255 of the volume of the rock.

There does not appear fo be any distinct zonal trend. Some of
the more quartz rich samples were loczated seveial thousand

feet away from the acid porphyritic units that will be described
next. Loéally, the biotite/hornblende ratio changes&arastically.
In general, biotitedhornblende north of the East Fork‘while
hornblende>biotite in the quartz monzonites exposed to the

south of Discovery Creek.

Plagioclase (An32_4o)iis subhedral and some of the
larger crystals show normal oscillatory zoning. Euhedral
biotite is strongly pleochroic. Hornblende is light green,
euhedral and has an extinction angle (CAZ)'bf 18°. Quartz
and orthoclase are interstitial to all other grains. Host
of the quartz monzonites have been propylitized due to their
vspatial‘relation with hydrothermally altered porphyritic

intrusives. Alteration will be described 'in detzil in a

later section.




Plate 8. Quartz monzonite, unstained
and stained pair

Late Cretaceous to Early Tertiary Porphyry
Intrusives and Extrusives - Units G, H, I, J, K

~All of the previously described rock types are intrudéd
by what the author believes is a composite stock. Three
texturally and mineralogically distinct porphyritic phases
form a northwest trending, elongate body cenfrally located in
the‘thesis area. The stock is irregﬁlar in plan, with its
long axis averaging two miles and its shorter northeast axis
averaging one mile. The three phases determined to date
include biotite-quartz monzonite (G), quartz monzonite
porphyry (H) and rhyodacite porphyry (I). The former two rock
types are probably earlier, and are located peripheral to the

main exposure of rhyodacite porphyry. The rhyodacite porphyry




also occurs as several small plug or dyke-like bodies which
appear to cut all the earlier rock types, although no contacts
were found in the field. Unit J is quartz-feldspar porphyry.
This rock type is found only as dykes. The dykes cut the &

Mount Nansen volcanics and trend north and northeasterly.

Extrusive rhyolites, and rhyolitic tuffs exposed in the area
are prébably a surface expression of this hypabyssal igneous
activity. Porphyritic units are often so intensely hydro—
thermally altered, one roék type cannot be determined from
another. |

Porphyritic dacites from the Casino deposit comparable
in texture and mineralogy to fhe rhyodacite porphyry have been

dated by K-Ar methods at the University of British Columbia.

A Palaeocence age of 69 ¥ 3 my. was .obtained for one sanmple
while a coarser-grained variety yielded a late Cretaceous age
of 71 ¥ 3 my. (Phillips and Godwin, 1970).

Unit G is a leuéocratic, medium-grained, granular,
biotite-quartz monzonite. linerals easily identified with
the unaided eye are plagioclase (2 - 3 mm), cuartz (1 mm),

potash feldspar (1 mm), and biotite (1 mm). Plagioclase

crystals tend to be porphyritic. A finer grained cream

coloured groundmass makes up about 25% of the total volume
of the rock. The rock is distinguished in the field by its
apparent lack of prominent quartz phenocrysts and a "salt
and pepper" appearance causedvby an regular distribution of

biotite.
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Under the microscope the biotite-guartz monzonite is

found to be composed of orthoclase (35%), quartz (25%), plagio-

clase (25%), and biotite (10j)). Common accessory minerals are

apatite (2%), zircon, and pyrite. Predominant secondary

minerals are chlorite, carbonate, sericite, magnetite and

albite. Plagioclase phenocrysts are anhedral to subhedral and

have normal oscillatory zoning. Ilore calcic zones are usually

preferentially
some instances
deeply embayed
usually rimmed
euhedral. The

feldspar.

altered. The ragged rims are overgrown in
with alkali feldspar. Quartz crystals are

O
and some have minor overgrowths. Biotite is

by chlorite. Both apatite and zircon are

fine grained groundmass is predominantly potash

A )
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Plate 9. Biotite-quartz monzonite,

unstained and stained pair




_ 29

Unit H is found along the banks of Eva Creek. It is a-
cream white, quartz monzonite porphyry, with a microcrystalline
matrix that makes up 50% of the total rock volume. This quartz
monzonite is probably closely associated with Unit G. However,
"unlike the biotite—quartz monzonite, it has large rounded
quartz phenocrysts (3 - 5 mm) and a greater amount of matrix.
Weathered surfaces are usually thinly stained with a ﬁixture'
of jarosite énd goethite‘and the feldspars are often washed
out:. The rock becomes gradationally fine-grained to the west.

Examination of several thin sections of this rock type
showed it to be composed of oligoclase (20%), orthoclase (50%);
quartz (207%), and chlorite (10%). The chlorite has replaced
Vbiotite and probably minor hornblende. vAcceésory minérals are
pyritefand apatite. Common producté of hydrothermal alteration
are chlorite, leucoxene, epidote; and sericité. Jarosite is
found as a supergene mineral rimming pyrite. Plagioclase
(Anje_32

Quartz phenocrysts are fractured, resorbed and some show faint

) is typically subhedral and flecked with sericite.

overgrowths. Orthoclase is anhedral to subhedral and commonly
poikilitic. Leucoxene (bright white under reflecting light)
is always associated .with chlorite. The microcrystalline

matrix is predominantly potash feldspar.
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Plate 10. Quartz monzonite porphyry,
unstained and stained pair

Unit I ogcupiés a centfal core area and is probably
the youngest of the intrusives. Following Stringham (1966),
the classification rhyodacite porphyry is used for this rock
unit to indicate phenocrysts are prominent but subordinate
(less than 50%) to an aphanitic groundmass. Large white
potash feldspar (7 mm), white plagioclase (3 mm), and grey,
rounded quartz (3 mm) phenocrysts are randomly set in a grey
microcrystalline matrix. Minor, finer-grained mafics can also
be observed in the field.

