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To R. W. Brock, Esq.,
Director, Geological Survey,
Department of Mines.

SiR,—T beg to submit the following memoir on Wheaton district,
Yukon territory. A geological and topographical map accompanies
the report.

I wish to express my indebtedness to Dr. J. D. Irving, Pro-
fessor of Economic Geology; Professor L. V. Pirsson, Professor
of Physical Geology; Dr. J. Barrell, Professor of Structural
Geology; and Dr. I. Bowman, Assistant Professor of Geography;
all of Yale University, for their advice and suggestions, in connex-
ion with the preparation of all portions of this report.

I have the homour to be, Sir,

Your obedient sérvant,

(Signed) D. D. Cairnes.
Orrawa, May 30, 1910.
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WHEATON DISTRICT

YUKON TERRITORY

BY

D. D. Cairnes.

INTRODUCTORY.

GENERAL.

During the last few years, Wheaton district has been attracting
considerable attention, chiefly on account of finding there—in
numerous localities—quartz veins carrying gold, silver, and anti-
mony minerals. During the summer of 1906 the writer examined,
and made a reconnaissance map of, a portion of the Conrad and
Whitehorse mining districts': which includes the eastern part of
this tract; but since then, new discoveries of valuable deposits of
minerals have been reported from there, as well as from other parts
of the area. In view of these facts, the writer received instructions
from the Director of the Geological Survey, to make a careful
study, and to prepare a topographical and geological map, of the
whole district. The objective of the present report is, to give the
results obtained from the performance of this work; which tend to
show that this undeveloped field promises to become one of the more
jimportant mining distriets of southern Yukon. .

A base line,” about 2 miles long, was measured along a
tangent on the White Pass and Yukon railway, commencing about
half a mile north of Robinson; and from this base a triangulation
was extended over the district. The topography was filled in chiefly

1Cairnes, D. D.—‘“Report on a portion of the Conrad and Whitehorse mining
districts’’: Geol. Surv. Branch, Dept. of Mines, Can., 1908.
2A 300 ft. steel tape was used in measuring this base. The pull on the tape, when
used in measuring, was always 16 lbs.; the temperature of the tape was taken for
each tape-length ; the hubs were all carefully levelled; and all the other necessary
precautions were taken to have the results of this work of the requisite degree of
accuracy.
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2 GEOLOGICAL SURVEY, CANADA

by the phototopographic method, supplemented by plane-table travers-
ing. The plane-table method was also employed in surveying all
roads, trails, etc. )

The survey was conducted during the favourable months of the
summer of 1909; and during the season the writer was assisted by
Messrs. E. W. Banting, B.A.Sc., of Toronto University, and W. A.
Bell, of Queens University, who performed in an efficient manner the
greater part of the topographical portion of the work. Mr. Bell also
assisted, at times, in geological work.

LOCATION AND AREA.

Wheaton district, as shown by the accompanying sketch map
(Diag. 1), lies in Yukon Territory, just north of the British Columbia
boundary, and Wheaton river, in the Jower part of its course, flows in
a general direction almost due south and empties into Lake Bennett.
Twelve miles above its mouth, the river turns abruptly to the west,
forming what is known as the ‘ Big Bend of the Wheaton,” and from
near its head-waters to this point has an easterly, to northeasterly
trend. The tract described in this report as Wheaton district
embraces that portion of southern Yukon extending 5 to 7 miles on
each side of Wheaton river, commencing at Big Bend and continuing
about 20 miles upstream. This area includes all the known dis-
coveries of ore, of economic importance, which have been made within
several miles of this river, on either side. The area is approximately
20 miles long in an east and west direction, and 15 miles wide from
north to south. It flanks the mountains of the Coast range on their
eastern side, and extends eastward to longitude 135° 53’, or to within 6
miles of the White Pass and Yukon railway. Its southern edge is
from 12 to 15 miles north of the 60th paralle] of latitude (the British
Columbia-Yukon boundary).

MEANS OF COMMUNICATION.

Wagon roads have been constructed, by the Yukon Government,
from Robinson, on the White Pass and Yukon railway, to many parts
of the district. One road extends along Wheaton river to Carbon
hill which is situated in the most westerly portion of the area, and is
between 30 and 35 miles distant from Robinson. A branch from this
main road has been built to Stevens’ camp, near the summit of Mt.



Diag. 1. Portion of Yukon Territorv shawing nogition of Wheaton District.
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WHEATON DISTRICT, YUKON TERRITORY 3

Stevens. Another road, 20 miles long, has been constructed from
Robinson to Gold hill which lies 3 to 4 miles north of Wheaton river
and midway between the latter and Watson river. It will, therefore,
be seen that all parts of the district are easily accessible, and that
only short, easily constructed, branch roads are necessary to coninect
all the claims, not already so connected, with the railway.

Robinson is 78 miles, by rail, from Skagway, Alaska, whence
several lines of well equipped steamships sail regularly to Vancouver
and Seattle, distances of 867 and 1,000 miles, respectively.

HISTORY.

During the years 1895-8 when the influx of gold-seekers to the
Klondike was at its height, great numbers of men passed down Lake
Bennett, Nares lake, and Lake Tagish, the head-waters of Yukon
river, on their way to Dawson. This main line of travel was thus
within 6 miles of the southeast cormer of Wheaton district. In
succeeding years a great number of people followed the same route
until 1908, when the White Pass and Yukon railway was comploted,
and it is probable that occasional prospectors, hunters, and trappers
strayed to the west along Wheaton river. The earliest prospecting
or exploring in this vicinity of which there is definite record, how-
ever, was performed by Frank Corwin and Thomas Rickman.

These two prospectors spent part of the summer of 1893 in the
district, and located a number of claims on Carbon hill, Chieftain
hill, Idaho hill, and perhaps elsewhere. They did considerable pros-
pecting on some of their claims, particularly on those situated on
Carbon hill, where a number of old cuts, trenches, ete., made at that
time can still be seen. Returning afterwards to Juneau, with good
samples of antimony ore obtained on Carbon and Chieftain hills, and
also with some very rich gold-quartz which assayed over $1,200 per
ton, they reported their finds, which they apparently beliaved to be
of considerable value, to the manager of the Treadwell mines; but
before any steps had been taken to investigate their discoveries, both
prospectors died suddenly without having disclosed the exact location’
of their claims.

Numbers of men searched for these discoveries of Corwin and
Rickman, but it was some years before any of them were found. In
1898, Mr. W. F. Schnabel and others discovered one of the old camps,
on Schnabel creek, but were unable to find the rich ore. Some quartz

22286—14



4 GEOLOGICAL SURVEY, CANADA

veins were, however, located on Idaho hill, to the north of and adjoin-
ing Schnabel creek. These claims were more or less continuously
held until 1903, when four others were staked, two of which are still
held by Mr. Schnabel and partners, and comprise the Union mines.
Original location notices of Corwin and Rickman have been found
on these claims; but ore similar to the samples of gold-ore taken to
Juneau by these early prospectors has, so far, been discovered only at
Gold hill which is 4 miles to the west of Idaho hill.

With the exception of the Union mines, Wheaton district
was but little known until the summer of 1906. During the early
part of that season the discovery of quartz carrying free gold and
gold-silver tellurides on Gold hill, by D. Hodnett and J. Stagar,
created considerable excitement which resulted in the staking of
over 500 claims in 90 days in Wheaton district. The first claim
located was the ¢ Gold Reef’ on Gold hill, staked June 21. A number
of the claims staked at this time are still held, and most of these are
located on Gold hill, Mt. Hodnett, Mineral hill, Big Bend mountain,
and Mt. Stevens.

In August of this same season, while prospecting farther up
Wheaton river, to the west of the belt in which these discoveries had
been made, Mr. H. E. Porter found the old locations and workings
of Corwin and Rickman on Carbon and Chieftain hills, and imme-
diately staked eighteen claims in the vicinity. A stampede to this
locality ensued, and a great number of locations were made, a large
proportion of which are still in force.

The only descriptions of Wheaton district. that have been
published, refer chiefly to the eastern part of the area, and are em-
bodied in a report of work performed by the writer during the season
of 1906.

1Cairnes, D .D.—Summary Rep. Geol. Surv., Can., 1906.—*‘Report on a portion
of the Conrad and Whitehorse mining districts, Yukon Territory” 1908, Geol. Surv.
Branch, Dept. of Mines, Can.
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SUMMARY AND CONCLUSIONS.

TOPOGRAPHY.

Wheaton district is a portion of what is believed to be an up-
lifted and deeply-dissected peneplain, the valleys of which have been
greatly modified by glacial action, and as the extent of undissected
upland is generally in excess of the eroded portions, considerable
areas of gently rolling plateau remain.

In apparently late Tertiary time, after being maturely eroded
during a long period of crustal stability, the region was uplifted
over 3,600 feet. The uplift, which was of the nature of an upwarp,
since the movement was greater in the western than in the eastern
portions of Wheaton district, gave renewed life and energy to
the streams which soon made deep incisions in the uplifted surface.
Glacial ice then invaded the district, and occupied all the main
depressions which were both widened and deepened, and given typical
U-shaped cross sections; and such well known forms as cirques,
hanging-valleys, roches moutonnées, terraces, pot-holed valley-floors,
ete., were produced. Morainal and other materials were deposited in
the valley bottoms, and blocked the stream-courses in different places
to such an extent that, as yet, the drainage system has not become
completely graded, and numerous lakes, often surrounded by muskeg
or tundra, occupy a number of the depressions.

Since the retreat of the ice, V-shaped incisions have been etched
in the valley-walls and at the margins of the upland-surface, result-
ing in the production between them of pronocunced facetted forms.
The main streams have also somewhat depressed their channels in
the unevenly distributed valley-floor deposits, so that occasional sand,
gravel, silt, or clay banks and terraces gccur. Otherwise the topo-
graphy is virtually as the ice left it, and the forms which resulted
from the action of valley-glaciation still exist in an unusual state of
perfection, so that this district is a most favourable one in which to
study glacial phenomena.
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GENERAL GEOLOGY.

The district is situated along the eastern edge of the Jurassic,
Coast Range granitic batholith, and the rocks composing this igneous
mass are exposed over the greater part of the area. In the western
part of the district, more recent volcanies of Tertiary, and perhaps
late Cretaceous age have invaded, and covered, the granitic rocks to
a considerable extent, while in the northeastern corner, Jura-Creta-
ceous sediments overlie them. In numerous localities dykes and other
small intrusives, as well as some extrusive volcanics occur, that are
more recent than the granitic batholith. Otherwise, the rocks of
Wheaton district consist of the Jurassic granitic materials and
small areas of the rocks into which these have been intruded; and a
study of the structural features of the batholith, its methods of inva-
sion, and its relation to these older rocks constitutes the main, and
perhaps the most interesting problem in the study of the general
geology of the district.

The present surface of the eastern portion of Wheaton district
very nearly coincides with the original top of the batholith, so that
there a few remnants of the roof still exist. Portions of walls of
older materials that separate subjacent portions of the granitic mass
extend in a northwesterly direction, parallel to the edge of the intru-
sive mass, and are incised by the stream-valleys to depths of between
3,000 and 4.000 feet. Scattered over the eastern portion of the
district are numerous small, isolated masses of the old invaded
materials which are distinctly seen to be inclusions, as they occur at
all elevations. Toward the west, and thus toward the centre of the
batholith, all traces of these older rocks disappear, since the granitic
mass rose considerably higher along its axial line than along its
margins, and, therefore, the roof and included older materials have
there all been removed by erosion.

The principal method of mechanical batholithic invasion appears
to have been that of the breaking free of roof-fragments, and their
sinking in the molten material which possibly rose to fill the spaces
the detached blocks originally occupied. The magma may have
exerted a pressure on its containing walls greater than their resisting
strength, and so, to some extent, pressed them apart to make room
for itself. However, the intruded rocks are all plutonics without any
known connected contemporaneous flows, and remnants still exist of
a cover which apparently originally completely roofed the batholith.
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Further, granitization has not taken place in the portions of the roof
that still remain, and there is no evidence that material was added
to the original cover, so as to allow of its lateral extension during
the invasion-process. It is thus not considered that the pressing
apart of the walls has been a dominating factor in the batholithic
invasion, since it is difficult to conceive that a roof could have
remained over this igneous mass which is 80 to 40 miles wide, if its
walls were forced apart this distance—particularly as no mashing or
foliation has been caused by the magmatic invasion.

ECONOMIC GEOLOGY.

From the standpoint of economic geology, Wheaton district is
chiefly of interest for its ore-deposits, but, in addition, some coal-
seams have been discovered. The ore-deposits fnay be considered as
belonging to four classes, viz.:—

(1) Gold-silver quartz veins.

(2) Antimony-silver veins.

(8) Silver-lead veins.

(4) Contact-metamorphic deposits.

The gold-silver veins are the most extensive, and are of parti-
cular interest in that they contain not only native gold, but various
tellurides. The gold content of these ores is generally of consider-
ably greater value than the silver. The antimony-silver veins belong
to a rare type of deposit, in that they are antimony deposits the ores
of which contain both antimony and silver in economically important
amounts. Such deposits are known in only a few localities in the
world, and have been named in Germany the ¢ Mobendorf type.’ The
silver-lead veins contain silver and lead in important amounts, and
are mainly metasomatic replacement deposits. They thus differ con-
siderably from the two types of veins just mentioned, which are
prevailingly cavity-fillings. The contact-metamorphic deposits have
been discovered on only one claim, but are noteworthy since, although
the mineral-combination, the form of occurrence, ete., are those
usually encountered in such deposits, the formation in which the ore-
materials occur is a calcareous hornblende-gneiss. Limestone is the
usual rock in which such secondary ore-materials are produced, and
occurrences in quartzite and shales are known, but the occurrence of
contact-metamorphic deposits in a gneiss of purely igneous origin
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is believed to be something new in the history of ore-deposits. Eco-
nomically the ores are of interest, mainly on account of the copper
they contain.

Seams of semi-anthracite coal, from a few inches to several feet
in thickness, were discovered by the writer on the eastern face of Mt.
Bush; these have not been at all developed so far, but should prove
of local value.

Few of the mineral deposits have been at all closely prospected,
so that little is really known concerning the mining properties of
this district; and the area, as a whole, has been only very superficially
looked over by a few men, so that it is improbable that all the better
deposits of ore have yet been discovered.
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GENERAL CHARACTER OF THE DISTRICT.

TOPOGRAPHY.

General Account,
REGIONAL.

Yukon territory is, for the greater part, divisible into three
physiographic provinces which are continuous with similar divisions
in northern British Columbia, to the southeast, and Alaska, to the
west. Taken in order from southwest to northeast these are: the

Coastal system, the Interior system, and the Rocky Mountain
system. These terranes constitute the Cordillera of the

northwestern portion of North America, and follow in a general way
the configuration of the coast line. They, thus, all have a north-
westerly trend in British Columbia, a westerly trend through Alaska
proper, and in Yukon, in between, follow a course intermediate
between the two. Lying to the north, northeast, and east, of the
Rocky Mountain system are various plains or lowland tracts—the
Arctic Slope region, the Mackenzie lowlands, and areas of broken,
wooded, plains possibly belonging to the Great Plains (see Diag. 2).

From about the 50th to mnear the 60th .parallel, the Coastal
system embraces only the Coast range, if the island range to the
west is considered to be part of the Coast range,' but the simplicity
of this western province is interrupted near the head of Lynn canal,
whence northward and northwestward, the Coastal system consists of
two or three main ranges in some instances separated by wide valleys,
as well as other subordinate mountain masses. The Coast range,
after following the coast line from Mexico to near the head of Lynn
canal, a distance of over 2,000 miles, passes behind St. Elias range,
and, for the remainder of its course northward, constitutes the most
easterly portion .of thd Coastal system; mnorth wof ILynn
canal, the range gradually becomes less prominent, until it merges
into the Yukon plateau, near Lake Kluane, at latitude 61°
and longitude 138° 30'.

The Coast range consists, in a general way, of an irregular com-
plex of peaks and ridges, that possess but little symmetry other than

1Dawson has separated the Vancouver range from the Coast range: Trans. Roya
Soc. Canada, 1890, Vol. 8, sec. 4, p. 4.
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a rough alignment parallel to a northwesterly-trending axis. The
range has everywhere a precipitous and jagged aspect, and consists
largely of knife-like crests, rugged or even needle-like summits, and
sharply incised valleys. The summits in southern British Columbia
rise to uniform altitudes of from 8,000 to 9,000 feet above sea-level,
but toward the north gradually decrease in elevation, until in Yukon
they stand at only 5,000 to 6,000 feet; though the change in altitude
is apparently great, it is so gradual as not to break the general uni-
formity of summit-level which, however, bears no relation to struc-
tural features. This terrane has thus been considered by a number
of geologists® who have studied it topographically, to represent a
peneplanated or at least a mature to old surface of erosion, subse-
quently elevated. Other. geologists, however, maintain that this
terrane shows no evidence of having ever been peneplanated.

The great interior upland which has been designated the Yukon
plateau, is a northern member of the Interior system of plateaus
and mountains, which extends through British Columbia, Yukon,
and Alaska to Bering sea. The Yukon platean, which in Yukon
Territory is 250 to 300 miles wide, follows Yukon river from its
headwaters to the sea, and stretches from the inland members of
the Coastal system to the ranges of the Rocky Mountain system.
In northern British Columbia, some well-defined ranges lie within
this Province,” and in Yukon and Alaska numerous individual peaks
and minor ranges® rise above the plateau-level.

Into this upland-surface, in Yukon territory, the drainage courses
have incised channels, varying from 1,500 to 4,000 feet in depth,
giving a very irregular topography. The summits of the unreduced
hills and ridges, lying between the waterways, mark a gently rolling
plain which slopes toward the north and northwest. The plateau is
best seen from a summit that stands at about the level of the upland,
when the observer will be impressed with the even sky-line, sweeping
_off to the horizon, and broken only here and there by isolated, resi-
duary masses that rise above the general level. So even and flat-

1Dawson, G. M.—*‘Report on the area of the Kamloops map gheet, B.C.”’: Ann.
Rep. Geol. Surv Can., Vol. VII, 1894, p. 10 B.

Hayes, C. W.—“An expedltlon through the Yukon district”’: Nat. Geog. Mag,,
Vol. 4, p. 128.

2Dawson, G. M.—““Report on an exploratlon in the Yukon district, N.W. T., and
adjacent portions of British Columbia’’: Ann. Rep. Geol. and Nat. Hist. Surv. of
Can., Vol. II1, pt. I, p. 13 B.

3For’cymlle atlas sheet, U.S. Geol. Survey.

Spurr, J. E.—*‘Reconnaissance in southwestem Alaska’: 20th Ann. Rep. U. S.
Geol. Surv pt. VII, 1898-99, pp. 238-242.
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topped are the interstream areas, that they might in places be mis-
taken for constructional surfaces. This plane, however, bears no
relation to rock-structures, erosion having bevelled the upturned
edges of the hard as well as the soft strata; in fact its surface is
entirely discordant to the highly contorted, metamorphie rocks that
make up. much of the plateau, and, as is more fully discussed later,
is evidently an uplifted and dissected peneplain, produced by long
continued subaerial erosion during a period of crustal stability. This
plateau-province near the head-waters of the river stands at about
6,000 feet above sea-level.

Along the northern portion of the Coast range the general
summit-level merges into that of the Yukon plateau, in a manner
suggesting the synchronous planation® of these two provinces, a view
that is held by Brooks, Spencer, and others; but during the various
vertical movements that have affected these terranes, the uplift has
been greatest along the axis of the Coast range, and least along that
of the Yukon plateau, which terrane is thus given the contour of a
huge flaring trough whose axis is in a general way marked by the
present position of Yukon river from mnear its head-waters in
northern British Columbia to Bering sea.

Wheaton district, as here considered, occupies a position along
the western edge of the Yukon plateau, thus flanking the Coast range
on the east; and the northern boundary of this area is only 12 to 15
miles north of the 60th parallel. There exists here no distinct line
of demarcation between plateau and mountain province; but the
more rugged, western, granitic portion is, for geological and topo-
graphical reasons, assigned to the Coast range, and the territory to
the east is considered as belonging to the plateau.

LOCAL.

The description just given of the Yukon plateau, in general,
aptly applies to that portion of it represented by Wheaton
district, where the striking features of the topography are the ele-
vated and but slightly undulating, plain-like character of the land-
surface and the numerous, irregularly distributed, wide, deep, steep-
walled valleys that dissect it. This upland-surface here, as elsewhere
in the Yukon plateau, bears mno relation to rock-structure, and

18pencer, A, C.—Bull. Geol. Soc. Amer., Vol. 14, p. 132,
Brooks, A. H.—Prof. Paper, No. 45, pp. 286-290, U. S. Geol. Survey.
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the greywackes, granites, schists, limestones, andesites, ete., have
been trunecated, regardless of their respective degrees of hardness or
their structural features (Fig. 1).
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Flg 1. Diagrammatic section showing the plateau-surface truncating the
different rock formations, and cut by Wheaton River valley.

In spite of dissection and erosion, the plateau-surface is, in many
places, well preserved, and it is easy for onestanding on its surface,
well back from the edges of any valley wall, his field of vision includ-
ing the upland, but entirely above the deeply trenched valleys of the
district, to picture the depressions refilled, or to forget that they have
ever existed. The topography, as seen from such a vantage point,
has very slight relief, and, obviously, was produced by a long-con-
tinued period of erosion, at the end of which a mature to old stage,
in the physiographic cycle, was reached.

Nearer the edges of the present valleys, pronounced topographie
unconformities* everywhere meet the eye. Chieftain hill (Plate
XIIT) is a typical locality; small creeks have incised the eastern
side of the hill, so as to produce a number of long points which
extend from one-fourth to one-half mile toward Wheaton valley. The
surfaces of these ridges have the gentle grades characteristic of a
mature topography, but on nearing the edge of the valley conspicuous
shoulders are encountered, beyond which are abrupt descents to the
lowland of the river. These mountain spurs, if traced backward to
the main mass of the mountain, are there seen to unite to form an
even and slightly undulating plain, which is a portion of the
upland-surface of this area. It is thus quite apparent that the
plateau represents a land-surface which formerly must have stood at
a considerably lower elevation than at present, and after being
maturely eroded was uplifted to its present elevation.

18alisbury, R. D.—‘‘Three new physiographic terms’’; Jour. Geol., Vol. 12
pp. 707-715, 1904.
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Occasional hills rise above the general level, such as Mt. Bell
and Mt. Reid, which represent the only considerable unreduced
masses that erosive agencies left standing above the old surface. The
uplift of the region interrupted the base-levelling process at this
point, so that now these generally rounded, mountain remnants ocecur
as monadnocks, rising above the surrounding upland.

The upward warping of the district rejuvenated the streams, so
that they at once commenced actively cutting and sinking their
channels in their elevated valleys, and deep incisions were rapidly
produced. In Wheaton district two main valleys and numerous
tributaries dissect the plateau. The larger and more important of
these master-depressions, Corwin valley, is from 1 to 2 miles
wide, and trends in a direction a few degrees east of south. This
valley follows the eastern edge of the district, and extends beyond
both its northern and southern boundaries. The lower reaches of
Wheaton river follow this depression, but at Big Bend the river turns
at about right angles to its previous course and, from near its head-
waters to this point, flows in a much narrower valley, only one-fourth
to one-half mile wide, which maintains a general northeasterly
course. In addition to these two principal depressions, there are a
few tributary valleys, such as those occupied by Fenwick and Becker
creeks, which are of considerable length and deeply cut into the up-
land.

(Glaciation accentuated the topography produced by peneplana-
tion and subsequent uplift and dissection. Glacial ice occupied the
main valleys and was effective in deepening and widening these main
depressions, steepening their walls, and giving them decided U-shaped
cross-sections; while subordinate masses of ice existed in the larger
tributaries and affected them to a corresponding degree. At the
heads of some of the streams well-defined cirques were formed, in a
number of which small, round lakes occur. A hanging relation,’ due
to glaciation, was also produced at the mouths of tributary streams,
the channels of which were once occupied by ice; the smaller the
tributary the less the amount of ice it contained, and the greater the
amount by which its valley was left hanging above that of the master
stream. The result is that the smaller streams, as Stevens creek on
Mt. Stevens, while flowing over the upland-surface, have the wide,

1This will be more fully discussed in the portion of this chapter on topegraphy
under ‘Detailed Account’.
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flaring valleys and gentle grades characteristic of a mature topo-
graphy; but on coming to the edge of the plateau-platform, they
plunge suddenly over the edges, by a succession of falls, through
exceedingly steep-sided gorges, to join the master streams below.

The ice also acted in a constructional capacity and contributed
a vast amount of morainal and other material, consisting of gravels,
sands, silts, clays, ete, which have to a great extent filled these
depressions. Since the retreat of the ice, the streams have been at
work removing this material, but Wheaton river has not, as yet,
succeeded in trenching its channel to bed-rock. The bed of the
stream is from 2,000 to 2,500 feet below the general level of the
plateau-surface.

A striking feature of the main depressions is the terraces that
oceur in many places, and at various elevations up to 700 or 800 feet
above the valley bottom. These can be traced in some instances
almost continuously for several miles.

Detailed Topography.
RELIEF.

The Upland-surface—~The upland-surface of Wheaton district,
to be observed to the best advantage, must be viewed from inter-
stream points back from the edges of the master-valleys, and from
such positions the even, gently rolling character of the plateau is
strikingly apparent. This surface bears no relation to rock structure,
and the pre-Devonian, contorted schists and gnelsses, the massive
Jurasgic grano-diorites, the Jura-Cretaceous sandstones, shales, con-
glomerates, etc., and various voleanics, are all equally truncated,
regardless of their structure, hardness, composition, ete.

The upland thus represents a region that during a long period
of crustal stability was almost completely base-levelled and was
reduced to a state of old age, and at the time of planation must have
formed a portion of a plain whose edge was at, or nearly at sea-level.

A few generally rounded summits, such as Mt. Bell, Mt. Pugh,
and Mt. Reid, rise as monadnocks above the general level, and are
the only comspicuous elevations that erosive agencies left to break
the monotony of the former landscape. The base-levelling process
which tended to reduce the entire district to sea-level was interrupted
before the reduction of these remaining hills, by an uplift which
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affected a great portion, at least, of Yukon territory and Alaska.
The exact date of this movement is undeterminable in Wheaton
distriet, as is discussed under ¢ Historical Geology.’

The amount of the uplift is also somewhat indefinite. Wheaton
river at its mouth is about 2,100 feet above sea-level, and Lewes and
Yukon rivers, which carry this water to the sea, have grades much in
excess of rivers traversing a district in its old age. Further, it seems
very improbable that the region, prior to the uplift, was drained by
a longer water-system than the present circuitous one; in faet,
recent investigations tend to show that the area was drained into the
Pacific by a much shorter system. The general surface of Wheaton
district was thus probably less than 2,100 feet above sea-level
when the uplift commenced, while now the upland has an elevation
of about 5,700 feet. The vertical extent of the movement was, there-
fore, greater than the difference between 5,700 and 2,100 feet or
3,600 feet, and was less than 5,700 feet; it probably was 4,700 to
5,200 feet in amount,

When the Yukon plateau and adjoining terranes were uplifted,
at the beginning of the present erosion cycle, the land-surface was
given the form of a broad, shallow trough sloping downwards from
the east and west to a northwesterly trending axial line, approxi-
mately coinciding with the present position of Yukon river and its
tributary, Lewes river. The results of this differential upwarp are
well seen in Wheaton district, which lies to the west of this
axial line, and whose surface consequently inclines upwards toward
the west, until the mountains of the Coast range are reached (see
Plate I). The level of the upland along Corwin valley, at the eastern
edge of the district, is about 5,500 feet above sea-level; but at Mt.
Reid, to the west, its elevation is 6,000 feet, a rise of 500 feet in 16
miles.

Some time after the uplift of the district, and the development
of the present valley systems, a climatic change caused glaciers to
form in the higher mountains to the west and south, and great
tongues of ice moved from these gathering grounds down the!main
valleys of Wheaton district. The wupland was, however, only
little affected by these glacial streams, but the presence of occa-
sional erratics and small patches of foreign materidls show that, at
* least occasionally, bodies of ice did pass over portions of the plateau
surface.
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However, during Pleistocene and Recent times, the plateau
surface, although but slightly modified by moving ice, has been con-
siderably affected by accumulations of snow. At no time, apparently,
did snow gather on the surface in sufficient quantities to form any
considerable masses of ice, but for the most part it seems to have
been blown by the winds into the valleys and depressions.

The effect of névé snow is to convert shallow V-shaped valleys
into flat U-shaped ones, to efface their drainage lines without
material change of grade, and to in this manner produce general
smoothness of surface. Since the snowdrifts have no sliding motion,
there is consequently no transportation of material by them; how-
ever, because of excessive frost-action, and continued alternations of
freezing and thawing, the rocks at the peripheries of the quiescent
snow are finely comminuted and removed by innumerable rills to fill
neighbouring depressions. These effects of the occupation by quies-
cent névé, called nivation, have resulted in grading, to a consider-
able extent, the already gently-rolling surface of the plateau in
Wheaton district (see Plate II), and account for the great amount
of fine material that fills all the minor depressions in the upland
surface. The presence of the snow also tended to preserve the smooth

outlines of the topography, by protecting the surfaces from stream
action.

The Valleys—After having considered the gently undulatory
character of the upland, the observer will be impressed by the pro-
nounced topographic unconformities that present themselves at the
contacts of this surface with the high, steeply-inclined walls of the
various valleys that intersect it (Plates III and VII).

The last great uplift, probably in Pliocene time, which affected
this district, gave the streams of the district renewed life and energy,
and they immediately began vigorously trenching their channels in
the uplifted surface. Throughout the area deep incisions were
rapidly made, which, in Pleistocene time, were invaded by glaciers
from the mountains to the west and south. Although the ice pro-
duced but little effect upon the upland-surface, it had a profound
influence upon the valleys.

INivation in its different phases, relations, results, ete., is discussed in the two
following articles:—
Matthes, F. E.—*Glacial sculpture of the Bighorn Mts., Wyo.”’: U. 8. Geol.
Surv., 21st Ann. Rep., pt. 11, 1899, pp. 173-190. 3
. Hobbs, W. M.—‘Cycle of mountain glaciation’’: Geog. Jour., Feb. 1910, pp.
147-163.
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When a broad ice-sheet covers a district this has the effect of
moderating the topographic features and reducing the relief, by
eroding material from the higher elevations and depositing it in the
depressions. However, where the ice occupies only the valleys, much
greater and different resulis are seen. Here the interstream areas
maintain their even character, unaffected by the ice, while the valleys
are widened and deepened ; and the maximum effects of glaciation are
produced in areas such as Wheaton district, where the topography
indicates that it has been previously prepared to receive the ice, by
having deep valleys already made, in which the ice can most advan-
tageously operate. The V-shaped valleys are then transformed into
wide, deep, steep-walled, U-shaped depressions, and hanging-valleys,
cirques, roches moutonnées, and other well known glacial forms are
produced.

