
Chapter 11 Tertiary Volcanic rocks

Early Eocene Sloko Group strata are the dominant

Tertiary volcanic rocks in the Tagish area. They occur as

erosional remnants which underlie many of the highest

peaks in the Tagish region including Teepee Peak, Engi-

neer Mountain, Mount Fetterly and Mount Switzer (Fig-

ure 11-1). At several of these localities the volcanic pile

is cut by small, subequant, coeval plutons that are, in

some cases, clearly comagmatic.

Afew square kilometres of mountainside near Skelly

Lake are underlain by locally foliated volcanic strata,

which are apparently only about 4 million years older

than the main pulse of Sloko volcanism. However, these

Paleocene volcanic rocks are not included with the Sloko

Group, because it is possible that the sample dated is not

representative of the entire unit which could be much

older.

Paleocene Volcanics at Skelly Lake
(59 Ma)

Foliated volcanic rocks underlies the ridge that ex-

tends southward from the east end of Skelly Lake to an el-

evation of about 300 metres above the lake (about 2

square kilometres, Figure 11-1, not shown on Figure

GM97-1). They comprise pyritic rhyolite flow and

tuffaceous rocks with well preserved clastic textures and

flow foliation. They are well indurated, locally foliated

and phyllitic. Cross-cutting flow-banded dikes in the

area are lithologically very similar to the banded rhyolite

flows, requiring that contacts be exposed to distinguish

them in the field.

These volcanic rocks appear to rest unconformably

on the Boundary Ranges suite. However, Mihalynuk et

al. (1988b) included these with the Boundary Ranges

suite due to their locally foliated habit and limited extent

and the absence of correlatable lithologies within the

map area. On the basis of the new U-Pb zircon age deter-

mination of 58.5 ±1.5 Ma for a massive rhyolite (Figure

11-2; Tables AA1, AA2) they are apparently a much

younger package of rocks and unrelated to the Boundary

Ranges Metamorphic suite. However, the sample dated

could unknowingly have been collected from a rhyolite

cupola or dike that is much younger than the volcanics

that enclose it.

On the nearby Crine property east of Teepee Peak de-

formed intermediate to basic volcanic rocks were map-

ped in detail by Cuttle (1989). They may be correlative

with the foliated rhyolites. Regionally, the foliated rhyo-

lites at Skelly Lake most closely resemble pyritic rhyo-

lites of the Peninsula Mountain suite. However, age and

lithology considered, the Skelly rhyolite is most likely a

precursor to the widespread early Eocene Sloko volcanic

episode. Deformational fabrics can be attributed to

movement on the Llewellyn fault which is located within

1 kilometre to the northeast.

Early Eocene Sloko Group (eES 55
Ma)

The Sloko Group is the youngest layered rock unit in

the map area (see “Age and Interpretation” below). Sloko

Group strata are mainly flat-lying and infill paleotopo-

graphic lows incised into deformed Laberge Group strata

and older rocks. Isolated occurrences of these strata in the
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Figure 11-1. Distribution of Sloko Group and Paleocene volcanic
rocks.



Tagish Lake area are relicts of a much more extensive

blanket. Perhaps the most intact relict is preserved at

Sloko Lake to the south, where the name was originally

applied by Aitken (1959) to a well-bedded succession

that is more than 1100 metres thick. During Quaternary

glaciation, erosion of the former relatively continuous

sheet of Sloko volcanics in the Tagish area left only ero-

sional remnants atop many of the highest mountaintops.

Several erosional remnants were previously mapped

as “volcanic rocks of uncertain age” or as “Cretaceous or

later” by Christie (1957). Sloko volcanic rocks at Teepee

Prior were formerly correlated with the Upper Triassic

Stuhini Group (i.e. Lhotka and Olsen, 1983; Wheeler and

McFeely, 1991). The considerable accumulation of vol-

canic rocks underlying Mount Switzer had not been docu-

mented prior to this study. Mihalynuk et al. (1990)

correlated these rocks and adjacent volcanic outliers with

volcanic strata at Engineer Mountain, based upon strong

lithologic and stratigraphic similarities between them.

This stratigraphic sequence varies locally as a result of

onlapping paleotopographic affects, variations in

magmatism and facies changes. All of these outliers are

now known to belong to the Sloko Group on the basis of

new isotopic age data (Mihalynuk et al., 1999).

Because Sloko Group strata are only preserved in

isolated outliers within the map area, it is not possible to

construct a complete stratigraphic picture. However, a

composite stratigraphy is shown in Figure 11-3. The most

complete stratigraphic section is at Teepee Peak where

Sloko Group strata attain a thickness of about 800 metres.

This thickness is a minimum as the top of the succession

was removed during glaciation.

Basal conglomerate and epiclastics (eESs)

At most localities the basal Sloko units are com-

prised of well developed conglomerate derived mainly

from immediately underlying lithologies, generally ei-

ther the Laberge Group or the Boundary Ranges Meta-

morphic suite. Pebble to boulder-sized clasts dominate

the conglomerates which fill paleotopographic lows.

Conglomerates are generally poorly indurated, with cob-

bles weathering easily from the volcanic sand matrix,

which comprises 30 to 70 percent of the rock. Colour var-

ies from green grey to dark brown or rust. Conglomerate

lenses and laterally continuous beds up to 30 metres thick

also occur at horizons tens to hundreds of metres above

the basal conglomerate. These typically host a greater di-

versity of clast types, including granitoid (especially

leucogranite), dark green hornblende feldspar porphyries

and tan chert, but are still dominated by locally-derived

lithologies.

Well bedded white to dark grey rhyolitic sandstones

comprise most of the basal succession. However, grain

size varies considerably so rock types range from rusty,
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Figure 11-3. Generalized Sloko Group stratigraphy as seen in
western Atlin (104N/12W) and eastern Fantail Lake (104M/9E)
mapsheets.
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from near the eastern end of Skelly Lake.



black volcanic mudstone to grey granule and sparse peb-

ble conglomerate. Beds are mainly planar with little evi-

dence of cross-stratification. Minor slump folds are

common, especially in fine grained, thinly laminated

strata. Lithic grains and quartz granules everywhere

point to quartz-phyric rhyolites of the Sloko Suite as the

dominant source.

At Engineer Mountain, the basal “conglomerate”

rarely exceeds two metres in thickness and is composed

primarily of angular fragments of siliciclastic Laberge

Group strata. Rather than a well-worked conglomerate,

this basal unit is more likely a talus or an alluvial fan de-

posit. A similar-looking lithology occurs with steeply

faulted contacts on the north side of Engineer Mountain,

but at this locality it could be fault breccia.

One of the best developed basal conglomerates is a

red-bed succession on the northeast flank of Mount

Switzer. Thicknesses vary considerably from nearly ab-

sent to over 30 metres. The basal conglomerate clasts

consist primarily of cobbles of paragneiss, pegmatite,

metamorphic quartz and other resistant underlying

lithologies. The conglomerate matrix is poorly sorted red

sand. This conglomerate mainly formed without any vol-

canic influence and therefore might be significantly older

than, and best not included with, the Sloko Group. How-

ever, higher in the section the conglomerate is cut by vol-

canic-rich clastic dikes or fissure infillings. Variegated,

mainly feldspar-phyric volcaniclastic rocks form lensoid

bodies within the conglomerate that are up to about 100

metres thick. Upper parts of the conglomerate contain

abundant volcanic clasts and may be interdigitated with

steep-sided rhyolite flows. This sequence gives way to a

chaotic breccia containing blocks several to 10 metres

across. One gneiss olistolith is large enough to be easily

mapped at 1:50 000 scale (500m longest dimension).

These breccias, probably formed due to seismically-

induced collapse of a synvolcanic fault scarp.

Rhyolite flows, dikes & ignimbrite (eESr)

Rhyolite commonly occurs as flow domes and

pyroclastic breccias which occur in sections less than a

metre to over 100 metres thick. Where a basal conglom-

erate is not developed, rhyolite may occur at the very base

of the Sloko succession. It is typically white to yellow

and chalky or pink to grey and vitreous, and may be

rusty-weathering. Spectacularly banded or spherulitic

varieties are common. They are normally sparsely por-

phyritic, but may contain up to 15% feldspar as me-

dium-grained euhedral crystals and smaller amounts of

medium to fine-grained quartz eyes.

Light grey-green ignimbrite containing monomictic,

flattened grey pumice fragments (flattening ratios of 10

to 20) are conspicuous within the Sloko strata. Some of

the fragments contain white anhedral altered plagioclase

phenocrysts up to 5 mm in diameter. Moderate to dense

welding is apparent in thin sections which show that

pumice has totally collapsed (Photo 11-1).

Numerous flow-banded, aphanitic and quartz - feld-

spar porphyritic rhyolite dikes that cut Laberge Group

strata are believed to be feeders to the Sloko Group. Most

have the same mineral assemblages as the subaerial

flows. Two notable exceptions are: between Mount

Fetterly and Graham Inlet, where a dike 100 metres thick

contains zones of up to 10% euhedral pyroxene (5 mm in

diameter); and between Mount Fetterly and Mount

Cameron, where a dark grey rhyolite dike is strongly

perlitic.
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Photo 11-1. Photomicrograph of Sloko Group ignimbrite display-
ing strong welding. Clear crystal fragments are plagioclase and
quartz. Some semiopaque clots can be identified as altered horn-
blende crystals. Good preservation of glass textures is common in
the Sloko Group, but is uncommon in older volcanic suites. Com-
pare with Photos 7-5 and 10-5. Scale: width represents approxi-
mately 1 mm of sample.



Mainly dacitic to andesitic pyroclastics and
lesser flows (eESv)

Thick pyroclastic deposits of mainly dacitic to

andesitic composition dominate the Sloko Group in the

Tagish area. One of the most distinctive and widespread

units is a powder green, heterolithic lapilli tuff. It con-

tains up to 15% conspicuous white rhyolite fragments and

variegated aphyric to medium-grained feldspar porphyry

fragments. It is generally platey weathering and reces-

sive, although some outcrops have an irregular rubbly

surface. On Engineer Mountain, this unit encloses basalt

“blocks” 10 to 30 metres in diameter which may represent

flow channels in cross section.

Basalt (eESb)

Basalt is subordinate to more felsic volcanics within

the Sloko Group. True basalt probably comprises less

than 5% of Sloko Group strata. Basalt flows and mono-

lithic breccia are generally well indurated and blue-black

to green-black in colour. They typically contain between

5 and 35% percent idiomorphic feldspar phenocrysts.

Fresh plagioclase commonly displays oscilliatory zon-

ing, but average composition is andesine. Phenocrysts

other than plagioclase are not common. Clinopyroxene

and iddingsite that is pseudomorphous after sparse oliv-

ine are observed locally. In one sample, hornblende that is

pleochroic from green-yellow to pink forms alteration

rims on, and cores in, possible orthopyroxene. Alteration

intensity is variable. Vitreous black basalt with a con-

choidal fracture and only incipient devitrification of ma-

trix can occur immediately adjacent to basalt containing

feldspars that are strongly altered to calcite, prehnite and

white mica, in a matrix that is largely devitrified or re-

placed by authigenic minerals.

Vitrophyric tuff and breccia (eESo)

Distinct vitrophyric lapilli tuff and breccia both ap-

pear to occur as caldera infill facies that are 300 to 500

metres or more thick. As such they locally dominate

Sloko Group stratigraphy. On average, the composition

of vitrophyric tuff is probably dacitic whereas breccias

are more andesitic. Both form black cliffs.

At Teepee Peak vitrophyric tuff predominates. It is

well indurated and forms tan-red or brown-black weath-

ering cliffs. It contains variable proportions of lithic frag-

ments (up to about 35%) in a black vitric matrix that

displays eutaxitic textures. Fragments are multicoloured:

green, brown and grey. Feldspar comprises up to 15% of

the rock as medium-grained euhedral and broken crys-

tals.

Breccias are well developed at Mount Switzer where

their thickness probably exceeds 600m. They have a dark

grey-green matrix with 15% plagioclase and 2% altered

pyroxene phenocrysts. Plagioclase phenocrysts display

striking zonation with the outer zones rich in fluid and

opaque inclusions (Photo 11-2). Feldspars also display in

situ cataclasis. In some areas the breccia is epidote-

altered. In other areas, amygdales are filled with

pumpellyite, celadonite? and chlorite (Photo 11-3) and

prehnite occurs as an alteration product of plagioclase.

Locally, fault scarp facies can be recognized.

About 2 kilometres northwest of the Mount Switzer

summit, a thick section of Sloko Group volcanics on a

hornblende-biotite-plagioclase-quartz gneiss basement

is exposed. The basal 100 m is grey, amygdaloidal feld-

spar porphyry breccia containing abundant fragments of

rhyolite and basement lithologies. This is overlain by

flow-banded grey rhyolite of unknown thickness which is

juxtaposed across a caldera fault scarp complex with an

accumulation of more than 600 metres of dark grey

weathering, coarse feldspar porphyry breccia . This thick

accumulation may be the remnant of a more extensive

caldera infill facies.
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Photo 11-2. Plagioclase phenocryst within andesitic breccias at
Mount Switzer display striking zoning outlined by opaques and
fluid inclusions near the crystal margins. Scale: width represents
approximately 1 mm of sample.



Age and Interpretation

New Sloko Group age determinations from U-Pb

isotope analyses of zircons are reported for the first time

here (Table AA1). Isotopic data are reported in

Mihalynuk et al. (1999). These data yield consistent re-

sults of about 55 Ma and are concordant with K-Ar cool-

ing ages (Table AA1, AA5). Sloko volcanics from the

Tulsequah area to the south, yield similar ages within er-

ror (Mihalynuk et al., unpublished, and Panteleyev, un-

published) as do related intrusive rocks (53.5 ± 0.7Ma;

Mihalynuk et al., 1995a).

High-level, cannibalistic plutons which are coeval

(within error) with the enclosing volcanic strata appear to

be a hallmark of all well-dated Sloko Group volcanic

piles. At Teepee Peak, a U-Pb zircon age determination

of 55.5 ± 0.14 Ma is identical to an independently deter-

mined K-Ar cooling age from a cross-cutting pluton

(55.5 ± 0.14 Ma, Table AA1). Coeval or slightly younger

cooling ages are recorded by batholithic intrusions

within the Coast Plutonic Complex to the west (see Chap-

ter 12).

Two small plutons dated by Currie (1994) at 55.7

±0.2 and 55.9 ±0.2 Ma (U-Pb zircon; Table AA5) are part

of a suite that intrudes both basement as well as Sloko

volcanic rocks at Mount Switzer. This relationship indi-

cates that the volcanics at Mount Switzer are 55.5 Ma or

older. A U-Pb age determination from the Mount Switzer

succession returned 55.3 ± 0.2 Ma (Table AA1), coeval

with the intrusions within the outer limits of error.

Previous age determinations, such as those from the

Bennett Caldera complex immediately northwest of the

map area, are younger than those in the Tagish area (Table

AA5), but direct comparisons may not be appropriate due

to differences in analytical procedures. The Bennett com-

plex, straddling the BC-Yukon border at longitude 135°
15’W, is correlated with the Sloko Group, even though

two K-Ar cooling ages from the complex reported by

Lambert (1974) are younger by 3 to 4 million years (or 1

Ma outside of the limits of maximum error) than those re-

ported here. Recalculated using new decay constants,

these K-Ar ages are 51.2 ±3 and 51.9 ±3 Ma (Table AA5).

Sloko Group strata appear to have been deposited on

an upland plateau of relatively uniform elevation. West

of the Llewellyn Fault zone Sloko strata rest on metamor-

phic rocks; whereas, to the east, they are underlain by

Laberge Group strata. The base of the volcanics at all lo-

calities is at an elevation between 1400 and 1460 metres

(4600 and 4800 feet). Paleotopographic effects or later

high angle faulting are responsible for the juxtaposition

of the volcanic strata against older rocks at elevations up

to 1830 to 1980 metres (6000 and 6500 feet). This simi-

larity of contact elevations across the Llewellyn Fault

suggests that there has been little vertical displacement

since the Eocene. Unfortunately, no unit of Sloko age that

pins the Llewellyn Fault has yet been discovered, so pos-

sible offset since Sloko time is uncertain. Nevertheless,

correlative units of unknown lateral extent occur on ei-

ther side of the Llewellyn Fault zone. This configuration

of units could have accommodated limited (kilometres),

but not extreme strike-slip displacements (hundreds of

kilometres) across the fault since their deposition. Varia-

tions in the basement on which the Sloko strata are depos-

ited points to a period of west-side-up displacement

across the Llewellyn Fault prior to deposition of the

volcanics.

Preserved Sloko successions are thickest within the

subcircular, partly fault-bounded complexes that are in-

truded by coeval plutons at Teepee Peak, Engineer

Mountain and Mount Switzer. These are interpreted as

having been volcanic centres and subsidence features.

Curvilinear diorite intrusions around a succession of
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Photo 11-3. Fine ash tuff of the Sloko Group is crowded with
amygdales and plagioclase microphenocrysts. Amygdale fillings
and matrix show the development of low grade authigenic miner-
als: pumpellyite celadonite and chlorite (Chl). Prehnite replaces
plagioclase (Pl) as high birefringence, angular clots. Scale: width
represents approximately 1 mm of sample.
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Figure 11-4. Geochemistry of Sloko Group volcanics: (a) alkalis versus silica classification diagram shows hawaiite to rhyolite
compositional range (fields of Cox et al., 1979); (b) alkalis-silica and Peacock’s index, and (c) AFM diagrams of Irvine and Barager
(1971) show that felsic members are subalkaline and calcic, but neither a tholeiitic nor calcalkaline trend is clearly displayed, princi-
pally due to low MgO contents; (d) tectonic discrimination plots of FeO+MgO vs. CaO following the method of Maniar and Piccoli
(1989) show that the samples are arc-related; and (e) Shand’s index shows that the suite is weakly aluminous (IAG = island arc gran-
ite, CAG = continental arc granite, CCG = continental collision granite.



Sloko volcanics a few kilometres northwest of Mount

Switzer peak may represent a deep level cross-section

through ring dikes.

Geochemistry

Sloko Group volcanic outliers are remnants of a con-

tinental arc built mainly of rhyolitic to andesitic flows,

breccia, tuff and ignimbrite (eESv) and derived epiclastic

rocks (eESs). Samples of Sloko Group analyzed for ma-

jor and trace elements are shown in Tables AD1 and AD2

respectively. They span the compositional range of

hawaiite to rhyolite (Figure 11-4a). Because many of the

volcanic rocks have subvolcanic equivalents and dating

indicates that they are coeval with plutons that cut the

volcanic pile, the analyses have also been used to help

classify the intrusives (Figures 11-4d, e; see Chapter 12).

Alkalis-silica (b) and AFM diagrams (c) show that

felsic members are subalkaline. However, due to the

small size of the sample population and lack of interme-

diate compositions, neither a tholeiitic nor a calcalkaline

trend can be distinguished. The intrusive equivalents of

these rocks would be calcic (b). On Shand’s index (e)

they are weakly aluminous and fall within a part of the di-

agram occupied mainly by continental arc granitoids.

According to Maniar and Piccoli (1989), a plot of FeOt +

MgO versus CaO (d) when combined with the Shand in-

dex (e) should enable discrimination between arc gran-

ites (IAG, CAG) and continental collision granites

(CCG) for samples with more than 2% modal quartz and

greater than 60% SiO2. Clearly, the discrimination plots

confirm field relationships indicating that these are arc

volcanics, and according to their geological setting,

probably continental arc volcanics.

Mineral Potential

There is a clear association of gold mineralization

with Sloko volcanic centres. One of the best known gold

deposits in Sloko volcanics is the Skukum mine, southern

Yukon. At the Skukum mine, adularia-sericite alteration

envelopes on the epithermal gold veins yield K-Ar ages

that are apparently 2 million years younger than the en-

closing volcanics (Hart and Radloff, 1990; McDonald,

1987). The veins display textures indicative of very shal-

low levels with open spaces and intergrowths of bladed

calcite and quartz. Low Ag/Au ratios of 1:1.2 persist

throughout the deposit.

In the Tagish area, gold mineralization is related to

Sloko volcanic centres at two widely separated localities.

At Teepee Peak, mineralization formed during develop-

ment of a Sloko Group volcanic centre. It includes visi-

ble gold in Sloko volcanics adjacent to iron skarn

developed in basement carbonates. At the old Engineer

mine, auriferous veins are believed to have formed as

part of the hydrothermal system created during develop-

ment of the volcanic centre at Engineer Mountain.

Gold veins at the Engineer mine are hosted by

Laberge Group argillite, wacke and siliciclastic rocks

about 800 metres below the lowest volcanic rocks on En-

gineer Mountain. Fluid inclusion homogenization tem-

peratures are around 195°C, hot enough to anneal fission

tracks in apatite in the immediately adjacent wall rocks

(see Table 14-4). Samples have been collected by R.

Donelick in order to date the deposit by fission track tech-

niques, but the analyses are not yet complete. The veins

clearly cut folded strata and are therefore younger than

Jurassic deformation. Although age control is lacking,

the clear spatial association with Sloko volcanics sug-

gests cogenesis. The Engineer Mine is classified as a

deep epithermal deposit, and like the Skukum deposit,

displays low Ag/Au ratios for a deposit of this type.

A third centre of Sloko volcanism in the Tagish area

occurs at Mount Switzer. No gold showings are known

from near Mt. Switzer, although, prior to the Tagish pro-

ject this Sloko volcanic centre was unmapped and the

mineral potential remains untested. Potential for gold

mineralization related to Sloko magmatism also exists

within and peripheral to coeval intrusive bodies like

those at Teepee Peak, Engineer Mountain and Mount

Switzer. Other small bodies of this age may occur within

the Whitehorse Trough; although all those shown on Fig-

ure GM97-1 are grouped as Late Cretaceous in age based

upon sparse K-Ar age dating.

Deep seated faults are believed to have been key in

formation of the Skukum deposit (Hart and Radloff,

1990) and third-order fault structures connected to the

deep seated Llewellyn Fault are an important control on

mineralization at the Engineer Mine. Such faults focus

hydrothermal circulation. Similar structures occur as the

westernmost strands of the Nahlin fault system near

Sloko-capped Mount Fetterly where they may have fo-

cused hydrothermal fluids driven by the intrusion of rhy-

olite sills up to 150 metres thick that also occur in the

area.

The search for gold mineralization in quartz veins

has dominated historic exploration in the Tagish area.

However, few exploration efforts have targeted Sloko

volcanic rocks in regional exploration for epithermal

gold deposits. Part of the problem is that the distribution

of Sloko volcanics was not well known in northwestern

British Columbia prior to the Tagish project. An explora-

tion program designed to discover deposits like the

Skukum Mine might first look at gold, mercury and fluo-

rine levels in regional stream sediment surveys (e.g.

Jackaman and Matysek, 1993). At the property scale, ex-

ploration would focus on evidence of veining along late

faults. At the scale of individual showings, peripheral

alunite-kaolinite (acid sulphate) alteration and proximal

adularia-sericite alteration with manganese mineraliza-

tion are indicators of fertile hydrothermal systems.
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Considering that two past producing gold deposits

occur where only the scrappiest bits of Sloko Group are

preserved, the probability for discovery of similar depos-

its in regions to the south, where the Sloko Group is

much better preserved, should be relatively high.
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