Optically, thin sections of relatively fresh rhyodacite,
show that the subhedral orthoclase phenocrysts are always

poikilitic. They enclose grains of sphene, biotite, hornblende,




apatite, plagioclase and quartz. Plagioclase phenocrysts
typically exhibit normal oscillatory zoning and are broken.
The cores are An4o while outer zones tend to be An3o. Some
of the plagioclase poikilitically encloses biotite. ®uartz
phenocrysts have a bypyramidal habit but are always deeply
embayed. Biotite is anhedral and has a pleochroic scheme of
deep brown (2Z) to yellowish tan prown (X). The micro-
crystalline matrix of fresher samples is often made up of
b;ight green uralite (after hornblende), quartz, andesine,

and lesser amounts of potash feldspar. The matrix makes up

70% of the roclk's total volume.
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Plate 11. Examples of rhyodacite
porphyry. Extreme right
sample unstained.
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Unit J is a quartz-feldspar porphyry. This rock is
found as narrow'dykes cutting the ﬁount Nansen andesites in
the northern and western parts of the area.

The quartz-feldspar porphyry is composed of rounded,
fractured quartz phenocrysts (2 mm), white plagioclase pheno-
crysts (2 mm), and finer-grained, bright green, chloritized
mafics, set in a purplish microcrystalline matrix. The matrix
makes up at least 50% of the rock. ' The weathered surface is
reddish brown. Feldspar phenocrysts are comﬁonly completely
weathered out. .

Under the microscope the rock is composed of potash
feldspar (50%), plagioclase (20%), quartz (15%), chlorite (10%),
and epidote (5%). Accessory minerals include apatite (1%) and
opaques (1%).

Phenocrysts of plagioclase and quartz are subhedral.
Commonly the plagioclase is extremely dirty looking and is
probably replaced by clay. ‘Quartz has a square habit suggest-
ing a B-quartz crystal structure. 2l1ll mafics have been
completely replaced by chlorite and epidote. These minerals
appear pseudomorphic after biotite. Apatite is typically
euhedral. The microcrystalline matrix of this unit is

completely potash feldspar.
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Plate 12. Quartz-feldspar porphyry.
Unstained and stained pair.

Unit K consists of several texturally variable, acidic
extrusive rock types. Included are rhyolite tuff, rhyolite;
and rhyolite porphyry. All varieties of this unit are white
cream coloured. Most are cryptocrystalline with small pheno-
crysts of feldspar (1 mm) that are always completely replaced
pséudomorphically by a kaolinite group mineral. There are no

mafics present. Tuffs are typiéally irregularly banded (up

to 4 mm).




Plate 13. Rhyolite porphyry, rhyolite
tuff

Tourmaline Breccia - Unit L

Spatially associated with rhyodacite porphyry are two
small sub-circular exposures of quartz-tourmaline cemented
breccia. Maximum diameters of the exposure are 600 feet.
Included in this unit is a small outcrop of breccia found south
of Discovery Creek in the Hount lansen vdlcanic cover. It
consists of angular andesite and rhyvodacite porphyry fragments
in a quartz matrix. It is included in this group as it is
probably.a nearer surface expression of the same processes
that formed the two tourmaline breccias. All breccias are
spatially associated with fracture lineaments; dafa comning

from geophysical, geological and air photo interpretation.
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Large amounfs of pyritized, granular fault gouge were found
200 feet weét of the largest and centrally located tourmaline
breccia body. However, unlike the highly altered breccia
fragments, the gouge grains show little evidence of hydro-
thermal alteration. TFeldspar grains are unaltered. Fragments
within the breccia show little evidence of cataclastic shear-
ing. These facts indicate the fault is not related to the
‘genesis of the breccia. Both the faulting and brecciation
suggest a zone of weakness in this‘area.

Other non;tourmalinized breccias may occur in the area
of late stage porphyry intrusions. Three silicified dome
structures trending north-northwest within fhe porphyry area
may indicate brecciation at levels not exposed. Sample D-90
taken from the west flank of the largest of these structures
is composed of a high‘percentage of fractured, angular quartz
grains and may be a microbreccia. However, no fragment out-
lines could be distinguished in hand specimen or thin section.

| The tourmaline breccia consists of intensely altered
fragments of rhyodacite porphyry and possibly some quartz
monzonite, in a black coloured matrix of quartz and tourmaline.
Fragments range in size from granules (4 mg) to cobbles (256
mm). Larger fragments are angular to subangular. Following
Krumbein (1963, p. 111, Appendix I), these larger fragments
have an average sphericity of 0.5 and a roundness of 0.1. The
granules are often quite rounded and commonly surrouﬁd largex
fragments. Feldspar phenocrysts within the fragments have

been altered to sericite. Box works after sulphides within
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the fragments are commonly void. Where the breccia is made

up of smaller grain size fraction, the grains do not touch
and are completely surrcunded by the quartz-tourmaline matrix.
Where the fragments are of cobble size, they are always
touching each other and are poorly cemented.

The matrix is composed of fine-grained acicular green
tourmaline (schorlite), quartz and‘possibly.apatite. Where
there is abundant matrix, vugs make up 5% of it. The largef
vugs (4 - 8 mm), are oftened coated with jarosite and may

represent box works after sulphides. Smaller (l‘mm) unlined

vugs probably represent gas vesicles.

Plate 14. Tourmaline breccia. Altered
' fragments are rhyodacite

porphyry.




Stratigraphy and Interpretation

The rock units in the preceeding section have been
described in a probable order of decreasing age.

The Yukon group forms the basement in the Mount Nansen
area. The group is composed wholly of metamorphics. Horn-
blende gneiss and metaquartzite is eXxposed in a window south
of Discovery Creek. These rocks are of sedimentary origin
although the group also contains members of possible}igneous
or volcanic origin. Bostock (1936) places the Yukon group
in age from Precambrian to pre-Triassic.

Following the polyphase deformation of the Yukon group,
the Mount Nansen volcanics were extruded. In the Mount Nansen
area the volcanics form a thick cover éf andesite flow breccia
and porphyritic andesite. The breccias were formed early in
this stage of volcanism as they sometimes contain fragments of
metamorphics along with more typical, porphyritic andesite
fragments. The petrography of a hornblende monzonite porphyry
sill and dykes suggest this unit is genetically related to the
volcanics. Quartz is almost completely absent in this rock.
The sill and dykes are found at the northwest corner of the
map and may represent a feeder-dyke system. The Hount Nansen
group has been restricted to late Jurassic-early Cretaceous by
Bostock (1936). Cairnes (1915) found evidence that some of the
volcanics were younger than Cretaceous sediments.

The two groups are intruded by a batholith of hypers-
thene~-quartz diorite and a more areally extensive unit of

quartz monzonite. The hypersthene-quartz diorite is found as
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small, irregular bodies peripheral to the quartz monzonite.
Volumetrically,.quartz, hornblende and biotite vary locally
within the quartz monzonite unit. Several float samples show
the diorite unit has been intruded by the quartz-monzonite,
presumably at a lower tectonic level. However, these twob
units are probably comagmatic. K-Ar dating of granodiorites
from the batholith, has given a mid-Cretaceous age of 97 2
my. (Findlay, 1969). The samples were obtained 65 miles north-
west of the Mount Nansen area. This batholith can be corre-
lated with the Coast Range intrusives. ©
Theiyoungest rocks in the area are an acid, porphyritic
suite with spatialiy associated rhyolites.' Threé petrographic-
ally distinct porphyries form a northwest trending élongate
stock which is spatially related to the batholithic rocks.
This relation again suggésts comagmatism. A biotite-quartz
monzonite phase and a quartz-monzonite porphyry phase are
.exposed peripheral to a central core zone of rhyodacite
porphyry. The biotite-quartz monzonite is characterized by
abunaant, regularly distributed biotite, minor plagioclase
phenocrysts and lack of guartz phenocrysts, which are
ubiquitous to both the other porphyry units. The quartz-
monzonite porphyry is distinguisﬁed by large resorbed cuartz
phenocrysts, plagioclase phenocrysts, a ligh£ cream groundméss
and only minor mafics. The rhyodacite porphyry is character—
ized by resorbed quartz phenocrysts, plagioclase phenocrysts

and large orthoclase phenocrysts. The matrix of this rock is

light grey, contains less potash feldspar and is finer-grained
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than the presumably earlier phases. The rhyodacite porphyry
probably was intruded later and at a higher tectonic level

than both other phases. This hypothesis is consistent with

grain-size comparison and K-Ar age dating of a similar stock
at the Casino deposit. Here, a fine-grained porphyritic
dacite yielded a Palaeocene age of 69 I3 my., while a late-
Cretaceous age of 71 t 3 my. was recorded for a coarser-grained
variety (Goawin, 1970). These relative ages may be significant
with regards to a quickly rising magma.

Quartz-feldspar porphyry dykes are minerélogically

related to this period of intrusion. They are characterized

by quartz and plagioclase phenocrysts in a microcrystalline

matrix consisting almost totally of potash feldspar. The

dykes trend north and northeast, and are often found alongside
dykes of hornblende monzonite porphyry; possibly following the
same structural weaknesses. The quartz-feldspar porphyry
dykes may represent radial dykes to the porphyry intrusiqns.

Outliers of rhyolite and rhyolite tuff crop out within
the area. They are probably related to the hypabyssal acid
suite described above. There is a suggestion of rhyolite
porphyry interbedded with Mount Nansen andesites at the south-
west edge of the map. Here andesite may overlay rhyolite.
The rhyolite unit has been placed in the Tertiary by both
Cairnes (1915) and Bostock (1936). Hence Mount Nansen
volcanism may have also extended into Tertiary time.

At least one period of hydrothermal activity and

associated brecciation has occurred after the emplacement of
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the stock. Two zones of breccia consisting of rhyodacite
porphyry fragménts cemented with a quartz-tourmaline matrix

and one breccia of rhyodacite and lount Nansen group fragments
cemented with a siliceous matrix crop out in the area. 211

the breccias are associated with lineaments. The two tourma-
line breccias appear to be within the bQundaries bf the
composite porphyry stock. The brecciated body cohtaining

both porphyry and Mount Nansen group lava fragments is probably
a nearer surface expression of the same process that formed

the tourmaline breccias.

Several models for the formation of breccia zones have
been advanced in recent years, primari%y because of their
association with economic mineralization. Of 27 porphyry
copper deposits studied by Lowéll and Guilbert (1970), breccia
pipes were present in 20 and mineralized in 18 deposits.

Sillitoe and Sawkins (1971) in a recent paper have
postulated, fluid corrosion and subsequent collapse as a mode
of formation for many of the Chilean tourmalinized breccia
pipes. Fluid inclusion studies indicated pipe genesis
occurred 2 -~ 3 km. below the then existing surface. The fine-
grained matrix of the fragments within the Mount Nansen .
tourmaline breccias may indicate a higher level of formation;

Collapse consequent on release of supporting magmatic
pressure has been advanced by Perry (1961) as another method
of breccia formation. The relatively small size of fragments
found in the tourmaline breccia of the Mount Nansen area is

yrobably not compatible with this hypothesis.
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The tourmaline breccias are not believed to be fault
breccias although lineaments are associated with theh; The
absence of fragments showing shearing, the equidimensional
plan of exposure and finer fragments associated with larger
fragmeﬁts are not characteristic of fault breccias.

White, et al (1957) have hypothesized that the
tourmaline breccias of the Highland Valley area arescauééd by
explosion in the lower part of volcanic structures. They
propose that the pressure of volatiles in a cupola exceeds
the confining pressure, and that the resultant explosions
fragment the rock.A Gases or supercritical fluids escape
through breccias, locally entraining and redistributing fine
matrix material, but not apparently rounding the larger
fragments.

In the Mount Nansen area extenéive hydrothermal
alteration and outliers of rhyolite tuff that are associated
with the hypabyssal porphyry intrusion, suggest this explosive
mechanismAas‘being the most favourable for the development of
the breccias. Hydrothermal fluids streamed.througﬁ these

newly formed breccia bodies and adjacent fissures causing the

alteration mineral zoning that will be described next.
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ROCK ALTERATION

Foreword

For an alteration zoning study it is necessary to
obtain an assemblage of alteration minerals from each sample.
Some alteration minerals; such as clay, can occur in several
zones and are not diagnostic. By identifying a group of
minerals with the same stability relationships, a zone can
be'determined.‘ The rocks within a given zone can be inter-
preted as having undergone the same chemical changes.

~Surface rock alteration in the Mount Nansen area is
pervasive and a zone will imply a scale of several hundreds
of feet.

Alteration minerals were identified by preparing 33
{-ray diffraction traces of feldspar phenocrysts, examination
sf 40 thin sections and field mapping.

For all X-ray diffraction traces, CuK™ radiation was
ised. First order 7.16-7.17 R peaks were taken to represent a
:aolinite group mineral while first order peaks of 9.98-10.1 g
rere thought to represent muscovite basal spacings. |

Three samples showing kaolinite group mineral peaks
'ere heat treated to test the validity of this assumption.
lides of samples D-97, 2-300, and 2-360 were heated for 8
ours at a temperature of 550°C. The presence of a kaolinite
roup mineral was confirmed in all three samples by the
isappearance of the 7 g peak. The muscovite-peaks were
naffected. ZKaolinite will be used to mean a kaolinite group

ineral for the remainder of this discussion.




Alteration Types
Severai types of rock alteration have probably occurred
in the Mount Nansen area. They are deuteric, supergene and
hypogene. The term deuteric alteration implies alteration in
an igneous rock produced during the later stages of, and as a
direct consequence of, the consolidation of magma or lava.

The term discriminates such alterations from the more strictly

secondary changes due to a later or hypogene period of altera-
tion. Hypogene alteration is caused by an influx of high
temperature solutions into crystallized rxock usually at depth.
The term supergene alteration denotes rotk alteration caused
by weathering and related near surface processes involving

solutions of nearby surficial origin. Acid solutions derived

from thé oxidation of iron sulphides play an important role
in causing supergene alteration.

The alteration minerals and mineral assemblages formed
by these various processes are often the same. Distinction
between these alteration types is not easy (Rose, 1970; HMeyer
and Hemley, 1967; Schwar£é, 1956) and, in fact, is impossible
in the Mount Nansen area at this stage of surface study.
However, some qualitative assumptions can be made about the
extent of the three types. The discussion to follow is
concerned mainly with hypogene alteration but the effects of
deuteric and supergene alteration will be mentioned where

involved.




Alteration Zoning
Studies of mineralogical zoning suggest there are at
least four and probably five hypogene alteration assemblages
discernable in and around porphyry copper deposits. The terms
potassic, advanced argillic, phyllic, argillic and propylitic
have been used by Meyer and‘Hemley (1967) and by Meyer, Shea

and Goddard (1968) to describe various alteration zones

characterized by a particular mineral assemblage.

Potassic zones commonly include the assémblage potash

feldspar, biotite, magnetite and anhydrite. An advanced

argillic zone is distinguished by the assemblage, quartz,
séricite, tourmaline, kaolinite, pyrophyllite and dickite.
Phyllic zones are distinguished by the.mineral assemblage,
quartz, sericite and pyrite. Quartz, kaolinite and mont-
morillonite group minerals are predominant in the argillic
zone. Finally, propylitic zones are characterized by the
assemblage, chlorite, epidote, carbonate and albite. These
zones have been found to grade into each other. Commonly

the potassic or advanced argillic zone is found closest to

the heat and solution source. Phyllic, argillic and propylitic
assemblages are found in that order out from the more intensely
altered core zone. The repeated appearance of these specific
mineral assemblages suggest repetition of similar physical-
chemical conditions especially when coupled with the fact that
the altered parent fock of most porphyry coppers is of the

same composition (Creasey, 1966).
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Four surface alteration zones with characferistic
mineral assemblages were separated in the thesis area. These
zones are named advanced argiliic, phyllic, argillic and pro-
pylitic. Phyllic and argillic alteration is by far the most
widespread. The hydrothermal system was centered in the middle
of the composite porphyry stock. Two quartz-tourmaline
breccias, and several other silicified domal structures appear
to be the centres of hydrothermal emanations. Advanced
argillic and phyllic alteration are characteristic of these
areas. Less intense, argillic and propylitic assemblages can
be found in roughly concentric zones around these centres. = =«

The main parameters that have gontrolled the altera-
tion pattern are believed to be:

1) post-alteration faulting

2) changes in wall rock composition

3) frequency of guiding fractures

4) progressive changes in composition

of hydrothermal fluids from source
outwards

Post-alteration faulting has occurred along the Wheeler-
Fault. An intense phyllic zone exposed south of the Fault ends
abruptly against it. North of the Fault rocks are only
slightly altered to a propylitic assemblage. The extension
of the phyllic zone could not be located. It may have been
offset left laferally to the topographically low Summit Creek

area.
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Rock composition has only affected the ring-1like
pattern where fhe hydrothermal fluids have passed through
basic, volcanic rocks. For example, at the headwaters of
Courfland Creek, a phyllic alteration of porphyry intrusives
changes immediately into a propylitic assemblage at the contact
with andesites. Fracturés within the andesite are filled
with epidote. The similarity in chemical composition of the
early-Tertiary porphyry intrusives and the surrounding
quartz monzonite batholithic rocks has not affected a con-
centric zonal pattern of alteration minerals.

The frequency ofsguiding fractures for channelling the
hydrothermal fluids has played an impo;tant role in localizing
hydrothermél activity. At least four central or core zones’
exist where hydrothermal fluids have been channelled in larger
amounts by fractured and brecciated areas, then penetrated
equivalent volumes of rock elsewhere. The two breccia pipes
have an advanced argillic mineral assemblage and are surrounded
successively by<phyllic and argillic halos. At least two other
core areas e}ist. These are areas of intense phyllic altera-
tion surrounded by argillic and propylitic assemblages. All
the hydrothermal alteration centres are characterized by silica
in excess of what could be expected from the breakdown of
silicates. These silicified areas are topographically
anomalous. Centres of hydrothermal activity are shown on the
map (Appendix 3).

Of course, the main parameter of mineral zoning must

be the changing composition of the altering fluids. Zones
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reflect the extent of hydrolitic decomposition of the silicate

host rocks by the hydrothermal fluids (Hemley and Jones, 1964).

This will be discussed in the section on chemistry.

Description of Alteration Zones
Advanced Argillic
Within the Mount Nansen stoclk, the advanced argillic
zone is characterized by the mineral assemblage; qparfz,
tourmaline, sericite, minor kaolinite and possibly apatite.
Only the tourmaline breccia bodies are found to have this
assemblage. Tourmaline is the only mineral that distinguishes

this group from phyllic alteration. It is possible that more

than one period of hydrothermal alteration has occurred to
produce this advanced argillic assemblage.

The matrix of the breccia is composed solely of quartz,
tourmaline and possibly minor apatite. The rhyodacite porphyry
fragments have kept their original porphyritic texture. Feld-
spar phenocrysts within the fragments have been pseudo-
morphically replaced by quartz and sericite. Quartz pheno-
crysts within the fragments remain unaltered. Tﬁe.groundmass
of the fragments is a mixture of cquartz, sericite and minor
Jtaolinite.

Sulphides may have also been included in this
assemblage. Jarosite thinly coats most of the cavities in the
breccia. Jarosite will precipitate from the oxidation of iron
sulphides in a potassium rich, acidic environment (McKinstry,
1948, p. 255). The potassium is available from the sericite

gangue.




Phyllic Zone
The thllic zone 1is characterized by the minerals
quartz, serjicite, pyrite and minor kaolinite. This assemblage
occurs outward from the advanced argiliic zone and, as was
mentioned earlier, occurs as alteration core zones itself.
Sericite, quartz, and kaolinite commonly replace the

feldspars. and matrix of the rocl: pseudomorphically so that the

original texture remains (Plate 16).

Plate 16. Quartz and sericite {white) has
replaced feldspars of rhyodacite
porphyry. Porphyritic texture
remains.

No mafics are left in this zone. Some rocks within
the more intense areas of phyllic alteration have been altered

to a fine grain mass of quartz and sericite. In these areas




only quartz phenocrysts remain as evidence of the rock's

original porphyritic texture (Plate 17).

LY

Plate 17. Intense phyllic alteration.
One quartz phenocryst remains.

Where phyllic alteration of the quartz monzonite
batholithic roclis has occurred, its equigranular texture

commonly remains (Plate 18).

50
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Plate 18. Phyllic alteration of a quartz
monzonite rock. Equigranular
texture remains.

The extreme porosity of the rocks that have undergone
this type of alteration has favoured the leaching out of all
iron sulphides. Most of the vugs left by the sulphides are
void of limonite. Iron oxide has been‘transported out from
these vugs into the surrounding rock, commonly precibitating
as potassium-rich jarosite. The precipitation of jarosite
gives the surfacé rock of the phyllic zone a yeliow—brown

colouration (Plate 19).




Plate 19. Sulphides are completely
leached from rock.
Transported Fet has
precipitated as jarosite,
staining rock.

There are several problems ih defining an outside limit
to the phyllic zone or conversely, an inside limit to the
argillic zone. Most authors that have described porphyry-
copper alteration zoning suggest sericite is of hypogene origin.
Rose (1970) questions this assumption by pointing out, there
is an abrupt change from sericite to biotite at the base of
the leachédvcapping at Safford, Arizona. Hemley and Jones
(1964) indicate that sericite is stable at moderately high

+
%+ ratios (Figure 3), at low temperatures; an environment
consistent with High pH. he extremely low pH found in most

supergene alteration zones argues against the important

development of supergene sericite. Since most silicates
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including sericite will alter to kaolinite under supergene
conditions, sericite was identified as hypogene in the Mount

Nansen stock. This assumption is reinforced by the fact that

x-ray diffraction traces showed sharp sericite pealks; indica-

tive of an ordered crystal structure. Disordered crystal : i*‘

structures are common with minerals of a supergene origin.

Secondly, providing the sericite is hypogene, how

extensively has it been replaced by kaolinite? A supergene
origin for clay is now widely accepted. Hemley and Jones (1964)
state that under supergene conditioﬁs most silicate hinerals
will tend to alter directly and completely to kaolinite.

Garrels and Howard (1959) have shown that at a temperature

of 25°C énd 1 atmosphere pressure, hich at promotes the replace-
ment of mica and potash feldspar to clay. These conditions
are exactly those found in the near surface oxidized zones of
porphyry copper deposits.

Widespread supergene kaolinization of silicates is
suspected in the Mount Nansen area. All the feldspar pheno-
crysts of pbrphyritic rhyolite for example, have been
completely replaced by kaolinite. The rhyolites érop out
several miles away from centres of hydrothermal activity.

‘Economically, the cquartz-sericite-pyrite or phyllic
zone is of great importance and thus its delineafion is also
of importance. Twenty-five of twenty-seven porphyry copper
deposits of the southwestern United States, studied by Lowell

and Guilbert (1970, p. 401), have a quartz-sericite zone.



54
This zone is found to be the chief ore bearer in most deposits.

Sericite must be used as the key indicator for a phyllic
alteration zone. Feldspar phenocrysts with greater than 10%
sericite development were considered to exhibit phyllic altera-
tion in the Mount Nansen stock alteration pattern. The other
90% may or may not be kaolinite. Howevef, it should be pointed
out again that most of the phyllic zone is composed of quartz
and sericite that has completely replaced the feldspars.
Where phyllic alteration has been intense, the rocks are
altered to a fine grain mass of quartz and sericite.
A
Argillic Zonc
' The argillic =zone is characterized by the alteration

assemblage kaolinite, cuartz and minor sericite. It occurs
as a halo around the phyllic zene and is very widespread.

Rocks within this zone always retain their parent
texture. TFeldspar phenocrysts are usually completely replaced
by kaolinite and quartz. . The phehocrysts are bleached white
and are extremely soifit. The matrix is also commonly bleached
and softened to a lesser degree. Quartz phenoérysts always
remain unaltered. Limonitic staining, commonly'goéthite,
is found on weathered surfaces of rock fragmehts. Sulphides
are typically completely leached out and only void crystal
outlines remain.

Unlike many porphyry copper environments there is no

evidence at surface of an outer montmorillonite sub-zone.




None of the feldspar phenocrysts x-rayed showed a trace of

montmorillonite. If there was an argillic montmorillonite-

sub-zone, it is likely that it has been overprinted by super-

gene kaolinization. »Several descriptions of argillic zones
in porphyry copper deposits indicate potash feldspar pheno-
crysts are commonly less altered than plagioclase. In the
argillic zone of the Mount Nansen stock all feldspars are
almost completely kaolinized.

The outer limit of the argillic zone is the first
appearance of mafic minerals; éommohly books. of biotite that

> have been completely chloritized.

The significance of the argillic assemblage as a hypo-
gene alteration zone is not known. The possibility that much
of the kaolinite in this zone, the phylli¢ zone and the advance
argillic zone, has been produced by supergene alteration is
cgreat. However, x-ray traces showed the mineral assemblage
quartz-sericite-kaolinite for feldspar phenocrysts sampled
from a percussion drill hole (CP-2) from surface to a bottom
depth of 360 feet. Kaolinite at 360 feet may indicate that

at least some of the clay has a hydrothermal origin.

Propylitic Zone
The propylitic alteration zone is characterized by
the minerals, epidote, clinozoisite, albite, chlorite,

leucoxene, carbonate, pyrite, and minor sericite and clay.




56

- Propylitic alteration is a fringe or outer zone and grades
from a rock that has epidote and carbonate fracture fillings
and bright green chloritized mafics to rocks that look fresh
in the field. hin section examination showed all rocks
outside of the argillic alteration zonevto be propylitized to
some extent. Rocks several miles away from the intensely
altered stock showed prOpyliticrassemblages. Roclks within
a 1,000 feet of the argillic zone showed all mafics to have
been replaced by aggregates of chlorite, leucoxene, epidote
and carbonate or uncommonly biotiteror actinolite. Hornblende
and biotite were probably the original mafic minerals.p‘Plagio—
clase appearing fresh in hand specimen shows alteration in thin
section. Calcic zones are commonly preferentiaily altered
whether they comprise the core of normally zoned crystals or
intermediate rings where oscillatofy zoning has occurred.
Minerals replacing the plagioclase are an albite, epidote,
carbonate mixture or uncommonly clay. Sericite sometimes
flecks plagioclase. Potash feldspar is commonly unaltered.

Unoxidized pyrite is common in this zone. Pyrite
sometimes makes up 10% of the roclk's total volume. When
pyrite is oxidized, in this propylitic zone, a deep reddish-
brown hematitic limonite forms on weathered.surfaces. Small
amounts of hematite were noticed along the baﬁks of Eva Creek.

Most of the  propylitic zone is in quartz-monzonite batholithic

rocks.
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The widespread occurrence of the propylitic assemblage
indicates that some of these minerals were formed by deuteric
or supergene processes. Where epidote and calcite occur as
fracture fillings to any extent, it is probably safe to con-
clude a hydrothermal origin for that particular propylitié
alteration.‘ This-fracture filling form of alteration does
occur just outside the argillic zone. Hemley and Jones (1964)
indicate that it is almost impossible to distinguish between
deuteric alteration or igneous bodies, which .is characteristic-
ally propylitic and a latexr incipient propylitic alteration.
For this reason only the inner limit of propylitic'alteration

fa)
is shown in the alteration pattern of the llount Nansen area.

Chemistry

Four alteration zones have been recognized in the
Mount Nansen area. The four zones have been named: advanced
argillic, phyllic, argillic and propylitic. The advanced
argillic and phyllic zones are core areas, surrounded
succeséively by argillic and propylitic zones. Each zone is
characterized by a specific mineral assemblage. These
differing mineral assemblages and their zones reflect differing
degrees of hydrolytic decomposition of the silicate host rocks.
Mére.specifically, they reflect the results of reaction of

cq s . . . . cation N .
silicate rocks with solutions in wh1ch-—~j:— activity ratios

H
were low, intermediate or high (Hemley, 1964).
Activity can be thought of as concentration, modified.

by the effects of hydrothermal fluids and dissolved substances.
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Hydrolysis may be defined as a decomposition reaction with
hydrothermal fluids in which either Ht or oM™ ions are consumed
by silicate minerals which then must release to solution an

amount of cation, chemically equivalent to the quéntity of HY

consumed. Hydrolysis then, is simply hydrogen metasomatism
(Hemley, 1964).

The propylitic zone is the fringe zone to areas where
more advanced type hydrothermal alteration has occurred. The
mineral assemblage includes chlorite, albite, epidote,
carbonate, leucoxene and minor sericite. Very little hydro-
lysis has taken place in this zone. Low cation onl activity
ratios are expected. Most of the minerals have formed by the
hydration (addition of H20) of biotite and hornblende. CO2
has also been added to form carbonates. The K+ released by
the chloritization of biotite, before extensive decomposition
of feldspars, probably produced the small amounts of sericite.
This hydrolytic reaction may be represented by the ecuation
(Meyer, 1967):

- (. . o + . . . »+2‘
2L(Mg,Fe)3A1313OlO(OH)2 + 4H —» Al(lg,Fe) Al5i,0,,(0H)5 + (ig,Fe)
biotite . chlorite

+ 2T 4+ 3510,

cation
H+
istic of propylitic alteration. This propylitic mineral

The equation shows the low activity ratio character-
assemblage can also be produced by deuteric and supergene
alteration,

The argillic zone is indicative of intermediate hydro-

lytic decomposition of silicate minerals. laolinite and quartz
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are the-prominent alteration minerals of this zone. Kaolinite
is unstable above 400°c. setting a maximum temperature limit
for argillic alteration (Creasey, 1966). Potash feldspar and
plagioclase have been completely replaced by kaolinite and
quartz within much of this zone. Maficsvare absent. . The

boundaries between the argillic and propylitic, and the

argillic and phyllic zones are'gradatiohal over several hundred

feet. The kaolinization of plagioclase, represented by the

equation (Hemley, 1964):

. + . - Q3 4G5 _+ +2
NaZCaAl4518024 + 4H + 2d20-+-2A12u1205(OH)4 + -5102 + 2Na ' + Ca
andesine _ kaolinite
S
typifies intermediate caclon activity ratios of the hydro-
Hl

thermal solutions and the resulting hydrolytic reactions
expected in the argillic zone.

The total replacement of potash feldspar by kaolinite
in this zone may indicate extensive supergene formation of
-kaolinite. Figure 3 adopted from Hemley and Jones (1964)
shows the relative stabilities of kaolinite, muscovite and
potash feldspar. Potash feldspar'should be stable under the
intermediate hydrolysis expected in the argillic zone. The
formation of kaolinite is‘seen to be favoured by low temper-
atures and low alkali ion/H+ ratios. This is consistent with
the acidic environment of supergene alteration. Rapid removal
of dissolved cations in a supergene leaching environment would
hinder the crystallization of intermediate products, such as,
sericite. Thus, in a low temperature and low alkali ion/H+
environment, most silicates would tend to alter directly-and

completely to kaolinite (Hemley, 1964). Hypogene sericite
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-may also have been replaced by supergene kaolinite. The
following reaction would exemplify this process:-
+

, . - + . ] .
2hAl3813OlO(OH)2 + 2H + 3H20 —b3A1281205(01I)4 + 2K

muscovite kaolinite
The phyllic and advanced argillic alteration zones are
core zones. Hydrothermal fluids circulating in these areas had

a high EEE&%E activity ratio. Tourmaline differentiates the

advance arg?llic zone from the phyllic zone. The introduction
of boron may represent a separate period of hydrothermal
activity. Sericite, quartz, ahd minor clay are common to both.
The upper temperature limit of quartz-sericite alteration is
about 625°C (Creasey, 1966). In these alteration zones quartz
is present in greater amounts than could be expected from the
breakdown of rock-forming silicates. Pyrite was probably
included in this alteration mineral assemblage. However,

under supergene attack, iron sulphides have completely altered
to jarosite and goethite.

The alteration process of these zones is expressed
dominantly by the decomposition of plagioclase and orthoclase
and is illustrated by the equations:
3Na,CaAl,Sig0,, + 8H' + 4K' = 4KA1,Si 0, (OH), + 6Na® + 3cat?

andesine sericite
+ 125io2
quartz

N . + o . =+
3LA151308 + 2H —» Ln12A1513010(OH)Z + 2K 2

orthoclase sericite cuartz

+ 6S5i0
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cation

it

fluids will cause the above reactions to proceed (Figure 3).

Iligh temperature and high ratios of the altering
Potassium to produce sericite from plagioclase can be derived
from the hydrothermal fluids or as shown above by the break-
down of orthoclase. Minor kaolinite is probably derived from

supergene alteration of sericite.
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INTERPRETATION

zdvanced argillic, phyllic, argillic and propylitic
alteration zones have been recognized, with the hydrothermal
system centered in the early-Tertiary porphyry stock. Pre-~
alteration and post-alteration fracturing and faulting has
occurred. Pre-alteration fractures have guided the rock
altering fluids into at least four core areas. Core zones
are typified by mineral assemblages characteristic of advanced
argillic and phyllic alteration. The introduction of boron
rich solutions with subsecuent crystallization of tourmaline
may represent a separate period of hydrothermal alteration.
The effect of this period of hydrothermal activity would
superimpose itself over an existing pattern by increasing the
intensity of alteration. This effect is suggested by the
alteration pattern found at the headwaters oi Courtland Creek.
An inferred continuation of the Wheeler Fault has not offset
the alteration pattern around an advanced argillic core zone.
However, the Wheeler Fault does appear to offset alteration
patterns to the east which are characterized by phyllic core
zones. Tourmalinization then may have been post—ﬁheéler Fault
while phyllic alteration core zones are probably pre-Wheeler
Fault. Conversely the inferred continuation of‘the fault may
not exist. The continuation of the alteratibn pattern north
of the Wheeler Fuult could not be located. A left-lateral
displacement is suggested by one inferred fracture offset.

Surrounding the core areas are irregular halos of

argillic and propylitic alteration mineral assemblages.




64

Figure 4 shows the mineral assemblages characteristic of each
: +
zone representing an cutward decrease in temperature or $4 or
o
both, of the altering fluids. Some of the pervasive kaolini-

zation may have been produced by supergene alteration. However,
kaolinite has been identified at a depth oi 360 feet below

surface suggesting some kaolinite may also be hypogene.

Unlike many alteration zones found in porphyry environ-

ments a potassic core zone, characterized by the mineral

assemblage of seccondary K-feldspar and biotite, was not found.
The explanation for this lack of identifiablé potassic altera-
tion may be due to several factofs. Listed in increasing
order of probability, these factors are::

1) eradication of secondary K-feldspar by
supergene kaolinization

o
2) lack of high, temperature and §4 ratios in
the altering fluids H

3) lack of sufficient erosion to expose the
potassic assemblage

The lack of sufficient erosion to expose the potassic assembl-
age is favoured for several reasons. These are:
1) absence of extensive glacial erosion

2) breccia zones probably represent high
level hydrothermal activity

3) the extensive development of sericite
argues for high K' ratios in the altering

fluids gt

4) the overall zonal alteration pattern is
characteristic of porphyry deposits with
potassic alteration core zones

This level of exposure is diagramatically presented in

Figure 4. : ) .