Corwin valley is the widest and most prominent depression in
Wheaton district, the eastern portion of which it traverses in
a northerly direction. This valley extends a number of miles beyond
both the northern and southern boundaries of the district, and has
within it a nearly flat floor, about 1% miles in average width, from
which the valley-walls rise abruptly over 8,000 feet to the upland
surface. Wheaton river, belrw the ¢ Big Bend, flows in this valley
to Lake Bennett.

The ice moved northward through this depression, and for some
reason, probably on account of numerous confluent streams from the
west, the greater mass of the material seems to have pressed against
the Gray ridge on the eastern side of the valley, where scouring and
plucking have been greater than along the western wall. For 18
miles, along the entire length of this ridge, all points, spurs, and
projections have been planed from the valley-wall, as by some huge
instrument (see Plate IV). The western side of the valley is not
nearly so regular, probably owing to the streams entering from this
side, as just mentioned. The eastern wall of Corwin valley distinctly
curves outwards toward the east opposite the point where Wheaton
river joins it from the west; this was apparently caused by the
excessive erosion at this point, due to the added weight of the con-
fluent ice-stream.

Wheaton river above the ¢ Big Bend,” or the point where it joins
Corwin valley, follows a southerly course, and occupies a somewhat
irregular valley that has, however, a general northeasterly trend.

29286—2
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This depression is designated in this report ¢ Wheaton River valley,’
as the river after which it is named traverses its entire length. This
. valley in Wheaton district has a floor that is generally from
2,000 to 4,000 feet wide, from which the walls rise abruptly for 3,000
feet to the plateau-surface which for 15 miles west of Corwin valley
increases in elevation at about the same rate as the valley-floor. The
valley has been greatly modified by ice which moved down it from
the head-waters of the present river, truncated the spurs and other
points projecting from its walls; and gave the valley a smooth, well-
rounded, U-shaped form (see Plates III and V).

Hodnett Lakes valley is probably the most prominent of the
higher, short valleys. It is about 6 miles long, trends westerly, has
an average width of over 2,000 feet, and is divided at its western end
by a long narrow granitic ridge. This depression i1s flat-floored, and
its walls rise rapidly for about 2,000 feet to the upland surface. It
joins at its eastern end with the narrower valley of Thompson creek,
and connects, to the west, with Summit Creek pass which trends
north and south, and constitutes a low divide between Wheaton and
Watson rivers. The summit of this divide is at about the point
where the pass is joined by Hodnett Lakes valley, and from there the
grade falls rapidly to Watson and Wheaton rivers, to the north and
gouth, respectively. The pass has an average width of about half a
mile.

Fenwick creek, which is nearly.as large as Wheaton river above
their point of confluence, joins the main stream in the southwestern
portion of Wheaton district, and is considerably the largest
tributary which this river receives. The valley of Fenwick creek is
wide of floor, deep, and similar to that of Wheaton river, and during
Pleistocene time a large ice-stream moved down this depression in a
northerly direction to join Wheaton River Valley glacier.

The valleys of Becker creek and Partridge creek, joining
Wheaton river from the south, are also somewhat prominent in this
district, and contained, during glacial time, proportionately smaller
masses of ice, which accordingly performed less work. The other
valléys of the area are smaller than these, and in size grade down to
mere ravines, or nicks in the walls of the master-valleys. These
smaller depressions will be later discussed when considering their
hanging relationships. )

All the ice in southern Yukon passed eventually northward or



Prate V.

Looking down Wheaton River valley from a short distance above ““Big Bend”, and
showing Gray ridge across Corwin valley. The beautifully curved, and U
shaped character of Wheaton River valley is here well shown, as well as the
facetted spurs in the valley walls.
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Prate VI.

Looking in a westerly direction up Hodnett Lakes valley. The U shaped character
of the valley, and the unorganized character of the drainage, are well shown.







Prate VIIL

Looking across Wheaton River valley and up Tally-Ho gulch. The hanging nature
of the tributary is well illustrated ; also a well-defined alluvial fan is being
formed by the creek at its junction with the master stream below the post-
glacial nick on the margin of the main valley.

22986—p. 18,
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northwestward, through the master-depressions, but in the tributary
valleys it moved in various directions, just as the water of the streams
does to-day, although it all finally flows down Yukon river.

In addition to being mainly destructive, the glaciers also acted
in a constructive capacity, and contributed vast amounts of morainal
and other materials which deeply covered the floors of the master-
depressions. Since the retreat of the ice but little erosion has
occurred, and considerable portions of these valleys are still almost
as the ice left them, and the larger the valleys the more material
they have received. In Corwin valley, particularly to the east and
west of Annie lake, the valley bottom is extremely and minutely
rough, and is characterized by pot-holes and irregularly distributed
morainal ridges which are often over 100 feet high. In the smaller
valleys these forms occur more rarely and are less extensive.

Hanging Relationships of Tributary Valleys.—The small streams
that traverse the upland flow over this surface in wide, flaring
depressions, with gentle gradients, but on coming to the edge of this
elevated platform they plunge suddenly, by successive falls, through
gorge-shaped incisions, to join the master-streams below. In other
words, the tributary streams have hanging-valleys'; and the smaller
the tributary, the less the eroding power of the stream, either of ice
or water, which it contained, and the more its valley was left hanging
above that of the master-stream.

Small streams like Stevens creck and Tally-Ho (see Plate VII)
creek, have only well nicked the edges of the master-valleys at their
point of junction and fall precipitously for 2,000 feet in joining
Wheaton river. The valleys of larger tributaries, such as Becker
creek, have been occupied by much larger streams of ice and water,
and the hanging relationship is much less pronounced. Fenwick
creek igs nearly as large as Wheaton river above the confluence of
these streams, and no hanging relationship is noticeable at the mouth
of the tributary. All gradations between these different conditions
are to be found.

Cirques—DPerfectly developed and well preserved cirques occur
plentifully, and exist prevailingly along the edges of the master-

1Davis, W. M.—*The sculpture of mountains by glaciers’: Scottish Geographical
Magazine, Feb. 1906.

Hobbs, W. H.—*“The cycle of mountain glaciation'’: Geog. Jour., Feb. 1910,

Vol, XXXV, No. 2.
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depressions. A notable feature in connexion with these forms in
this district is that they are invariably found along the sides of the
larger valleys, or at what might be considered the heads of the almost
insignificant sub-tributaries. The cirques that originally existed at
the heads of the larger tributaries have, in all cases noted, been
successful in gnawing headward to meet others moving in an opposite
direction, and cols or passes have resulted. Such are well seen in the
Summit Creek pass, Partridge pass, at the head of Schnabel creek,
at the head of the north fork of Perkins creek, at the head of Anti-
mony creek, and elsewhere.

Along the sides of these creeks pronounced cirques exist. Some
of the best occur on the north sides of Mt. Perking, Mt. Pugh, and
Johnson hill, and at the northwest corner of Tally-Ho mountain.
Small lakes occur at the foot of many of the cirque walls owing to
the reversed slopes in these places. These lakes, however, are all
being rapidly filled in and reclaimed by materials sliding down the
cirque walls (Plate VIII).

Glaciation has generally extended practically to the top of the
cirque-walls, but above and back of this only nivation has been opera-
tive. The snowbanks are always the forerunners of glaciers, and
when they accumulate on favourable hillsides the comminuted
material produced is removed, not as in the case of drifts on the
upland surface to fill minor depressions nearby, and so to moderate
the topographic relief, but instead innumerable rills carry the finely
broken material to larger waterways which distribute it widely. As
this continues, the drifts enlarge their containing nooks, and nourish-
ing catchment basins for glacial ice are soon produced, and in this
way many cirques are formed. The boundary between the ‘quiescent
névé snow and the glacier is marked in cirques by the well known
bergschrund, or semicircular, irregular crack that occurs approxi-
mately conforming to the contour of the cirque, but standing some
distance from its walls. Matthes has calculated that the névé must
be 125 feet thick and on a 12 per cent grade before motion com-
mences.

In Wheaton district these cirque forms are so numerous along
portions of some of the valley-walls, that they give a distinetly frayed
or fretted appearance to the upland edges (Plates IX and XI) which
stand out in sharp contrast to the plateau back of them.



PraTte VIII.

A typical cirque on the northern side of Mt. Perkins. The view shows the small
glacial lake at the foot of the cirque walls, which is being rapidly filled and
reclaimed.

22286 —p. 20.
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Terraces~—In a number of places, particularly along the Wheaton
River valley, and the valleys of Partridge and Becker creeks, terraces
were noted, which are often quite persistent and exist up to 700 or
800 feet above the valley-bottoms. These are peculiar in that,
although from a distance, preferably from the opposite side of the
valley to that in which they occur, they may be quite evident and
even somewhat striking on account of their persistency, still when a
person is actually on the spot where they ocecur, it is often difficult
to tell exactly where they lie, since only slight amounts of terrace-
tops or platforms remain.

Generally, several of these terraces can be seen clinging to the
valley-walls, and in a few places four or five may exist, one above
the other. Of these, the majority extend but a short distance. How-
ever, along the southern face of Mt. Foll§, on the northern side of
Wheaton river, one terrace is distinctly traceable, with very few
breaks, for nearly 4 miles. Similarly, on the eastern side of
Becker creek, although other short terrace-remnants exist, the valley
slope is particularly characterized by one, and in places by two
terraces which occur about midway between upland and lowland,
and extend from near Wheaton River valley southward for over 4
miles (Plate X). These are the most noticeable terraces.seen in the
district, but many others occur along most of the master-valleys.

Owing to the fragmentary character of these terraces, no abso-~
lutely decisive information was obtained as to their origin, but
similar terraces are of common occurrence in most of the main valleys
throughout the Yukon Plateau region, and have been described by a
number of writers.' Everywhere the origin of thege terraces is some- .
what in doubt. Dawson and Spurr consider that subsequent to the
uplift of the Yukon plateau, and after the valleys had become deeply
trenched, a submergence occurred in late Pliocene or Pleistocene
time. The valleys are thus thought to have become partly filled with
gravels, sands, silts, etc. After a brief period, elevation commenced,
and as the streams cut down through the debris terraces were left
clinging to the valley-walls—the amounts of the subsidence and up-~
1ift being indicated by the terraces.

1Dawson, G. M.—Trans. Roy. Soc. Can., Vol. VIII, Sec. 4, 1890, pp. 36-41, 48, 49.

McConnell, R. G.—Ann. Rep. Geol. Surv Can., Vol IV 1888-89.

Russell, T. C.—Bull. Geol. Soc. of Amer., Vol. Ip

Spurr, 7 E.—"'Geology of the Yukon Gold dlstnct” Exghteenth Ann. Rep. U. S.
Geol. Surv., pt. 111, 1896-97, pp. 268, 269.

Nordensk;old. 'Otto—The Amer. Geol., Vol. XXTII, pp. 290-298.

Brooks, A. H.—Prof. Paper, No. 45, 1906, U. S. Geol. Surv., p. 296.
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The postulation of a submergence and subsequent uplift appears
to the writer to be quite uncalled for, to explain the origin of these
terraces. It is true that a certain amount of uplift has occurred in
fecent times and may be still in progress, as indicated by recent rock
terraces along Yukon river above Dawson and elsewhere, but these
appear to have had an origin quite distinet from the gravel, sand,
and silt terraces which characterize many of the valleys of northern
British Columbia and Yukon. In whatever manner the terraces were
formed, they must have originated since the glacial period, other-
wise the vhlley glaciers would have entirely obliterated them. It is
further evident that no great amounts of material have been deposited
in many of the valleys since glacial time, as in depressions such as
along the White Pass and Yukon railway between Carcross and
Whitehorse, and around Annie lake, the valley floor is pot-holed and
minutely rough, and possesses still the characteristic appearance of
a surface that has been overlain by ice.

Brooks and others have supposed the terraces to be due to changes
in the erosive powers of the stream, and in places this appears to be
true, but in the portion of Yukon territory where the terraces reach
high up on the valley walls, this theory calls for the former existence
of vast amounts of material over the present valley floors, which, as
shown above, cannot be true, in some localities, including Wheaton
distriet.

It has also been supposed that the terraces are remnants of
lateral moraines formed along the edges of the valley glaciers, and
consist thus partly of ground up debris accumulated by the ice itself,
and partly of materials that rolled downt the sidehills from above, and
gathered along the upper surface of the ice. As the ice retreated,
and stood at successively lower elevations, other aceumulations would
tend to form, and those left above would remain in the form of
terraces clinging to the valley walls. The most persistent and promi-
nent of the terraces would thus mark elévations at which the ice
maintained constant elevations for exceptionally long periods.

In certain valleys where the terraces have been but poorly pre-
-served it is difficult to disprove this theory. However, at points along
Becker creek (Plate X) and elsewhere, quite extensive flat-topped
terrace accumulations remain in the mouths of the tributaries, and
exténd out flush with the edge of the walls of the master-valley. If
the terraces originated due to ice action, the ice would also have
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invaded the mouths of the tributaries, and the entire lower portions
of such would not now contain flat-topped accumulations.

It thus seems evident, as suggested by Nordenskjold and others,
that these terraces are dominantly, at least, lake terraces, and repre-
gent successive elevations at which the water stood in post-glacial
time. This calls for a damming of the drainage system somewhere
along the lower Yukon river. As the terraces indicate that the period
of submergence was only brief, the damming was probably due to
accumulations of ice or other glacial materials.

Facetted Forms—The great masses of ice which occupied the
master-depressions, as mentioned above, planated the valley sides,
reducing all projecting spurs, ridges, ete., and bringing them into
alignment to form often quite regular walls. Since the close of the
glacial epoch, the numerous small tributary streams from the upland
have been cutting channels in these walls and enlarging the pre-
glacial incisions in them. The result is that, cut in these steeply-
inclined valley slopes are numerous V-shaped, trench-like forms,
and between these are facetted forms carved in the valley-walls.

These features are quite pronounced along the eastern side of
Corwin valley (Plate IV), at most points along Wheaton River valley
(Plate V), and along all the other glaciated valleys of the district,
and represent forms produced by a combination of glacial and post-
glacial activities.

DRAINAGE.

Wheaton river drains practically all the district; however, the
surface waters of a small portion of the extreme northwestern corner
of the area are carried into Watson river to the north. Wheaton
river is a typical mountain stream, and is subject to rapid floods, so
that wide gravel and sand flats and bars are characteristic of its
channel. It is a fairly rapid stream with an average current of
perhaps 4 miles an hour.

The channel of the stream is entirely in glacial materials, and at
only few points along its course are rock-ledges encountered; so that
very small obstacles, such as beaver-dams, fallen trees, etc., cause the
course of the stream to be deflected. The result is, that the channel
is extremely sinuous, and deep, quiet stretches alternate with much
more rapid ones.
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Relatively little dissection of the glacial sands, gravels, ete.,
which floor the valley-bottom, has been effected since their deposition.
Wheaton river has trenched its meander belt a few feet, but the
width of this depressed portion is often considerably less than that of
the valley-bottom, and so benches are left on either side. At ‘Big
Bend,” where the river comes into Corwin valley, a terrace about 15
feet in height marks very definitely the amount of this downcutting
by the river, as in Corwin valley above this point practically no dis-
section of the glacial materials has occurred.

This terrace extends from the western side of Corwin valley to
near its eastern edge, and follows, in a broad curve, the general trend
of the river, keeping in most places from one-fourth to one-half a
mile to the north of the stream. On approaching the eastern part of
the valley, the terrace continues parallel to the river’s course, turning
to the seuth and continuing along the eastern side of the valley. In
places the terrace is stepped, indicating different meander periods,
but in many cases the last of these meanders has been the greatest,
and in such instances the terrace appears as a single escarpment.

In different places along Wheaton River valley the stream, in
addition to sinking its meander belt, has had previous irregularities
in the glacial floor to overcome, and when these have been dissected,
as between Carbon and Chieftain hills, sand and gravel banks as
much as 50 feet high are seen.

Thompson, Perkins, Schnabel, and other smaller creeks empty

- into Corwin valley above ‘ Big Bend’ of Wheaton river, but on reach-
ing the valley-bottom they flow directly into Annie lake, or become,
to some extent, lost in the low swampy tundra lying to the north and
south of it, One creek with a decided current flows through this flat
and enters Annie lake from the north, and a considerable amount of
other water reaches the lake by innumerable, small, partly under-
ground water-passages. No current is noticeable in the lake, but a
considerable amount of water is conveyed from it to Wheaton river
to the south, mainly by slowly-moving swamp-processes. The great
amount of glacial materials has so blocked the drainage that it has
as yet not become differentiated. Wheaton river is believed to have
formerly flowed northward through Corwin valley, including the
portion now occupied by Annie lake, instead of in a southerly direc-
tion as now, and to have joined the former Yukon river by a shorter
road than at present. The acecumulation of glacial material has
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caused the drainage to become reversed, has altered the course of
various other rivers in southern Yukon, and has produced the reversed
slopes which now contain the chain of lakes of which Lake Bennett
and Lake Tagish are members.

Hodnett lakes also owe their existence to the production of small
reversed slopes, caused chiefly by the deposition of glacial materials.
Tundra exists over a considerable portion of this valley-bottom, due
to the ungraded condition of the drainage.

The largest tributary of Wheaton river is Fenwick creek which
enters the parent stream just above Carbon hill and is almost as
large as the Wheaton above the confluence. Becker creek is a much
smaller stream but is of importance on account of its length, which
is known to be over 20 miles. The other creeks of the district, as
such, are of no particular individual interest, and their main charac-
teristics have been discussed in considering their hanging relation-
ships to the master-streams.

CLIMATE.

The climate of Yukon has been, in the past, and by many people
still is, greatly misunderstood. In fact, until recently this territory
has been popularly believed to be a region extremely difficult of
access, and covered by almost perpetual snow and ice. Winter photo-
graphs, sensational newspaper descriptions of the Chilcoot pass and
the building of the White Pass and Yukon railway, and stories,
generally exaggerated, of the privations suffered by those who joined
in the early rush to the Klondike, are mainly responsible for these
opinions. It is certainly true, that from 1896 to 1898, when the
influx to Dawson was at its height, great hardships were endured
and many lives were lost, but when it is remembered that the majority
of the gold-seekers were accustomed neither to a mountainous region
nor to encounter difficulties in northern latitudes; that prospectors
frequently set out on their quest with only the vaguest notion of the
route to be traversed; that the route chosen was often the worst
possible under the circumstances; and that a large proportion of the
travellers made the trip during the most unfavourable season; it is
not amazing that there was loss of life, but that there was so com-
paratively little.

Now, since the White Pass and Yukon railway has been con-
structed over the White Pass summit, and lines of steamers have
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been placed on the lakes and Yukon river, the district has come to
be better known and information concerning it is more wide-spread.

The climate of southern Yukon is, during the summer, particu-
larly delightful. On account of the northern latitude, there is almost
continuous daylight during June and July; and for five months
typical warm summer weather is experienced. The amount of rain
varies widely in different localities, according to their elevations and
proximity to mountain ranges.

Since Wheaton district is rather high and borders the Coast
range, the rainfall here is considerable. During the past four years
there has been, on an average, more or less rain on 10 days in
each month, from May 1 to October 1. During the same periods
rains were of rare occurrence and the climate semi-arid along Yukon
valley, to the north.

Plant growth along the lowlands of southern Yukon is luxuriant
and extremely rapid. The growing season seems short in number
of days, but when the length of time the sun remains above the
horizon, and the consequent increase in the number of hours of
insolation is considered, this will not appear so remarkable.

The rivers generally open early in May, but the ice remains until
the first week in June on some of the lakes. Slack water stretches
freeze over any time after the middle of Oectober, but in some years
the rivers remain open until well on in November.

The climate of Wheaton district is similar to that of many parts
of British Columbia and other northerly, but prosperous, mining
camps; and few more difficulties have to be met there in actual
mining operations than in localities farther south. At least six
tonths in each year are suitable for surface working and for the
jiecessary outside operations contingent on mining and similar indus-
tries. Further, during part of the summer months, work can be
continued by night almost as well as by day without the aid of arti-
ficial light. The ground is continually frozen to varying depths, but
this does not interfere with mining operations, except while being
conducted at or near the surface.

The following table of temperatures is compiled from the Mete-
orological register kept by Mr. Percy Reid, Mining Recorder, who was
stationed at Conrad from January 1, 1907, to March 1, 1908, and has
since been at Carcross. Both Conrad and Carcross are situated in
southern Yukon near the southeastern corner of Wheaton district:—
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TEMPERATUKES.

1807. 1908.
- Ex- Ex- Ex- X~
Mean | Mean Mean | Mean
: treme | treme treme | treme
Max. | Min Max. | Min Max. Min Max. n
January....|........ 187 {oooinnen —40°0 17°1 1156 400 [(—21'0
February. .| 19°6 20°8 420 |—42'0 15°4 133 440 |—33'0
March...... 20°0 100 38°0 |—30'0 20°6 13°1 400 (—31'0
April ...... 41°1 197 52'0 |—14°0 378 18-3 520 70
BY ceeenan 591 35°7 730 260 546 286 720 200
June....... 657 355 760 300 66°0 391 82°0 280
July...... 667 380 760 350 678 40°5 82:0 310
August. .. .. 622 | 387 | 720 | 310 | 660 | 415 | 76'0 | 280
September..| 535 347 630 26°0 516 334 716 200
October ....; 455 29°7 59'0 |— 80 355 210 51°0 |— 80
November..| 32°0 13'9 59°0 |— 70 29-2 151 41'0 |— 80
December ..| 22°7 99 44'0 |—12'0 253 139 650 —37°0
1909. 1910.
- Ex- Ex- Ex Ex-
Mean | Mean Mean | Mean
: treme | treme < treme | treme
Max Min Max. Min Max Min. Max. | Min
January 185 308 24°0 |—b6 187 113 360 |—26°0
February . 11°6 190 350 |—44'0 11-2 189 300 [—39-0
March...... 28-9 10°9 40°0 |—18'0 304 18'9 46:0 [—30'0
April ...... 34'6 17°6 450 [— 8'0 38°2 17-0 52'0 (— 3'0
BY tiennn 541 31-1 670 22°0 521 31-2 72°0 20°0
June...... 61°4 37°9 760 25°0
July ....... 634 423 750 350
August..... 59-4 40°3 690 330
ptember 52'7 34-8 680 25'0
October . 387 25°0 510 80
November 199 153 40°0 |—40°0
December 27°0 23°1 440 |—40°0

FLORA AND FAUNA.

Wheaton district, as a whole, is but sparsely forested.
Trees are chiefly found in the valley bottoms, but in many places
they extend up the hillsides to an elevation of 4,000 feet® above sea-
level, where they begin to decrease, and in 200 to 800 feet more have
ceased completely. By far the greater amount of timber occurs in
the valleys traversed by Wheaton river, including the wide depres-
sion in which Annie lake occurs, and which is the northerly exten-

1The valley of Wheaton river, at Big Bend, is about 2,600 feet, and between Car-
bon and Chieftain hills it is 3,400 feet. above sea-level.
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gion of the valley that contains the lower reaches of the river. The
valleys of the larger creeks such as Fenwick, Thompson, Summit,
Becker, and Partridge creeks, also contain considerable timber, and
a small amount exists on some of the small streams such as Schnabel,
Dawson-Charlie, and Van Summers creeks. All the upper slopes and
the entire plateau surface, with the occasional peaks rising above it,
are bare.

There exists in the district, however, a plentiful supply of timber
for all mining purposes for many years to come; and for those
claims located on the higher elevations it can generally be obtained
in the nearest valley, but is everywhere present along the main
waterways.

The forest of the district consists chiefly of eleven species, eight
of which attain the dimensions of trees; the others are possibly
better considered as shrubs. These are the white spruce (Picea alba),
black spruce (Picea Nigra), balsam fir (Abies subalpina), black pine
(Pinus Murryana), balsam fir (Populus balsamifera), W. balsam
poplar (Populus trichocarpa), aspen poplar (Populus tremuloides),
white birch (Betula Alaskana), dwarf birch (Betula glandulosa), and
two species of willows (Saliz).

Of these, the white spruce is the most widely distributed and
most useful tree, and grows at all elevations up to timber line. The
best groves are gemerally found on the river flats and in depressions
along the lower slopes of the ridges, where it occurs straight and
well grown. Individuals are not generally larger than 12 inches in
diameter, 3 feet from the ground, but specimens with 24 inch stumps
were noticed. This tree furnishes strong, easily worked timber, and
is well suited to the usual mining needs, and purposes of construction
generally.

Balsam fir is next in importance to the white spruce and also
supplies a fair grade of timber. Specimens were noted having 12 to
14 inch stumps, but the average of the larger individuals does not
generally exceed 10 inches in diameter, 3 feet above the ground. Trees
of this variety are often quite plentiful on the mountain slopes, and
appear to thrive best at 200 or 300 feet below timber line, decreasing
in size above and below this elevation.

The black spruce oceurs in some places associated with the white
spruce, but rarely attains a workable size. Black pine is oceasionally
found either interspersed with the spruce or forming separate groves,
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and generally grows on sandy benches along the main streams. Trees
of this variety rarely have in this district more than a 10 inch
stump, and they supply a timber that is not so strong or durable as
that of the white spruce.

The white birch occurs very rarely, and is never of large size. The
poplars are relatively plentiful, and grow chiefly along the alluvial
flats of the main valleys and are seen in all stages of growth from
small shrubs to a considerable forest tree 8 to 10 inches in diameter.
The aspen are found over a considerable portion of the valleys and
on the majority of the hillsides up to timber line. The poplar and
aspen make good fuel, but are too soft and irregular in form to be of
use for constructional purposes.

Willows and dwarf birch represent the principal shrubs of the
district. The former are quite plentiful in the valleys, but do not
extend far above the level of the larger streams. The dwarf birch
occurs chiefly in the higher valleys along the upper slopes, above
timber line proper; and in some places extends to the main plateau
level. This shrub forms an undergrowth 2 to 4 feet high in many
localities, so dense that to walk through it becomes extremely tire-
some, *

Several varieties of wild fruits were noted in this district. Of
these, crow or heather berries (Empetrum nigrum), high-bush cran-
berries (Viburnum pauciflorum), and low-bush cranberries (Vaccin-
ium Ozycoggus) were quite plentiful in places; and black currants
(Ribes Hudsonianum), red currants (Ribes rubrum), gooseberries
(Ribes lacusiris), blueberries (Vaccinium), strawberries (Fragaria
cuneifolia), raspberries (Rubus strigosus), and Saskatoon berries
{Amelanchier florida) were noted.

Until within the past two or three years Wheaton district
abounded in several varieties of big game, including moose, caribou,
sheep, and bear, and few places in North Ainerica would have been
more attractive to sport-loving hunters. Since 1906, however, the
prospectors and others frequenting the district have killed great
numbers of the larger animals, and those remaining have been to a
considerable extent driven back to the western and northwestern
portion of the area and the adjoining territory, where, however, they
are still to be found in great numbers. Fresh, well-worn runways are
everywhere to be seen throughout the district.
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Moose, and sheep (Owvis dalli), as well as black, brown, and grizzly
bear are still fairly plentiful, but caribou (Osborn’s caribou, Rangifer
osbornt) are less often seen, having mostly migrated to the adjoining~
country to the northwest. Wolves, wolverine, beaver, otter, martin,
and lynx are common, and red, cross, silver, and even black foxes are
occasionally to be found. Ptarmigan are exceedingly plentiful and
three varieties were noted: the rock ptarmigan (Lagopus rupesiris),
and white-tailed ptarmigan (Lagopus leucurus) are found above
timber line, and during the summer months live mainly on .the
highest, often snow-capped, summits; the willow ptarmigan (Lagopus
lagopus) live during the summer months at about timber line. Blue
grouse or Richardson grouse (Dendragopus Richardsonii), fool hens
or Franklin grouse (Canachites franklinii), willow grouse or Oregon
ruffed grouse (Bonasa umbellus sabini) are fairly plentiful, and occa-
sional prairie chicken or northern sharp-tailed grouse (Pediaecetes
phasianellus) were also seen; these live mainly in the timber and
preferably in the valley flats. Rabbits, abundant a few years ago,
were during 1909 extremely scarce.

The streams are generally fairly well supplied with fish, chiefly
greyling (Thymallus signifer); and in the lakes in this and the
adjoining districts lake trout (Solvelinus Namaycush) and whitefish
(Coregonus Nelsoni) abound.
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GENERAL GEOLOGY.
GENERAL STATEMENT.
REGIONAL.

As stated in the portion of this report dealing with topography,
the physiographic provinces of Yukon territory are continuous with
those in northern British Columbia to the southeast, and with those
of Alaska to the west, and follow in a general way the trend of the
Pacific coast line (Diag. 2). As topographic features are, to a
certain degree, often expressions of the bed-rock structure and com-
position, it might be expected that in all probability the same general
geological horizons which compose the cordillera in British Columbia
might extend through Yukon and Alaska, and, to a limited extent,
this has been found to be true.

Dr. G. M. Dawson* has shown that there is a certain continuity
and lithologic uniformity along the strike of some of the geologic
terranes in the Cordilleran belt in British Columbia. In addition, a
geological map of western Canada,” which has been published by the
Geological Survey, Canada, largely from the results of the work of
Dr. Dawson and Mr. R. G. McConnell, also shows that the distribu-
tion of the more important geological features exhibits, in a broad
way, a marked parallelism, and agrees roughly with the main physio-
graphic features. Mr. A. H. Brooks® has further shown that this,
to some degree, holds true in Alaska, although not to the same extent
as farther to the southeast, and that certain of the larger geologic
features extend through British Columbia, Yukon, and Alaska. In
Yukon, this persistency of geologic terranes, and their parallelism
to the strike of the physiographic provinces, are only apparent when
a broad tract is considered, and are most evident when the entire
territory is viewed, including the Coastal, and Rocky Moun-
tain systems.

1‘Geological record of the Rocky Mountain region, Can.”: Bull. Geol. Soc.,
America, Vol, 12, p. 60.

2Geol. Map of the Dominion of Canada, Western sheet, No. 783, Geol. Surv.,Can.

3*The Geography and Geology of Alaska'’: Prof. Paper, No. 45, U. 8. Geol, Surv,
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For the purpose of the present discussion, viz., the elucidation
of the relationships of the geologic formations and structures of
Wheaton district to those of the broader geologic features of which
they form a part, a consideration only of those terranes in the south-
western part of Yukon is necessary. The extreme southwestern part
of Yukon territory includes a portion of St. Elias range (Diag. 2),
which seems to be built up of complexly folded sedimentaries,
probably chiefly Palmozoic, together with many intrusives.' This
terrane is situated far to the southwest of Wheaton distriet, however,
and possesses a history and structure so dissimilar to the latter, that
it will not be further considered in this report. The geology of only
the northern part of the Coast range, and the southwestern part of
the Yukon plateau (Diag. 2) will be deseribed.

The Coast range consists of an igneous complex of granitic
rocks intruded mainly as a great batholitic mass over 1,000 miles
long, that reaches from south of the 49th to nearly 100 miles north
of the 60th parallel (the British Columbia and Yukon boundary).
This batholith extends along the western portion of Wheaton district,
and is the one really prominent geologic feature in the southwestern
portion of Yukon that has any marked trend parallel to the coast
line and to the main physiographic provinces of the district. In fact
the main geologic belt of these granitjc rocks is also practically the
Cosst Range topographic provinee, although in places marginal
portions of these rocks have been planated and extend out
into the Yukon plateau. A number of irregular detached
areas of the granitic materials also occur well within the plateau
province.

The formations composing the Yukon Plateau province of
northern British Columbia and southern Yukon, show in only a few
places any tendency to parallelism with the topographic terranes, but
instead are generally very irregularly distributed throughout the
distriet. Only a few areas in the southwestern part of Yukon have
been mapped or at all closely studied, so that the geological informa-
tion concerning this district is very incomplete. Still, the general
distribution of some of the larger subdivisions of the geological
column is fairly well known, and the geologic formations have been
discovered to range in age from lower Paleozoic or older, to Recent.
The most ancient rocks consist of a series of pre-Devonian schists,

10p. cit., p. 253.
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gnelsses, and limestones, which have suffered intense dynamic-
metamorphism, and represent rocks of both sedimentary and igneous
origin. These are chiefly, or entirely, of lower Palwozoic age, but
some members may possibly be Pre-Cambrian; they form small,
isolated outerops, which generally occur along the eastern margin of
the Coast Range batholith.

The sedimentary rocks of the southwestern part of the Yukon |
plateau, with the exception of those included in the old metamorphic
groups, can be divided into three classes: those of Palmozoic, those
of Mesozoie, and those of Quaternary age. The igneous rocks com-
prise both intrusive and extrusive members, and have an age-range
from approximately upper Palmozoic to Recent.

The Palxozoic sediments consist of a series several thousand
feet thick, of Devono-Carboniferous® limestones, cherts, slates,
quartzites, etc. The lower members, probably of Devonian age,
appear to be chiefly quartzites, slates, and cherts, with some limestone
bands, whereas the Carboniferous beds are principally heavy-bedded
limestones. The Devonian (%) rocks are nowhere very prominent, and
have been recognized in only a few localities; but the Carboniferous
limestones form important ranges, in some instances, having a
decided northwesterly trend parallel to that of the Coast range to the
west. One such range borders the Lewes river chiefly along the
eastern side from its headwaters, northwestward for a distance of
over 100 miles.

The Mesozoic sediments consist of conformable series of con-
glomerates, sandstones, arkoses, shales, tuffs, and breccias, of Jura-
Cretaceous age. These are, in places, as much as 6,000 feet thick, and
cover extensive tracts in the southern portion of Yukon, and toward
the north gradually increasse in extent and relative importance as the
volcanics decrease.

The Quaternary deposits consist of Pleistocene and Recent
members which, are lithologically nearly identical, and in some
instances grade into each other. Geological studies have, in most

1Dr. G. M. Dawson collected Fusilinae from the limestones which extend along
the east side of Windy arm, showing them to be Carboniferous. The quartzites,
slates, and cherts lie beneath the Fusilinae horizon. Dawson, on lithological and
palzontological grounds, also correlated these limestones, quartzites, etc., with the
Devono-Carboniferous CAche Creek series of British Columbia. See:—
Dawson, G. M.—Rep. of Prog., Geol Syrv., Can., 1876-77, pp. 55-58.
l%f,lvﬁon, G. M.—Ann. Rept., Geol. Surv., Can., Vol. III, Pt. B, 1887-88,
pp. .
Dawson, G. M.—Ann. Rept., Geol Surv., Can., Vol. VII, Pt. B, 1894, pp. 37-49.

22286—8
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places, not proceeded to an extent to allow of their differentiation.
The Pleigstocene accumulations consist of unconsolidated gravels,
sands, silts, and till, considerable thicknesses of which occur in all
the larger valleys of southern Yukon. The Recent materials consist
of fluvial and littoral sands, gravels, and silts of the present water-
ways, ground-ice, peat, muck, voleanic ash, and soil, which compose
a thin mantle that covers the greater part of the entire district.

The most extensive series of intrusives are the Coast Range
granitic rocks which comprise an igneous complex chiefly of granites,
grano-diorites, and diorites which in addition to composing the Coast
Range batholith also occur as outlying stocks in the plateau-region
to the east and north. They are believed to have been intruded in
late Jurassic time, and constitute possibly the most prominent
geologic feature of southwestern Yukon. A few small areas of
pyroxenite and amphibolite also occur in southern Yukon, which are
believed to have been injected in pre-Jurassic time. In addition,
during the Tertiary a number of dykes and stocks of granite, and
syenite-porphyry, which constitute the Klusha series, have invaded
the older formations. These porphyries, pyroxenites, amphibolites,
and Coast Range intrusives, are the only intrusive rocks known to
exist in southern Yukon that are not accompanied by flows and tufa-
ceous accumulations. All the volcanics occur to a limited extent as
dykes, but they occur prevailingly as extrusives. .

The extrusives are of various types and ages. The oldest
members consist of a series of andesites, and andesitic tuffs, con-
cerning the age of which it is only known that they are older than
the Jurassic Coast Range intrusives, and newer than the lower
Paleozoic metamorphic rocks. They are locally of considerable
extent, particularly in the extreme southern portion of Yukon terri-
tory. More recent than these, is an extensive series of andesites,
andesitic tuffs, and related volcanic breccias, which are contempo-
taneous with and newer than the Jura-Cretaceous sediments, and
older than the more recent volcanies. In addition to these, some late
Tertiary or Pleistocene basalts have occurred as extenmsive flows in
certain portions of the territory. Omne such occurrence forms the
walls of the well known Miles canyon near Whitehorse. The most
recent extrusives consist of a series of rhyolites which have pierced
the older rocks, and poured over the country in places, generally in
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sheets 50 feet or less in thickness, and are accompanied by great.
quantities of tuffs and brececias.

. LOCAL.!

Representatives of all the different groups, series, or other divi-
gions of rocks, which have just been described as occurring in the
southwestern portion of Yukon territory,’ are to be found in Wheaton
district, except the limestones, quartzites, cherts, slates, etc., of
Devono-Carboniferous age. The geology of the distriet is compli-
cated and intricate, by reason of the diversity in age and character
of the various formations occurring within its boundaries. The
rocks include pre-Devonian schists, gneisses, gnd limestones; probably
Devonian andesites, and andesitic tuffs; Jurassic granitic intrusives;
Jura-Cretaceous conglomerates, sandstones, shales, arkoses, and tuffsy
andesites and tuffs of late Mesozoic, or early Tertiary age; Tertiary
basalts and breccias; and Quaternary sands, gravels, silts, till, peat,
ground-ice, voleanic ash, muck, ete.

The oldest known rocks occurring in the district are included in
the Mt. Stevens group, and are chiefly sericite and chlorite schists,
mashed basic volcanies, gneissoid quartzites, hornblende-gneisses, and
limestones. They occur in a number of localities, but generally form
only small, isolated outcrops that represent parts of the walls divid-
ing subjacent portions of the Jurassic granitic batholith, or are
remnants of the roof of, and inclusions in, this igneous mass.

The sericitic and chloritic rocks are generally soft and friable,
range in colour from pale greyish-yellow to dark greem, are fine-
textured, and generally highly fissile. The mashed eruptives present
the appearance of laminated basic andesites, are dark green in colour,
generally fine-grained, and, although decidedly schistose, are rarely
fissile, but in most cases break into irregular fragments. The quartz-
ites are generally white in colour, have a typical gneissoid structure,.
and may be finely and evenly textured and, when so characterized,
are generally greyish in colour; in other places, however, as on

iWhat follows under this heading contains in condensed form the main factsjof
the general geology of Wheaton district, and is written particularly for those
readers who do not wish to follow the details of the geology, but rather wish to obtain
in a few pages the main points concerning this subject, and so be in a position to turn
at once to the chapter on economic geology.

2Where in this report, the southwestern portion of Yukon territory is mentioned,
it is intended, unless otherwise stated, to exclude the small portion of St. Elias
range which occurs in the extreme southwestern portion of the territory, since it
possesses no immediate interest in the discussion of Wheaton distrigt.

2228693
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Tally-Ho mountain, they are very coarse. There the colour varies
‘greatly, depending upon the amount of hornblende present, which
mineral occurs prevailingly in small distributed masses often over
an inch long and resembling crushed phenocrysts. In places, the
hornblende constitutes the greater part of the rock,. in others the
lighter coloured constituents, chiefly the feldspars and quartz, pre-
dominate. The limestones occur intimately associated with the
schistose members, and have an aggregate thickness on Mt. Stevens,
where they are most extensive, of approximately 700 feet. They
occeur in heavy, massive beds, and vary from white to bluish, and
from crystalline to suberystalline.

All the members of the Mt. Stevens group suffered prolonged
dynamic metamorphism, were much disturbed and plicated, and
afterwards were subjected to a long period of erosion, concerning
which very little is known. During this erosive interval andesites,
andesitic tuffs, and pyroxenites of the Perkins group, invaded the
Mt. Stevens members and buried them in places under considerable
thickness of lava and tufaceous materials.

In the eastern part of Wheaton district the rocks of the Perkins
group are of considerable prominence and extent, and are generally
found associated with the Mt. Stevens rocks, and adjoining the
Jurassic granitic members. The andesites are invariably dark green
to almost black in colour, are fine-textured, and generally extremely
hard and brittle. The pyroxenites are dark green to dark brown
holocrystalline rocks, are often coarsely crystalline, and consist
chiefly of augite.

The Coast Range granitic batholith intruded itself into these
older formations in, it is thought, late Jurassic time. This batholith,
which is over 1,000 miles long, reaching from south of the 49th
parallel to a point over 50 miles north of the northern edge of
Wheaton district, extends completely across the western portion

_of this area. Thus by far the greater portion of the rock outerops
of the western part of the district are of these granitic materials,
and where these do not actually outcrop they, in most places, are
believed to underlie the rocks which are exposed at the surface. It
will thus be seen that the formation composing this batholith is the
most prominent and extensive one in the distriet. The rocks com-
posing it consist of an igneous complex of granites, grano-diorites,
and diorites, which are generally fresh and unaltered in appearance,
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and predominantly greyish in colour. In places they are quite por-
phyritic, and contain feldspar phenocrysts 13 to 2 inches long. The
greater number of the mineral-bearing quartz-veins of the district
occur in this formation.

At the close of the Jurassic dynamic revolution, during which
this Coast Range batholith was intruded, the entire Wheaton
district was above the sea, and a short period of erosion ensued. This
_was followed by a far-reaching period of depression in Jura-Creta-
ceous times, which continued until the entire district was submerged.

The sedimentary accumulations of this Jura-Cretaceous period
in Wheaton district consist chiefly of tuffs, arkoses, conglomerates,
sandstones, and shales. These members embrace the Tantalus con-
glomerates, and Laberge series, which together are as much as 5,000
feet to 6,000 feet thick at certain points along Wheaton river. The
Laberge series consists prevailingly of medium-textured, greenish-
grey, heavily-bedded tuffs and arkoses, which frequently alternate
with fine-grained shales and slates, and some sandstone beds. This
series also contains some conglomerates, the component pebbles of
which are chiefly of voleanic materials, are sometimes as much sas
6 inches in diameter, and are generally firmly cemented together to
form a firm, durable rock. The Tantalus conglomerates overlie the
Laberge beds, have an aggregate maximum thickness in the district
of about 1,800 feet, and consist chiefly of heavy, massive beds of
conglomerate, the pebbles of which consist entirely of quartz, chert,
and slate. Associated with these conglomerates are some sandstone
and shale beds which contain a number of coal-seams.

During the time these Tantalus and Laberge beds were being
laid down, vulcanism again became active, and great quantities of
ashes and brecciated materials of an andestitic character, were
deposited with the normal sediments. Andesitic flows were also
formed, apparently during the period of deposition. A dynamic
revolution terminated the Jura-Cretaceous period of sedimentation,
and at the close of this disturbance the entire district was above the
sea. Degradation again became active, and a long period of erosion
commenced and continued wuntil a nearly base-levelled surface
resulted. This was followed by uplift and dissection as described
under ¢ Historical Geology.

* Vuleanism persisted during, and continued for a considerable
time after, the Jura-Cretaceous upheaval; dykes pierced the sedi-
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ments, and great masses of andesites and tufaceous materials buried
them deeply in numerous places. The andesitic materials of this
period, which in Wheaton district are named the Chieftain
Hill voleanics, consist chiefly of mica-, hornblende-, and augite-ande-
sites, and andesitic tuffs and breccias, and vary from mica-andesites
with a generally grey to reddish groundmass in which ‘are well-
defined plagioclase and biotite phenocrysts, to finely textured, aphani-
tie, dark green augite-andesites with corresponding tufaceous types.

Subsequent to the Jura-Cretaceous disturbance the district was
subjected to at least three volcanic invasions. As a result of the
first period of voleanic activity, a series of basalt dykes, belonging to
the Carmack basalts, pierced the older rocks in a few places. In
other parts of Yukon territory, these basalts formed extensive flows,
as well as great accumulations of basalt tuffs. About the same
time, also, the Klusha intrusives, consisting of numerous dykes of
granite-porphyry, cut the older formations in numerous places.
These, typically, are light grey, coarsely crystalline rocks. More
recent than the Carmack basalt dykes are the Wheaton River vol-
canics, consisting of rhyolites, tuffs, and breccias, which occur as
dykes cutting the basalts, and also as extensive flows and accumu-
lations of breccia. The Wheaton River rocks appear to be related
to the Klusha granite-porphyries, and may have been synchronous
with them, but definite data on this point were not obtained.

During Pleistocene time the mountains to the west and south of
Wheaton district became gathering grounds for glaciers, and
huge tongues of ice came down from them and occupied the valleys
of Wheaton river and its main tributaries. These depressions were
deepened and widened by ice-action, and considerable thicknesses of
morainal and other glacial accumulations were deposited on the floors
and along the lower portions of the walls of these valleys. The
channels of the present streams are still entirely in these glacial
gravels, sands, silts, ete., sufficient time having not yet elapsed for
the waters to remove them. In fact, such enormous quantities of
these materials were deposited in some of the pre-glacial master
waterways, that the streams have been entirely diverted from con-
siderable stretches of these depressions, with the result that in such
places no transporting action has as yet commenced.

Overlying these Pleistocene deposits are the Recent accumula-
tions, composed of fluvial and littoral sands, gravels, and silts of the
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present waterways, ground-ice, muck, volcanic ash, and soil. The
volcanic ash, which has been described in practically all reports on
any portion of southern Yukon, is a notable feature, and consists of
a gingle, extremely evenly distributed and wide-spread layer, which is
8 to 6 inches thick along Wheaton river, and is evidently due to
one continuous, but shert, outburst of voleanic activity. It is more
recent than the silts—the most of the recent glacial deposits; in
fact it is almost at the very surface, and the grass-roots extend down

into it.

TABLE OF FORMATIONS.

System. Formation. Lithological character.
Quaternary. Gravels, sands, boulder clay, silts, muck,
peat, volcanic ash, and soil.
Wheaton River vol-||Rhyolites, tuffs, and breccias.
canics.
Tortiary. Carmack basalts. |{Basalt.
Klusha intrusives. ||Granite porphyry.

Jura-Cretaceous.

Chieftain Hill vol-
canics.

Andesites, tuffs, and breccias.

Tantalus conglomer-
ates,

Conglomerates chiefly, with some sand-
stones, shales, and coal seams.

Laberge series.

Conglomerates, sandstones, arkoses, tuffs,
and shales.

Jurassic. Coast Range intru-||Granites, grano-diorites, and diorites—
sives. chiefly grano-diorites.
Proba,blr all upper Perkins group. Andesites, andesitic tuffs, pyroxenites,
E0zZ0oic. and amphibolites.

Pa,

Pre-Devonian — Pro-
bably all lower
Palzozoic.

Mt. Stevens group.

Chiefly sericitic and chloritic schists
mashed basic volcanics, schistose and
gneissoid quartzites, hornblende gneisses,
and limestones.
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DETAILED DESCRIPTIONS OF FORMATIONS.

Mount Stevens Group.
DISTRIBUTION.

The rocks of the Mt. Stevens group occur chiefly in a single,
northwesterly-trending belt which is from one-half to slightly over a
mile in width, is about 10 miles long, and extends from the southern
edge of Tally-Ho mountain to the northern side of Mt. Hodnett.
On Mineral hill, just to the north of this belt, is a small area, and to
the south of theé belt are two important occurrences on Mt. Stevens
and Dickson hill. The Mt. Stevens area is about 8,000 feet long by
3,000 feet wide, while that on Dickson hill is oblong in form, and of
about one-third this extent. In addition, ten other small occurrences
of these rocks have been indicated on the map; they range in size
from 800 or 400 feet in diameter to nearly a mile long. The largest
and most important of these forms a part of the top and northern
face of a small ridge which faces Wheaton river from the south, and
lies just west of Becker creek; it is about a mile long, and in places
may be nearly as wide. Also four small areas occur on Mt. Ander-
son, and in addition one occurs on Big Bend mountain, one on John-
son hill, one on the adjoining mountain to the west, and one on the
extreme northeast corner of Chieftain hill. Other smaller areas were
noted in several places, but are too small to be shown on the map.

As discussed in more detail below, this series consists of a
number of members which differ widely, not only in general appear-
ance and mineralogical and chemical composition, but also in age.
They are all, however, old and extremely altered, unlike any other
rocks in the district, and have been metamorphosed and subsequently
eroded to such an extent that their mode of origin has been almost
completely obscured.

The rocks on Mt. Stevens are of considerable importance on
account of the mineral-bearing quartz-veins they contain, and
consist mainly of chlorite-, sericite-, and greenstone-schists. The
members on Dickson hill are all hornblende-gneisses, while
those on Tally-Ho mountain are hornblende-gneisses, greenstone-
schists, and limestones. The gneisses occupy the northwestern
portion of the area, while the limestones occur mainly in a single belt
up to 700 feet wide, which extends from about the centre of the
northern portion, and thence crosses Wheaton river, and appears
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again on the opposite side. The other members of this series on
Tally-Ho mountain are greenstone-schists which comprise the rock
formation of most of the eastern and southern portion of the area.
The long, narrow belt running from Wheaton river to Mt. Hodnett
is composed almost entirely of greenstone schists with occasional
thin, intercalated limestone bands, generally less than 10 feet in
thickness. On Gold hill, however, some sericitic quartzites were
found associated with other members. The area on the ridge to the
west of Becker creek consists entirely of hornblende-gneisses, while
the occurrences sn Mt. Anderson consist chiefly of greenstone-schists,
but include also some gneissoid quartzites. The members of the Mt.
Stevens series on Johnson hill are mainly gneissoid quartzites, and
those on the adjoining hill to the west, on Chieftain hill, Big Bend
mountain, and on Mineral hill are mainly greenstone-schists.

LITHOLOGICAL CHARACTERS.

The members of the Mt. Stevens group consist mainly of seri-
cite-schists, chlorite-schists, greenstone-schists, sericitic quartzites,
gneissoid quartzites, hornblende-gneiss, and limestone.

Sericite-schists.—The sericite-schists are light grey, soft, friable,
generally fissile rocks which have prevailingly a bright and glistening
appearance, due to the great amount of mica they contain. They
cleave readily along their foliation-planes, and large plates one-eighth
to one-fourth of an inch in thickness are readily obtainable. In
places these schists contain considerable iron-ore which oxidizes and
gives them a decidedly reddish colour.

Under the microscope, these rocks are seen to consist mainly of
quartz and sericite, but contain also some orthoclase, plagioclase, and
secondary calcite. The original feldspars have been for the greater
part alkali feldspars and have been largely replaced mainly by seri-
cite and. to some extent also by calcite. A few distinct breccia-frag-
ments were noted both megascopically and microscopically, but these
are generally small. The rocks appear to have been rhyolite-breccias
that have been mashed and transformed into sericite-schists.

Chlorite-schists.—The chlorite-schists are pale to dark greenish,
soft, friable, fissile rocks often having a decidedly smooth, soapy feel,
and a bright, somewhat silky appearance. They generally break
readily along their foliation-planes, and produce a talus composed of
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thin plates. They occasionally have a reddish cast due to the presence
of a certain amount of limonite. .

Microscopically, these rocks seem to be composed chiefly of cal-
cite and chlorite, and it is the chlorite that gives the green colour to
the schists. A considerable amount of iron ore is present i1'1 places.
The rocks are of unknown origin, but the great amount of calcite
and the entire lack of quartz indicate that they are derived from
somewhat basic materials that have been metamorphosed to produce
the caleiferous chlorite-schists at present existing.

Greenstone-schists.—The term, greenstone-schists, has been
adopted as a convenient field-name to include all schistose materials
that have the appearance of mashed, diabases, andesites, and related
rocks. These in no way resemble the sericite-, and chlorite-schists,
quartzites, gneisses, etc., and form a distinct class of rocks. Miecro-
scopically, they are seen to have had various origins, and to have
considerably different compositions, nevertheless they resemble each
other much more than they do any of the other members of the Mt.
Stevens group, and the various members of the greenstone-schists
are so intimately associated that in the fleld it was often found
impossible to separate them.

Megascopically, they are fine to medium textured, greenish rocks
that have an andesitic or diabase-like appearance, and are prevailingly
firm and compact. They have always a laminated structure, but are
never figsile, and may or may not cleave along their foliation-planes,
but generally break into sharp, angular fragments. )

Under the microscope several types are distinguishable. The
greenstone-schists of Mt. Stevens appear to be mashed andesites, and
consist chiefly of plagioclase, a small amount of quartz, considerable
fibrous chlorite, some calcite, and accessory iron ores. Distinet
remains of a holocrystalline, porphyritic texture are preserved, in
which large plagioclase phenocrysts have been prominent. Fine
particles of magnetite are also liberally peppered through the ground-
mass of the original rock.

The greenstone-schists of Hodnett mountain have also a holo-
crystalline porphyritic texture, but are prevailingly somewhat coarser
textured than the members of the class seen elsewhere. Large par-
ticles of augite and plagioclase occur, as well as considerable amounts
of zoisite, chlorite, and accessory iron ores. The rocks are decidedly
mashed basic voleanics, and appear to have originally been andesites.
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On Tally-Ho mountain two types of these greenstone-schists wers
noted, both of which are finely textured and thinly laminated. The
first class are sheared, epidotized, sericitic rocks which are extremely
altered. Between metamorphosed bands of the original materials,
layers and veinlets of secondary quartz have been introduced to such
an extent that they comprise a considerable portion. of the rock. The
rock-bands consist chiefly of plagioclase, augite, and secondary seri-
cite, chlorite, and calcite, and indicate that the primary material was
of the nature of a basalt or augite-andesite.

The second type of these Tally-Ho Mountain greenstone-schists
may be closely related to the first, but contains much less sericite and
more caleite, and lacks the secondary quartz veinlets, etc. The .speci-
mens examined are entirely composed of secondary materials which
are mainly epidote and chlorite, with some calcite and limonite.
Remnants of a porphyritic structure are distinectly preserved, and
the rocks are of basic voleanic origin, so, possibly, have been derived
from asugite-andesites or a basalt, but in their present condition may
only be described as sheared, epidotized, calciferous rocks.

Sericitic Quartzites—On Gold hill are some generally dark
greenish, fine grained, closely foliated rocks which only occasionally
cleave along their planes of schistosity, and prevailingly break into
angular fragments.

An examination of thin sections of these, shows them to be schis-
tose, sericitic quartzites grading into silicified slates or rocks origin-
ally containing much argillaceous material, but which have, by
mashing or shearing, received their schistose structure. The speci-
mens examined are all decidedly of sedimentary origin, and the
banding, in some cases, appears to be due to bedding, rather than to
shearing or mashing.

Gneissoid Quartzites—Near the summit of Mt. ‘Anderson bands
of quartzites occur, which in places are coloured reddish by limonite,
but are otherwise light greyish to almost white in colour. These
rocks have a fine, gneissoid structure, and, megascopically, appear to
consist entirely of quartz. Microscopically, they are seen to consist
chiefly of irregularly shaped quartz-grains, intergrown with which
are some of feldspar that are much altered to sericite, and, there-
fore, were originally alkali feldspar. A few grains of plagioclase
also occur but are mainly transformed to caleite. Numerous shreds
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of brown biotite also were found, as well as accessory zircon and
magnetite.

Hornblende-gneisses—Hornblende-gneisses occur in two locali-
ties as mentioned above, namely, on the northwestern portion of
Tally-Ho mountain, and on a ridge lying to the west of Becker creek
and facing Wheaton river. The rocks differ considerably in appear-
ance and composition in these two places.

The Tally-Ho Mountain members are coarsely-textured rocks, and
vary in appearance from varieties consisting chiefly of quartz and
feldspar, in which masses of hornblende up to an inch in length
oceur, to others that consist mainly of hornblende in which feldspar
crystals up to an inch in length are embedded. The rocks may thus
have a very dark or a moderately light mottled appearance, and have
everywhere a decided gneissoid structure.

Microscopically, these rocks are seen to be composed mainly of
relatively varying, but not always important, amounts of plagioclase,
quartz, and hornblende. Augite also is generally present, and some
of the hornblende, at least, has been derived from this mineral. In
addition, large idiomorphic crystals of apatite are generally present,
and magnetite in idiomorphic forms occurs plentifully,. Where any
considerable amount of feldspar and quartz is present, these minerals
have always a typical consertal arrangement, and are always in allo-
triomorphic grains, The hornblende has rarely idiomorphie outlines.
The rocks have been subjected to great pressure and are much crushed
and broken, and originated from some basic igneous rock, probably
of the gabbro type.

The hornblende-gneisses that occur on the ridge to the west of
Becker creek, and in which the contact-metamorphic ore-deposits on
the Fleming claim occur, are finely textured, light greyish rocks that
have a gneissoid structure and the general appearance of crushed,
fine-grained grano-diorites.

Under the microscope, they are seen to consist of plagioclase,
quartz, and common green hornblende, in about equal amounts.
These rocks are, in places, much altered to calcite due to the altera-
tion of the plagioclase. Secondary chlorite also occurs. These
gneisses have been derived from some deep-seated, igneous rock,
apparently from a lime-rich granite or a quartz-monzonite.

Limestone—The limestones vary from white to light bluish, and
from subcrystalline to crystalline, and can generally be distinguished
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for long distances on account of their light colour. In places they
are somewhat argillaceous, but more frequently are siliceous in com-
position, due to metamorphism. They generally occur in heavy
massive beds, but in some places, where considerable admixtures of
argillaceous matter occur, they become somewhat flaggy. ’

STRUCTURAL RELATIONS.

All of these schists, gneisses, and quartzites of the Mt. Stevens
group are much folded, broken, and distorted, and have everywhere
a laminated structure. Some of the rocks are more altered than
others, but everywhere they show the results of intense metamor-
phism, Even the limestones are folded, erumpled, and so involved
with other rocks that their relative ages are uncertain.

The main outerop of these rocks occurs in the form of a long
narrow belt, and is, apparently, the surface of a wall dividing sub-
jacent portions of the Jurassic granitic batholith. Some of the
smaller areas of the Mt. Stevens members in this distriet are believed
to constitute remnants of the roof of, and others oceur as inclusives
in this plutonic mass which has, for the greater part, been stripped
by erosive agencies of its former cover. The rocks constituting
these relatively small exposures have been so metamorphosed and so
bhighly disturbed that it is now practically impossible to decide any-
thing definite regarding their relative ages or modes of occurrence.
Certain types are clearly of sedimentary, others of voleanic origin,
while still others are of deep-seated origin. 'Beyond this, nothing is
definitely known of them. However, extensive areas of similar rocks
are known to the north and west of Wheaton district, in the
vicinity of Dawson and in Alaska, and there they have been studied
in considerable detail.

AGE AND CORRELATION.

In Wheaton district no fossils have been found in the members
of the Mt. Stevens group, and it is only known that' these comprise
the oldest rocks exposed in the area; however, from the descriptions of
McConnell,' in Dawson district, and of Brooks® and others, in Alaska,
it is evident that the Mt. Stevens rocks correspond with the lower

IMcComnell, R. G.—*“The Klondike gold fields’’: No. 884, Geol. Surv., Canada,

17.
*Brooks, A H.—‘‘The geography and geology of Alaska”: U. 8. Geol. Surv.,
Prof. Paper, No. 45, pp. 208-218.
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Palmozoic terranes of these disiricts. Different members of McCon-
nell’s ¢ Older Schistose Rocks’ are, lithologically, apparently quite
- gimilar to those of the Mt. Stevens group. The hornblende-gneisses
of Tally-Ho mountain appear to belong to the Pelly gneisses,® at first
considered to be Archzan, but now believed to be much more recent
and probably Palmozoic. Certain limestone bands carrying Silurian
fossils occur intercalated in the schistose rocks in Alaska, and these
limestones, both in their association and oecurrence, resemble those
of Wheaton district. As the limestones in the Wheaton district
are believed to be among the most recent members of the Mt.
Stevens group, these rocks are all considered to be pre-Devonian and,
probably all, lower Pal®ozoic.

In the writer’s report on a portion of Conrad and Whitehorse
Mining districts, rocks corresponding to the Mt. Stevens group are
described under the name ‘Older Schistose Rocks,” and are there
considered to be pre-Ordovician. There seems, however, to be a
possibility that the limestones may be Silurian, and, therefore, as
in the Wheaton district, the group might preferably be placed under
pre-Devonian. .

Also in the writer’s report on the Lewes and Nordenskisld Rivers
coal area, rocks in all probability corresponding in part to the Mt.
Stevens group are described under the name Razor Mountain group,
but since only a single small outcrop occurs in this distriet, its cor-
relation with the Mt. Stevens members is somewhat uncertain.

Perkins Group.
DISTRIBUTION.

The rocks of the Perkins group occur mainly in the eastern part
of Wheaton district, and the largest area which they cover
forms a northwesterly-trending belt about 11 miles long. At its
southeastern end, on the edge of Corwin valley, this belt is only
three-fourths of a mile wide, but it gradually widens to the north-
west, until on Red ridge, facing Watson River valley, it has a
width of 2% miles. One other irregularly shaped area of the same
rocks occupies. a large part of Mt. Stevens, Dickson hill, and Tally-Ho
mountain, and has an average width of about 2% miles and extends
past the southern boundary of Wheaton district. There are

1McConnell, R. G.—The American Geologist, Vol. XXX, July, 1902.
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numerous small occurrences on Big Bend mountain, Mt. Pugh, Mt.
Hodnett, and Mt. Anderson, and in addition a great number of areas,
too small to map, were noted on the hills to the east of the mouth of
Dail creek, on Mt. Anderson, on the hills on both sides of the mouth
of Dawson-Charlie creek, and elsewhere.

The oblong area on Tally-Ho mountain, mapped as surrounded
by Mt. Stevens rocks, consists of intrusive pyroxenite, and is shown
as 4,000 feet long by 2,000 feet wide. However, as bed-rock is deeply
covered here in many places by superficial deposits, contacts were
seen only in a few places on the south and west, so the real extent of
this area is only approximately known. The greater portion of the
round hill between Dickson hill and Mt. Stevens is composed of
amphibolites. With these two exceptions, all the areas shown on the
map of Wheaton district as underlain by the Perkins group are
occupied by andesitic members.

LITHOLOGICAL CHARACTERS.
Andesitic types—

Macroscopic—The andesitic members of the Perkins group are
prevailingly homogeneous-appearing, dark greenish, finely tex-
tured, hard, compact rocks which are generally megascopically
aphanitic. Occasionally, feldspar phenocrysts, discernible with the
naked eye, have developed, and in places these become as much
ag one-eighth of an inch in length. Instead of being greenish,
these rocks in some instances have a peculiar reddish-brown colour,
and the green and brown types frequently alternate. Dykes, repre-
senting an acid differentiation product of the andesitic magma,
occur plentifully, and appear very similar to the fine grained, greenish
and brownish andesites, but, in addition, have fine, lath-shaped, feld-
spar phenocrysts sbundantly distributed throughout the fine ground-
mass. In a few places, as on the eastern toe of Mt. Pugh, and on
Mt. Bush, these rocks constitute the greater part of the formation,
and occur as numerous narrow dykes from 2 or 3 inches to 12 or 15
feet wide. The feldspars in some cases are % of an inch in length
and in size range from thizs down to microscopic, slender crystals.
These dykes always occur too intimately associated with the contain-
ing rocks, or are too narrow, to be shown separately on the accom-
panying map, and so are included under the geological colour
representing the Perkins group. Occasionally, as on the northeast
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corner of Mt. Stevens, decided tufaceocus phases of these materials
are found; the fragments range from microscopic to 6 or 8 inches in

" diameter, and consist, for the greater part, of materials such as have

just been described, the porphyritic types being plentifully present.

Microscopic—When examined under the microscope, the ande-
sites are seen to be porphyritic rocks containing phenocrysts of
plagioclase, hornblende, diopside, and biotite, lying in a hypocrystal-
line or holocrystalline groundmass. The feldspar of the first genera-
tion is prevailingly labradorite, but ranges from andesine to by-
townite, and exhibits twinning according to the albite, pericline, and
Carlsbad laws. Zonal structures are also of frequent occurrence, and
represent variations in the amount of lime present. The phenocrysts
are generally abundant and well formed, and range in size from
those entirely invisible macroscopically to those one-eighth of an
inch in length. Common green hornblende is the most abundant of
the coloured constituents, and is generally present. Biotite occasion-
ally occurs associated with the hornblende, or may be the only ferro-
magnesian mineral in the rock, while diopside is found but rarely.
Accessory apatite and magnetite are common.

The groundmass is frequently pilotaxitic in structure, and
consists of a félt-like web of plagioclase needles, hornblende or diop-
side crystals, and iron ore grains. Often a certain amount of a
brownish glass is mixed in with these other materials, giving the
groundmass a hyalopilitic structure.

The rock constituents are, in most instances, considerably
altered, so that the rocks consist to a great extent of chlorite, epidote,
calcite, biotite, and iron ore. Fine shreds and specks of secondary
biotite due to metamorphic processes occur scattered: all through the
rock, and iron ores are frequently peppered throughout the ground-
mass. This fine distribution of biotite and magnetite characterizes
the majority of these rocks.

The tuffs corresponding to these andesites are of wide-spread
occurrence, and consist chiefly of andesite fragments cemented either
in a glassy or a fine grained andesitic groundmass, as though the
broken materials, the result of voleanic explosions, prevailingly fell
back either in the molten or cooled andesites, but rarely into the sea,
a conclusion that is strengthened by the general absence of sedi-
mentary material, ’
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The associated dyke rocks are holoerystalline-porphyritic in
structure, and consist chiefly of plagioclase and hornblende, occurring
in two generations. Brown biotite in minor amounts also exists, as
well as accessory magnetite and apatite. The feldspars of the
groundmass are typically elongated, and suggest somewhat the
appearance of a fine ophitic structure, except that upon close exam-
ination they are seen to have irregular boundaries and the other
constituents instead of enclosing them are irregularly distributed
about them. These rocks, on account of their origin and composi-
tion, are considered to be malachites.

The andesitic rocks in certain instances are quite fresh appear-
ing, but in most places have been much altered to aggregates of
epidote and chlorite, while quartz, calcite, serpentine, etc., have been
deposited in various minor fractures which intersect them. These
features in some places serve to distinguish them from the Tertiary
andesites.

Pyroxenites—The pyroxenites are very homogeneous, generally
coarsely textured, dark green to nearly black, plutonic rocks, in which
nothing is megascopically visible but pyroxenite and its alteration
products. Under the microscope, these materials are seen to be equi-
granular, coarse grained types, and to consist almost wholly of large
allotriomorphic grains of diopside. Zoisite, epidote, and magnetite
are generally present, as well as serpentine which, commencing to
form at the surface and along cracks, continues until, in some in-
stances, the rock is entirely changed to this secondary substance.

Amphibolites.—The amphibolites are also dark greenish rocks,
and In appearance are very similar to the pyroxenites, but are pre-
vailingly finer textured. Under the microscope, they are found to be
equigranular rocks composed chiefly of hornblende of which two
varieties occur: one variety consists of large allotriomorphic grains
of a brown hornblende, which occur distributed throughout the rock,
and have every appearance of being primary; the other variety
composes most of the rock masses, is a green, fibrous actinolite.
occurs to some extent in the form 9f small veinlets cutting the brown
amphibole, and also may be primary, Considerable magnetite is also
present as well as secondary calcite, chlorite, and serpentine.

The field relations of the amphibolites and pyroxenites indicate
that possibly the amphibolites may have been derived from the
pyroxenites, but no proof of this could be established.

22986—4 :



50 GEOLOGICAL SURVEY, CANADA

STRUCTURAL RELATIONS.

Only one fault having any considerable displacement has been
recognized in these rocks, and this is the most important dislocation
that has been identified in Wheaton district. The fault is of
the normal type, strikes in a northerly direction, and dips at 40° to
60° to the east; it extends from the southern edge of Mt. Follé
to Red ridge, a distance of over 6 miles, and apparently continues
farther in both directions, and wherever this break has been seen
the Perkins andesites outcrop along its western edge. On the eastern
side of Mt. Bush these rocks are brought up to a level with the
Tantalus conglomerates, showing a displacement of 5,000 to 6,000
feet, and on Mt. Follé, Mt. Perkins, and Red ridge similar displace-
ments occur.

The andesitic rocks were nowhere seen in contact with the deep-
seated pyroxenites and amphibolites, and no evidence was obtained
as to their relative ages. They both, however, cut the different
members of the Mt. Stevens group, and are themselves invaded by
the Jurassic Coast Range intrusives.

The rocks of the Perkins group occur as walls separating suh-
jacent portions of the Jurassic granitic batholith, and also exist as
remnants of the roof of, and as inclusions in, the granitic mass.
These broader structural features, however, will be more fully dis-
cussed under structural geology.

ORIGIN.

The andesites originally occurred chiefly as flows, which still
cover considerable tracts in Wheaton district and adjoining portions
of Yukon territory. These rocks have been so extensively eroded
that it is now impossible to say how thick they were originally, but
in plages masses of them, 2,000 to 8,000 feet deep, can still be seen,
and oceasionally flow-structures are quite evident, and different lava-
streams can be readily distinguished. The evidence is also imperfect
as to whether these voleanics came to the surface chiefly through
elongated fissures, or mainly from circular ‘craters, as the formations
that are older than these' rocks are, in Wheaton district, of
very limited extent. The form of these accumulations in the adjoin-
ing’ Windy Arm district, however, quite clearly indicates that there,
at least, the lavas came chiefly from craters.
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ACGE AND CORRELATION.

Concerning the age of the members of the Perkins group, it is
only known definitely, as stated above, that they are all younger than
the M¢t. Stevens group, considered to be Silurian or older, and older
than the Jura-Cretaceous sediments and the Coast Range intrusives.
However, they may be of somewhat widely different ages, but the
andesitic members, as shown below, are almost certainly upper
Palzozoic.

In the writer’s report on Conrad Mining district, which includes
Windy Arm district, the Perkins members there are included in the
Devonian, lower Cache Creek series, which also contains cherts,
slates, and other sediments. Since such sediments and cherts do not
occur in Wheaton district, the new name, Perkins group, has been
given to the igneous members of the lower Céche Creek series of
Conrad district.

In Whitehorse district, a few miles to the northeast of Wheaton
district, McConnell * has described rocks under the name of ¢ Porphy-
rites,” which are more recent than the Carboniferous limestones and
appear to correspond with the andesitic members of the Perkins
group.

Coast Range Intrusives,
DISTRIBUTION,

The Coast Range intrusives are the most widely distributed
rocks of Wheaton district, and their distribution may be best
described by defining that of all the other formations, and saying
that the Coast Range intrusives occur everywhere else. In the main
valleys Quaternary materials cover the bed-rock, and in the western
portion of the district volcanies of Tertiary, and perhaps late Creta-
ceous age, have invaded and covered the granitic rocks over consider-
able areas. In the eastern portion of the district walls of older
rocks separate subjacent portions of the granitic batholith, and in a
few places overlie it, constituting remnants of the roof of, or
occurring as inclusives in this plutonic mass. Jura-Cretaceous
sediments also cover these granitic rocks in the northeastern part of
the district.

. 1McConnell, R. G.—'“The Whitehorse Cdpper Belt, Yukox; Territory'': Geol.
Surv, Branch, Dept. of Mines, Canada, 1909, pp. 9-12.
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LITHOLOGICAL CHARACTERS.

The Coast Range intrusives are generally fresh and unaltered in
appearance, are predominantly greyish in colour, and have the general
appearance of typical, medium to coarse grained granites. In a few
places the orthoclase becomes sufficiently important to give these
rocks a pinkish colour, but this is exceptional. Frequently they
become porphyritic in structure, and contain numerous large feldspar
phenocrysts which in places were noted to be as much as 13 to 2
inches long. Hornblende particles are generally present, and biotite
is of common occurrence; both of these minerals are readily seen
megascopically.

‘When examined under the microscope, these rocks are seen to
generally consist chiefly of an acid plagioclase, quartz, hornblende, bio-
tite, and orthoclase. In most cases plagioclase is the chief feldspar,
and orthoclase, although generally present, is prevailingly in minor
amounts. Quartz is in most cases fairly plentiful. Green horn-
blende is nearly always present, and may or may not be accompanied
by biotite which sometimes is the only ferro-magnesian mineral
present. Zircon, apatite, and magnetite, are frequent accessories.
The rocks have either a typical granitic structure, or may contain
large feldspar-phenocrysts in a granitic groundmass, and so have a
holoerystalline porphyritic structure.

The rocks have thus predominantly a mineralogical composition
midway between granites and quartz-diorites, and have been called
grano-diorites. Occasionally, with increasing orthoclase and decreas-
ing plagioclase, typical granites are found: also, in a few places, the
plagioclase increases and the orthoclase disappears and so diorites
occur. In places it is difficult to say whether the rocks are more
appropriately termed porphyritic grano-diorites, or grano-diorite
porphyries; but since the rocks everywhere are coarsely textured and
always have a typical granitic habit, the term porphyritic grano-
diorites has been adopted in all cases. Similarly, porphyritic granites
and porphyritic diorites occur.

The term monzonite has been adopted by the United States
Geological Survey, and is used by many American geologists for
rocks midway in composition between granites and diorites, and
according to this nomenclature, these rocks are prevailingly quartz-
monzonites, and porphyritic quartz-monzonites or quartz-monzonite-
porphyries. N

~
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The name Adamellite has been used by Brogger* as a convenient
term to signify an acid-quartz-monzonite.

ORIGIN.

The granitic intrusives in Wheaton district constitute a portion
of the eastern edge of the great Coast Range batholith which is
known to extend from southern British Columbia to the vicinity of
Kluane lake, 50 miles north of the northern edge of Wheaton
district, a total distance of over 1,000 miles.

This igneous mass penetrated the rocks of the Mt. Stevens group
and the Perkins group, but is apparently older than all the other
rocks in the district, and on its eroded surface the Jura-Cretaceous
sediments have been laid down. The structural relations of this
granitic batholith to the other rocks of the district will be discussed
under structural geology.

AGE AND CORRELATION.

This granitic batholith has been studied in detail in British
Columbia and Alagska, and there is now a genera] concensus of,
opinion that it was intruded in Jurassic, and probably in late
Jurassic time. Wheaton district furnishes no definite data on this
point further than establishing the fact that it antedates the Jura-
Cretaceous period of sedimentation.

Laberge Series.
DISTRIBUTION.

The rocks of the Laberge series are, with one small exception,
restricted to the northeastern corner of the distriet, and ocecur in two
belts on opposite sides of and facing Corwin valley. The more
easterly belt appears to occupy nearly the entire northern half of
Gray ridge, of which only the eastern half lies within Wheaton
district. On the accompanying geological map this area is shown as
being 6 to 7 miles long and about 1 mile wide. The belt to the
west of Corwin valley extends from Wheaton River valley to Red
ridge, and apparently continues beyond the northern boundary of the
district. The belt is, within the limits of the district, about 7 miles
long and 6,000 to 8,000 feet wide.

1Brogger, C.—"Die Eruptionsfolge der triadischen Eruptiongesteine bei
Preda.zzo in Sudtyrol", p. 61,
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On the northern summit of Carbon hill, these beds underlie a
small outerop of Tantalus conglomerates, outcropping around, and
for some distance past, the edges of the overlying rocks. The Laberge
beds are here limited to a circular area ahout 1,500 feet diameter,

LITHOLOGICAL CHARACTERS.

Macroscopic—~The Laberge series consists chiefly of arkoses,
tufls, breccias, conglomerates, sandstones, and shales, which have a
maximum aggregate thickness in Wheaton district of at
least 5,000 feet. These beds can be roughly divided into lower,
middle, and upper portions, as follows:—

Upper beds.—Thickness, 1,500 feet, .chiefly sandstones.

Middle beds—  “ * 1,700 feet, chiefly shales, with some

sandstones and arkoses.

Lower beds.— “ 1,800 feet, chiefly arkoses and tuffs,

. with intercalated shales, and con-
. glomerates,

These divisions are only approximate, and the thickness of each
varies; but in a general way they are found to hold true. The ‘lower
beds’ consist chiefly of arkoses, tuffs, shales, and conglomerates. The
arkoses are predominantly light to dark grey, or pale greenish ‘in
colour, but occasionally reddish-grey and dark greenish-grey beds are
found. They may have a dense and megascopically apharitic texture,
or may resemble in appearance a medium textured sandstone; and
all gradations between these extremes occur., They are firm, com-
pact rocks, and occur in heavy, massive beds in which the stratifica-
tion planes are frequently only distinguishable from a distance.

Associated and interbedded with these arkoses are some tuffs
which so much resemble them that it is generally difficult or impos-
sible to megascopically tell the two apart. These rocks also grade
into one another, so that in places breccias occur, which have almost
equal claim to be called arkoses and tuffs.

The lower 1,000 feet of the ‘lower beds’ of the Laberge series
consist chiefly of these arkoses, breecias, and tuffs; but the upper 800
feet contain a considerable development of conglomerate and shale.
The conglomerate occurs in thick, massive beds, and consists of
materials varying widely in size. The pebbles and boulders range in
size from that of sand-grains to larger than a man’s head, and are
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chiefly of andesitic fragments derived, for the greater part, from the
Perkins volcanics. Pebbles of the Coast Range grano-diorites are
also frequently found. These materials have been cemented together
by binding materials that are generally siliceous in composition, and
have formed hard, dense rocks.

The shales range from light grey through dark green to almost
black in colour, and occasionally occur thinly bedded. They are
predominantly hard, dense rocks which at times resemble flint, and
often possess a decided slaty cleavage. It is common to find 20 to
50 or even 100 feet of shales overlain by arkoses or conglomerates of
equal or greater thickness, and these again followed by more shales,
ete. The different members never oceur intimately associated, i.e.,
when shales or arkoses, for instance, oceur they have a thickness of
at least 20 or 30 feet, and generally more, before giving place to a
dissimilar member.

The 1,700 feet of ‘middle beds’ consist chiefly of shales like
those described above, but characteristically iron-stained and gener-
ally presenting a red appearance. When broken, however, they
generally are seen to be dark grey to almost black, dense, hard, and
brittle, and break into sharp angular fragments. They occur pre-
vailingly in layers 1 to 1 inch in thickness and are associated, to
some extent, with arkoses and sandstones, but the shales predominate.

The ¢ upper beds’ of the Laberge series consist almost entirely of
medium textured, somewhat friable sandstones which are prevail-
ingly greyish, yellowish to light brownish, or even pale greenish in
‘eolour, and occur in heavy, massive beds. These differ greatly from
the hard., dense, compaet rocks that are noted in the ‘lower’ and
‘middle’ beds.

Microscopic—A number of sections of the arkoses, tuffs, and
related rocks were examined microscopically., The arkoses were seen
to consist chiefly of rounded and angular particles of plagioclase,
as well as some of quartz, and a few rock fragments, all cemented
by a matrix that consists chiefly of kaolin, and some calcite. In
some cases the matrix contains a great amount of secondary biotite,
produced by metamorphic processes. The tufaceous rocks contain a
much greater percentage of rock fragments, as well as particles of
devitrified glass with the conchoidal fracture typical of tuffs.
Between these decided arkoses and tuffs are materials of which it
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can only be said that they are highly feldspathie, and microscopically
‘appear as breccias. In some instances these appear to be true water-
laid sediments, in others they seem to represent mainly either
showers of ashes that fell directly into the sea, or similar materials
brought by streams and deposited in the salt water.

STRUCTURAL RELATIONS.

The Laberge rocks of Wheaton district oceur in two,
parallel, northerly-trending belts, each about 7 miles long, and occur-
ring on opposite sides of Corwin valley. Throughout the more
westerly area the beds dip to the west at angles varying from 50° to
75°, and on the eastern end of Red ridge are seen overlying the
eroded surface of the Jurassic granitic intrusives. Nowhere else in
the district were the lowest members of the series seen, and here the
lower beds of the Laberge series are much thinner than on Mt. Follé
and Idaho hill, as they have not the great accessions of ash materials,
which elsewhere gives them their great thickness. The structure of
the beds on the western part of Gray ridge iz very obsoure,
but the rocks appear, in a general way, to be géntly inclined to the
west.

The Laberge beds are cut off all along their western edge by a
northerly-trending, normal fault which dips at 40° to 60° to the
east, and brings these rocks with the overlying Tantalus conglomer-
ates in juxtaposition with the Perkins volcanics. The faulting has
been the means of preserving this area of Laberge rocks; had it not
occurred, these beds would have been eroded away during the base-
levelling period, as has this series in other portions of the district.

The members of the Laberge series overlie the Coast Range
intrusives, and are older than the greater portion, and perhaps all

"of the Chieftain Hill volecanics. However, the tufaceous materials
included in the Laberge beds closely resemble those of the Chieftain
Hill voleanics, and indicate that possibly the voleanic activity pro-
ducing these rocks may have commenced before the withdrawal of
the Cretaceous sea from this distriet.

AGE AND CORRELATION,

Numerous specimens of Prioncyclus woolgari have been found
in the shales on Mt. Follé and Idaho hill, and of these Whiteaves
said: ¢ Prioncyclus woolgart (Mantell) —Several crushed specimens
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of an ammonite, that are possibly very young individuals of this
epecies. In the upper Missouri country, and elsewhere in the United
States, P. woolgart is regarded as a characteristic fossil of the Fort
Benton group.’

In Tantalus coal area and Braeburn-Kynocks cosl area,’
approximately 100 miles to the north of Wheaton district, the
Laberge beds also occur, and much resemble those here being
described. A npumber of somewhat poorly preserved fossils were
collected from these northern districts, and were examined by Mr.
Whiteaves, who classed them all as Jura-Cretaceous.

The Tutshi series of Conrad Mining district corresponds, to
some extent, to the Laberge series, but does not include some of the
bedded tuffs and other tufaceous materials that are intimately asso-
ciated with the sediments, and includes the Tantalus conglomerates.

Tantalus Conglomerates.
DISTRIBUTION.

The Tantalus conglomerates are of very limited extent in this
district, but are particularly interesting because generally they
contain coal measures. The most important area of these rocks lies
on the eastern side of Mt. Bush, and is lozenge-gshaped, 6,000 feet
long by about 2,000 feet wide at the centre. Across Schnabel creek
is another similarly shaped, but slightly smaller area, separated from
the former by less than 1,000 feet. Both these areas have a northern
trend, and are the largest in the district.

The entire circular summit of Mt. Bell is composed of these
rocks in the form of a large, flat-lying cake that covers an area about
2,000 feet in diameter.

A somewhat pear-shaped area forms the top of one of the small
summits of Carbon hill, and is about 2,500 feet in its largest dimen-
sion. A much smaller body of these rocks forms the top of the
northern summit of Carbon hill, and is not over 1,000 feet in dia-
mater.

LITHOLOGICAL CHARACTERS.

The series known as the Tantalus conglomerates consists chiefly
of massive beds of conglomerate, but also contains sandstones, shales,

1Cairnes,D. D.—‘‘The Lewes and Nordenskisld Rivers coal district, Yukon”
Geol. Surv., Branch, Dept. of Mines, Canada, 1910,
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and coal seams, and has an aggregate thickness in Wheaton district
of 1,700 to 1,800 feet. These conglomerates differ from all others
so far found in Yukon territory, in that the pebbles composing them
consist entirely of chert, quartz, and slate. The pebbles are gener-
ally cemented by a siliceous binder forming a hard resistant rock
which breaks along planes passing indifferently through the pebbles
and matrix., These conglomerates have also a noticeably constant
appearance for such coarse-grained rocks, due to their uniform tex-
ture and the slight variety in the materials composing them. The
component pebbles are remarkably similar in size, being seldom
larger than 2% inches in diameter, and predominantly between 1 and
2 inches. The associated sandstones consist of the same materials
as the conglomerates, but in a finer state of division. The ‘shales
occur chiefly in the vicinity of the coal seams, and are generally
finely textured slaty rocks. Just west of the coals, however, some
light coloured, thinly bedded shales with excellent slaty cleavage
occur, which break readily into large plates one-eighth of an inch or
less in thickness. They were noted in the one place only, and are
less than 50 feet in thickness.

STRUCTURAL RELATIONS.

The Tantalus conglomerates on Mt. Bush and Mt. Follé overlie,
apparently conformably, the Laberge series on the east, and dip to
the west at 60° to 80°. Along their western edge, they are cut off
by the easterly dipping, normal fault above referred to, and are
brought into juxtaposition with the Perkins group, showing that a
displacement of as much as 5,000 or 6,000 feet has occurred. To the
west of the fault these beds have been entirely removed by erosion in
most places, but a few scattered outerops indicate that in all proba-
bility they at one time covered the entire district.

Part, if not all, of the Chieftain Hill volcanics are more recent
than the conglomerates, but as explained in discussing the Laberge
series, there is evidence that the Chieftain Hill period of vuleanism
cqmmenced before the close of Jura-Cretaceous sedimentation.

AGE AND CORRELATION.

No fossils have been found in the Tantalus conglomérates in
Wheaton district, but a number of plant remains were collected
by the writer from the walls of the coal seams at the Tantalus mine
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on the Yukon river, midway between Whitehorse and Dawson. These
coals correspond to the Mt. Bush seams, and occur in the Tantalus
conglomerates which, on account of their marked features, are
readily correlated over large areas. The fossils were examined by
Dr. D. P. Penhallow, who reports: ¢ All the material appears to be
the same as the specimen of Thyrsopteris elliptica (Fontaine), as
figured by Ward in the “ Status of the Mesozoic Floras of the United
States,” vol. XLVIII, pl. LXXI, figs. 12 and 13; and to this the
present specimens are provisionally referred. It is to be observed,
however, that there seems to be some question as to the correctness
of Ward’s reference, since the specimen cited is quite distinet from
the original type of Thyrsopteris elliptica as described by Fontaine
(in “ Potomac Flora, vol. XV, p. 138, pl. XXIV, figs, 3, 3¢ ”), and it
is quite possible that further and more complete specimens may
show this to be an entirely new species. A somewhat related flora
was described by me in 1898 as obtained by Mr. J. B. Tyrrell from
the Nordenskitld river. All the specimens shown, however, were
specimens of Cladophebis, and they indicate Cretaceous age.’ ¢ The
specimens from the Tantalus mine present a flora with the same
facies as those from the Nordenskiold river, and the whole conform
to the flora of Xootanie age.

As the Kootanie is by some geologists included in the upper
Jurassie, and by others in the lower Cretaceous, and as the Tantalus
‘conglomerates overlie the Laberge beds which are only known to
belong to either the Jurassic or Cretaceous, the Tantalus conglomer--
ates are also included in the Jura-Cretaceous.

These conglomerates occur in Lewes and Nordenskisld Rivers
coal area, and have been described by the writer in the report on
that district. The name ¢ Tantalus conglomerates’ was there first
employed, and was adopted because the coals of the Tantalus mine
occur in these beds. These rocks are also described in the writer’s
report on a portion of Conrad and Whitehorse Mining districts,
where they were included in the Tutshi series.

Chieftain Hill Volcanies.

DISTRIBUTION.

The Chieftain Hill voleanics occur chiefly in the western portion
of the district, though a few small areas-occur in the eastern part.
The largest single occurrence covers the greater part of Cirgue moun-
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tain and some of the adjoining hills to the south, and was not traced
1o its limits toward the west or north. The area has a very irregular
form, and, as far as explored, has an average diameter of about 23
miles.

The rocks belonging to the Chieftain Hill volcanics also out-
crop over a considerable portion of the eastern face of Chieftain hill,
and a narrow strip extends along its southern edge. A long, narrow,
easterly-trending belt extends along the top of Carbon hill, and
continues part way over the western face of the hill toward Wheaton
river. This belt is about 8 miles long, and ranges in width from 100
to 4,000 feet. The occurrences on Chieftain and Carbon hills are
interesting, because in them a number of the antimony-silver veins
occur. All of these areas include infrusive and extrusive andesitic
rocks as well as tufaceous accumulations.

The round top of Idaho hill consists of andesitic tuffs and
breccias, and adjoining these to the east and north is an occurrence
of intrusive andesites. The combined area is about 4,000 feet long
and 2,000 to 8,000 feet wide. )

Beds of andesitic tuffs also form the top of one of the small
southern summits of Mt. Stevens. This area is about 1,500 feet long
by 500 feet wide.

Other small areas of tuffs occur, as on the northeastern spur of
Mt. Anderson, and on a low ridge forming the southeastern point of
Johnson hill. Also on the western face of Mt. Bell a small area of
red, iron-stained intrusive andesites occurs. Dykes of these rocks
occur very plentifully throughout the district, but are generally only
5 to 25 feet in width—too small to be shown on the geological map
accompanying this report.

LITHOLOGICAL CHARACTERS.

Macroscopic.—The Chieftain Hill volcanics are mainly miea-,
hornblende-, and augite-andesites, and andesitic tuffs and breccias.
They vary considerably in appearance and composition, showing
many shades of red, blue, green, and brown, but generally have a
typical andesitic habit. A distinet porphyritic structure is prevail-
ingly noticeable, and phenocrysts of feldspar are generally visible,
while those of hornblende and biotite frequently occur. Some augite-
andesites occurring in Chieftain gulch and elsewhere, however, are
dark greenish, dense, finely textured rocks, in which none of the
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mineral constituents are discernible, and in. which phenocrysts do
not appear. These closely resemble basalts both in appearance and
composition. Rocks with a dense, aphanitic, reddish, greyish, or
greenish groundmass, in which well formed plagioclages are sbundant,
are the commonest types.

In some places, as on the eastern slope of Cirque mountain,
flow-structures are well preserved in, generally, reddish to reddish-
brown, finely textured andesites. The andesites also occasionally
contain a great amount of pyrite and other iron ores which oxidize,
causing the formation of limonite and giving the rocks a distinct
reddish to reddish-brown appearance. Omn the west face of Carbon
hill, and on the southwest side of Mt. Bell, in particular, bright red
areas occur, which are distinguishable for long distances. In these
places the andesites have contained a considerable quantity of
pyrite which has oxidized and has been ‘influential in causing the
alteration of the other rock components, so that at the surface the
rocks are so weathered that it is difficult to find a specimen suffi-
ciently fresh for identification.

Twuffs and breccias are of wide-spread occurrence, and vary in
texture from microscopic tuffs, o coarser rocks in which individual
masses several feet in diameter are found. These clastics consist
mainly of andesitic materials, but in many places contain a con-
siderable admixzture of foreign matter. Where the tufaceous frag-
ments fell on surfaces covered with erosion products, the resulting
clastics contain boulders and pieces of whatever materials were
exposed on the old surface. For instance, ashes, lapilli, ete., were
showered over the eroded granitic rocks now seen on the eastern
face of Cirque mountain, and there, consequently, are mixed with
a great number of grano-diorite boulders and particles, as well as
with other rock debris.

In other places the fragmental materials fell upon an andesitic
surface, and in such cases the resulting rocks contain no foreign
matter. In still other places, as on Idaho hill and Mt. Stevens,
the ashes, lapilli, etc.,, must have fallen into the water, as they
contain a considerable admixture of sedimentary materials. These
tufaceous rocks are occasionally roughly bedded, but generally show
no planes of deposition.

Microscopic—When examined under the microscope the ande-
sites are seen to have a considerable range in structure and mineral-
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ogical composition, but consist chiefly of plagioclase, occasional
orthoclase, hornblende, biotite, and diopside. The plagioclase is the
chief component of the rocks and occurs always in both generations.
The phenoecrysts are predominantly labradorite, but range from
andesine to bytownite, and are generally in large well formed crystals
that are twinned according to the albite and, frequently, the Carls-
bad and pericline laws as well. Zonal structures are also plentiful.
In the mica-, and hornblende-andesites, the plagioclases are generally
megascopically quite large, but in some places augite-andesites occur
in which they are only microscopically discernible. An acid plagio-
clase is always present in the groundmass of the rocks, and is pre-
vailingly andesine, but oligoclase and labradorite occur. Orthoclase
also ooccasionally occurs in large, well defined phenocrysts, and is
frequently present in the groundmass. Microperthite was noted in
a few specimens, but is not at all characteristic of these rocks.

Both common green hornblende and brown basaltic hornblende
frequently occur; but of the two the green variety is the more often
encountered. They occur in both generations, and may or may not
be associated with biotite, but were nowhere seen in the same speci-
men with diopside. Brown biotite, which is probably quite as gener-
ally distributed in these rocks as the hornblende, is occasionally the
only ferro-magnesian mineral present, and exists in both the first
and second generation. The pyrozene present in these rocks is
always a colourless, or nearly colourless, diopside, and, although it
forims quite distinct phenocrysts, these are seldom of sufficient size
to be seen with the naked eye. When present, this is generally the
only ferro-magnesian mineral in the rock, but brown biotite occa-
sionally occurs associated with it. Olivine also was noted in a few
specimens of augite andesites. As accessories, magnetite is always
present, and frequently occurs peppered all through the groundmass.
Pyrite is also at times abundant, but is not as universally present as
the magnetite. Zircon and apatite are also common accessory
minerals.

Many of the minerals are frequently much altered, and the
plagioclase, hornblende, and diopside are always to some degree
affected. The plagioclase is changed mainly to calcite and epidote,
and, in some cases, is almost entirely replaced by these. The horn-
blende alters mainly either to chlorite and epidote, or chlorite, cal-
cite, and quartz. The diopside is transformed chiefly to chlorite
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which generally commences at the periphery of the ecrystals, and
frequently continues until the whole mineral is replaced. These
processes result in altering considerable portions of these rocks, in
places, to masses chiefly of chlorite, epidote, and calcite.

In structure, the rocks are always porphyritic, and the pheno-
crysts, which have been described, are generally fairly abundant, so
that the fabric might be described as predominantly dopatic to sem-
patic The groundmass varies considerably and ranges from
hypohyaline, or partly glassy, to holocrystalline, but is rarely coarser
than microcrystalline. Pilotaxitic structures are very characteristic®
of the groundmass, and in such cases the feldspars have somewhat
the appearance of a number of small shoe-pegs irregularly distributed,
and filled in between with, chiefly, augite prismoids, and iron ore
gr'ains. At times a certain amount of brownish glass is also present,
and in such instances, the structures are referred to as hyalopilitic.
In a few places, andesites also occur having a microgranitic ground-
mass which consists chiefly of plagioclase, orthoclase, guartz, and
biotite. In the hypophyaline groundmasses, spherulites are fre-
quently present, and, at times, occur in bands or layers exhibiting
flow-structures.

The tuffs and breccias, as mentioned previously, at times contain
a considerable amount of foreign material, and, in places, embrace
more or less sedimentary matter. However, they generally chiefly
consist of andesitic particles embedded in a fine-grained, often dense
and partly glassy, groundmass.

’

ORIGIN.

The andesites have apparently come to the surface through
fissures, and have overflowed from these openings and covered exten-
sive tracts. Numerous dykes of these materials are found, and in a
few places, as in Chieftain gulch on Chieftain hill, fissures filled
with them can be seen penetrating the older granodiorites, and
extending upward to great masses of similar andesites that have
flowed from these fissures. It is probable, however, that these lavas
flowed chiefly from certain portions of these fissures, and did not
pour out uniformly along them. This is indicated by the. distribu-
tion of these rocks, which is somewhat localized.

1Cross, Whitman, Iddingé, J. P., Pirsson, L. V., Washington, H. 8.— The tex
ture of igneous rocks’’: Jour. of Geol. , Vol. XIV, No. 8, Nov.-Dec., 1906,
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Explosive forces sent great showers of ashes, lapilli, ete., into
the air, and these fell back under various conditions, and gave rise
to the various tuffs and breccias deseribed above.

AGE AND CORRELATION.

The majority of these voleanics, at least, are more recent than
all the Jura-Cretaceous sediments, but these sedimentary beds are
more or less tufaceous in places, as on Idaho hill, and much resemble
the Chieftain Hill clastics. In fact some of the Chieftain Hill
breccias on Carbon and Chieftain hills, so much resemble some of
the tuffs and arkoses of the Laberge series, that these rocks are diffi-
cult to distinguish. Tt thus seems quite possible that the Chieftain
Hill period of vulcanism may have commenced during the existence
of the Jura-Cretaceous sea in Wheaton district.

The Chieftain Hill voleanics are cut by the Carmack basalts
and Wheaton River volcanies, and so are older than these; their
age is, therefore, Cretaceous or early Tertiary.

These rocks correspond, apparently, to the Hutshi group and
Schwatka andesites of Braeburn-Kynocks, and Tantalus coal areas.

There the Schwatka andesites include mica-, and hornblende-ande-
sites, and the Hutshi group includes chiefly augite-andesites. How-

ever, the lithological peculiarities which served to distinguish these
two types of rocks to the mnorth, do not exist in Wheaton
district, where the new name ¢ Chieftain Hill volecanics’ is used to
include all these andesitic materials.

The andesitic rocks in a general way also correspond to the
Windy Arm series, as described in the writer’s report on Conrad
Mining district, but the Windy Arm series includes a number of
tuffs which in Wheaton distriet are considered as more properly
classed with the sedimentary rocks, and are placed in the Laberge
series.

Carmack Basalts,
DISTRIBUTION.

The Carmack basalts, although extensive in other portions of
Yukon territory, are represented in Wheaton district by only a few
scattered dykes that are generally too narrow to be shown on the
geological map. The most important dykes occur on the eastern
face of Chieftain hill and on the western face of Carbon hill.

.



Prare XIIL.

Looking in a southwesterly direction across Wheaton River valley toward the
eastern face of Chieftain hill on which the Morning and Evening antimony-
silver vein occurs.
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LITHOLOGICAL CHARACTERS.
®

These basalts, in Wheaton district, are usually compact, dark
greyish to reddish-brown rocks which are generally megascopically
aphanitic, though occasionally augite can be distinguished in them
with the unaided eye.

Microscopically, they are seen to be porphyritic rocks in which
the groundmass generally consists of a mixture of variable quanti-
ties of augite, plagioclase, and iron ore, and in most cases, is typically
pilotaxitic in texture. Occasionally, a certain amount of brownish
glass is present, causing the fabric of the groundmass to become
hyalopilitic. The phenocrysts are chiefly bytownite and augite, with
olivine in subordinate amounts. The chief alteration products are
calcite and chlorite.

ORIGIN.

In a number of districts in Yukon territory these basalts form
extensive flows. The famous Miles canyon, in Whitehorse district,
has been cut by Lewes river in one such occurrence; also these
basalts and associated tuffs are among the most promingnt rocks in
Tantalus coal area.

However, in Wheaton district the Carmack basalts are only
represented by a few narrow dykes, generally less than 15 feet
wide. In one place on Vesuvius hill, however, a small area, perhaps
6 feet square, was seen which appeared to be a portion of a large
body of these rocks underlying the Wheaton River tuffs. .

AGE AND CORRELATION.

These rocks have been studied in several parts of Yukon terri-
tory, and everywhere the evidence indicates that they are of late
Tertiary or Pleistocene age. In Wheaton district they cut the Chief-
tain Hill voleanics, and are in turn intersected by the Wheaton
River rocks, conditions consistent with a late Tertiary origin.

These rocks have been described in the writer’s report on the
Braeburn-Kynocks, and Tantalus, coal areas, where the name Car-
mack basalts was first used, and also in the report on a portion of the
Conrad and thtehorse Mining districts, under ¢ Scoria and Basalt.’
McConnell has also described these rocks in the Whitehorse district,
under the name ‘ Basalt. |

22286—5
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Klusha Intrusives.
L]
DISTRIBUTION.

The Klusha intrusives are found only in the eastern half of
Wheaton district, and, with one exception, occur as dykes. What
appears to be a small stock outerops on the eastern spur of
Mt. Perkins,-and has an exposed diameter of 1,500 feet, but may be
much larger, as the bed-rock is there extensively covered by super-
ficial deposits. )

The dykes are generally from 10 to 50 feet in width, and so are
often too narrow to be shown on the accompanying map. One dyke
about 700 feet wide occurs on the eastern face of the hill situated
between Mt. Perkins and Mt. Pugh; and numbers of smaller ones
outcrop on the same hiil as well as on Mt. Pubg, Mt. Perkins,
Wheaton mountain, and elsewhere.

LITHOLOGICAL CHARACTERS.

The Klusha intrusives are granite-porphyries that are prevail-
ingly greyish in colour and of a coarsely granular habit, so that all
the principal mineral-components are distinctly discernible with the
unaided eye. Under the microscope the rocks are seen to possess a
holocrystalline, porphyritic structure, and to consist of a micro-
granitic or micropegmatitic, quartz-feldspar groundmass, in which
alkali feldspar and lime-alkali feldspar phenocrysts are plentiful,
and in which biotite and hornblende commonly occur.

+  The feldspars are mainly orthoclase and microcline, which occur
in about equal amounts, and are in most cases only slightly altered;
but a certain amount of transformation to muscovite, and occasion-
ally to kaolin, has generally occurred. The orthoclase shows frequent
Carlsbad twinning. In addition to these alkali feldspars, minor
amounts of an acid plagioclase are always present, prevailingly
andesine, although albite and oligoclase may be found. These occur
mainly in the first generation, and exist as large well formed pheno-
crysts which are twinned according to the albite, and frequently
according to Carlsbad law as well, and are changed chiefly to epi-
dote, calcite, and quartz, and also in a small degree to muscovite.
Brown biotite also frequently occurs in both generatioms, and is
generally much altered to chlorite. Common green hornblende is
the only other ferro-magnesium mineral that has been found in
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these rocks, and it is less common than the biotite, and alters mainly
to chlorite, calcite, and quartz. Accessory apatite and zircon are
often present. These rocks are thus either hornblende granite-
porphyries, or mica granite-porphyries.

The groundmass is generally microgranitic, but a sample from
a narrow dyke, near the summit of Mt. Follé, showed micropeg-
matitie, quartz-feldspar intergrowths.

OCCURRENCE.

These rocks have been identified at numerous points in Yukon
territory, and always occur as small stocks or dykes. In the eastern
part of Wheaton district a number of dykes occur, generally from
30 to 50 feet in width, and at the eastern spur of Mt. Perkins a body
outcropping with a diameter of 1,500 feet was found piercing the
Laberge beds, and.appears to be the top of a stock from which the
overlying sediments are being gradually removed.

AGE AND CORRELATION.

The Klusha intrusives are very recent and may, with the excep-
tion of the unconsolidated Quaternary materials, be the newest rocks
in Wheaton district. Whether they are older or newer than the
- Carmack basalts is not known but, since they are so nearly related
to the Wheaton River rhyolites, and differ from these chiefly only
in texture, as explained later, it is thought that both may really
belong to the same period of igneous activity. If so, the Klusha
rocks are more recent than the basalts; but in any case are of late
Tertiary, and possibly of Pleistocene age.

The name Klusha intrusives was first employed in the Braeburn-
Kynocks coal area, to represent a series of syenite-porphyries,
that much resemble the granite-porphyries of Wheaton district.
Similar rocks have also been described in the writer’s report on a
portion of Conrad and Whitehorse Mining districts, under the namo
¢ Granite Porphyry,” and in that district were found to grade from
granite into syenite-porphyries without any marked difference in
their general appearance; merely a decrease in the amount of quartz
-occurred.

299865}



68 GEOLOGICAL SURVEY, CANADA

Wheaton River Voleanies.
DISTRIBUTION.

These rocks outcrop extensively in the western part of Wheaton
district, and one important area occurs in the eastern portion. They
cover practically the entire top of Chieftain hill, and extend over
a’l the adjoining mountain to the west, thus including an area over
6 miles long and from 1 to 24 miles wide. They also extend to the
west considerably beyond the western boundary of the district
mapped.

Another large area which is probably connected, under the
Quaternary deposits, with the one just mentioned, includes all Vesu-
vius hill and a portion of the adjoining hill to the east. This area
has an average diameter of about 2% miles.

Small areas less than one-half mile in diameter occur on McNeil
hill and Cirque mountain.

An irregular area about 2 miles long and from 6,000 to 3,000
feet wide also occurs on the eastern portion of Carbon hill and on
the adjoining hills to the-west.

A large outerop of these rocks also occurs adjoining, and to the
west of Dail creek, and between it and Mt. Follé. This area is very
irregular in outline, and cccupies about 2 square miles.

Numerous small outcrops of these rocks occur particularly in
the western part of the district, and dykes are very plentiful in many
places. On the ridge just to the east of the mouth of Dail creek
dykes of these Wheaton River volecanics are so abundant as, in
places, to constitute about half of the formations.

LITHOLOGICAL CHARACTERS.

Macroscopic—The Wheaton River voleanics include .rhyolites,
and rhyolitic tuffs and breccias, which are light coloured, felsophyric
rocks, i.e., they have a megascopically aphanitic groundmass. In
places these rocks contain considerable pyrite which oxidizes to
limonite and gives them a bright red to brownish or yellowish red
appearance. Where the rhyolites are not iron-stained, they are pre-
vailingly nearly white to light grey in colour. The tuffs are, at
times, distinetly bedded or banded, and as the different layers
contain varying amounts of ironm, hills, like Vesuvius hill, on which
these rocks occur, have in places a bright varicoloured appearance.
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The rhyolites have always a felsophyric groundmass in which
phenocrysts of quartz, orthoclase, and plagioclase occur. The quartz
exists frequently in distinct dihexahedrons which are as much as one-
thirty-second of an inch in diameter. Well formed megaphenocrysts
of orthoclase and plagioclase also occur, but those of the alkali
feldspar are nauch the more plentiful. The rocks when considered
as _to their relative amounts of phenocrysts and groundmass might
be described as varying from perpatic, or those extremely rich in
groundmass, to dopatie, in which the groundmass is dominant.

The tuffs and breccias consist chiefly of fragments of rhyolitic
materials, which vary in size from microscopic to several inches in
diameter. These rhyolitic clastics contain considerable amounts of
foreign materials, particularly where they are found overlying older
rocks. On the hill to the east of and adjoining Vesuvius hill, near
the contact of the tuffs with the Jurassic granodiorites, the clastics
contain large boulders and fragments of granite, andesite, schist,
etc., some of them several feet in diameter, showing that the tuffs
were showered over a land surface covered with these erosion pro-
ducts.

In places the rhyolites, as well as the tuffs, show distinet flow-
structures, which are strongly emphasized by weatherihg. The
weathering agencies are enabled to accentuate the original somewhat
banded flow-structures, largely owing to two factors: first, the
different layers contain varying amounts of iron; second, the amor-
phous, glassy bands have more retained potential energy than those
that have given up energy in crystallizing, and are, therefore,
chemically the more active, and weather more readily. These two
factors give rise to fine red bands that correspond to the original
flow-structures in the rocks.

In many places, as on Vesuvius hill, the tuffs in particular
weather with extreme rapidity to, chiefly, kaolin and limonite, so
that it is almost impossible to obtain a specimen the identity of
which is recognizable. In such places, the hillsides are so deeply
covered with talus, which is predominantly of tabular form, that to
climb the slopes becomes very difficult.

Microscopic.—Microscopically, the rhyolites are seen to always
have a porphyritic structure, the phenocrysts being generally mega-
scopie. Onrthoclase is considerably the most abundant mineral of the
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first generation, and occurs in large idiomorphic forms which often
exhibit Carlsbad twinning, and are frequently considerably altered
to muscovite. Quartz exists mainly in six-sided and four-sided
crystals, which often show considerable corrosion. Large acid
plagioclase individuals occasionally are seen, and are generally much
altered to kaolin and quartz. Accessory iron ores are also commonly
present, and apatite and zircon occur.’ .

The groundmass is generally holocrystalline, although in some
instances it is hypohyaline, and might then be described as ranging
from percrystalline (extremely crystalline with some glass) to
docrystalline (dominantly ecrystalline). A micropegmatitic fabric is
the most characteristic of these groundmasses, and beautiful inter-
growths of quartz and feldspar are seen, representing the crystal-
lization of eutectic mixtures of these minerals. Microgranitic
fabries also occur, but are less common than the micropegmatitic.
In such cases, the groundmass is holocrystalline granular, and con-
sists chiefly of quartz and alkali feldspar. In the hypohyaline
varieties, more or less devitrified spherulites commonly occur, and
are often in bands or layers parallel to the original flow-structures.
In other cases, the glass is more or less evenly distributed through-
out the groundmass.

The clastic rocks are seen to consist chiefly of rhyolite fragments
which frequently exhibit typical conchoidal fractures, and, at times,
are definitely the broken or exploded portions of vesicular masses
of rhyolitic lavas. In places these rocks contain fragments of ande-
site, granitic rocks, etc., which occur associated with the other
materials. A considerable amount of partly devitrified glass also
oceurs in them, both as matrix and as fragments.

ORIGIN.

The Wheaton River volcanics occur mainly as dykes, volcanic
necks, surface flows, and tufaceous accumulations. The flows are
often less than 10 feet thick, but are at times considerably more;
and appear to have come chiefly from the fissures which occur plenti-
fully on Chieftain and Carbon hills, and from which thin streams
of liquid rhyolites poured forth.

A small voleanic neck is cut by the ereek which runs along the
north side of Mt. Bell. This intrusive area appears to be about
4,000 feet in diameter, and lavas and associated tufaceous materials
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have spread over the surrounding surface for some distance. A
somewhat similar, but irregularly shaped plug occurs between Dail
creek and Mt. Follé, and connected with it are a great number of
dykes, only a very small portion of which can be shown on the
accompanying geological map.

All the observations made in this district go to show, that
although the great bulk of the lavas of the Wheaton River series
have come from fissures, the outpourings have been from localized
points, and have not been evenly distributed along any considerable
portions of the fissures.

A roughly circular crater occurs on the summit of Vesuvius
kill, but the materials derived from it are mainly the tuffs and
breccias, which compose the greater part of the hill, and are gener-
ally roughly bedded. .

The occurrence on McNeil hill differs from all the others
encountered. What appears to be really a stock, that measured at
the level of Wheaton river is 2,500 feet wide, cuts through the
Jurassic granitic rocks. If this body of rhyolite originally reached
the surface it would have probably overflowed, but no indications
that it did so were discovered. Toward the summit of the mountain,
about one-third of the rhyolite is still capped by a thin cover of
granitic materials, and in all probability the whole mass was origin-
ally so covered.

The tuffs are much thicker than the true flows, and on Chief-
tain hill, Cirque mouptain, and Vesuvius hill are from 100 to at
least 1,000 feet in thickness. These, to a great extent, appear to
have come from Vesuvius hill, but are also to some extent apparently
derived from the hills on which they occur.

AGE.

The Wheaton River volcanies are the most recent consolidated
rocks in the district, except possibly the Klusha granite-porphyries.
There is no decided evidence in the district to show which of the
two is the older, but since they are of almost identical composition,
and differ chiefly in fexture, it is most probable that they are nearly,
if not quite, synchronous.

The Wheaton River volcanics came to the surface before the
glacial period, but after the district had reached almost its present
state of topographical development, and the lava-streams of this
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time, except in the valleys, have since been but slightly eroded; so
that in places, as on the eastern portion of Carbon hill, the original
form of the flows is still well preserved. These voleanics are thus of
late Tertiary, or Pleistocene age.

Quaternary.
DISTRIBUTION.

Corwin valley and Wheaton River valley, within the limits of
Wheaton district, are floored with Pleistocene deposits, the
thicknesses of which can only be surmised, as they have nowhere
been penetrated to the underlying bed-rock., Terrace exposures
in adjoining districts indicate, however, that these materials may
be several hundred feet thick. Great thicknesses of these
deposits also occur in the valleys of Fenwick creek; of Summit
creek between Cirque mountain and Vesuvius hill; and of the lower
portions of others of the larger streams tributary to Wheaton river,
such as Becker, Berney, Thompson, and Partridge creeks. Pleisto-
cene materials occur, in addition, along the lower portions of the
walls of Corwin valley, Wheaton River valley, and the lower parts
of some of the larger tributary valleys. Terraces composed partly of
lateral moraine accumulations occur along Corwin valley, Wheaton
River valley, and the valleys of Partridge, Becker, and Fenwick
ereeks, up to heights of 700 or 800 feet above the elevation of the
Wheaton river at the nearest point. Occasional boulders and minor
amounts of Pleistocene deposits occur even on the plateau-surface.

A thin mantle of Recent material covers the surface of the
district nearly everywhere, except on steep slopes and escarpments.

On the geological map accompanying this report the colour
representing Quaternary is used only where the nature of the under-
lying bed-rock is uncertain, so that the areas coloured Quaternary
are really those where the main Pleistocene deposits occur, as the
Recent materials are rarely sufficiently thick or extensive to conceal
to any extent the pre-Quaternary formations.

LITHOLOGICAL CHARACTERS.

The Pleistocene and Recent terranes of the district are litho-
logically in many places nearly identical, and sometimes grade into
each other so that, in most cases, they are not differentiated but are
regarded as a stratigraphic unit.
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The Pleistocene deposits in Wheaton distriet consist chiefly of
gravels, sands, and boulder-clays, and as these have been only very
slightly dissected, in most places cross-sections of them are almost

lacking; generally only the surfaces of these materials are to be
" seen and they are, in many cases, nearly as the ice left them. The
present master-valleys are floored with materials whose visible
surfaces consist chiefly of sands and fine gravels which are eross-
bedded and show every indication of having been deposited in swift
water. The moraines, which are abundant in Corwin valley espe-
cially, consist of unsorted sands and gravels. Boulder-clay probably
occurs associated with and underlying the other materials in most
places in the main valleys, but was nowhere seen in this distriet.

The Recent deposits are composed of the fluvial, and littoral
sands, gravels, and silts of the present waterways, ground-ice, peat,
muck, volecanic ash, and soil. The sands, gravels, and silts are
exposed along the present streams and lakes, and the ground-ice is
practically everywhere present a few inches or a few feet beneath
the surface. Peat and muck occur mainly around the lakes, as these
occupy imperfectly drained portions of the valleys, and are favour-
able localities for such accumulations. The partly frozen peat,
muck, etc., overlying frozen materials, such as occur around Annie
lake, and on which shrubbery may or may not be present, constitute
the tundra of the district. This covers a considerable area in the
upper portions of Corwin, Summit Creek, and Hodnett Lakes valley.
‘A thin layer of soil forms the uppermost geological deposit in the
valleys and on some of the level portions of the upland.

A peculiar feature of southern Yukon is a layer of volcanic ash
or pumiceous sand. This material has been noticed as far south as
Lake Bennett, where it is about one inch thick, but it increases in
thickness to the north and west, until at a distance of 200 miles it
is 2 feet thick. It is calculated that this ash covers about 25,000
square miles and has a volume of at least one cubic mile. It is
remarkably homogeneous and of more recent age than the silts
which are the latest of the glacial deposits. In fact, this ash has
fallen since the present waterways cut their courses to approximately
their present depths, and the trees and vegetation are rooted in it.
From its very even distribution, it would appear to have fallen very
tranquilly, somewhat like snow, and to have all come at one time,
as in it, as originally deposited, no intercalated'layers' of foreign
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materials exist. It is occasionally, however, found somewhat mixed
with other surface deposits, where it has been washed from the hill-
gides into the valleys below. Mt. Wrangel is the nearest known
voleano at present active, and the ashes appear to increase in that
direction; it seems probable, therefore, that it came either from that
mountain or from some yet undiscovered, or now extinct, voleano in
the vicinity. In Wheaton district this material is from 1% to 3
inches thick, and is thickest in the northern and western parts of
the area.

STRUCTURAL GEOLOGY.
General.

A study of the structural geology of Wheaton district resolves
itself, for the greater part, into a consideration of the relations of
the Jurassic granitic rocks to the other geological terranes. Sedi-
mentary rocks are preserved over only a relatively small portion of
" the district, and their structures, as shown by the geological map
and sections accompanying this report, are quite simple. The
igneous materials of more recent date than the Jurassic plutonics
are the ordinary types of andesitic, rhyolitic, and basaltic voleanics
to be seen in many distriets, and their structural relations have been
discussed undre ¢ General Geology’ in connexion with their detailed
descriptions. This section on structural geology, in which only the
general structural relations of the district are intended to be con-
sidered, will, therefore, treat mainly of faulting and of the invasion
of the granitic batholith which underlies the entire district, and
outcrops over the greater part of it.

The Granitic Batholith.

Wheaton district is situated along the eastern edge of the great
Coast Range batholith,” and thus furnishes a favourable position in
which to observe the relations of the granitic intrusives to the in-
vaded materials, as in spite of erosion considerable portions of these
still remain. In the eastern half of the area, remnants of the roof
of the batholith are still to be found, and two huge walls separating
subjacent portions of this great igneous mass, as well as numerous
inclusions, still exist.

Farther west the older rocks do not occur, as the intrusives have
risen considerably higher along the central portions of the batholith
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than at its margin, and in such places erosive agencies have worn
sufficiently deep into the granitic body to have removed all portions
of the older materials which originally existed as roof, projections,
and inclusives. )

A study of the Coast Range batholith at various points in
British Columbia, Alaska, and Yukon, as well as investigations of
other granitic batholiths in the Cordillera of western North America,
have tended to show that in no case, so far as known, did these
intrusive bodies rise to the surface, but in all instances cooled under
a cover of older rocks. In places the existence of the roofs has been
definitely proven, and their thicknesses have been estimated to with-
in a few hundred feet.' In Wheaton district in no instance have
any remains of synchronous extrusives been discovered, and some
quite distinet roof-fragments still exist (see section C-C, in back of
this report), which apparently are portions of a cover that originally
completely roofed the intrusives. There thus appears to be little
doubt that these granitic materials cooled beneath older rocks.

The manner in which the invading materials attacked the over-
lying formations is also well exhibited in this district (see sections
A-A, B-B, and C-C, in back of this report). Two long, relatively
narrow walls of pre-Jurassic rocks occur in the batholith, and trend
parallel to its eastern margin. These have been incised by Wheaton
River valley to a depth of over 8,000 feet, and at the valley floor are
practically the same width as at their highest points. The granitic
rocks have been injected upwards between these walls in the form of
a huge dyke having an average width, for over 12 miles, of about
8,000 feet. At a number of points in the district small, irregularly
shaped patches of older rocks were noted, which since they outcrop
at all elevations cannot represent portions of the roof, but are inclu-
sions that have become involved in the granitic magma. It would
appear thus that the invading magma intruded the overlying rocks
in the form of great tongues, dykes, ete., from which were given off
smaller branching portions which penetrated the older materials to
a considerable degree in some places. This is well seen in the case
of the inclusions, in which a number of dykes can generally be
found.

18Smith, G. O, and Mendenhall, W. C.—**Tertiary granite in the northern Cas-
cades’’: Bull. Geol. S8oc. America, Vol. I, 1900, pp. 223-230. .

Barrell, Joseph—*‘Geology of the Marysville mining district, Mont."”: Prof.
Paper, No. 57, U. 8. Geol. Surv., pp. 167-173.
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However, the minute interfingering of magma and older rock,
that is to be seen in connexion with the Pre-Cambrian batholiths of
the Laurentian area in Canada and elsewhere, and in the Pal®ozoic
batholiths of the New England states and other districts, is not
here found. Further, the invaded rocks have apparently received no
additions from the magma except in the form of distinet dykes, sills,
and other forms of considerable size. No granitization is apparent,
i.e., the addition of chiefly feldspar and quartz, minutely introduced
along an infinite number of irregular spaces, has not been a feature
of the batholithic invasion here, as in the cases just mentioned. The
only apparent effect that the granitic magma has had on its walls is
to cause a recrystallization of materials to some extent, and thus
give them a denser texture. Even this metamorphism extends only a
few feet from the intrusive border. That a certain amount of marginal
agsimilation occurred seems evident by the fact that the granites for
a short distance from the contacts with the darker rocks, particularly
the andesites, have an increasingly darker appearance as the wall is
approached, until at the contact all are often a dark green colour.
It is not thought, however, that this process has been operative to
any great extent, as 20 or 30 feet away from the contact the com-
position of the batholith appears to have been unaffected by its
walls. However, to definitely decide the extent to which assimila-
tion has been effective, a large number of rock analyses would require -
to be made, which has not been done for this distriet.

The method of mechanical batholithic invasion that has been
mainly effective here appears to have been that of the breaking away
of blocks from the roof, and their sinking in the intrusive magma
which probably rose as they sank to fill the places they had occupied.
That this process is not only a possible one, but one that has in all
probability been chiefly operative in the case of the majority, at
least, of the batholiths of western North America, has been shown by
Daly, Barrell,' and others. Daly® has shown that blocks of an
average rock sink in a magma of average composition, owing to its
temperature and consequent less density. Accordingly in this dis-
trict, as the intrusive has about an average composition and as the
walls are, in most cases at least, decidedly more basic, these would
readily sink.

10p. cit.
2Daly, R. A.—*The mechanics of igneous intrusion'’: Amer. Jour. Soc., Vol. XV,
Apr., 1903, pp. 269-299.
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The walls of the batholith may have been to some extent forced
apart by the pressure exerted by the invading materials upon them,
but it is not considered that, this has been an extensive factor in
the invasion process, because the batholith-is 30 to 40 milés wide
and, as stated above, a cover is believed to have remained over the
magma until it had cooled, which could hardly be conceived as
possible if its walls were forced apart such great distances. The
absence of all foliation and mashing in the portions of the roof that
still remain also tends strongly to show that no such lateral force
has been operative. It is thus apparent, at least, that the granitie
magma must be now occupying the space that originally contained
other rocks, and since these have apparently not been forced apart,
they must have been removed either upward or downward. There
is no evidence that they were belched out on the surface, in faect,
none could have been if the batholith cover was preserved. There-
fore, they appear to have sunk in the magma, and to have been
broken from the roof by the process of overhead-stoping, which
answers all the requirements of the field of observations in this
district.

Faulting.

Numbers of faults of considerable displacement may occur in
this district, but where these intersect only the massive igneous
rocks at the surface their presence is difficult to detect, and the
amount of their movement cannot be measured. Thus only one
prominent break has been identified, and this is recognizable since
it intersects sedimentary rocks. This fault has been traced from
Wheaton River valley on the east side of Mt. Stevens, in a north-
westerly direction to Red ridge, a distance of nearly 10 miles, and it
may extend considerably farther beyond the northern edge of the
distriet mapped. .

The amount of the displacement along the eastern sides of Whea-
ton and Stevens moumtains cannot be measured, as there, grano-
diorites are in contact with andesites, and both are massive materials.
However, to the north of Wheaton river the displacement is at least
as much as 5,000 to 6,000 feet on Mt. Bush and Mt. Follé, as the
upper members of the Tantalus conglomerates are brought into con-
tact with the Perkins group, showing a movement at least equal in
amount to the combined thickness of the Laberge,. and Tantalus
beds.
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The fault is of the normal type, i.e., the hanging-wall moved
downward in relation to the foot-wall, and it is inclined to the north-
east at angles varying from 45° to nearly 90°.

An interesting feature in connexion with this great break is
that its location appears to have been decidedly influenced by the
position of the contact between the andesitic rocks and the granitic
intrusives. The andesites, as above explained, project as a great wall
down into the granitic batholith, and it is the eastern face of this
wall that appears to have controlled to some extent the location of
the fault-plane.

Explanation of Geologic Sections.

Observations in the field necessarily reveal conditions only at
the actual surface, but a compilation of all the data that can be
obtained, combined with general geological experience, allows of
inferences being made concerning the general relations of the forma-
tions underground, which approach almost to the degree of certainty
obtained by observation. Thus, in spite of their inferential char-
acter, geologic cross-sections of a region are of great value as show-
ing the relations of the various formations to each other, and their
probable structure. The sections shown in the geological map
accompanying this report are constructed from the ideas of geologic
relationship and structure developed in the preceding discussion, but
a few points may here be worthy of mention .in way of review and
explanation.

COross-sections B-B and C-C show several inclusions in the
granitic mass underground. These are, of course, not known to
exist in the actual position shown, but since similar small bodies are
found scattered over the surface at all elevations, it is only reason-
able to assume that others occur under similar conditions beneath
the exposed portions of the batholith.

Cross-section B-B shows an irregular apophyse of the granitic
rock invading the andesites. The structure of this intrusive body is,
of course, conjectural, but surface observations show that the granitic
rocks have in many places invaded the older andesitic materials in
this fashion, and they thus very probably have here a form resembl-
ing that shown, which is, however, intended to represent a general
rather than a’specific attitude of the rocks toward one another.
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Cross-section A-A shows the granitic rocks underlying the in-
vaded andesites, and the roof is given a stepped form as if an angular
block had just been removed. As overhead stoping is believed to be
the chief method of mechanical batholithic invasion, such forms
would most naturally result.

Other similar explanations might be given, but these will prob-
ably be sufficient to make clear the object the writer has had in com-
piling these sections, viz., to present as clearly as possible his ideas
of the general structural relationship of the various formations. The
underground details as presented are only to convey an idea of the
general structure, rather than specific details.

HISTORICAL GEOLOGY.

The succession of geologic events in Wheaton district will now
be briefly reviewed, and in doing so, all the more important facts
concerning the structure and stratigraphy will be presented. The
matter is, of necessity, somewhat fragmentary, and the records of
long periods have been almost entirely destroyed; still a systematic
treatment of the available data may help to make more apparent the
many vicissitudes which the district has undergone.

The oldest records are contained in the Mt. Stevens group,
which are more poorly preserved in Wheaton district than in other
parts of Yukon and Alaska, to the north and west, so that appeal to
them there will be necessary to supplement the information that is
available here. The Mt. Stevens rocks only show that at an early
stage in the history of the district the bed-rock formation consisted
of quartzites, slates, argillites, and limestones, which were invaded
by granites, gabbros, rhyolites, andesites, diabases, etc. The relative
ages of these various members are but imperfectly revealed, as<all
are greatly metamorphosed, plicated, distorted, and eroded.

Similar terranes have been carefully studied in Yukon and
Alaska to the north and northwest of this district, py a number of
Canadian and United States geologists,' who have shown that in

llélt_[goConnell, R. G.—"Report on the Klondike Gold Fields’’: Geol. Surv., Can.,
pp. .

Spurr, J. E ——“The Geology of the Yukon gold district’’: 18th Ann. Rep. U. 8.
Geol. Surv. , pt. 3, 1900

Prmd e, L. M.—“Gold Placers of the Fortymile, Birch Creek, and Fairbanks
regions'': Bull. U, 8. Geol. Surv., No. 251.

Brooks A. H.—“Reconnaissance in Tanana and White River basins’: 20th Ann.
Rep. U. S. Geol. Surv., pt. 2, 1900.
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these districts thousands of feet of arenaceous and argillaceous
matter, followed also by great thicknesses of calcareous material,
were accumulated in lower Pal®ozoic times, and that vulcanism was
active during sedimentation. Silurian fossils® have been found in
the limestones which appear to be at the top of the series. There is
a possibility that the gneisses of the terrane may be Pre-Cambrian,
but this is not considered at all probable.

Throughout a great part, at least, of Yukon territory, sedimen-
tation is known to have been terminated in late Silurian or early
Devonian times by a wide-spread, dynamic revolution which caused
extensive deformation and metamorphism, and was accompanied by
considerable volcanic activity. The rocks of the Mt. Stevens group
may have received their schistose and erystalline character, and some
of the intrusives may have been injected at this time. However, the
records of this time are here sadly dimmed and time-worn, and it is
only actually known that these old rocks are Ilithologically very
similar to the lower Paleozoic rocks described elsewhere in Yukon
and Alaska, as mentioned above, and that they were highly meta-
morphosed and deformed, and to a great extent removed by erosion,
before they became invaded by the Jurassic granitic intrusives_.

Where the records are still legible, they show that at the close
of the Silurian disturbance a considerable area was above the sea,
and a long erosion interval ensued. Some time before the middle
Devonian, however, a great part of Yukon sank beneath the sea, and
at about that time vulcanism became active at a number of points.
The older members of the Perkins group may have then been in-
truded,

This sea-invasion, which commenced in Devonian time, con-
tinued at least well into the Carboniferous, and only 3 or 4 miles to
the east of the eastern edge of Wheaton district considerable thick-
nesses of Carboniferous? limestones exist, and 15 or 16 miles to the
east, several thousand feet of Devono-Carboniferous quartzites, .
cherts, slates, and limestones occur. However, if any of these sedi-
ments were deposited during this period in Wheaton distriet, they
were removed before the deposition of the Jura-Cretaceous beds, and
have left no traces of their former presence.

1Brooks, A. H.—““The Geography and Geology of Alaska’’: Prof Paper, No. 45,
U. 8. Geol. Surv., 1906, p. 264.

2The broad term Carboniferous, in this report, includes both the Mississippian
and Pennsylvanian formations and is used where the available information is too
indefinite to allow of a more exact name being employed.
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Since the time inferval between late Silurian and the beginning
of Jura-Cretaceous deposition is not represented by any sediments,
Wheaton district rﬁay thus have been a land area, subjected to ero-
sion and intermittent voleanic invasions throughout this entire time.
The andesitic mémbers and possibly also the pyroxenites and amphi-
bolites of the Perkins group, all of which are thought to be of upper
Paleozoic age, invaded the older rocks and buried them under flows
and tufaceous accumulations of considerable thickness.

A wide-spread disturbance in Jurassic and apparently in late
Jurassic time, interrupted all sedimentation over vast areas, includ-
ing the southwestern part of Yukon, and was accompanied by the
injection of vast amounts of igneous materials, including the great
batholith of the Coast range, the greatest in the history of Yukon
territory. A considerable area was above the sea at the close of this
disturbance, and, what was probably a short period of erosion, ensued.
This was followed by a gradual sinking of the land in Jura-Creta-
ceous time, which continued until an extensive land-mass, including
Wheaton district, was submerged.-

The materials that accumulated in this Jura-Cretaceous® sea in
Wheaton district were chiefly such as have produced, upon consoli-
dation, arkoses, tuffs, conglomerates, sandstones and shales. These
have a maximum thickness at present of possibly 6,000 feet, but a
great amount has been removed by erosion. In the extreme southern
portion of Yukon, the voleanics play a very important rdle, but these
gradually disappear toward the nortl, until at 100 miles north of
the 60th parallel the sediments include but little tufaceous matter.
In Tantalus coal area,” which is situated a few degrees to the west
of north, and 120 miles distant from the Big Bend of the Wheaton,
the Jura-Cretaceous conglomerates, sandstones, shales, etc., are at
least 5,000 feet thick at present, and have been extensively eroded.

This Jura-Cretaceous period was also characterized by volcanic
activity, as evidenced by the ash-beds and voleanic breccias found
intercalated with the normal sediments. These volcanics all appear

1The term Jura-Cretaceous is of necessity employed in this memoir. Numbers
of fogsils have been collected from different localities and persistent efforts have been
made to find others; nevertheless, the plant and animal remains so far collected,
have afforded but indefinite and unsatisfactory results, and the great accumulations
referred to are only known to be of upper Jurassic or Cretaceous age.

2Cairnes, D. D.—*'Preliminary memoir on the Lewes and Nordenskitld Rivers
coals(c)i_iggrict”: Geol. Survey Branch, Dept. of Mines, Canada, Memoir No. 5, 1910,
pp. .
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to be andesitic in character, and are, in places, accompanied by
andesitic flows. This vuleanism persisted until after sedimentation
was brought to a close, as dykes are found cutting all the Jura-Cre-
taceous beds. Great masses of andesites are also found in Tantalus
and Braeburn-Kynocks coal areas,’ 100 to 120 miles to the north-
east of Wheaton district, overlying eroded surfaces and edges of the
uppermost Jura-Cretaceous sediments.

This Jura-Cretaceous period of sedimentation was terminated
by a wide-spread deformation, at the close of which a considerable
area, including Wheaton district and the greater part at least of
southern Yukon, was above the sea. Degradation became active, and
from that time to the present no evidence has been obtained to show
that any portion of southwestern Yukon has been subjected to
marine conditions. The historic records in Wheaton district from
the time of the Jura-Cretaceous disturbance until the Pleistocene
are but few and indefinite, and show mainly that the Jura-Creta-
ceous beds were considerably deformed and metamorphosed, that
erosion continued until a nearly base-levelled surface was produced,
and that this surface has been subsequently uplifted and dissected.
Since, however, no sediments occur that are more recent than the
Jura-Cretaceous beds, and are older than Pleistocene, there is no
evidence within the district to indicate either during what period
the planated surface was elevated or whether or not there has been
more than one erosion cycle and subsequent uplift.

Following the Jura-Cretaceous disturbance, and mainly, it is
thought, during Tertiary time, Wheaton district was subjected to at
least three volcanic invasions, but the order in which these occurred
is not definitely known. What appears to be the first, resulted in
dykes of basalt being injected into the older formations in many
places. In other parts of Yukon, these basalts poured over the land
in the form of extensive flows, and, in places, hundreds of feet of
tufaceous material accumulated. About this time, also, numerous
dykes of granite-porphyry pierced the older formations. In addition,
some rhyolites cut the older rocks and flowed over the land surface,
generally as thin sheets, and were accompanied, in places, by great
amounts of related tuffs and breceias.

1Cairnes, D. D.—*“Preliminary memoir on the Lewes and Nordenskitld River®
coal district’’: Memoir No. 5, Geol. Surv. Branch, Dept. of Mines, Canada, 181 0
pp. 38-43.
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In upper Cretaceous time a transgression of the sea took
place along the present Yukon basin to the morth of Wheaton
district, and also probably extended to other portions of Alaska and
northern Yukon. Deposition continued well into the Eocene,
although ‘in the Upper Yukon basin, the Eocene is represented only
by fresh-water beds which seem to have been laid down in isolated
basins”* In FEocene or Miocene time, a gradual uplift occurred
which, though of an orographic character, was accompanied by vol-
canic activity and by a considerable local disturbance of the Eocene
beds. The exact date of this orogenic movement is somewhat in
doubt. Dawson?® refers the uplift to the Eocene, but Brooks® has
produced considerable evidence to show that the dynamic revolution
occurred during late Eocene or early Miocene time. A long period
of crustal stability ensued, during which what is now the Yukon
plateau, as well, possibly, as the Coast range and other adjoining
tracts,! were reduced to a nearly featureless plain which was subse-
quently elevated. Dawson ® maintains that the planation was accom-
plished during the Eocene epoch, that the Miocene was a period of
vuleanism, deposition, and accumu'ation, and he agrees with Brooks ¢
in considering that the subsequent uplift occurred in Pliocene or
early Pleistocene time. Spurr, however, shows that the erosion of
the Yukon plateau was contemporaneous with the deposition of the
Miocene strata in the lower valley of Yukon river, and, therefore,
urges that the Yukon plateau was planated in Miocene time and was
subsequently uplifted in late Miocene or early Pliocene time.* Tt is
not known, however, to what extent Wheaton district was affected by
these various movements and disturbances, but it is probable that
the Jura-Cretaceous sediments were largely deformed by the Eocene
or Miocene (post-Laramie) dynamic movements, that the distriet
was peneplanated during Eocene or pre-Pliocene post-Kocene time,
and that ‘this planated tract was uplifted to practically its present
position during late Miocene, Pliocene, or early Pleistocene time.

1Brooks, A. H.—Prof. Paper, No. 45, U. S. Geol. Surv., 1906, p. 266.

2Dawson, G. M.—*‘Geological record in the Rocky Mountain region of Canada’’:
Bull. Geol. Soc. of Amer., Vol. 12, p. 79

sBrooks, A. H.—Op. cit., pp. 202-203.

4Spencer, A, C.—‘Pacific Mountain System in British Columbia and Alaska’:
Bull. Geol. Soc. of Amer., Vol. 14, Apr., 1903, pp. 117-132.

5Dawson, G. M.—Trans. Roy. Soc. of Can., 1890, Vol. VIII, sec. 4, 1830, pp. 11-17.

#Brooks, A. H.—Op. cit., pp. 290, 292, 293,

"Spurr, J. B.—"‘Geology of the Yukon gold distriet, Alaska’: Eightcenth Ann.
Rep., U. 8. Geol. Survey, pt. III, 1898, pp. 260, 262, 263.
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During the long period of crustal stability previous to this last
important uplift, the topography was reduced to the form of a broad
and gently undulating plain, and only occasional urreduced hills and
ridges remained projecting above the general level. This lowland
surface then became transformed into an upland tract, and the
streams of the district were thus given renewed life and erosive
powers, and, consequently, immediately commenced sinking their
channels in the uplifted peneplain. Soon, numerous deep incisions
were carved, which intersected the region in various directions. The
interstream areas became more and more individualized, and assumed
gradually the aspect of separate mountains and ridg'es.‘

The uplift of the Yukon plateau, including Wheaton district
and the adjoining Coast range on the west (Diag. 2), was of a differ-
ential character and was thus really an upwarp, and was so condi-
tioned that the resultant topography had the contour of a broad
shallow trough, the approximate axis of which is occupied by Yukon
‘river and its tributary the Lewes, while the Coast range lies along
its western rim. It thus happens that the westerly portion of
Wheaton district was more uplifted than parts farther east.

The higher tracts to the west and south of Wheaton district,
during the Pleistocene, became the gathering grounds for glaciers,
and huge tongues of ice moved down Corwin and Wheaton River
valleys and their main tributaries. These valley-glaciers accentu-
ated the topography produced by uplift and subsequent erosion, and
deepened and broadened the depressions they occupied, steepened the
valley-walls, and sculptured the land-forms in a manner character-
istic of ice-action. Vast amounts of morainal and other glacial
materials were also deposited over the floors and along the sides of
the main depressjons of the district.

After the retreat of the ice, the topography was practically that
of to-day. The master-streams have been since employed in remov-
ing the burden of glacial sand, gravels, silts, etc., from their valleys,
but Wheaton river and its main tributaries have, as yet, not
succeeded in trenching their channels to bed-rock.

A thin veneer of Recent materials forms the surface nearly
everywhere. This consists chiefly of sands, gravels, and silts of the
present waterways, ground-ice, muck, volcanic ash, and soil. This
voleanice ash is an interesting occurrence, and forms a layer 2 inches
to 4 inches thick, very near the surface.
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ECONOMIC GEOLOGY.

Wheaton district is of interest, from the standpoint of economic
geology, for its ore-deposits and its coal-measures. The former will
be ‘here first considered.

ORE-DEPOSITS.
Introduction.

For convenience of description, the ore-deposits of this district
may be classified as follows:—

(a) Gold-silver quartz veins.

(b) Antimony-silver veins.

(¢) Silver-lead veins.

(d) Contact-metamorphic ore-deposits.

GENERAL.

The great majority of the ores of the district belong to the first
three classes, and consist chiefly of veins, the economic importance
of which depends on their gold, silver, or antimony contents. Quartz.
is, in these veins, nearly everywhere, the most impoitant and gener-
ally the only gangue mineral. In a few places barite and calcite
also play this role. The only representatives of the last class, the
metamorphic ore-deposits, are found on a property near the jume-
tion of Becker creek with Wheaton river, and occur replacing bands
of mica-gneiss, generally near their contact with the Jurassic
granites. These ores consist chiefly of magnetite, hematite, and
chalcopyrite, associated with garnet, epidote, calcite, and other
secondary metamorphic minerals. ’

Over 500 claims® have been located in this district since the
early part of the summer of 1906, and a large portion of these are
still being held. Some promising discoveries have been made, and,
in several places, good or even high-grade ore has been found. Still

1The records of the Mining Recorder at Carcross, Y. T., showed on Feb. 3, 1910,
that 543 claims had been recorded, to date, in Wheaton district. Of this number
only 6 were recorded previous to 1906, and 167 of the 543 were still in good standing.
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no shipments have as yet been made, except a few test samples of
10 tons or less each, and no plant has been erected in the district for
treating these ores.

RETARDED DEVELOPMENT.

All the mining done has been of a prospecting nature, and con-
sidering the number and character of the discoveries made, the
amount of development that has been performed is exceedingly small.
This is due to several causes, among which the following are probably
the most prominent :—

The freight rates charged by the White Pass and Yukon rail-
way have been such that it has been practically impossible to ship
out of the territory any but the highest grade otes; and to bring in
equipment and supplies for extensive working meant excessive ex-
penditure. Not only have the rates been high, but mining men have
been unable to obtain guarantees from the railway company that
even the rates, at any time fixed, would not be raised in the near
future.

When the discoveries were first made in Wheaton district there
were no roads, and few trails, extending into this section of country.

A considerable portion of the rolling upland-surface of the
district is covered with superficial deposits which obscure the various
vein outerops and render prospecting difficult. This is much empha-
sized by the fact that this surface mantle of soil, partly decomposed
bed-rock, etc., is frozen the greater part, if not all the year, making
stripping, trenching, ete., much more expensive than in more south-
erly districts. The frost does not interfere with underground mining,
but is a considerable detriment to prospecting.

Still another element might be mentioned, and this is that a
considerable number of the men in the district attempting develop-
ment work are either entirely untrained in mining methods or, what
is more generally the case, are placer miners, and to some extent are
trying to apply placer methods to quartz mining.

PRESENT CONDITIONS.

The above-mentioned matters will, however, all right themselves,
but some time is required, as the district is still new and compara-
tively unknown; and it is hoped that the properties containing work-
able ore will be producing in the near future. During the summer
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of 1910 the railway commission decided that the freight rates on ore
from Whitehorse and Caribou to Skagway shall not exceed $2 and
$1.75, respectively, per ton. The Yukon Government has also con-
structed wagon roads to different parts of the Wheaton district, so
that now all the claims are on, or may be easily connected with, one
of these roads, and are distant not more than 12 to 35 miles by road
from Robinson on the Whitehaorse Pass and Yukon railway. Finally,
the men mining in the district are becoming more experienced, and
more quartz miners are coming into the country, so that a lack of
practical workers will also soon become a thing of the past.

Gold-Silver Veins.
SUMMARY.

Under this heading it is intended to give a brief summary of
the more important facts, free from inference, concerning these
gold-silver veins,

These veins are of wide-spread distribution in southern Yukon,
and constitute the major portion of the ore-deposits, not only of
Wheaton district but also of Windy Arm district to the southeast.
They occur in Wheaton district throughout a northwesterly trending
belt 16 miles long and 8 to 9 miles wide. The majority of the
deposits occur in a strip, 2 miles wide, which extends up the centre
of this belt and includes Mt. Stevens, Wheaton mountain, Tally-Ho
mountain, Gold hill, and Mineral hill. Other veins have been found
on Mt. Anderson and Red ridge to the west and east, respectively,
of this 2 mile belt.

The majority of the veins strike, in a general way, parallel to
the belt in which they occur, which in turn parallels the trend of
the Coast range of mountains to the west. The veins are generally
steeply inclined and dip, prevailingly, to the east.

These deposits are found chiefly in the Coast Range intrusives,
but also exist in the schistose members of the Mt. Stevens group—
principally in the chloritic and sericitic schists and the greenstone-
schists. The veins in the granitic rocks occur as fissure fillings and
are prevailingly regular and persistent in their various characteris-
tics, such as strike, thickness, mineral composition, etc., for con-
siderable distances. One vein has been traced over 3,000 feet and
may extend much farther, and contains from 4 to 5 feet of vein-
material throughout this distance. How far the majority of the
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other veins may extend is not known, but some have been traced
upwards of 1,500 feet. They vary in thickness from a few inches to
7 or 8 feet, but the average vein in the granite is from 3 to 4 feet
thick. When veins occur, however, in the schists the minerals have
been deposited either in lens-shaped masses between the foliation-
planes of the enclosing rock, or in irregular fissures which may
occur connecting these lenses or may be independent of them. So
that the deposits in these schistose rocks are extremely irregular in
form, but have a general trend parallel to the strike of the mineral
belt in which they occur, The bulk of the ore occurs in lenses which
appear to have an average width of 6 to 8 feet and are from 20 to 40
feet long. One exceptional lens on the Acme claim is about 100
feet long and 30 feet wide. Veins in this formation have been traced
over 1,000 feet, consisting of a succession of lenses and connecting
fissures.

The vein-fillings consist, in nearly all cases, mainly of quartz
which with subordinate amounts of calcite, constitute the gangue
minerals. The quartz may present a massive appearance and be so
finely crystalline that no distinct crystals can be seen with the naked
eye; or it may consist chiefly of large, well-formed prisms which are
either interlaced or pointed in a parallel manner toward the centre
of the vein, thus forming distinct comb-structures. All gradations
between these types of structure may be found.

Galena is the most characteristic metalliferous mineral, and is
the only one occurring in any considerable amount. It may be very
finely crystalline, when it is known as ‘steel-galena,’ or may occur
as cubes up to half an inch to the edge. Pyrite and chalcopyrite
occasionally exist in scattered particles. Native gold and sylvanite,
as well as hessite, petzite, and telluric ochre also occur, but have
been identified in only two localities, Gold hill and Mt. Stevens.
The gold is generally very fine and occurs apparently both as a
primeu','s7 mineral and as an oxidation product of the tellurides.

The native gold and tellurides have so far only been found in
small pockets on the Gold Reef claim on Gold hill, and in some float-
quartz, which comprised chiefly a large mass of several tons, found
near the-summit of Mt. Stevens. Some of the samples of pockets of
these ores have assayed several thousand dollars per ton in gold and
silver. The source of the rich quartz on Mt. Stevens has not as yet
been discovered; but it seems probable considering the large size of
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the main mass found and its angular character, that the vein from
which it is derived is present on the hill on which it was found. It
is not known, within close limits, what average amounts of gold and
silver the different veins in the district carry; but selected ore from
the more promising claims on Mt. Stevens, Wheaton mountain,
Mineral hill, and elsewhere, contains from $20 to $80 per ton.

The zone of vein oxidation is very shallow, and does not appear
to have had any appreciable economic effects upon these deposits.
Unoxidized minerals often occur at the surface and have always been
encountered above the 30 foot level; also no zone of surface enrich-
ment due to weathering has been detected.

Mining in Wheaton district, as mentioned above, is everywhere
in the prospect stage as yet; and, although the gold-silver veins have
been exploited more than the other classes of deposits in the distriet,
on only five claims has 100 feet or more of work been performed.
On the Gold Reef claim on Gold hill there are a number of drifts,
cross-cuts, raises, shafts, etc., aggregating several hundred feet. On
four other clajms, 75 to 350 feet of work has been executed, chiefly
in the form of drifts. Three of these drifts have been driven on the
veins, and the fourth is intended to cross-cut the ore. In all other
cases where any work at all has been done it is chiefly as assess-
ments and in the form of small shafts, less than 20 feet deep, open-
cuts, trenches, ete. For this reason, although a number of promising
claims have been located, and some good ore has been found, it is
not definitely known that any of the properties possess ore in suffi-
cient quantities and containing the requisite values to allow of their
being profitably mined to any considerable extent under present con-
ditions.

DETAILED DESCRIPTIONS.

The Vein-fissures—The gold-silver quartz veins are of two
types, each restricted in its occurrence to one type of rock. These
are (1) simple gold-quartz veins in the Jurassic granitic intrusives,
(2) lenticular veins in the Mt. Stevens schists. These two types
contain similar minerals, belong to the same vein-system, and are
contemporaneous in formation. Their differences are due, as will be
explained later, to the effect of the containing rock on the formation
of the fissures.
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Distribution.——The majority of these fissures are limited in
Wheaton district to a belt 16 miles long by 2 miles wide. This belt
extends in a southeasterly direction from Watson river, on the north,
to the sogthern portion of Mt. Stevéns, which are points at the
north and south edges, respectively, of Wheaton district. Ten miles
farther to the southeast, and in line with the general direction of )
this mineral belt, are a number of similar veins, in Windy Arm
district. Also, ores which probably belong to this class are reported
to have been found to the north of Watson river and in a line with
those known to the south. So that when this portion of southern
Yukon has becore more explored it will probably be found that these
veins exist throughout an area greatly in excess of that existing in
Wheaton district.

The narrow belt above described includes portions of Mt. Stevens,
Tally-Ho mountain, Wheaton mountain, Gold hill, Hodnett moun-
tain, and Minera] hill. In addition, a few veins have been found
some distance on either side of this area. The most distant of
importance, so far discovered, is that seen on the Rip, and Wolf claims
on Mt. Anderson, about 4 miles to the west of the main belt. Veins
were also noted on the eastern end of Red ridge and elsewhere, 2 to
3 miles to the east of this belt. So that altogether these fissures
occur throughout an area of 8 or 9 miles wide, extending to the
west to include Mt. Anderson, and to the east to the eastern edge of
Red ridge (Diag. 38).

Formations in Which the Fissures Occur.—These ore fissures
oceur in the Coast Range intrusives which are chiefly granites and
granodiorites, and also in the chloritic and sericitic schists and
greenstone-schists of the Mt. Stevens group.

Strikes and Dips.—All of these fissures so far as is known strike
in a general direction parallel to the trend of the belt in which they
occur. They dip in all cases, except as mentioned below, to the north-
east, and are generally steeply inclined, the angles of inclination to
the horizontal varying from 60° to nearly 90°. Veins in the schists,
bowever, are liable to dip to the southwest, but the only one known
that does so is that on the Gold Reef claim. This irregularity is
mentioned later.

Influence of Containing Rocks.—The containing rocks have a very
marked influence in determining the form of the deposits. The fissures
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found in the granitic formations are fairly straight and often quite
persistent for considerable distances. The veins in the schists, on
the other hand, are very irregular, and the greater part of the ores
they contain occur as lens-shaped deposits between, and conform-
able to, the foliation-planes of the enclosing rock. The lenses are
often more or less connected by irregular fissures, so that the entire

N

S

Fig. 2. Diagram showing strikes of gold-silver vein fissures.

veins, when such can be traced any considerable distance, have a
general trend parallel to those in the granitic rocks, but consist
partly of lenses, conformable to the schist lamins, and partly of
fissures cutting the latter and connecting the lenses. Sometimes
these connecting fissures are well mineralized and constitute .part of
the vein proper, and again they are nearly or entirely barren. Lenses
also occur which are apparently entirely unconnected with each other.
It thus happens that when the foliation planes of the schists are
parallel, or approximately so, to the general trend of the deposits or
mineral belt, as on Gold hill, that the greater part of a vein, along
its outerop and for a variable depth, may be conformable to the
lamination of the wall rock. This gives the most regular type of
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vein in the schistose formations (Fig. 4). But when the schists
strike at considerable angles from the general trend of the veins,
these become very irregular and may appear as disconnected lenses,
or lenses joined more or less completely by veins cutting the folia-
tion planes of the schist, and having a strike considerably at variance
with that of the lenses (Fig. 3). The shape of the deposits in the
Mt. Stevens group thus depends upon the character of the members
of this formation, which is generally much metamorphosed, distorted,
and plicated. The erratic character of these veins, both at the
‘surface and when followed down along their dips, is, therefore, to be
expected. Even the simple fissures in these rocks, as in most schis-
tose formations, are very irregular in outline, and the veins, which
in a place or so on Mt. Stevens, continue in them for considerable
distances, partake also of this character.

Granitic Rocks

Fig. 3. Type of irregular vein in the Fig. 4. Type of more regular vein in
schists, the schists,

Persistency of the Fissures—One vein in the granitic formation
on Mt. Anderson was traced over 8,000 feet and may extend much
farther, as neither end was found. Throughout this distance it con-
tained 4 to 5 feet of quartz and its associated metalliferous minerals.
No other vein seen in the district has been followed as great a
distance. The Gold Reef vein on Gold hill, in the Mt. Stevens group,
outcrops at least 1,000 feet; and another vein in similar rocks on
the east side of Mt. Stevens is traceable for upwards of 1,500 feet.
Most of the other veins have only been followed 200 or 300 feet or
less. But no systematic attempts have been made in this direction;
so others may extend as great or a greater distance than the 3,000
feet given above as a present observed maximum.

Width of the Fissures in the Granitic Rocks.—The veins in the
granitic rocks vary in thickness from a few inches to 7 feet or more,
but 8 to 4 feet seems to be the average. The McDonald Fraction
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vein, one of the best appearing in the district, is, where opened up,
only 2 feet thick; the vein on the Legal Tender, on Mineral hill, is
3 to 33 feet; the Silver Queen vein on Wheaton mountain is about
3 feet; and that on the Sunrise on Stevens mountain, although 7
feet in one place, will not average over 8 feet in thickness. These
are examples of some of the best veins in the Coast Range intru-
sives.

Dimensions of the Lenses in the Schistose Rocks.—Since most
of the quartz-lenses in the schistose rocks have been cross-cut or
exposed in only few places if at all, very little is known concerning
their dimensions. The largest lens discovered, that on the Acme’
claim on Mt. Stevens, appears to be about 100 feet long and 30 feet
thick at the surface. The other larger lenses appear to have average
maximum thicknesses of from 6 to 8 feet, and to have lengths gener-
ally of 20 to 40 feet.

Intersections.—No intersections of members of the gold-silver
veins have been noted.

Faulting—That the fissures in the granitic rocks in which the
gold-silver ores occur are fault-fissures, is shown by the fact that the
fissure-walls are generally distinctly slickensided, and in places are
covered with gouge; in addition, the material between the walls of
the Tally-Ho vein consists to a great extent of brecciated material.
The granitic walls of the fissures, however, afford no clue as to the
extent of their displacement; but since schists overlie this forma-
tion in places (being remnants of the roof of the granitic batholith)
if any extensive movements had taken place such would probably be
evidenced in the overlying rocks. However, no marked, or even
definite movements of any extent have been detected, except along
the mineralized fissures in the schists, where movements, apparently
of only a few inches but at most 2 to 8 feet, were noted in a few
places. It would, therefore, appear that the displacements along the
fissures, in both schists and intrusives, are, probably, only slight.

Structural Features of the Fissures in the Granitic Intrusives.—
The only properties that have afforded any information concerning
the shape,  regularity, etc., of the fissures in the granitic rocks below
the surface are the Tally-Ho, Legal Tender, and the Rip, on which
drifts of 100 t0 250 feet have been driven on the veins. These work-
ings show that the fissures, as far as they have been followed, are
remarkably persistent as concerns strike, dip, distance apart of



94 GEOLOGICAL SURVEY, CANADA

walls, ete. No foot, or hanging-wall stringers or branching fissures
were encountered, and no close, parallel fissures have been discovered
such as oceur in connexion with lodes, and are produced by com-
pression. It would thus appear that these gold-quartz fissures, in
the majority of instances at least, are simple in form.

Origin of the Fissures.—These ore-containing fissures all occur
along the eastern portion of the granitic batholith; the majority
strike in a direction parallel to the general trend of the eastern edge
of this intrusive mass; and all the fissures in the granitic rocks dip
., to the northeast, away from the centre of the intrusive area. Chiefly
from these facts, an attempt is made to determine the origin of the
fissures containing the gold-silver veins, and those in the Coast
Range intrusives will be first considered.

The forces operative in the earth’s crust that are known to
produce fissuring are those of torsion, tension, and compression—all
more or less aided by gravity. Daubrée® has demonstrated experi-
mentally, that whenever torsional forces are effective, two systems of
fracturing tend to be produced, nearly at right angles to each other.
Becker® and Van Hise® have also shown that compressive forces
operative in an approximately homogeneous substance, such as
granite, also result normally in two sets of fissures being formed.
These occur at about 45° to the direction of the applied foree, and,
therefore, at about 90° to each other. However, all the gold-quartz -
veins of the district appear to exist in a single system of fissures
that occur parallel to the genera] structure of the region, and no
evidence of cross-fissuring was detected.

Such an extensive, single system of parallel fissures would seem
to be most probably the result of tension, more or less assisted by
gravity. Only two possible explanations suggest themselves as being
efficient to cause such a force or forces to become exerted in this
distriet. The first is that these fissures are the result of contrae-
tion due to the cooling of the granitic body. As shown by W. H.
Weed * and Joseph Barrell,” such huge masses of rock cool slowly as

1Daubrée, A.—'‘Fitudes Synthétiques de Géologie Expérimentale’’: pp. 507-527.

2Becker, Geo. F—‘‘Finite homogeneous strains, flow, and rupture of rocks’:
Geol. Soc. Am. Bull., Vol. IV, pp. 13-90, 1893. .

#Van Hise, C. A.—'‘Principles of Pre-Cambrian N. Amer. geology’’: Sixteenth
Ann. Rep., pt. I, U. 8. Geol. Surv., pp. 633-682.

+Weed, W. H.—Trans. Am. Inst. Min. Eng., Vol. 33, 1903, p. 745.

sBarrell, Joseph—'‘Geology of the Marysville Mining District, Montana’': Prof.
Paper, No. 57, 1907, U. S. Geol. Surv., pp. 105-106.
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a whole, and have no tendency to form wide contraction cracks; but
still as the marginal portion and the contact-metamorphic zone
cooled, there would be a tendency for these portions to shrink away
from the surrounding rocks, and a system of fissures, parallel to the
contact, would be formed, dipping away from the centre of the cool-
ing body. In some cases a system of fissures is found, which strikes
at right angles to the edge of the intrusive, due to cooling and con-
sequent shortening of the marginal portion of the mass. However,
this is not a necessary accompanying phenomenon, and all the
contraction may well be taken up, particularly in the case of such
persistently linear masses as the Coast Range batholith, by a single
system of fissures parallel to the contact line. Gravity would also
in all probability be effective in causing foot-wall portions to sink,
in places, and fault-fissures would be produced resembling, in all the
observed particulars, these in Wheaton district which are being con-
sidered.

The second theory for the formation of these fissures attributes
their origin primarily to causes differing considerably from those
just enumerated; but still all may have acted more or less simul-
taneously, so that it is conceivable that they may have been very
intimately associated and that a combination of them may have
been the true cause of the production of these fissures. '

It has been shown in the chapter on ¢ General Geology, that the
northwestern part of Yukon territory suffered an extensive dynamic
revolution in about late Jurassic time, and as a consequence, the
whole tract was uplifted. This disturbance was accompanied by
voleanic activity on a profound scale, and during this period the
Coast Range batholith was intruded. It is also known that the
portion of the district that is now occupied by the Coast range
(which is composed of the granitic batholith) was considerably more
uplifted than the adjoining area to the east. Such differential up-
lifts are known to frequently determine lines of weakness between
the upper and lower divisions of the upraised tracts, which is liable
to result in the gradual relative resettling of the less uplifted area,
producing normal faulting. As the fissures in Wheaton district
that are being discussed lie 10 or 12 miles to the east of the moun-
tain front of the Coast range, the forces, due to this cause, acting to
cause them, would at this distance have become dissipated, and would
cause in all probability only slight. displacements, such as charac-
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terize these faults in this loeality. Also-as normal faults would be
produced with dips consequently away from the mountains, the faults
would in every way correspond to those that here exist.

What might be considered a third explanation, but which
amounts in reality to nearly that just given, is developed by Cham-
berlain and Salisbury.! They suggest that great land masses are at
times ‘relatively elevated above the plane of isostatic equilibrium,
and, as the mass of the interior, though solid, is not absolutely rigid,
there is ground for the presumption that the excess of gravity in the
protuberant portions was gradually relieved by their slow sinking.’
‘A direet movement downward, which would be the primary phase
of an isostatic movement, would, however, tend to develop thrust, but
because of the protuberance, a lateral creep is postulated’” Such a
lateral creep, acting along the edge of the Coast Range batholith in
Wheaton district, would cause normal faulting of small displace-
ment, in all probability, such as is here observed.

Therefore, whether these fissures are primarily due. to contrac-
tion of the granitic mass on cooling, or to an isostatic readjustment
subsequent to crustal disturbances, must for the present remain an
open question; but it is quite conceivable that both causes have been
operative, In any case, the effective forces appear to have been those
of tension, or stretching, combined with differential vertical forces,
or gravity.

The ore-filled cavities in the schists are believed o have had in
a general way a similar origin to the fissures in the intrusives. But
as the schists are always foliated and often fissile, the eavities in
them, containing the ore-materials, differ widely in character from
those in the more homogeneous intrusives, and are extremely irregu-
lar. As mentioned above, the veins in the schists consist chiefly of
quartz-lenses, conformable to the laminations of the containing rock,
more or less connected by irregular fissures cutting the foliation
directions; but, in places, fissures were found independent of lenses.
Still in all cases, as far as is known, these veins, as a whole, have a
general trend parallel to those in the granitic intrusives. Also the
veins in the two formations, as discussed more fully above, are,
almost beyond a doubt, of the same age. Slight displacgments not
exceeding 1 or 2 feet, and possibly only a few inches in amount,

1Geology, Vol. I, Earth History, p. 131,
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were further noted in a few places in the schists. Thus, although
the cavities containing the individual lenses are believed to have had
a special and somewhat independent origin, the general trend of the
veins and the actual fissures are thought to be due to the same
agencies that caused the fissures in the granitic rocks; and the veins
probably represent the upward extensions or continuations, in some
cases at least, of the veins in the intrusives, and resemble the latter
as nearly as rocks of this schistose habit are able to reproduce such.
The various lens-shaped spaces in the schists, which have become
filled with quartz and associated minerals in such a way that the
rock curves outward on either side to enclose the ore-materials,
probably owe their origin to more than one source. As the schist
lamins are very irregular in form, the movement of one over the
-other might cause intervening spaces to be formed. The same thing
occurs when irregularly-shaped fissure-walls move relative to one
another, so that a curved surface comes opposite one curved in the
opposite direction, producing a cavity between them. Still pheno-
mena of this kind do not appear here to have been important factors.
The quartz is typically massive in structure, as if formed under such
conditions that no open space existed at the time of crystallization.
Further, the walls of these cavities are rarely noticeably striated,
showing that, at least, the majority of these spaces were not pro-
«duced by movements of their containing walls over each other.
Pressure applied to the ends of schist lamine will cause them to
bulge apart in places, producing lens-shaped spaces between them.
Also it has been shown® that the force exerted by a crystal while
forming is equal to that required to crush it when consolidated, and
that many fissures have been considerably altered by the growing
force of minerals being deposited in them. It will thus be seen that
.once a small opening is produced, sufficient for quartz-containing
solutions to enter and deposit even a small amount of their burden,
the force of ecrystallization would be sufficient to gradually force its
walls apart to make room for itself and more incoming solutions.
So, in this way, lens-shaped, mineral-filled cavities may be produced.
Pressure commences the process, causing the mineralization to be
Tlocalized, and is succeeded by the force of crystallization of the
mineral nfatter introduced by the solutions. Quartz deposited in

1Becker, Geo. F. and Day, Arthur L.—‘“The linear force of growing crystals’’:
"Wash. Acad. Sci., Proc., Vol. 7, pp. 283-288, 1905.
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this manner will crystallize with a massive structure and its walls
will not necessarily be striated. The quartz and associated minerals
found in the lenses in the Mt. Stevens schists were introduced by
solutions, as discussed below, so that in the manner here outlined
the lenses could have and are believed to have originated.

Irregular Dips.—The apparently irregular dips of veins in the
schistose rocks, referred to previously, can now be readily explained.
These veins, when conformable to the laminse of the enclosing rock,
may incline either to the northeast or southwest. This is accounted
for by the fact that mineralizing solutions on emerging from a
fissure in the granitic rocks will tend to continue upward following
the readiest plane of circulation. If such happens to be a foliation
plane, this is just as liable to dip one way as the other. The Gold’
Reef vein is.the only one of -any extent, however, that is known to
dip to the southwest.

Fissure-fillings and Mineralogy—The vein materials of these
gold-silver veins consist predominantly of quartz with some calcite,
galena, pyrite, chalcopyrite, zinc-blende, and, in some few cases, gold
and sylvanite. Galena is the only metallic mineral which ever com-
prises any considerable percentage of the vein-filling, the others
occurring as sparsely disseminated particles. Gouge occurs on the
walls of some of the veins, and brecciated wall-rock is also found
constituting a part of one.

Gangue-minerals.—Quartz is always the chief and, in most
cases, the only gangue-mineral, but calcite is occasionally associated
with it in minor amounts. In the lenses in the schists, the quartz
has always a massive appearance, but in the fissures in the granitic
rocks it is often coarsely crystalline, and long, well-formed crystals
frequently occur pointing from the walls towards the interior of the
veins, forming typical comb-structures. An interlacing of long
quartz prisms is also often to be noted, and is particularly well seen
in the Legal Tender and Tally-Ho veins. Structures of the latter
variety haye considerable inter-crystal space, in which other minerals
are at times deposited. Such crystal development shows that open
space existed between the fissure walls at the time of the quartr
deposition. .

Metallic Minerals.—The metallic minerals are generally present
in relatively small amounts, and rarely constitute any considerable
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percentage of the vein-filling. Where these minerals are fairly
abundant in the ores in the granitic formation they exhibit often a
rough alignment, parallel to the walls; this does mot occur in the
quartz lenses in the schists, where the metallic minerals are irregu-
larly distributed through the gangue.

Galena is the only metallic miner.al that occurs at all extensively
and, in places, as on the McDonald fraction, the Tally-Ho, and else-
where, it constitutes, for limited distances, the greater part of the
vein-matter. Such occurrences appear to be in the form of pockets
which vary in size from a few feet in length to those of considerable
size, and may even attain the proportion of shoots; but nowhere has
sufficient development as yet been performed to afford definite
information on this point. The galena may be very fine, or may
occur in cubes as much as half an inch in thickness. A considerable
portion, at least, of this mineral is silver-bearing and also appears
to be associated with the gold content of the ore, as quartz contain-
ing no galena rarely, if ever, carries appreciable amounts of gold;
but where even scattered particles of galer'xa are found, however, the
ore is liable to assay well in gold. Pyrite and chalcepyrite occur
but sparsely distributed through the quartz, and in most places are
rarely encountered.

On the Gold Reef claim on Gold hill, and on the Buffalo Hump
group on Mt. Stevens, telluride minerals have been discovered. Om
the Gold Reef these occur in pockets from the size of a man’s head
to one of 800 or 900 pounds weight. Very few pockets have been
found, not nearly sufficient to pay for working the property, as the
vein is elsewhere very low grade. The principal tellurium minerak
" found is sylvanite, but hessite and petzite have been identified in
the laboratory. Telluric ochre also occurs as a result of the weather-
ing of the other tellurium minerals.

Sylvanite is monoclinie in erystalline form, and often occurs in
branching arborescent forms resembling written characters. It is
also bladed and imperfectly columnar to granular; has excellent
cleavage; is brittle and very soft, having a hardness of 1.5-2, i.e,
generally somewhat less than that of gypsum; has a specific gravity
of 79-8°8, and has a brilliant metallic lustre and colour, with streak
pure steel-grey to silver-white, inclining to yellow. In composition
this minera] is the telluride of gold and silver (Au, Ag) Te, with
62-1 per cent tellurium, 24.5 per cent gold, and 13.4 per cent silver.

29286—73%
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Hessite is the silver telluride, Ag,Te. It is isometric when
crystalline, but is usually mdssive, compact or fine-grained. It has
distinct cleavage; can be readily cut with a knife; has a hardness
of 2.5-8, and a specific gravity of 8.31-8.45: and has a colour
between lead-grey and steel-grey.

Petzite is a rare gold-silyer telluride (Ag, An),Te with the
silver: gold = 3:1. It is massive, and granular to compact; slightly-
sectile to brittle; and has a hardness of 2.5-3; and a specific gravity
of 8.7-9.02. TIts colour is steel-grey to iron black.

The telluric ochre occurs as a whitish to yellowish coating on
the rock surface. When pure it consists of tellurite, TeO,, which
forms slender, orthorhombie, prismatic crystals, and small spherical
masses; is soft, and white or yellowish-white in colour; and has an
.adamantine lustre and excellent cleavage. However, it is generally
associated with numbers of impurities, as lead carbonate, iron oxide,
«ete., and then has a more yellow to reddish appearance.

Free gold occurs with, these minerals in the form of small par-
‘ticles, generally entirely invisible to the naked eye, or in a few cases,
in larger gratns or spongy masses. The latter and some of the more
minute particles occur surrounded by the tellurides and have been
set free from these by oxidation. Solid particles of bright gold with
normal characteristics were also noted in the Gold Reef and else-
where, which are apparently of primary origin. These pockets of
telluride ores are extremely rich, assaying often thousands of dollars
per ton, but the amount of ore in each pocket is small, averaging
perhaps not more than 50 pounds each.

On the Buffalo Hump group on Mt. Stevens a number of tons
of float-quartz was found, near the summit of the hill, which con-
tained, in addition to some galena, disseminated particles of
gylvanite and free gold. It is not known what this ore uveraged, but

" assays from $100 to several times this amount per ton are reported.
The gold here occurs generally as very minute particles, as on the
Gold Reef, and is partly primary.

Assay Values.—What the average ores in the various gold-silver
veins will assay is not known, but selected ores from the McDonald
Fraction, the Tally-Ho, the Sunrise, the Rip, the Legal Tender, and
others of the more promising properties contain generally from $20
to $80 per ton in gold and silver, the gold being generally consider-
ably in excess of the silver.
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Gouge and Breccia.—From one-fourth to one inch of a clayey
gouge has been deposited on ‘the walls of some of the veins. This
consists of comminuted wall-rock, ground by movement of the walls.
on one another. The broken particles have been afterwards decom-
posed by circulating waters, which have been influential in altering:
the feldspars to clay, sericite, etc., forming the pasty selvage so .
characteristic of many veins. The vein most noticeable for its sel-
vage is on the Tally-Ho group; this is also the only one of these
gold-silver veins that is characterized by any considerable amount of
brecciated material. On this property. a fault-zone, from 4 to 12
feet in thickness, occurs, which consists largely of fragments of wall-
rock, the size of which varies from microscopic to 8 or 10 inches in
diameter; through this broken material and along the walls of the
fault-zone several seams of gouge, up to one inch in thickness, occur.
The quartz which constitutes the main vein on the Pally-Io follows
the foot-wall, and also has been deposited, to some extent, between.
the breccia-fragments. .

Age of the Veins.—As to the age of these veins, it is kmown that
they were formed after the outer portion, at least, of the granitic
mass had cooled, as they cut this rock. Also they are older than the
Carmack basalts, the members of the Wheaton River series, the
Klusha intrusives, and the Chieftain Hill volcanics, as an andesitic
dyke belonging to the oldest of these, the Chieftain Hill voleahics,
is known to cut the vein traversing the Rip and Wolf claims on Mt.
Anderson. This fixes the age of the veins as late Jurassic or later,
but earlier than late Cretaceous or early Tertiary.

As explained later, these veins are also believed to be genetically
connected with some series of igneous rocks. The Chieftain Hill
andesites which cut them are the oldest known igneous rocks in the
district, that are more recent than the Jurassic granitic intrusives
in which the ores occur. It follows, by elimination, that the veins
are probably associated with the granitic rocks which are cut by,
them. Moreover, as explained more fully later, these veins in the
field appear to he everywhere intimately associated with these
granitic intrusives, which is taken as further evidence of their
genetic connexion. These points indicate that the veins were formed
after the outer portion of the granitic batholith had cooled, but
while the interior was still hot; if this is so, the veins are of late
Jurassic age. )
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Synchronous Age of the Veins in the Schists and Gpranitic
Rocks.—The veins in the schists and granitic rocks, as shown above,
have in a general way parallel strikes and occur closely associated
in the same long, narrow, mineralized belt. Also the mineral con-
tents of the veins are practically identical in both formations. Even
the rare telluride minerals, particularly sylvanite, have been found,
both on Mt. Stevens, in a.vein in granite, and on Gold hill in the
Gold Reef vein in schist. Tt would thus appear that the veins in
these two formations have had a common origin and are synchronous
in age. No vein, however, has so far been traced from one rock to
the other, but this is not considered significant, as such a large pro-
portion of the surface is covered with superficial deposits, and
further, the areas of the schistose rocks are only small and scattered.

Alteration of Wall-rocks.—Compared with many other districts,
but little metasomatic alteration appears to have taken place in the
walls of these fissures as a result of vein-formation. The granitic
recks are prevailingly greyish in colour, but, in places, due to con-
siderable amount of contained pink orthoclase, are distinetly reddish.
These rocks, in some cases, have been somewhat altered for a few
inches or even 2 or 3 feet, from the vein on either side, the amount
of alteration decreasing with the distance from the ore-material, As
a result of this alteration the walls are rendered slightly softer and
are bleached to a light grey or almost white appearance. In no case
observed, however, did alteration extend to the point of masking the
«character of the rock. The exact nature of the chemical and
mineralogical changes which have taken place has not been deter-
mined. The schists have been even less affected than the intrusives,
and at no place was any decided or marked alteration apparent in
these rocks adjacent to the vein materials.

Oxidation.—The zone of vein-oxidation is prevailingly shallow.
In the majority of mining districts the limit of complete oxidation,
as a rule, coincides with the water-level, and in many cases the
process may partly, if not completely, alter the veins for considerable
distances below the water-surface. Here, in these gold-silver veins,
oxidation has only appreciably affected the ores very near the surface.
In places, unaltered sulphides are reached in 4 or 5 feet, and, in all
the cases reported, they have been encountered in less than 30 feet.
Several causes may be suggested to account for this.
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In the first place, on account of the northern latitude of this
district, the ground is, in most places, continuously frozen to con-
giderable depths. Under these conditions, chemical action proceeds
slowly amd to a slight degree.

The drainage may also have an important bearing upon oxida-
tion in this district. As shown in the descriptions of the topography,
the mountains are prevailingly steep-sided, so that the run-off from
the hill-tops is, in most places, rapid and complete. This naturally
tends to diminish the effects of oxidation, as the waters are so rapidly
conveyed from the uplands to the main valley-depressions that they
have relatively little opportunity to act upon the mineral-deposits,

Still another point should be mentioned in this connexion. As
stated previously, the chief metallic mineral occurring in these veins
is galena; pyrite is but rarely encountered, and marcasite was not
identified. Recently H. A. Buehler and V. A. Gottschalk*® have
demonstrated experimentally, that galena alone is oxidizable with
difficulty under ordinary surface conditions; but that, like many
other common sulphides such as zine-blende .and chaleopyrite, it is
readily oxidized in the presence of pyrite or marcasite. The fact
that galena in these gold-quartz veins is generally unassociated with
these minerals may, in part, account for the slight amount of oxida-
tion that has oceurred.

At the surface, the slight amount of pyrite that is present is
altered to limonite, and the chalcopyrite is changed to some extent
to azurite and malachite.

Leaching and Enrichment.—In gold-silver veins of the ecalcite
type, it is common to find a decided enrichment in the oxidized part
of the deposit, due to the reduction in volume of the ore by solution,
and the removal of certain constituents—chiefly the soluble car-
bonate and sulphides. In the gold-silver veins of Wheaton district
there is no indication of an enrichment of the oxidized zome. This
may be explained by the fact that these deposits contain very little
calcite and only small amounts of sulphides, and, further, the cold
waters existing at this northern latitude do not dissolve sulphides at
all readily, particularly when little or no pyrite is present, as just
mentioned when considering the oxidation of these veins.

Also, since the metallic minerals of these deposits have been but
slightly leached near the surface, there is little chance of finding any

1“Oxidation of Sulphides’: Econ. Geol., Vol. V, No. 1, Jan., 1910.
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considerable zone of secondary enrichment with depth at or near the
water-level, due to the deposition of these minerals dissolved from
above. ’

Persistency and Probable Vertical Extent—Considering the
shallow zone of oxidation, the apparently slight amount of leaching
that has been effected, and the improbability- of any important zone
of secondary enrichment being encountered with depth, it appears
that these veins should maintain, for a considerable portion of their
vertical extent, the characteristics and mineralization which dis-
tinguish them near the surface. Further, it has been observed that
in few places in the world do veins extend downward for a distance
greater than their length at the surface. So in all probability this
will be found to hold true in Yukon; and the veins which are the
most persistent at the surface will also extend the farthest down-
ward.

Genesis.—In recent years a number of geologists have studied
the various vein-forming minerals with a view.to determining their
mode of occurrence, and believe that certain mineral combinations
are characteristic of each of the vein zones in which ores are found.
Also, certain individual minerals are diagnostic of particular zones,
but as such minerals are prevailingly of rare occurrence, the mineral
combinations are the more useful in considering the genesis of an
.ore-deposit. )

In these gold-silver veins, none of the minerals are found that
are characteristic of the deeper vein zone, such as albite, amphibole,
biotite, diopside, garnet, hornblende, scapolite, spinel, topaz, graphite,
ilmenite, pyrrhotite, specularite, etec. Further, there is a decided
lack of the minerals characteristic of pneumatolytic veins, i.e., those
that are now recognized to be directly connected with plutonie intru-
sive rocks, and have been derived from them through the agency of
magmatic gases dissolved in them at the time of the intrusion, and
existing, therefore, at high pressure and above the critical tempera-
ture of water. Some of the minerals that are most useful in dis-
tinguishing such deposits are tourmaline, fluorite, apatite, spodu-
mene, muscovite, alkali feldspars, cassiterite, wolframite, molyb-
denite, magnetite, bornite, and arsenopyrite.

It follows by a process of elimination that these gold-silver
veins belong to the upper vein zone. The minerals composing the
deposits are quartz calcite, galena, pyrite, chalcopyrite, free-gold,
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and certain tellurides. Of these, the quartz, pyrite, chaleopyrite, and
native-gold are known to be frequent deposits of all the zones and
80, by themselves, afford little information. The galena and calcite
are also somewhat persistent in their occurrence, but tellurides are
only known to occur in the deeper vein and upper vein zones.
Further, the association of the minerals is such as is only encoun-
tered in the upper vein zone; to which, for the above reasons, it is
considered that these deposits in all probability belong.

A study of former topographies, and of the geological occurrence
of these ores, also assists to some extent in the study of their genesis,
although not to the same extent as in other types of ore-deposits
found in Wheaton distriet. |

That ore-bearing quartz veins are deposited rfrom circulating
waters containing dissolved gases and metalliferous compounds, is
a now well recognized fact. It is further generally supposed that
these waters are connected with the intrusion of igneous rock. In
the case of these gold-silver veins, it has been shown in a previous
portion of this chapter, that all the igneous rocks of the district
that are newer than the granitic intrusives in which the veins occur
are more recent than the veins themselves. It is, therefore, apparent
that if these deposits are, associated with any of the known igneous
materials of the distriet, these must be the Jurassic granitic rocks.
In the field the veins appear everywhere to be intimately associated
with these intrusives, so that the genetic relationship between them
appears certain. If this be true, the solutions depositing the ores
traversed the fractures in the outer, cooler portions of these granitic
rocks, and also in all probability extended up into the overlying
schists as well, and distributed their load of dissolved mineral-
matter, while the interior of the granitic mass was still in a highly
heated condition. In the formation of the veins, the rock-formations
were but little, if at all, replaced, and the material was practically
all deposited between the fissure-walls.

Further, the portions of the veins that are exposed to view all
oceur near the top of the batholith, either in the intrusive rock
itself or in the schists, and are believed to have formed shortly after
the intrusives of the granitic mass. There is no direct evidence in
this distriet to show at what depth below the surface this granitic
material consolidated, but investigations that have been made in
recent years tend to show in many places, at least, in the Western
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Cordillera of North America, that the upper portions of these great
batholithic bodies are intruded to very near the surface, and do not
cool, as formerly thought, in the abyssal depths.

Barrell* has shown that the great Boulder batholith of Montana
in places approached to within 2,000 feet of the surface. Smith and
Mendenhall ? have also noted the instance of a batholith in the Cas-
cades that was covered, at the time of its intrusion, by only a series
of extrusive andesites. Other similar observations have been made
in other places.® So it is quite possible that these veins which occur
in the upper portions of the Coast Range granitic batholith may
have penetrated to within 2,000 or 3,000 feet, or even less of the
surface.

DESCRIPTIONS OF MINING PROPERTIES.

The mining properties hereunder comsidered are mentioned in
order, commencing at the southeast and proceeding to the west and
north. No attempt is made to include all the claims in the district
that belong to the gold-silver class. A number only of the more
promising are described.

Mt. Stevens—The Hawk Eye group of three claims, owned by
the ¢ Tally-Ho Boys,” is situated on the Wheaton River slope of Mt.
Stevens. Two veins have been discovered on the property, in chlor-
itic and sericitic schists, which have average thicknesses where
exposed of 20 inches, and 3 to 4 feet, respectively. The vein-material
consists of quartz impregnated, to some extent, with galena and
chalcopyrite. It is not known what the ore will assay.

The Acme claim, owned by O. Dickson, is situated on the top of
Mt. Stevens, and contains the largest guartz-lens noted in Wheaton
district. This lenticular mass occurs in chloritic and sericitic
schists, is 80 feet wide in one place, and appears to be about 100 feet
long. On account of drift, neither end of the lens was seen, and it
is not known whether quartz continues farther than the 100 feet in
either direction or mnot. In places some galena and pyrite occur,
but the bulk of the quartz contains practically no metalliferous
minerals.

1Barrell, Joseph—*‘‘Geology of the Marysville mining district, Montana’: Prof.
Paper, No. 57, U. 8. Geol. Surv., p. 166.

2Smith, G. O. and Mendenhall, W, C.—"Tertiary granite in the northern Cas-
cades’’: Bull. Geol. Soc. Amer., Vol. 1, 1900, pp. 223-230.

3Hague, Arnold—*‘Early Tertiary volcanoes of the Absaroka Range’’: Pres.
Address, Geol. Soe. Wash., 1899, pp. 23, 29.
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The Buffalo Hump group, owned by Mr. Geo. Stevens, consists
of three claims, the Sunrise, Golden Slipper, and Wheaton. These
all adjoin, and are located in line, forming a group, three claims in
length, in an east and west direction, along the north end of Mt.
Stevens. This is the most widely known property on Mt. Stevens.

On the Golden Slipper claim several tons of quartz were dis-
covered, which was thought at first to form part of a vein in situ, as
it had distinet granitic walls and was but little broken. Subsequent
development showed this quartz and its associated rock-material to
be all transported material. This overlies similar rocks which belong
to the Coast Range intrusives, occurs near the suvmmit of the hill,
and does not appear to have travelled any considerable distance. A
drift was commenced in the direction of the supposed origin of the
quartz, and in August last (1909) had been driven 85 feet, and from
it 20 feet of cross-cuts had been run, but no vein was encountered.

This quartz, in addition to a small amount of disseminated
galena in fine grains, also contains some free-gold and sylvanite.
The gold occurs either as small, spongy masses, usually surrounded
by sylvanite, or in the form of minute, bright particles, often too
small to be detected with the naked eye. The spongy gold has been
derived by oxidation from the sylvanite, but some of the gold occurs,
apparently, as a primary ore. The telluride exists in small bunches,
scattered throughout the quartz.

At several places on this and adjoining claims, smaller masses
and pieces of high-grade quartz have been found, all of which are
angular in form, do not appear to have been transported far, and are
found chiefly near the summit of the mountains. For these reasons,
it is thought that the rich quartz was probably originally derived
from some portion of Mt. Stevens.

On the Surprise claim is a quartz vein, in a fissure in granite,
which carries some galena and native gold. Both of these latter
minerals occur sparsely distributed throughout the gangue, and are
here, so far as has been discovered, not associated with any of the
telluride minerals found on other veins showing native gold.

The vein is 7 feet thick in one place,.where a small open-cut has
been made, but will not average more than 2 or 3 feet in thickness
for the 50 feet that the ore has been traced. The amount of gold
and silver this quartz will average per ton is not even approximately
known.
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Wheaton Mountain.—The McDonald Fraction, situated near the
western edge of Wheaton mountain, i probably the most promising
prospect on this hill. Outcropping here, in a fissure in granite, is a
vein of quartz which strikes N, 47° W., and dips to the northeast at
angles approaching vertically. The vein is well mineralized, chiefly
with argentiferous galena which, in p]éces, constitutes the greater
part of the vein-filling. The minerals occasionally exhibit a dis-
tinctly banded structure. The quartz varies from fine to coarsely
crystalline, and where most dense is very massive in appearance, and
individual erystals cannot be distinguished. In other places, dis-
tinet comb-structures and well-formed interlacing prisms are char-
acteristic. It is claimed that this ore contains gold and silver in
very encouraging amounts.

A shaft, possibly 20 feet deep, eonstitutes practically all the
development so far performed on this property.

The Silver Queen and Gopher claims are situated on the western
part of Wheaton mountain, near the McDonald Fraction, and are
the principal claims in a group of seven owned by the ¢ Tally-Ho
Boys” On the Silver Queen is a quartz vein, in granite, which,
where it is exposed, is 3 feet thick, and contains galena and pyrite.
On the Gopher, is an irregular, lenticular mass of quartz in green-
stone-schist, which, at the widest point discovered, is 7 feet from
wall to wall. The quartz is very massive and carries scattered
particles of galena. Neither of these veins has been developed to
any extent, and it is not known, on account of superficial, frozen
material, how persistent or extensive they are. The quartz from

both claims is reported to carry encouraging amounts of gold and
silver.

Tally-Ho Gulch and Vicinity.—Tally-Ho Group.—On the west
side of the Tally-Ho gulch, which extends along the western end of
Wheaton mountain, a group of eight claims, the Tally-Ho group,
has been located by Adam Birnie, C. J. Irvine, C. 1. Burnside,
W. M. Hair, and F. T. McGlashan, who have formed a partnership
for prospecting and mining purposes, and are known throughout the
district as the ‘ Tally-Ho Boys.’

All the assessment and other work for the entire group has been
performed in the development of a single vein, that was considered
the most important on the property. The ore occurs in a brecciated
fault-zone, 4 to 12 feet thick, in the Coast Range granitic formation.
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The zone strikes in a northwesterly direction, and dips to the north-"
east at 60° to 70°, and along it a drift 290 feet in length has been
driven, leading from which are a 40 foot raise and a 15 foot cross-cut.

Both walls of the faulted zone are coated with a clayey gouge
one-fourth to one inch thick, and several similar seams occur dis-
tributed through the broken material. The granitic fragments vary
in size from that of sand-grains, or smaller, to 8 or 10 inches in
diameter, and the larger pieces have been cemented together by the
more finely-ground material. A varying, but always small amount
of quartz has been introduced between the various granitic frag-
ments, but the greater amount occurs as a vein of varying thickness
deposited along the foot-wall. In the first 100 feet of the drift, the
vein is from 12 to 20 inches in thickness, then for 6 feet it is from
30 to 36 inches, whence it rapidly decreases to 12 inches, and for the
last 150 feet does not average more than 6 inches in thickness.

The thickness of the quartz has been apparently conditioned by
the amount of original available space in which to crystallize. As
fissure-walls have invariably irregular surfaces, when faulting occurs
cavities or spaces are produced between them that tend to become
filled with the fragments that are produced by the grinding of the
walls on eacl; other; the Tally-Flo fault-zone, on account of the
great amount of breccia formed, would in this way become much
more compact in some places than in others, and the mineral-bearing
solutions travelling along the foot-wall would on this account be able
to deposit their dissolved quartz and associated minerals most readily.
in certain places. The force of crystallization of the quartz, referred
to under the ¢ Detailed Deseriptions’ of these .gold-silver veins, has
apparently been sufficient to press back the larger pieces and more
consolidated portions of the brecciated matter where not under too
great pressure, thus rearranging these rock-materials to some extent,
and making room for the quartz to continue forming along the foot-
wall in a layer of varying thickness. It would appear probable from
these considerations that if this fissure is followed, other places will
be found where the rock-materials give place to quartz, and the vein
is again of workable thickness.

The quartz carries considerable argentiferous galena which
oceurs, generally, fairly evenly disseminated, and in a fine state of
crystallization. No other metallic mineral occurs in appreciable
quantities. Near the surface, for 8 or 10 feet, the galena has been
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partly altered o lead carbonate. The quartz generally assays from
$9 to $80 per ton in gold and silver, and it is thought that consider-
able of it, if not all, will average approximately $20 per ton.

Other veins have been found on these claims, but they have not
been developed, and nothing definite is known concerning them,
except that some large pieces, 6 to 8 inches in diameter, of almost
solid galena, were seen which came from them.

Mt. Anderson.—~On the east side of Becker creek, and on the
west face of Mt. Anderson, is a strong, well-defined quartz vein con-
tained in a fissure in granite. The vein strikes approximately
N. 68° W., and dips at about 80° to the northeast. It can be traced
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for about 3,000 feet, or practically the entire length of the Rip and
Wolf claims which are located along it, and neither end has yet been
found.

A dyke of fine-grained basalt, 2 feet thick, cuts this vein
longitudinally, and persists along it for the entire length so far
found. It in places cccurs near the hanging, and in other places
near the foot-wall, and also occupies various intermediate positions;
and is not always in the form of a single, simple dyke, but gives off
branches, all of which occur in the quartz. Wherever the entire vein
has been cross-cut, it eontains from 4 to 5 feet of quartz-which is, in
most places observed, well mineralized with argentiferous galena.
The dyke appears to have had no effect on the ore other than of sub-~
dividing it.
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Tt i3 not known what average value the vein has, but the better
mineralized portions of it generally assay from $20 to $40 per ton in
gold and silver.

On the Rip claim, owned by Wm. McGrew, a drift 90 feet long
has been driven on the vein, keeping to the foot-wall side of the dyke
which in this distance crosses from one side of the vein to the other.

On the Wolf claim, owned by Messrs. Clark, Dickson, and John-
son, the basalt dyke splits the vein into two about equal parts, one
of which is again divided by a small offshoot from the main dyke.
Approximately 40 feet of open-cutting and drifting have been done
on this property.

Gold Hill and Vicinity—Considerable excitement was created
during the season of 1906 by the finding of quartz carrying free-gold
and gold-silver tellurides, on what is now the Gold Reef claim, on
Gold hill, midway between Watson and Wheaton rivers, and 20
miles from Robinson. This was the immediate cause of consider-
able prospecting in this locality, and resulted in the staking of
practically all the claims in Wheaton district, except those compris-
ing the Union mines.

The Gold Reef.—The vein on the Gold Reef strikes about
N. 55° W., and dips to the southwest at 50° to 60°. It occurs in
greenstone-schists along the northeast side of Gold hill for upwards
-of 1,000 feet, and throughout this distance has an average width of
possibly 4 to 5 feet. This is perhaps the most regular of the veins
so far found in the schistose forma@;ion, and for distances of 100 to
200 feet it maintains a fairly uniform thickness. The strike of the
vein, in a general way, coincides with that of the formation in which
it occurs, so that the greater part of the quartz has been deposited
along the foliation planes of the rock, and lies conformable to the
enclosing lamine. The vein, in places, cuts across the strike of the
schist for a few feet, and thence continues between other laminm
than those previously followed.

The quartz presents a particularly dense, massive appearance
and, with the exception of occasional particles of pyrite, in most
places, contains practically no metalliferous minerals,. A few
pockets of rich ore have been found, from the size of a man’s head
to one of about 600 pounds weight. These contain native gold,
sylvanite, hessite, petzite, and telluric ochre. The gold in the pockets
occurs either as small, spongy masses, when it is apparently derived
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by oxidation from the tellurides, or in minute, bright, solid particles
which are almost certainly of primary origin. The telluric ochre,
as well as some of the gold, is a product of the decomposifion of the
tellurides. .

The Gold Reef vein, except for the pockets, carries only smail
amounts of gold and silver, and the rich ore has not been found in
nearly sufficient amount to pay for the development of the property.
Up to the present, several hundred feet of development, in the form
of drifts, cross-cuts, shafts, etc., have been performed, and less than
a ton of pay-ore has been discovered.

The Legal Tender is the only other claim of the large number
located in this locality in 1906 and since, on which any development
work other than assessments has been performed.

This property was one of the first claims staked during the
excitement of 1906, and was located by Mr. J. Perkins. It is situated
on the northern face of Mineral hill, and overlooks Watson river
from the south. The walls of the river-valley rise abruptly from its
floor, over 1,700 feet to the plateau-level, and it is on this steep,
rugged, southern slope of the valley, and about 1,000 feet above the
level of the river, that ore was first discovered on this claim, and
near the original discovery practically all the development work has
since been performed.

The vein on the property is in a fissure in granite, strikes in a
northwesterly direction, and is inclined to the northeast at angles
approaching the vertical. The fissure-filling consists chiefly of quartz
and argentiferous galena which oceyrs, in places, quite plentifully
disseminated through the gangue, and is prevailingly finely crystal-
line. The quartz often occurs in large well-defined ecrystals which,
in some instances, form a network of long, interlacing prisms, and
in places have developed typical comb-structures. Besides these
minera]s, scattered particles of chalcopyrite also occur. The arrange-
ment of the minerals is such, occasionally, as to give a ;oughly
banded appearance to the ore.

A drift 100 feet long has been driven on the vein which, for
this distance, remaing fairly persistent in dip, strike, thickness,
mineralogical composition, etc. The ore is claimed to average $30
to $40 per ton in gold and silver.

The Lucky Boy is situated on the upland-surface, on the eastern
side of Mineral hill. In the schists of the Mt. Stevens group a mass
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of quartz has been exposed, which carries chalcopyrite, copper glance,
and malachite. The vein appears to strike in a northwesterly direc-
tion, but as an area of only about 6 or 7 feet square of the quartz has
been uncovered, little is known concerning the find. The surround-
ing bed-rock is covered somewhat deeply with frozen, superficial
materials.

Antimony-Silver Veins,
GENERAL.

Classification of Antimony Ores—These antimony-silver veins
belong to an unusual type of ore-deposit, known in but few localities
in the world, and occupy a somewhat unique place in the classifica-
tion of antimony ores. To bring out the connexion between these
and other related ores, the following classification is offered, under
which it is believed all antimony ore-deposits so far discovered can
be conveniently placed. It is not intended, however, to include
deposits containing only insignificant percentages of antimony-
minerals, which belong properly to gold, copper, or other types of
ores.

Classification of antimony ore-deposits :i—

1. Fissure-veins and other ore-containing cavities.
(a) Those that are valuable chiefly, or entirely, for their
antimony-content.
(b) Those that are notably gold-bearing, the stibnite being
auriferous. '
(¢) Those containing both antimony and silver in economi-
cally important amounts.
II. Metasomatic replacements.

Most deposits of antimony ores belong to division I. Those
coming under division IT occur chiefly in limestone formations, and
have been found in very few localities. With few exceptions, the ores
of division I belong either to subdivisions (a) or (&), which have
themselves been separated almost wholly for practical reasons. In
the one case (b),the ores are mined chiefly for gold, and when treated
seldom yield any returns for their contained antimony. In the other
case (a), the ores are worked mainly or entirely for their antimony
content. The veins of these two types are closely related, and grade
into each other. These ores of subdivision (@) represent merely the
extreme, or gold-poor, facies of the deposits of division L.

22286—8
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In rare instances the ores of antimony, instead of being asso-
ciated with gold, occur as extreme developments of the rich silver
veins. The ores of Carbon and Chieftain hills are of this type which
is represented by subdividion (¢). An occurrence of this kind was
worked until the sixties at Mobendorf,' in Saxony, 7 miles north-
west of Freiberg, which Friesleben has designated the Mobendorf
type. Almost the only other veins of this character that are known
to be mentioned in geological literature occur east of Broken hill,
in the Barrier range of New South Wales? In both of these locali-
ties, the ores occur in crystalline metamorphic rocks, while those on
Carbon and Chieftain hills are found in granites, andesites, and
andesitic breccias, and thus possess essential characteristics not pre-
viously described.

Summary Description.—These antimony-silver ores occur dis-
tributed throughout a westerly-trending belt about 5 miles long by
1% miles wide, which includes all the southern portion of Carbon hill
and extends to the west across Wheaton river and embraces the
central portion of the eastern face of Chieftain hill (Diag. 3.) The
greater number of the veins, however, have been discovered on the
western face of Carbon hill, on an area about one mile in diameter.
"These ores occur in the Jurassic Coast Range granitic rocks, and in
the Chieftain Hill andesites and volcanic breccias. The veins have,
with one exception, a general westerly trend and are either perpen-
dicular in attitude or dip to the northeast.

Two of the veins are traceable for over 2,000 feet on the surface,
but other outcrops are generally covered with superficial materials,
so that 200 feet is the farthest that any of them have been followed,
but a number probably extend much greater distances.

The veins vary in thickness from 2 or 8 inches to 6 feet, but
1 to 3 feet is generally about the average of the more valuable. The
fissures, in all the cases so far discovered, appear to be simple in
form and without any foot or hanging-wall stringers or branching
fissures. ’

The ores consist chiefly of quartz, caleite, barite, stibnite,
sphalerite, Jamesonite, galena, and grey copper. Stibnite constitutes
the greater part of the vein-fillings in parts of some of the veins, and
in such cases is generally associated with minor amounts of

M iller, H.—‘‘Erzlagerstiatten bei Freiberg’’: Cotta’s Gangstuciien, 1, 1850, p. 104-
28mith, G.—Am., Inst. Min. Eng., Vol. 26, 1896, p. 69.
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sphalerite and Jamesonite. Wherever any gangue is present, it is
generally chiefly quartz, barite and calcite occurring only in subor-
dinate amounts. The veing that are richest in silver consist of a
quartz gangue impregnated with more or less galena and grey
copper, and very few antimony minerals. In fact, the ores high im
silver are generally low in antimony, and vice versa. But there are
places where both antimony and silver occur together in consider-
able amounts.

Assays running over 500 ounces of silver to the ton have been
obtained, but they are very exceptional. Samples of the better class
of ores containing galena and grey copper often carry from 100 to
200 ounces. The better grades of the stibnite ores contain 50 per
cent to 65 per cent of antimony. The ores rarely contain more than
a few cents per ton in gold. It is not known what the ores will
average over any considerable portion of their outcrops, nor what
they will assay more than 10 feet below tihe surface.

" The zone of vein-oxidation is prevailingly shallow, and unaltered
sulphides generally occur within a few inches or 4 or 5 feet of the
surface. Only a slight amount of leaching appears to have taken
place in these ores.

DETAILED DESCRIPTIONS.

.

The Vein-fissures.—Distribution.—The fissures containing these
antimony-silver veins, so far as has been discovered, are limited, in
Wheaton distri(_:t, to a westerly trending belt, 5 miles long by 1%
miles wide. This area includes the central portion of the eastern
face of Chieftain hill and a zone extending through Carbon hill
from its extreme western to its eastern edge (see Diag. 3). The
greater number of these ore-containing fissures, however, have been
found on the western face of Carbon hill, and are included in an
area not more than a mile in diameter. Further prospecting may
considerably extend the boundaries of this mineral belt, as but little
search for ore has been made in the gurrounding district, through-
out much of which the geological conditions appear to be 51m1lar to
those on Carbon and Chieftain hills.

Formations in Which the Fissures Occur.—These fissures oceur
in the Jurassic Coast Range granitic rocks, and in the andesites and
andesitic tuffs and breccias of the Chieftain Hill volecanics which
are of late Cretaceous or early Tertiary age. The most persistent

22286—8%



116 GEOLOGICAL SURVEY, CANADA

figsures, and those containing the richer silver ores, have been found,
g0 far. chiefly in Coast Range granodiorites. Otherwise, the ores
occurring in the fissures of the different rocks just mentioned are
practically indistinguishable.

Strikes and Dips.—As the outcrops of these fissures are in most
places covered with superficial materials, and as most of the veins,
that were examined, had beer but slightly prospected, in only a few
cases could the strikes of the fissures be determined at all definitely.

The fissure containing the Morning and Evening vein, the prin-

N

s

Fig. 7. Diagram showing strikes of antimony-silver vein fissures.

cipal one on Chieftain hill, strikes due west. On Goddell’s claim, on
the northern side of Carbon hill, are two parallel veins not more
than 20 or 30 feet apart, that have a strike about 7° south of west
(8. 83° W.). The three veins being developed on the Porter group,
on the southwest portion of Carbon hill, strike 18° north of west
(N. 77° W.). Near the lower end of Chieftain gulch, on Chieftain
hill, a small, economically unimportant vein was noted, that had a
strike of about N. 52° W. These were the only strikes that could be
at all accurately determined, but all the other ore-fissures found on
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Carbon hill appeared to strike in a westerly direction. So that, with
the exception of the one small vein in Chieftain gulch, all the fissures
apparently strike due west, or within a few degrees of this direction.
(Fig. 7.)

The fissures on the Porter group dip to the northwest at 50° to
55°, but all the other vein-fissures in the district are practically
perpendicular in attitude.

Persistency.—~The two parallel veins on Goddell’s claims, above
mentioned, can be traced for about 2,000 feet along the steep side of -
a gulch on the western face of Carbon hill, where the conditions are:
favourable for ocutcrops. The other veins discovered in this vicinity
are not as favourably situated in this respect. Omne of the veins on
the Porter group has been traced for over 200 feet, and has every
appearance of continuing much farther in both directions, but super-
ficial materials cover the outcrop. The ore-fissure on the Morning
and Evening claims on Chieftain hill is exposed to the north of
Chieftain gulch for about 200 feet. None of the other veins have
been followed for over 50 feet. It is quite probable, however, that
further development will show numbers of these fissures to possess
considerable persistency.

Widths of the Fissures.—The fissures vary in width from 2 or
3 inches to 6 feet. The thickest vein on the Porter group is 14
inches to 3 feet wide, and the narrower fissures on this property
range from 6 to 14 inches. The Morning and Evening vein is 5
feet wide at one point, and Goddell’s veins vary from 2 to 6 feet.
The more promising vein-fissures in most places, however, range in
width from 1 to 3 feet.

Faulting.—The walls of the fissures were, in several places,
distinctly slickensided, showing that the fissures are, in most cases
at least, fault-fissures. This feature was not noted in some of the
outerops on account of surface weathering, but where solid walls
were to be seen, slickensiding was generally in evidence. A thin
layer of clayey selvage one-eighth to one-fourth of an inch in thick-
ness, also occurs in places on the walls of the Porter veins. Thig
also indicates faulting.

As the fissures all occur in massive igneous rocks, it is impossible
to say what the displacement of the walls, due to faulting, has been.
However, no surface evidences of movement were noted, and none of
the veins, so far found, contain brecciated wall-rock materials.
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Furthdr, the veins on the top, and east side, of Carbon hill occur in
the Chieftain Hill clastics which are, in this vicinity, not over 100
feet in thickness, so the displacements in these places must have
heen somewhat less than this amount, or the underlying granitic
rocks would somewhere be seen in contact with the clastics, in spite
of the mantle of superficial materials that, in most places, cover the
surface. No such evidence of faulting was discovered. For these
reasons, it is thought that the displacements of the walls of the ore-
fissures are slight and generally, at least, under 50 feet, and probably
Jauch less,

Intersections.—Although the fissures do not, in most cases,
diverge more than 20° from being parallel, still, if persistent, they
must intersect. No intersections had, however, been encountered at
the close of the field season of 1909.

Origin of the Fissures.—Little data is available concerning the
origin of these vein-fissures. They have in most cases a westerly
strike, and so bear no relation to the main structural features of the
district, which have a generally northwesterly trend. The fissures
have a tendency to occur in groups composed of a number of closely
parallel members. Further, although the principal veins have a
decided tendency to parallelism and to have a westerly strike, one
vein was found striking N. 52° W., and the Porter veins strike
N. 77° W.; so it is possible, when more strikes have been determined,
‘that two or more systems of fissures will be found to exist here.

It is also to be noted that the fissures in the different formations
are intimately related, and whatever has caused one has, in all
probability, caused all, regardless of the rocks in which they occur.
‘This close association is strongly marked by the decided parallelism
«of the important fissures which occur in andesites, andesitic brececias,
and granodiorites. In fact all the field observations indicate the
synchronous origin of these fissures. These are the only facts that
appear to bear on the gquestion of origin. It is not even known
-whether the faults are normal or reverse in character, i.e., whether
the hanging-walls have moved up or down, relative to the foot-walls.

Torsional forces, as shown by Daubrée,’ have a tendency to
produce radiating sets of fissures which are characteristically
arranged in fan-like groups, and are often cut by others occurring at

1Daubrée, A.—‘Etudes Synthétiques de Géologie Expérimentale”.
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right angles to them. No such arrangement has been detected
among these antimony-silver fissures. Tension® tends to produce
breaks at right angles to the direction of the force applied, there-
fore generally results in a single set of parallel fissures. In connex-
ion with the ore-fissures on Carbon and Chieftain hills, it is hard
to conceive of tensional forces acting at 40°—60° to the main struec-
tural features of the district. Further, as j\‘lst pointed out, there
appear to be two sets of fissures which differ in their general trend

. by 40°. So that tensional forces could not normally account for all
the fissures.

The only other forces that are known to produce faulting in
the earth’s crust, are those of compression and gravity. Gravity acts
in conjunction with torsional, tensional, and compressive forces, but
is not alone productive. When a body is in compression, breaks
tend to result at 45° 2 to the line of the applied force, and so two
sets of fissures form, theoretically at right angles to each other®;but
friction and gravity operate to make the angle less than 90°.
Further, the main fissures, so produced, are liable to be accompanied
by others arranged parallel and close to them. These characteristics
are clearly possessed by the antimony-silver fissures. Therefore, con-
sidering the facts in hand, forces of compression such as result from
ordinary orogenic movements seem to best account for the origin of
these fissures.

Fissure-fillings and Mineralogy—General—These antimony-
silver veins consist chiefly of quartz, barite, calcite, stibnite, James-
onite, grey-copper, sphalerite, argentiferous galensa, arsenopyrite, and
-antimony ochre which occurs only near the sorface. In places, the
entire vein-filling consists chiefly of stibnite, with which may be
associated subordinate amounts of sphalerite and Jamesonite. Some
veins consist chiefly of gangue minerals with only small amounts of
metallic minerals. Quartz is, in all places, the chief gangue mineral;
barite and caleite occur only in minor amounts.

The ores are of value for their silver and antimony contents,
but with the low prices paid now for antimony, they derive their
present worth chiefly from the silver they contain.

. - 1Van Hise, C. A.—'‘Principles of Pre-Cambrian N. Amer. Geology'’: Sixteenth
_.Annual Rep., Pt. I, U. 8. Geol. Survey, pp. 633-682.

20n account of friction this is actually always less than 45°.

8Van Hise, C. A., Op. cit.
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Gangue Minerals.—As just mentioned, portions of some of the
veins consist wholly of metallic minerals, but where any considerable
amount of gangue is present, quartz is always the chief mineral
playing this réle; barite and caleite occur only in minor quantities.

The quartz has frequently a massive appearance, and in such
cases no crystal oytlines can be detected. Often, however, this
mineral consists of large well developed prisms which may form a
network of interlacing erystals, or may occur in parallel fashion,
pointing toward the centre of the vein, and so forming typical comb-
structures. When the crystals are well developed, considerable inter-
crystal space often exists, in which the metallic minerals are at
times deposited. Such crystal development also shows that at least
a certain amount of open space existed in the fissures at the time of
the ore deposition.

The barite and the calcite have practically always a typical
granular appearance. The calcite is generally easily distinguished
by its well developed rhombohedral cleavage.

Metallic Minerals.—Of the various metallic minerals, stibnite is
much the most common, and is the only one found making up any
considerable portion of the vein-fillings. In places, in a number of
veins, such as the ‘big vein’ on the Porter claim, the Morning and
Evening vein, some on the Empire, and one found on the extreme
easterly portion of Carbon hill, stibnite constitutes nearly the entire
vein-filling. Sphalerite generally accompanies this mineral, and
Jamesonite also often occurs. The ores of these veins which run
high in antimony, tend to be low in silver.

-Other veins, as the two narrow ones lying just below the ‘big
vein’ on the Porter claim, show little or no stibnite, and consist
chiefly of a quartz gangue through which are scattered particles of
argentiferous galena and grey copper. Such ores have high silver
content, but are low in antimony.

The veins on Goddell’s claim consist chiefly of a quartz gangue,
containing disseminated particles of Jamesonite and arsenopyrite.
One vein on the Empire claim consists of a quartz and barite gangue
containing a liberal amount of granular particles of sphalerite as
well as some Jamesonite.

It is thus seen that the mineral content of these veins.varies
considerably, and ranges from chiefly stibnite, to entirely quartz,
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galena, and grey copper. In most places, if not everywhere, both the
galena and the stibnite are silver-bearing.

The stibnite occurs prevailingly in long, well developed prisms
which frequently exhibit beautiful columnar, and radial structures.
All gradations are found, however, from this condition to purely
granular. The galena exists generally in the form of small cubes
scattered through the gangue. The grey copper always occurs as
small, evenly distributed particles. The Jamesonite is found either
disseminated through the ore, or constituting fine granular masses,
or feathery aggregates. Arsenopyrite was noted only on Goddell’s
claim, and here exists in small, crystalline particles, evenly, but
sparsely, distributed through the quartz. The zinc blende is com-
monly coarse to fine granular, but is massive and cleavable in places,
and has everywhere a brownish colour and resinous lustre. The
antimony ochre appears to be composed mostly of stibiconite,
H,Sb,0,, and is a pale-yellow to yellowish-white, earthy-appearing
substance. This material occurs only at the very surface, and is
derived, by weathering processes, from the stibnite and Jamesonite.

Other Fissure-filling Materials.—Vein-filling materials other
than those just mentioned, viz., the metallic and gangue minerals,
are entirely lacking, except for thin layers of gouge one-8ighth to
one-fourth of an inch thick, which occur on the walls of some of the
veins. This material consists of comminuted wall-rock, ground by
movement of the walls on each other. The thus disintegrated par-
ticles have since been more or less decomposed by circulating waters
which have been influential chiefly in altering the feldspars to clay,
sericite, etc., and thus forming the pasty selvage so characteristic of
many veins.

No masses of included rock have been, so far, found in any of
the veins.

Assay Values—All the samples of these ores that have been
assayed, and concerning which the writer has definite information,
have been taken at, or within 10 feet of the surface. A cross-cut has
recently been driven on the Porter claim, and it is reported that
some of the veins on this property have been tapped at depths rang-
ing from 150 to 200 feet, and that the ores at this level have values
similar to those obtained at the outcrops; however, the writer has
no positive assurance concerning these reports.

The outcrops even have not been systematically sampled for any
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considerable distances, but a large number of average and other
samples taken from various places have been tested.! A few results,
running over 500 ounces of silver to the ton, have been obtained,
and several samples of the better class of ores containing galena and
grey copper assayed from 100 to 200 ounces. Selected ore from the
‘big vein’ on the Porter claim carries 50 per cent to 65 per cent
antimony, and one sample from this claim containing both silver and
antimony in important amounts, gave when analysed, 50.40 ounces
in silver, 81.40 per cent of lead, 18.75 per cent antimony, and $0.80
in gold. There is generally a decided tendency here, however, for
ore running high in antimony to be low in silver, and vice versa,
owing to the fact that grey copper and galena rarely occur at all
<closely associated with the stibnite. None of these ores have been
found to carry more than a few cents to the ton in gold.

Synchronous Age of the Veins in the Different Formations.—
Veins containing the same minerals similarly arranged, occur in
the granodiorites and voleanic breccias of Carbon hill, and in the
andesites of Chieftain hill; and so similar are these ores that it is
often impossible to tell, from samples, in which formations they
originated. Among rother mineralogical characteristics long, well
develop&d prisms of stibnite, possessing beautiful columnar, and
radiated, structures, are typical of a number of the veins, regardless
.of their habitat, and in several places comprise the greater part of
the vein-material. Nowhere else in Yukon territory have similar
antimony ores been discovered. For these reas¢ns, it seems evident
that these veins must all have teen formed at the same time and
under like conditions.

Age of the Veins.—Some of the veins occur in the Chieftain
Hill volcanics, and since they cut them, are more recent than these
Tocks which are thought to be of late Cretaceous or early Tertiary
age. In a few places, as in Goddell’s claims, the veins are, in turn,
intersected by the Wheaton River volcanics, considered to be prob-
-ably of late Tertiary and possibly of Pliocene age. It has been shown
-above, that the veins are apparently all of the same age; they, there-
fore, would seem to be all more recent than late Cretaceous, and to
antedate late Tertiary times.

0

1These assays were made by Mr. Robert Sinart, Government assayer, White-
house, Y. T., and by the Department of Mines, Ottawa; the greater number were
made by Mr, Smart.
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Influences on the Wall-rocks.—Compared with many other dis-
tricts in which ore-containing fissures occur, the wall-rocks of the
;‘aptimony-silver veins on Carbon and Chieftain hills are but slightly
affected by the mineral veins they contain. The granitic rocks have
been slightly bleached and rendered somewhat more friable, adjoin-
ing the veins; but even this slight alteration disappears gradually,
and is not noticeable at distances of more than 2 or 3 feet at most.
The clastics and andesites are even less affected than the granitic
materials, and in places no decided or marked alteration appears to
have taken place adjoining the veins. The exact nature of the
mineralogical and chemical changes that have occurred, have not
been determined. In no case has the change progressed to the stage
of masking the character of the wall-rock.

Oxidation.—The zone of oxidation is prevailingly shallow. In
the majority of mining districts the limit of oxidation, as a rule,
coincides with the water-level, but, in many cases, the process may
partly, if not completely, alter the character of the veins for con-
siderable distances below the water-surface. Here, in the antimony-
silver veins, oxidation appears to have appreciably affected the ores,
generally, only very near the surface, but they may be oxidized to
considerable depths along occasional more or less open fissures which
serve as trunk-channels for circulating waters. The depth to which
the stibnite is oxidized can generally be measured in inches, and
unaltered gé.lena, sphalerite, Jamesonite, and grey copper are found
within a foot or so of the outcrops. However, galena is, to some
extent, oxidized for at least 8 to 10 feet, and the grey copper and
Jamesonite may be, also; but opportunities for deciding this point
are practically lacking. Several causes have been suggested above,
in discussing the gold-silver veins, to account for the general shallow-
ness of the oxidized zone there; these causes all apply equally well
here, and will be briefly restated.

In the first place, on account of the northern latitude of this
district, the ground is, in most places, continually frozen to consider-
able depths. Under these conditions, chemical action proceeds slowly
and to a slight degree.

The drainage may also have an important bearing upon oxida-
tion in this district. As shown in the descriptions of the topograi)hy,
the mountains are prevailingly steep-sided, so that the run-off from
the hills is, in most places, rapid and complete. This noticeably
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tends to diminish the effects of oxidation, as the waters are rapidly
conveyed from the uplands to the main valley-depressions, and so
have relatively little opportunity to act on the mineral deposits.

Still another point should be mentioned in this connexion. As
previously stated, the chief metallic minerals occurring in these
veins are stibmite, galena, sphalerite, Jamesonite, and grey copper;
pyrite and marcasite are rarely, if ever, encountered. Recently, H. A.
Buehler and V. A. