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NICKEL DEPOSITS OF BOHEMIA BASIN AND VICINITY,
YAKOBI ISLAND, ALASKA

By John C. Reed and John Van N. Dorr 24

ABSTRACT

The nickel deposits of Bohemia Basin and vicinity are on
Yekobl Island, about 130 miles by water west of Juneau. The
district 1s readily accessible by boat or airplane.

The oldest rocks of the vicinity consist of a thick sequence
of strata that 1s thought to be in part of Upper Trlassic and in
part of Lower Cretaceous age. The Triassic (?) rocks are large-
1y volcanic with some sedimentary material, whereas the Creta-
ceous (?) rocks are largely graywacke. Within the district,
these rocks have been metamorphosed to various kinds of schist,

The stratiflied rocks were invaded, probably in Cretaceous
time, by gneissic rocks which are thought to be related to the
Coast Range batholith of the malnland farther east. These in-
trusive rocks are principally gneissic alblte granlte and am-
phibolite.

Along the west coast of Chichagof Island and on Yakobl Is-
iand are several stocks of unfollated intrusive rocks of unknown
age which are younger than the intrusive rocks mentioned above.
These stocks consist of norite, gabbro, diorite, quartz diorite,
granite, and albite granite.

The nickel deposits of Yakobil Island are sulfide-bearing
bodies contalning pyrrhotite, pentlandite, and chalcopyrite, and
are confined to the more calcic rocks, principally norite, of
the younger intrusive stocks. They are believed to be segrega-
tions of material that crystallized early from the magma from
which all the rocks of the stock eventually consolidated.

Individual sulfide-bearing bodies reach a meximum of several
hundred feet in length. Eight of these bodies have been partly
opened by 19 prospect trenches and a tunnel, At least four ad-
ditional known bodies have not yet been prospected and there
probably are others not yet discovered,

The eight prospected sulfide-bearing bodies are estimated to
contain about 6,000,000 tons of rock that contains about 0.36
percent of nickel and 0.27 percent of copper. The estimate of
tonnage 1s based on the assumption that each of the bodles ex-
tends to a depth below 1ts lowest outcrop equal to one-half of
1ts length. Further prospecting will probably show that the
tonnage 1s much greater than this, but it probably will not
greatly change the estimate of the grade. Rough calculations
indicate that, under economic conditions similar to those exist-

"ing in the early part of 1941, the deposlts are marginal, es-
peclally since there is now no smelter on the Pacific Coast
equipped to handle nickel ores,
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106 STRATEGIC MINERALS INVESTIGATIONS, 1941
INTRODUCTION

Nickel-bearing deposits are knéwn to occur at several local-
ities on Yakobil Island and the western part of Chichagof and
Baranof Islands, the northernmost of the outer islands of the
Alexander Archipelago of southeastern Alaska. The western parts
of these islands have in most places received little geological
study and have been Incompletely prospected. They may well con-
tain other bodies of rock similar to those which are known to
carry nickel, According to present knowledge, the deposits cen-
ter principally in three areas: Bonemia Basin on Yakobi Island,
Mirror Harbor on Chichagof Island, and Snipe Bay on Baranof Is-
land. Thls report deals only with the deposits of the'most
northerly area, in and near Bohemia Basin,

The authors' field work was done between the mliddle of May
and.the first of September 1940, under an allotment of funds
made to the Survey for the investigation of strategic minerals.
The authors were assisted by J. E. Mundine, recorder, and Darwin
L. Rossman, rodman.

The United States Forest Service helped the Survey party in
many wayé, particularly by making available a launch for trans-
porting the men and equipment to Yakobl Island from Juneau and
by furnishing a smaller launch to the party for about a month
while the boat regularly chartered from the Public Roads Admin-
istration was undergoing repalrs, Acknowledgment 1s due Cafl
Vevelstad, who was in charge of the assessment work on the de-
posits while the Survey party was there, for permission to use
a privately owned cabin for extended periods and for other fa-
vors. The writers are also indebted to P. S. Smith, H. G. Fer-
guson, and F. C. Calkins, of the Geologlcal Survey, for helpful

advice and criticlsm during the preparation of this report.
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The geology .of the west coast of Chichagof Island has been
described by Overbeck.l/ He devoted conélderable study to the
nickel deposits at Mifrof Harbor, but those on Yakobil Island had
not been discovered at the time of his investigation. Budding-
ton g/haLs discussed the Bohemia Basin deposits, and Buddington

74

and Chapin mention them in thelr general report on the ore de-

posits of southeastern Alaska.,
GEOGRAPHY

Yakobi Island, about 18 miles long, lles off the northwest
corner of Chichagof Island and south of the entrance to Cross
Sound (fig. 10). Bohemia Basin, the local name for the open
valley of Bohemia Creek, is on the east side of the island about
halfway between its most northerly and its most southerly points
(pl. 20). The nearest settlement 1s Pelican, which has a post
office and general store. It is about 7 miles east of Bohemia
Basin, on the northeast side of Lisianski Stralt.

There 1s at present no regular means of transportation to
Bohemia Basin, It can be reached, however, by small boat from
Juneau, iSO miles to the east, or from Sitka, about 80 miles
southeast. An alr transportation company which maintains fre-
quent service to nearby points on Chichagof Island w;ll land

‘planes, 1f requested, on Lisianéki Strait at the mouth of Bohe-

mia Creek.

Topography

The district represented by plate 20 is rugged and ranges in
altitude from sea level along Lislanskl Strait to 2,472 feet at

a peak on the northwest edge of the area. The.district includes

l/ Overbeck, R, M,, Geology and mineral resources of the west coast of
Chichagof Ielands U, §. Geol, Survey Bull. 692, pp. 91-136, 1919,

2/ Buddington, A. P., Mineral Investigations in southeastern Alaskat
U, S. Geol. Survey Bull. 773, pp. 95, 98-105, 1925.

3/ Buddington, A. F., and Chapin, Theodore, Geology and mineral deposits
of goutheastern Alaska: U. S. Geol. Survey Bull., 800, pp. 348=351, 1929,
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the northeastern part of a deep trench which transects.Yakobi
Island from Lisianski Strait S. 35° W. to tidewater on the sea-
ward side of the 1slaﬁd. The trench, or "through valley", is
bounded on both sides by steep slopes rising to altitudes of
over 2,000 feet, The dralnage divide in the trench 1is only 518
feet above sea level. The northwest wall of the trench is
stralghter, steeper, and less dissected by slde valleys than the
southeast wall. Although some -of the bordering ridges are sharp,
large areas on these ridge§ are rounded and rolling. Longitudi-
nal ridge profiles are relatively gentle over long distances but
are broken by a few sharp peaks that project above the general
upland level.

Climate

The climate of Yakobi Island is simllar to that of Sitka,
where a long record of observatlons indicates a mean annual pre=-
cipitation of about 86 inches, most of which falls as rain.é/
June 1s commonly the driest month and October the wettest. Less
than one inch of precipitation In any month is uncommon, Janu-
ary, with a mean temperature of about 32°, 1s the coldest month
and July or August, with a mean temperature of about 55°, the

warmest., The mean annual teﬁherature is near 44°,
GEOLOGY

The oldest rocks of Yakobl Island and adjacent parts of
Chlchagof Island conslst of a thick sequence of strata thought
to be in part Upper Triassic and in part Lower Cretaceous. The
Triassic (?) rocks are largely volcanic with some intercalated
sediments, whereas the Cretaceous (?) rocks are mainly gray-

wacke.

°

U4/ Climatological data, Alaska section: U, S, Dept. Agr., Weather Bur.,
vol. 23, No. 13, 1937; vol. 24, No. 13, 1938.

428672 0 - 42 - 2
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The stratiflied rocks were invaded, probably in Cretaceous
time, by rocks believed to be related to the Coast Range batho-
1ith of the mainland farther eéat,“_ihggé older intrusive rocks.
in and near Bohemia Basin are largely gneissic and are princi-
pally albite granite and amphlbolite.

On Yakobi Island and along the west coast of Chichagof Is-
land are several stocks of unfollated intrusive rocks. The age
of the stocks 13 not known but they are younger than the gneiss-
ic rocks., The stocks are composed of norite, gabbro, diorite,
and quartz dlorite; thelr average composition is perhaps about

that of diorite.

Stratified rocks

Stratifiéd rocks crop out over a little less thgn a third of
the area represented by plate 20. They are most widespread in
the southwest part of the area mapped. The stratified rocks
comprise three map units: Amphibole schist, amphibole-epidote
schist, and graywacke.

The stratified rocks of the area mapped have all been meta-
morphoseq. Originally they consisted largely of such rocks as
volcanic tuffs, breccilas, and lava flows, argillaceous and are-
naceous sediments containing widely differing proportions of ad-
mixed pyroclastic material, and graywacke. They were extensive-
ly folded and sheared during the mountain-bullding movements
which accompanied the intrusion of the gnelss, and were further
metamorphosed by that intrusion, Later the stratified rocks
were locally further metamorphosed by the intrusion of the dio-

ritic stock.

Amphibole schlst

°  Amphibole schist 1g exposed In an almost continuous belt

around that part of the stock which crops out near the center of
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the mapped area, Many of the Inclusions in the stock consist of
intensely metamorphosed amphibole schist.

The amphibole schist is commonly greenish gray, ranging from
greenlish black to light greenish gray., Locally it is very py-
ritic., The rock ranges 1n texture from schistose through platy
to massive. It is all so fine-grained that Individual minerals
can be disﬁinguished by the naked eye in only a few places., The
rock 1s composed largely of a tight felt of tiny amphibole nee-
dles, probably actinolite or tremolite. The amphibole schist
probably was formed by dynamic metamorphism of deposits that
were mainly of pyroclastic origin, but in general the metamor-
phism has progressed so far that the character of the original
rocks 1s obscured., Sandy, clayey, and limy material may have
constituted minor parts of the deposits 1In some places and some
of the schist may have been formed by the metamorphism of lava
flows.

The intrusion ‘'of the stock of unfollated rdcks was accompa-
niled by the metamorphism of fhe amphibole schist to amPhibolite
for a distance of several hundred feet from the contact., In-
clusions of amphibole schist in the stock have been even more
Intensely metamorphosed than the rock of the amphibolite zone

around the stock and are now combosed of hornfels.
Amphibole-epidote schist

The amphibole-epldote schist occuples an area south of the
amphibole schist and southeast of Takanis Creek {pl. 20). Some
of the amphibole schist northwest of Takanls Creek probably i1s
thermally metamorphosed amphibole-eplidote schist. In general
the amphibole-epidote schist is lighter-colored than the older
amphibole schist and has a distinct green color. Most of the
rock is distinctly schistose, but some is platy or massive.

Like the amphlbole schist, this formation probably originated by

the metamorphism of material that was largely pyroclastic.
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Graywacke

The graywacke, which crops out in the southern part of the
mapped area east of Takanis Lake and south of the amphibole-epi-
dote schist, 1s part of the graywacke formation, probably of
early Cretaceous age, that has been described in the Chichagof
atstrict.?

The rock is generally gray and locally is banded. It has
been thermally métamorphosed by the intrusion of the dioritic
stock to quartz-biotite schist, but enough of the original tex-
ture remains to indicate the poorly sorted nature of the origi-
nal sediments. It consists mainly of quartz but contains some

plagloclase, blotite, and amphibole.

Intrusive rocks

Intrusi%e gneiss

Cretaceous (?) intrusive rodks, collectively called intru-
sive gnelss, crop out in the eastern and'northéastern part of
the areas mapped and undérlie a little éore than a third of the
area. These rocks were divided for mapping into two units, am-
phibolite and albite granite gnéiss, though 1n many places the
contact between them 1s gradational.

Most of the intrusive gnelss 1s well-follated and so greatly
altered that its or}ginal composition is doubtful. It apparent-
ly was intensely metamorphosed during emplacement,

Amphibolite.--The amphibolite is made up principally of

- coarse- and fine-gralned amphibolite, with hornﬁlende-quartz
diérite as a minor component,

The fine-grained amphibolite ranges in color from dark gray

to black. The principal minerals are amphibole and plagioclase

but some of the rock i1s so fine-grained that the mineral.compo-

nents cannot be distinguished by the naked eye.

5/ Reed, J, C., and Coats, R, R., Geology and ore deposits of the Chi-
chagof mining district, Alaska: U. S. Geol. Survey Bull. 929 (in press),
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The coarse-grained amphibolite, many crystals of which are
more than an “inch across, generally lacks the distinct foliation
of the fine-grained type. More than half of the typlcal rock 1s
pale amphibole; the remainder, probably occupying spaces origil-
nally filled with feldspar, 1s a mass of clinozoisite, epidote,
and chlorite, ’ . :

Alblte granite gnelss.--The albite granite gnelss 1s also a

collective unit which includes diorite, albite dlorite, silici-
fled alblte granite, and clinozolsite gneilss, In additlon to the
predominant rock.

The albite gragite gneiss 1s commonly light to medium gray,
and 1s composed principally of quartz and alblte in roughly
equal amounts, This roék appears to have been formed by wide-
spread albitization of gnelssic intrusive rock which was origi-

nally much more calcic,
The diorite group

Since all of the nickel deposits are in the rocks of this
group, they will be described in greater detall than the other
rocks in the area., Reconnalssance work has.shown that the rocks
of the diorite group, which crop out in two separated areas in
the district mapped, are actually parts of a single large stock,
The rocks have been divided into four map units: Norite, gabbro,
diorite, and quartz dlorite. These rocks grade into each other,
so that the contacts between them were located more or less ar-
bitrarily at many places. The boundaries as located in the
field do not coincide exactly with the various petrologlc types
later determined microscopically -- for example, the norite as
mapped includes some gabbro, the gabbro some diorite, and the
diorite some quartz diorite,

The distribution of the various components of the stock
within the area represented on plate 20 is complex and appears

to be more or less haphazard. In general, the norite, the only
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member of the group that carries significant amounts of nickel,
forms irregular bodies enclosed within masses of more sodic
rock., These norite bodies have a wide range in size. In that
part of the stock exposed near the center of the mapped area the
inner portion consists largely of norlte, and quartz dlorite
predominates near the borders., It 1s possible that the abundant
quartz diorite in the southwest part of the mapped area may be
only the border zone of more calclc interlor parts of the stock
outside the area mapped. Large bodles of norite afe known to be
present outside this area.

In the following descriptions, the varlous rocks of the dio-
rite group will be described in order from‘tﬁose high in iron
and calcium to those high in silica and sodlum.

Norite.--The rocks of the norite unit range in color from
dark gray, through dark waxy brown, to black, and thelr texture
ranges from fine- to very coarse-grained. In the fleld, feld-
spars, amphiboles or pyroxenes, and sulfides are readily recog-
nizable in much of the rock, In the sulfide-rich varieties,
chalcopyrite can be identified, but the other two common sul-
fldes, pyrrhotite and pentlandite, cannot be distinguished from
each other. Some of the norite weathers to lighter shades than
the fresh rock, but the sulfide-bearing parts are commonly
stained by hydrated oxldes of iron.

The rocks mapped as norite include peridotite, amphibolite,
basic pegmatite, and gabbro, as well as norite. The first three
are minor members of the unit, and norite 1s by far the most
abundant.

The typical feldspar of the norite 1s calcic labradorite,
but In some specimens the feldspar 1s sodic bytownlte and, in a
very few, calcic andesine. The amount of feldspar ranges from

about 20 to about 70 percent of the rotk. The principal mafic

minerals are orthorhomblc pyroxene, monoclinic pyroxene, pale-

brown amphlbole, and very pale green amphibole, in varying rela-
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tive amounté. Olivine 1s present in the norite in a few places.
Interstitial sulfide minerals, including pyrrhotite, pentlandite,
and chalcopyrite, are present almost everywhere but they are
rarely abundant. Where they are abundant, they occur in irregu-
lar blebs as much as half an inch across and averaging possibly
an eighth of an inch., The chief alteration product, ether than
amphibole after pyroxene, 1s chlorite.

The gabbro of the norite map unit 1is not vefy widespread and
is apparently identical with the more calcic part of the gabbro
map unit. » .

Baslc pegmatite 1s a minor but widespread constituent of the
norite. It occurs in the noritic rocks ordinarily as irregular
masses with gradational ﬁorders as well as in the form of tabu-
lar bodles with relatively sharp walls. Mineralogically this
baslic pegmatite closely resembles gaﬁbro but it commonly 1s more
feldspathic and contains.a little quartz. It is extremely
coarse-grained. Although basic ﬁegmatite grades 1n many cases
into sulfide~rich norite, it rarely contalns sulfides.

Gabbro;--The gabbro map unit 1ncludes gabbro and diorite,
both prevailingly medium-grained and gray. ’ '

The typlcal feldspar of the gabbro part of this unit 1s lab-
radorite, though locally the feldspar 1s as calcic as sodic by-
townite or as sodic as andesine, At most places feldspar forms
between 50 and 60 percent of the rock, and the remainder con-
sists largely of pale green and pale brown amphibole. Most thin
sections show a few remnants of almost colorless monoclinic py-
roxene surrounded by amphibole, which indicate that the aﬁphi-
bole.1is partly or entirely an alteration'product from earlier
pyroxene,

In the dlorite of the gabbro map unit, andesine 1s the most
common feldspar and t he most abundant mafic minerals are pale

green and pale brown amphiboles formed from original pyroxene.
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Diorite.--Diorite is shown separately on plate 20 only in
the southwest part of the‘area mapped, where for the most part
it occuples a border'zone against the eastern contact of that
part of the stock,

This d;orite was distingulshed in the field from the diorite
Included in the gabbro unit by its generally finer grain and
darker color and by the presence of recognizable biotite, but
microscopic studj shows that mineralogically the two do not @if—
fer greatly. In general, the former contalns a little less
plagioclase and a little more of the mafic minerals. Blotite is
apparently present everywhere, at least as an accessory, and may
form as much as 20 percent of the rock. The other mafic miner- '
als include the common pale-green and pale-brown amphiboles as
well as a few pyroxene remnants,

A dlagnostic feature of the dlorite 1s the presence at many
places of numerous partly digested inclusions of rock which are
now hornfels but which apparently were originally graywacke,
Locally these are so closely spaced that the dlorite between
them constitutes only a small proportion of the rock.

 Quartz dlorite.--The quartz diorite is generally light gray,
unfoliated, and coarse~ to medium-grained. Some of it is por-
phyritic. The most abundant feldspar 1is andesine, but some thin
sections contain considerable oligoclase and a few contain lab-
radorite, The feldspar mekes up about 40 to 65 percent of the
rock, and the quartz content ranges from about 15 to 35 percgnt.
The most abundant mafic mineral is pale amphibole, but biotite

in most places constitutes as much as 10 percent of the rock.
Dikes

The rocks of Bohemia Basin and vicinity are cut by many
dlkes which vary widely in texture and mineral composition.

Andesite dikes are by far the most abundant. Most of the dikes

in the intrusive gneiss are altered and sheared, whereas those
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in the diorite group are fresh and unbroken., Some of the dikes
in the stratified rocks appear to be related to the intrusive

gneiss and some to the rocks of the stock.

Moraine, alluvium, and talus

Unconsolldated deposits of Pleistocene and Recent age over-
lie much of the bedrock in Bohemia Basin., Glaclal deposits cov-
er large parts of the valley floors. They are in general poorly
drained and more or less covered with muskeg, which complicates
transportation problems.

Alluvium occurs in patches along the major streams and at
places along minor streams where they flatten abruptly in pro-
file.

Talus 1s widespread along the steep slopes bordering the

through valley and 1n some of the cirques.
Structure

The structural trend in the area 1s to the northwest. The
follation of the intrusive gneiss and the follatlon and bedding
of the stratified rocks are dominantly in this direction but
abrupt local divergences from the generhl pattern are common,
Dips are generally steep and may be elther to the northeast or
southwest,

Since the rocks of the diorite group are diagnostically un-
follated and since thelr outcrop pattern shows no evidence of
any struétural trend, it 1s evident that they must have been In-
truded after the relaxation of diastrophic pressures which im-
posed a structural pattern on the other rocks.

There are many small faults, in part older and in part
younger than the intrusives of the diorite group, but these have

no relation to tlhe nickel deposits of the area.
428672 0 - 42- 3
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NICKEL DEPOSITS

History

Sulfide-bearing bodies on Yakobi Island were dlscovered in
1921 by S. H, P. Vevelstad. The first claims were staked in
that year and since then claims have been added covering both
sildes of the valley of Bohemla Creek and the west shore of Lisi-
anskl Strailt, from a little south of Bohemia Creek northeast to
Miner Island, at the junction of Lisianski Stralt and Lisianski
Inlet. Thils report does not describe the number, ownershlp, and
1ocatiops of thé many claims and groups of claims for these have
changed several times, In 1939, the bodles hereinafter called
the North Muskeg, South Muskeg, Side H1ll, Tunnel, East Tripod,
and West Tripod were included in the Yakobl, formerly the Bohe-
mia, group of claims. The bodles hereinafter called the North
Takanis and South Takanis are believed to have been Included in
the ‘Mayflower and Portia groups of clalms. The exact number of
claims in the district 1is not known but jrobably is more than a
hundred.

In the summer of 1940 much of the area was restsked by an
established mining company, but, according to reports, these
claims were not recorded. The authors understand that some con-
troversies have arisen as to titles and options on some of the
claims,

Soon after the discovery of the sulfide-bearing deposits, a
tunnel was started in the Tunnel body, and it has been length-
ened from time to time until in 1940 1t was 166 feet long. The
sulfide bodles have also been opened by 15 prospect trenches
ranging in length from 30 to 150 feet. Other trenches have been
opened in rock with no significant concentratlon of sulfides or

contalning only non-nickeliferous pyrlte. No ore has been ship-

ped from the district.
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Mineralogy and paragenesis

The only metallic minerals present in appreclable quantities
in the sulfide-bearing bodies are pyrrhotite, pentlandite, chal-~
copyrite, and magnetite. The nickel 1s in the pentlandite.
Buddington §/reports small amounts of bravoilte (%), ((Fe,Ni)Sz),
and marcasite in highly altered material above the tunnel and
from a mass of sulfides near the North Takanis body and states
that these minerals are secondary after pentlandite and pyrrho-
tite.

Calculations from chemical analyses of 61 samples aggregat-
ing about 650 pounds show that the sulfide-bearing bodles con-
tain about 4.6 percent by welght of sulfide minerals, of which
about 48 percent 1s pyrrhotite, 35 percent pentlandite, and 17
percent chalcopyrite. The total amount of sulfides and the rel-
ative abundance of each mineral range widely and irregularly
within the bodies, but the average figures stated above are be-
lieved to be reliable for the district as a whole. The pyrrho-
tite~-chalcopyrite ratio appears to vary more widely than the
pyrrhotite-pentlandite ratio. ) '

In some specimens the pyfrhotite appears to be the earliest
sulfide, for it 1s cut by veilnlets of pentlandite and chalcopy-
rite. In other specimens small blebs of pentlandite are en-
closed in pyrrhotite, and C. F. Park, Jr., who kindly studied
polished sections for the authors, suggests that these blebs may
be remnants of early-formed, partly replaced pentlandite. These
findings agree with those of Buddingtpn,Z/who also studled the
disseminated ores. Buddington also states that pentlandite col-
lected only half an inch from weathered surfaces shows no traces

of alteration.

é/ Buddington, A. F,, Mineral investigations in southeastern Alaska:
U. S. Geol, Survey Bull, 773, pp. 103105, 1922.
1/ Buddington, A, F., op. cit., pp. 103-104, 1925.
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Magnetite forms veinlets and stringers in the gangue and oc-

casionally in the pyrrhotilte,

- The ore minerals were concentrated by the process of magmat-
lc segregation, and were among the last miﬁerals to crystallize
from that part of the cooling magma which formed the norite,

The locallzation of the ore minerals in the most calcic unit of
the differentiation series, the lack of any relationship between
the distribution of ore minerals and structural features or
dikes, the absence of any signs of hydrothermal activity in the
host rock, and the general absence of sulfides in the basic peg-
matite that grades into sulfide-rich norite, all point to con-

centration by segregation within the cooling magma.
Locallzation

It should be emphasized that although the nickel-bearing
bodies are restricted to the noritic parts of a stock of gener-
ally dioritic composition, most of the norite does not contain
significant concentrations of nickel,

Many of the nickel-bearing bodles within the norite masses
lie close to contacts between the norite and adjacent rocks and
tend to be elongate parallel to those contacts (pls. 21 and 22).

The sulfide-bearing bodles grade locally through zones as
much as 30 feet wide into barren enclosing rocks and hence the
boundaries of these bodies as mapped are somewhat approximate.
Many of the sulfide-bearing bodies inside the gradational zone
appear richer near their outer borders., In some of the bodies,
inclusions of-hornfels are bordered by a zone relatively rich in
Sulfides. Because the rocks in many of the critical areas are
concealed by unconsolidated materlal, these genefalizations
should be tested further before they are widely applled,

The sulfide content differs greatly at different places

within the sulfide-bearing bodies, and with the exceptions noted

above, appears to be distributed erratically. Relatively rich
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material commonly passes abruptly into lean material without ap-
parent change in host rock or local structure.

Most of the norite contains small quentities of sulfide min-
erals and many outcrops are deep brown owing to the weathering
of these minerals to hydrated oxides of iron. The brown and
dark-gray colors contrast sharply with the gray of the more so-
dic rocks., These rusty and somber colors help in identifying
the norite and the sulphide-bearing parts of it but do not nec-
essarily indicate ore bodies. Although noticeable gossans de-
velop locally over outcrops of the sulfide-bearing bodies, some
outcrops rich in sulflides are marked by only a 1little limonite.

Several areas of limonite-stained rocks lle outside the
areas of nlckel-bearing norite. The stain 1s caused by the
weathering of rock, in most places the amphibolite member of the
gneiss, that has been impregnated, apparently along fault zones,
by pyrite and silica. A qualitative analysis of some of this

pyritic materlal revealed no nickel,

Nickel-bearing bodies

Eight nickel-bearing bodles have been opened by prospect
trenches and a single tunnel. Float and outcrops indicate the
presence of at least four bodies as yet unprospected., The eight
that have been prospected are named and discussed in some detail
below; the unprospected bodles are discussed less fully. Plates
21 and 22 show the location and geologlc relations of the vari-

ous named bodies.
North Muskeg body

The North Muskeg body, considered to be about 190 feet long,
1s opened by two pits, Nos. 2 and 3, having an aggregate length
of about 150 feet. Because of the extensive cover of moraine
and talus, little information could be obtained as to size,

shape, and relation of this body to others, The sulfide-bearing
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body is limited on the north and east by outcrops of barren rock
near and in Pit 2, but there 1s no evidence for several hundred
feet from the pits as to its possible extension to the west.
About half way between Pits 3 and 5, two outcrops of barren no-
‘rite seem to 1limit the sulfide-bearing body in that’direction,
The average nickel content of the samples taken from this body

1s 0.39 percent,
South Muskeg body

The South Muskeg body, assumed to be 320 feet long, 1s
opened by Pits 4, 5, and 7, which have an aggregate length of
187 feet., Here, as in the vicinity of the North Muskeg body,
the cover of moraine and talus 1s sv extenslve as to make the
size and shape of the body uncertain. The hornfels exposed in
APit 4, in conjunction with other nearby outcrops, definitely
1imits any extension of the éulfidefbearing body to the east and
northeast. Hornfels also crops out about 50 feet southeast of
Pit 5, thus limiting the body in that direction. The outcrops
between Pits 3 and 5 1limlt the body to the northwest at its
north end.

Although the rock exposed over a large area at the north end
of Pit 5 1s>of low nickel content, it 1s considered to be part
of a large sulflde-bearing-body opened by Pits 4, 5, and 7, be-
cause sulfide-bearing outcrops are found betﬁeen Pits 4 and 5
and close to Pit 5. Pit 5 was extended about 20 feet to the
southwest after the completion of the mapping in that area, and
rock with a relatively h;gh sulfide content was found., The sam-

ples indicate that the average nickel content of the body is

0423 percent.,

Side H1ll body

The Side Hill body, assumed to be about 200 feet long, has

~ been opened by Pits 12 and 19, with an aggregate length in the

r
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body of 58 feet, Talus, streaﬁ gravel, vegetation, and soil
cover the area so completely that, outside of the pits, only one
outcrop of sulfide-bearing rock was found in the immedlate vi-
cinity.

This body 1s limited about 100 feet southwest of Pit 12 by
outcrops of hornfels and about 75 feet to the north by an out-
crop of barren norite. The south end of Pit 19 1s probably in
the same body as Pit 12, but most of the former pit 1s in ma-
terlal so low in nickel and sulfides that the body was not con-~
sideréd to extend farther north than the southernmost 25 feet of
that pit. The total length of sample cut in this body 1s 36
feet; the average grade is 0.26 percent of nickel and 0.21 per-
cent of copper.

It seems possible, though hardly probable, that the North
Muskeg, South Muskeg, and Side Hill bodies, all of which 1lie
within 600 feet of each other, are parts of one much largér
body. No direct evidence, however, can be brought to bear on
thilis question except the two small outcrops of barren norite be-
tween Pits 3 and 5, for the critical areas are covered by uncon-

solidated material,
Tunnel body

The Tunnel body, which has a maximum length of 460 feet, has
been prospected only by a tunnel 166 feet long, 113 feet of
which 1is in the.body itself, For the most part the body is
well-exposed on the surface, although the west end and the south
side are partly covered by soll and vegetation. About 300 feet
S. 35° W, of the tunnel portal are several small outcrops of
sulfide~bearing rocks surrounded by barren material, which may
represent.offshoots of the Tunnel body or which may be. very
small individual bodies. The average nickel content of the sam-
ples taken ffom this body in the tunnel was 0,52 percent, but

this probably 1is not'entirely representative, because the ends
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of the body were nét sampled and théy appear to be of somewhat
lower grade.

The tunnel which opené this body enters 1t 53 feet from the
portal, but the outcrop of the body, 30 feet above the tunnel,
is only 25 feet horizontally from the portal, whiéh indicates a
southerly dip’for the horth slde of ‘the body. The first 15 feet
of the tunnel penetrates sulflde-bearing rock which appears to
be part of a small body not connected at the tunnel level with
the main body. Part of the face of the tunnel is in sulfide-
rich rock and 1s 45 feet south of the southern limit of the body
at the outcrop about 100 feet above the tunnel level, This also

indicates a southerly dip for the south side of the body.
Tripod bodles

The East and the West Tripod bodies have been opened by four
pits, Nos. 8, 9, 10, and 11, with an aggregate length of 364
feet. The East Tripod body, 160 feet long, is opened by Pit 11,
which has a total length in the body of 50 feet; the other pilts
are in the West Tripod body, which is about 400 feet long.

The West Tripod body 1s cut by many andesite dikes, but in
the East Tripod body dikes are rare. The boundarles of both
bodles are well-exposed except on their southeast sides, where
talus hides much of the contact between sulfide-bearing and bar-
ren norite, Small outcrops in the talus below the pits define
the eastern limits of the bodles fairly closely.

Small local faults, marked by some crushing and the develop-
ment of fibrous amphlboles, are a minor feature of these bodies.
The two bodles may be cohnected at depth or may even be con-
nected on the surface by a narrow neck beneath the talus. In
any case, the rocks between Pits 9 and 11, exclusive of the bar-

ren norite exposed between the two bodies, seem to be of some-

what lower grade than those exposed in the pits. Samples of
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the East Tripod body averaged 0.44 percent of nickel, .whereas

those of the West Tripod body averaged 0.32 percent of nickel.
Takanis bodies

The Takanls bodles (see pl. 22) are located at altitudes of
1,500 to 1,700 feet on the ridge which extends northeast from
the 2,472-foot peak near the northwest edge of the mapped area,
These bodles have been opened by Pits 13, 14, and 15, aggrega-
ting 238 feet in the sulfide-bearing bodles, of which 70 feet of
Pit 13 1s in the North Takanis body and 168 feet of Pits 14 and
15 in the South Takanis body. The North body, with a total
length of 200 feet, is well exposed and 1ts borders are falirly
sharp., Part of the South Takanls body is poorly defined and 1s
to a large extent hidden by talus, alluvium, and moraine, but
the body 1s probably about 550 feet long., The samples from the
South Takanis body averaged 0.31 pefcent of nickel and those
from the North Takanis body 0.32 percent.

In and above the east end of Pit 13 several lenses of solid
sulfides crop out; the 1afgest 1s about 3 feet across and 30
feet long. These lenses are locallzed on prominent joints and
in sheeted zones 1ln gabbro, and seem to be the result of the ac-
cumulation of sulfides from nelghboring rock after 1ts solidifi-
cation., The norite about 30 feet west of these lenses 1s appar-
ently barren. Although one 6f these lenses contains about 3.6
percent of nickel, all of them are small and they contain no
significant tonnage. The nickel-copper ratio of these lenses 1s

very much higher than that of the disseminated bodies.
Unprospected bodies

‘kt least four and possibly more unprospected sulfide-bearing
bodles crop out in the district. The one that 1s perhaps the
most important is on the steep south side of thg valley of Bo-
hemia Creek, 2,200 feet 8. 65° E. from the southwestern cabin



126 STRATEGIC MINERALS INVESTIGATIONS, 1941

(pl. 20). . This body, which is several hundred feet across, con-
tains as gbundant sulfides as any of the other known bodies, and
careful proépecting to define its outline and to determine its
grade would be desirable. Like those discussed above, 1t 1is
near the contact of norite with other rocks, with its longest
surface dimension parallel to that contact.

A small but well-exposed sulfide-bearing body was found on a
precipitous slope 3,250 feet S. 82° W. of the southwestern cabin.
It 1s probably not more than 200 feet across, and its attitude,
although not known in detall, appears to be nearly parallel to
the slope. ,

A few outcrops of norite about 500 feet east of the place at
which Taskanls Creek flows into Takanls Lake carry rather abun-
dant sulfides. Considerable trenching would be necessary to
establish the size of this body, because the vegetation is dense
and alluvium and moraine gre widespread and probably rather
thick.

A noteworthy outcrop of sulfide-bearing norite was found
1,200 feet S. 60° E. of the place at which Takanls Creek flows
into Takanis Lake. Talus and moraine are so thick and wide-
spread that the possible extent of the body represented by this
" and a few other smaller sulfide-bearing outcropé in this vieini-
ty could not be determined.

Indications of other sulfilde-bearing bodles were seen in the
course of reconnalssance papping outside the area shown on plate
20. Mahy cobbles of sulfide-rich norite, brought into the main
valley by tributaries, were found at several places along a
stream east of the southern part of the district, especlally in
the neighborhood of a large hornfels inclusion to the west of
the stream. There are several large bodies of norite in thé

area west of the 2,472-foot peak near the northwest edge of the

area mapped. Part of the outcrop of at least one is highly

stained, suggesting a concentration of sulfides. The authors
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belleve that thorough prospecting of the areas in which norite
crops out will result in the discovgry of more sulfide-bearing

bodies.

Tonnage and grade of sulfide-bearing bodies

Because of the lack of sufficient direct information, cer-
tain baslc assumptions were made regarding the size, shape, at-
titude, specific gravity, and grade of the bodles in order to
calculate thelr tonnage and grade.

The speéific gravity used in computing the tonnage was 3.0,
somewhat lower than that of the sulfide-bearing norite but high-

er than that of the dikes which cut the sulfide-bearing bodles.
Size, shape, and attitude

Each body was assumed to extend to a depth below the lowest
point on 1ts outcrop equal to one-half its longest surface di-
mension. Assumption of greater depth without specific evidence
i1s unwarranted because the bodies are believed to be more or
less irregular segregations in larger masses of practically bar-
ren rock. Sulflde-bearing bodies‘outcrop throughout a vertical
range of more than a thousand feet, but this fact does not indi-
cate that any single body has such vertical extent. Only drill-
ing or mining operations can pr&ve the true vertical extent of
any of the bodies or the relation of the vertical to the surface
dimensions. .

E&ch body was assumed to continue vertically downward with
the same shape as the surface outcrop. This assumption 1s un-
doubtedly in error but was made because of the absence of any

specific information.
Grade

A total of 945 feet of samples was cut from the pits and

tunnels in the varlous bodies. Because no specific pattern of
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the distribution of nickel values was observed within the bodles
or plts, other than the very general ones mentioned on page 120,
1t was assumed that the pits, and hencé the samples, are distri-
buted at random in the bodles and that each grade of ore was
represented in its true amount by the samples., The values used
for the grade of ore in the well-exposed bodies may well be too
high, because the pits in these bodies were located to some ex-
tent in the richer-looking rock whereas the poorly exposed bod-

ies were opened along fortultous butcrops in the muskegs.
Samples

So far as 1s known to the writers, their sampling consti-
tutes the first attempt to sample systematically thé sulfide-
bearing bodies of Yakobl Island. In addition to the samples cut
in the sulfide-bearing bodles, other samples were taken along"
lines aggregating 229 feet outside the bodies. The lines along
which individual samples were cut range in length from 2 to 40
feet. The weights of the samples range from about 1.5 to about
35 pounds and average & 1ittle less than 1 pound per foot. The
method by which the samples were analyzed resulted in the deter-
mination of all the nickel and copper that is present in sulfide
minerals or in any other nickel minerals decomposable by aqua
‘regia. )

Thé samples were more carefully taken than ch;p samples but
are not.aé reliable as channel samples. Considerable effort was
made to include only fresh rock., -

The nickel content of the samples ranged from 0.03 to 3.60

percent.” The only two samples that contained more than 1 per=

cent of nickel (samples 20 and 21) were taken across a body of
s0lid sulfides 2 to 3 feet thick. Such a small tonnage is rep-

resented in this body that it was not included in the estimates

made. The nickel content of the noriteland gabbro in which
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there is no noticeable concentration of sulfides probably ranges

from a trace up to about 0.10 percent.

The table below is divided into two parts on the basis of

the different order of accuracy of data for the various bodles.

In group A, both the depth and area éomponents of the tonnage

estimate are to some extent hypothetical, whereas in group B,

the depth factor is hypothetical and the area factor 1s falrly

well-controlled.

Estimated tonnage and grade of
sulfide-bearing bodies

Aggregate
Sl £1do-boart lengths of :Z:;ﬁg:ngr:::;e u€:;l :o:ten;
aring 11 al ort tons
bodies Tons whxil:; sa:;fes (percent)
were cut .
(feet) Nickel| Copper|Nickel| Copper
Grmm.hl/
North Muskeg
(Pits 2, 3)....| 110,000 127 0.39 0.35 29 385
South Muskeg
(Pits 4, 5, 7).} 766,000 176 .23 .25 | 1,762 1,915
Side Hill
(P1ts 12, 19)., 166,000 36| .26 2 432 3Ug
Total.........| 1,042,000 399 .25 «25 | 2,623 2,649
Ormmlhg/
Tunnel
(Tunnel).......| 1,386,000 106 .52 .30 | 7,207 U4,158
West Tripod
(Pits 8, 9, 10)| 908,000 232 | .32 .26 | 2,906| 2,360
East Tripod
(Pit 11).......| 109,000 b9 .33 4go 360
North Takanis
(Pit 13)eeueees| 91,000 4] .32 .29 291 264
South Takanis
(Pits 14, 15),.{ 2,317,000 155 .3 25| 17,183] 5,793
Totals........| 4,811,000 06| .38 .27 118,067| 12,936
Total of
groups
A and B.....| 5,853,000 us | .36- .27-| 20,690| 15,585

1/ Poorly defined sulfide-bearing bodies.
2/ Well-defined sulfide-~bearing bodies,
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In group A, the estimates of area were made by using all
available geologic information, together with the assumptiohs
that certain pits are in the same body, and that, where no in-
formation to the contrary was available, the widths of the bod-
les are equal to one-half thelr lengths, Thege estimates are
believed to be of the probable correct order of magnitude, but
they may be too small, because some bodies, for example the Side
Hill and the South Muskeg bodies, may be parts of a single much
larger body. The areas of the better-exposed bodles of group B
are belleved to be approximately correct.

The total length of sample lines shown In the table for the
North Muskeg body does not correspond to the total length of the
sample lines shown for that body on plate 23. This 1is explained
by the fact that sample 22 was omltted from the calculations be=-
cause 1its inclusionlwould have given aLdisproportionate impor-
tance to a small volume of rock.

In obtaining the figures for the average grades of the bdd-
les in nickel and copper, the various.samples were weighted ac-
cording to the lengths of the lines along which they were cut.
Material in the pits that was not sampled because it appeared to
be too lean in sulfides to be significant was assumed to contain
no nickel or copper. -This material was weighted 1n‘calculating
the average grades according to its proportional exposure in the

pits.

Economic considerations

The sulflide-bearing bodies of Bohemila Basin and vicinity
contain more than 5,800,000 tons of material, This material, as
estimated from assays of 61 samples, contains more than 20,000

tons of nickel and more than 15,000 tons of copper. Further

prospecting will presumably inerease the g3vimaye of vhe tonnage

by (a) the amount of sulfide-bear ing material in bodies at pres-
ent unknown, but which further prospecting will probably dis-
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close, and (b) the amount of material in the bodles now known
but uhprospected. Further exploration of the incompletely pros-
pected bodies described above, particularly with respect to
depth, may decrease but will probably increase the indicated
tonnages of those bédies.

The sampling done by the authors 1s belleved to furnish a
safe basls for estimating the order of magnitude of the nickel
and copper content of the sulfide-bearing material. Judging
from the tenor of material from the unprospected bodies, there
1s no reason to believe that tonnage added to the present esti-
mate through further development and exploration would have a
metallic content of a different order of magnitude from the ma-
terial already discovered.

The deposits thereforé are appraised on the basls of a mini-
mum of 5,800,000 tons of material contalning about 0.36 percent
of nickel and 0.27 percent of copper. On the basis of long
range prices of 35 cents a pound for nickel and 10 cents a pound
for copper, the material would contain about $3.06 worth of
these metals per ton. The mining of the material and the ex-
traction of the metals from it present no unusual technical
problems., '

Rough calculations indicate that the total cost of producing
nickel and copper from the Yakobl Island deposits might approxi-
mate the value, at the prices mentioned, of the metals recovered.

Most of the individual sulfide-bearing bodies are large
enough to be mined by some large-scale, low-cost method, and the
deposits are favorably situated for low-cost handling of mined
material, The bodles contain much material of higher grade than
that shown in the table, but any mining operation would almost
necessarily involve the mining of most or all the material with-
out selection. Possibly some of the light-colored dike rock

could be cobbed out to increase the grade.
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A large mill in the district might concentrate run-of-mine
material, which would contain perhaps 4.6 percent by weight of
total sulfides, to material that would contain about 80 percent
of total sulfides.

The concentrates, worth about $53 per ton, would have to be
transported by steamer, probably to some port in the Pacific
Northwest. The published rate of the Alaska Steamship Co. for
transporting similar concentrates from Juneau to Seattle, a com-
parable distance, is $4.50 per ton. This would amount to 26
cents per ton mined for the Yakobi Island materlal. Operators
using their own ships could lower thils figure somewhat.

At the present time (1941) no nickel smelter is available in
the United States, and therefore a new smelting plant would have
to be provided. Some possibility may éxist for selling the con-
centrates direct to a chemical company, but such an outlet would
probably be too small to warrant the large-scale production nec-
essary to keep the ﬁining costs at a reasonable filgure, »

In addition, a detailed estimate of costs should include
such matters as losses of sulfides in mining and milling, insur-
ance, power sources for mining and milling, the large plant in-
vestment, cosf of marketing, and other factors. Because of
these and the other items mentioned above, any attempt to devel-
op the Yakobi Island deposits would require a great deal of cap-

ital,

Prospects

Detailed maps of the tunnel and 19 prospect trenches are
shown on a scale of 20 feet to the inch on plate 23. The loca-

tions of these workings appear on either plate 21 or plate 22.
Pit 1

Pit 1 was dug to enlarge a sulfide-bearing exposure revealed
by a small stream. Bedrock 1s exposed in the pit over an area
45 feet long and 12 feet in maximum width. The rocks include
gabbro, basic pegmatlte, norite, and diorite, all mapped as
gabbro, This pit was mapped before satisfactory rock subdivi-
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sions were made and the norite and dlorite were not differenti-~
ated from the gabbro. The baslic pegmatite 1s closely assoclated
with the norlte and the femic diorite.

. Sample 1, which represents the whole outcrop length of the
plt, contained so 1little nickel that none of the rock in this
pit 1s considered to be part of a significant sulfide-bearing
body. Sample 2, which was taken along a line 5 feet long and
which showed 0.47 percent of nickel, represents the only rock
that carries appreclable amounts of sulfides.

Pit 2

Pit 2 connects several small outcrops and exposes about 120
linear feet of rock. Most of the rock 1s sulfide-bearing norite
but barren gabbro and dlorite crop out at the west end of the
pit. At the southernmost end of the pit the rock grades from
sulfide-rich norite into calcic gabbro and diorite which carry
only small amounts of sulfides. Three veins or dikes of quartz
and feldspar with accessory blotlite crop out in this pit.

Pit 3

Pit 3 was opened by trenching around a large outcrop in the
muskeg and exposes about 35 feet of rock. Calclc gabbro and
diorite, similar to that in the south end of Pit 2, crop out
prominently in this pit.. The distribution of these rock types,
as shown on plate 23, 1llustrates the irregular and lenticular
forms common in the norite and gabbro. Some of the mapped
boundaries represent sharp contacts but generally there is a
gradetional zone as much as a foot wide. Sulfides are abundant
and evenly disseminated in the gabbro, but are sparse and irreg-
ularly distributed in the diorite.

Pit 4

Pit 4 1s a trench which exposes about 30 feet of rock around
an outcrop in the muskeg., The pit exposes norite, hornfels, a
rock transitional between them, and two pegmatite dikes which
cut the other rocks. The hornfels, which 1s part of a large
mass that lles to the east and north, 1s highly contorted at the
north end of the pit, but nearer the norite it is more fractured
and grades into 1t through a zone of breccla, the fragments of
which are cemented both by pegmatite and, close to the-.-norite,
by dark fine-grained igneous materisl. The norite carries even-
ly distributed, disseminated sulfides at each end of the part
exposed. In the middle of the southern arm of the pit, the rock
1s highly altered, and the sample taken there probably contained
less sulfides than would be found in fresh rock.

Pit 5

Pit 5 has been blasted out of the east side of a small bed-
rock ridge that projects through the moraine. The trench is in
rock for a length of 115 feet, of which 13 feet 1s dlke and
about 50 feet 1s calcic gabbro low in sulfides.

Norite, calcic gabbro, hornfels, and dikes of pegmatite and
andesite are exposed in the pit. The norite seems to be con-
fined to the southern half of the pilt; the rock north of the
more northerly large andesite dlke is calclc gabbro contalning
sparse and irregularly distributed sulfides. The norite con-~
tains more abundant sulfides, generally rather evenly dissemi-
nated. The norite between the two dlkes near the center of the
pit is especially rich in suifides.



134 STRATEGIC MINERALS INVESTIGATIONS, 1941

Small irregulér inclusions of hornfels, which trend roughly
north, are exposed in the north and south parts of the pit.

After the mapping was completed, the pit was extended about
20 feet to the south, The newly exposed rock is all coarse-
grained, sulfide-rich norite. Irregular blebs of sulfides as
much as an inch across were found in this part of the pit, by
far the largest blebs of sulfide seen in the district.

Pit 6

Pit 6 13 on a hillside near timber line west of Bohemia
Creek and is about 38 feet long. The rocks exposed in 1t in-
clude amphibolite (a member of the stratified rocks), hornfels,
injection gneiss, and a quartz diorite dlke. The first three
are shown as a single unit on plate 23. A little sulfide, ap-
parently pyrite or pyrrhotite, is found in the amphibollte at
the east end of the pit but, as no norite crops out, there 1is no
~ reason to suppose that the sulfjides contain appreciable quanti-
tles of nickel.

Pit 7

Pit 7, about 52 feet long, further exposes the east side of
the ridge opened by Pit 5. The rocks exposed are calcic gabbro
and a diabase dike which has essentially the same mineralogical
composition as the gabbro. The calcic gabbro is medium- to
coarse~-gralned and carries a moderate amount of rather evenly
disseminated sulfildes.,

Pit 8

Pit 8 1s blasted out of the steep hill north of the tunnel
and 1s the highest of the group of three pits on that hill, 1In
this pit, 138 feet of rock 1s exposed. The rocks consist of an-
desite dikes, norite, and minor calcic gabbro which 1s not dif-
ferentiated from norite on plate 23.

" The norlte and calcic gabbro generally contain moderate
amounts of disseminated sulfides, but for a few feet at the
south end the sulfide content of the rock is much higher,
amounting to nearly 40 percent of the rock over areas of several
square inches and over somewhat larger areas to about 20 percent.
The sulfide content diminishes to the north, and just south of
the most southerly dilke there was so little present in the rock
that no sample was taken., A small fault crosses the southern
part of the pit and in that vicinlty well-developed joints are
consplicuous, ° )

Pit 9

Pit 9, 64 feet long, is the most northerly of the group of
three pits on the hillslde north of the tunnel., It exposes no-
rite, hornfels, and several small dikes. The norlite 1s sulfids=
rich except at the extreme north end of the pit, close to the
contact between the norite and the gabbro. The latter contailns
only very minor quantities of sulfides. The hornfels exposed 1s
part of an inclusion about 50 feet long, which has 1ts long axls
about perpendicular to the axis of the pit. The hornfels car-

ries no appreciable sulfides.

Pit 10

Pit 10 1s the lowest of the group of three on the hillside
a few hundred feet north of the tunnel., It 1s 112 feet long and
exposes about 25 feet of dlkes and 75 feet of norite, The sam-
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ples indicate two relatively low grade areas in the norite, one
in the northern part of .the pit and the other just south of the
large dike near the center of the pit. This pit is believed to
be near the east edge of the West Tripod body.

The numerous dikes are characteristically rather irregularly
bounded, although the larger ones are persistent enough to be
traced up the hill to Pit 8. A small unmapped area of basic
pegmatite lies just south of the most northerly dike.

Pit 11

Pit 11 1s several hundred feet northeast of Pit 9 and 1s the
most northerly of the pits on the south side of the through val-
ley that transects the district., About 70 feet of rock is ex-
posed, most of which 1s norite. At the northern end of the pilt,
the norite 1s relatively rich in feldspar and lean in sulfides.
Near this end of the pit there is a small segregation of basic
pegmatite. - A fault which cuts off a prominent sheeted zone at
the south end of the pit dips about 78° NW. and is marked by a
thin quartz vein. That the northwest side moved relatively
northeast is suggested by the relation between the more feld-
spathic and less feldspathic norite. The major movement must
have occurred before the emplacement of the dike, which crosses-
the fault without being offset,

Pit 12

Pit 12 was dug to enlarge a small outcrop in an intermittent
stream at the south edge of the area represented on plate 21.
About 33 feet of rock 1s exposed.

Six kinds of rock are exposed in this small pit: Peridotite,
amphibolite (a member of the diorite group), norite, and calcic
gabbro, collectively mapped as norite, an andesite dike, and a
quartz veln. Near the middle of the pit, 1n the outcrop area
of the amphibolite, the rock is highly altered and now consists
largely of ferruginous. clay. There may be a shear zone or a
fault in this part of the pit but the rock 1s too altered to
preserve any structure. The sulfide content of all the rocks
mapped as norite 1s relatively high.

Pit 13

Pit 13 1s the highest pit in the Takanis sulfide-bearing
bodles. It exposes about 185 feet of rock, of which about 70
feet are in the North Takanis body. The rocks exposed are no-
rite, olivine-rich norite, calcic gabbro, basic pegmatite, and
several andesite and quartz andesite dikes. The three first-
mentioned rocks were mapped collectively as norite. This pit 1s
notable for two exposures of solid sulfide.

From the west end of the pit to the large dike at the first
prominent bend in the plt, the norite is sulfide-bearing, but,
from this dike eastward the norite and olivine-rich norite are
nearly barren of sulfides almost as far as the middle of the
east segment of the plt, where a body of solid sulfide 1s ex-
posed. The sulfide-bearing norite resembles the barren norite
except 1n the presence of the sulfide minerals,

About 18 feet from the west end of the pit is a body of sul-
flde-rich norite, which, in areas several inches across, becomes
nearly massive sulfide. Dikelike bodies of norite, seemingly
identical with the surrounding rock, locally occupy Joints in
this vicinity. The rock between the jolnts appears to be
sheared, and secondary sulfldes, largely chalcopyrite, have been
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deposited in considerable abundance along some of them. The
sulfide bodies in and near the east end of the pit have been
mentlioned on page. 125,

Maﬁy of the dikes have extremely irregular boundaries, as if
the injected materlial followed no preexisting fracture during
intrusion.

Just west of the large dike near the middle of the pit 1s a
large body of basic pegmatite, characterized by amphibole crys-
tals as much as 4 inches long, which grades into the surrounding
norite., This 1s one of the few masses of basic pegmatite that
carry even minor quantities of sulfides.

Pit 14 °

Pit 14 1s above and a short distance north of the eastward-
flowing stream near the trall leading to the Takanis bodies from
Bohemla Basin., About 122 feet of rock 1s exposed in this pit.
Norite, altered dioride which 1s mapped as gabbro, and dike
rock, at least some of which 1s quartz dilorite, are found in Pit
14, The norite exposed in the northwest part of the pit is rich
in sulfides, but that in the southeast part 1is nearly barren.
The rock mapped as gabbro carries extremely minor amounts of
sulfides. The dikes in the central part of the-pit and the one
near the southeast end are complexly zoned.

A 1little basic pegmatite, unusual in that 1t is separated
from the enclosing norite by sharp contacts, crops out in the
southeast end of the pit.

Pit 15

Pit 15 1s a short distance below Pit 14 and just above the
creek near the trall that leads to the Takanis bodies from Bo-
hemia Basin. About 53 feet of rock consisting mainly of norite
but including a 1little pegmatite 1s exposed. The east end of
the pit is rich in sulfides, but the sulfide content of the no-
rite decreases westward and is relatively low at the west end.

Pit 16

Pit 16, at the south end of the area represented by plate 22,
1s in a small stream that drains into the head of the lake at
the head of Tsakanls Creek. It exposes about 65 feet of rock.
Except for one small andesite dike, all the rock 1s norite, but
sulfides are so sparse that this pit was not sampled.

About 25 feet above this pit 1s a fault that strikes N, 68°

E. and dips 68° NW., and about 18 feet above this fault is
another, parallel fault. Both fault fissures contain about 8
inches of antigorite. Slickensides which are nearly horizontal
Indicate that the latest movement at least was lateral.

Pit 17

Pit 17 1s the highest of the three pits along the small
stream at the southern end of the area represented by plate 22.
About 63 feet of rock is exposed, including norite, calcic gab-
bro, basic pegmatite, andesite dikes, and hornfels. The norite

occuples the western two-thinrds of the piy,y but it carries so
1ittle sulfide that the pit was not sampled, The norite con-
tains tabular, sharply bounded masses of basic pegmatite.
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The eastern third of this plt 1s a complex of hornfels, no-
rite, and calcic gabbro. The hornfels 1s baked, contorted, and
recrystallized. It is characterized by quarter-inch crystals of
amphibole, which are believed from their shape to be secondary
after pyroxene. The calcic gabbro surrounds inclusions of horn-.
fels and 1s rich in feldspar. Two small dikes, probably andes-
ite, are exposed in the pit. They are tabular and are parallel
to the joints of the major joint system.

A low-angle fault runs the length of the pit and offsets all
features except some of the joints and one of the dikes. This
fault dips 20° to the north, and the upper side moved westward.

Pit 18

Pit 18 1s a short distance downstream from Pit 16 and is 18
feet long. It exposes norite and part of an andesite dike. The
norite carries a little sulfide but was not sampled.

Pit 19

Pit 19 1s about 100 feet west of Pit 12, on the south edge
of the area represented on plate 21. It exposes about 143 feet
of norite, calcic gabbro, -and basic pegmatite on a slope covered
with talus.

About 36 feet of sulfide-bearing norite crops out in the
south end of the pit, but the rest of the pit is in light calcic
gabbro which contains very minor quantitlies of sulfides. Small
blebs and segregations of basic pegmatite are scattered appar-
ently at random through the main body of gabbro, into which they
grade. In the west part of the east half of the pit 1s a tabu-
lar body of fine-grained gabbro somewhat more basic than the
surrounding gsabbro.

' Tunnel

A tunnel asbout 166 feet long has been driven into the hill-
side 1,300 feet S. 18° W. of the larger cabin in Bohemia Basin.
Norite, quartz pegmatite, and quartzitic schist are exposed, but
only the first two were mapped. Norite 1s exposed along the
whole length of the tunnel and is sulfide-bearing except for the
interval between 15 and 53 feet from the portal. The sulfide
seems to be rather evenly distributed in blebs up to a third of
an inch across., Quartz pegmatite veins are exposed at two
places but are only a few inches thick.

A specimen of quartzitic schist was taken from the west side
of the face of the tunnel. It probably 1s from a small inclu-
sion in the norite.

Other prospect pits

A group of four pits have been excavated about 2,400 feet

N, 62° W, of the mouth of Bohemia Creek. Much of the rock is
extremely coarse-grained amphibolite containing minor amounts of
pyrite, chalcopyrite, and pyrrhotite. The amphibolite ranges
from a rock made up of massive, interlocking amphibole crystals

% to 2 inches long to fine-grained, gnelssic amphibolite con-
taining as much as 50 percent clinozolsite, the latter mineral
apparently the result of late magmatic alteration. The sulfides
are concentrated on cleavage surfaces in the amphibole and as
smears on Jjoint planes and in cracks. A dquantitative analysis
of some of the richest sulfide-bearing rock from this area
showed 0.012 percent of nickel.
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A pit on the west bank of a large creek, 7,300 feet N. 58° W.
of the mouth of Bohemia Creek, exposes a zone of thoroughly
crushed, sheared, and silicified rock in which the major con-
stituents are now quartz and epidote. This rock probably devel-
. oped from amphibolite schist. Abundant pyrite has been depos-

ited in this zone, but a qualitative analysis of some of the
rock that appeared to be richest in sulfides showed no nickel.

O
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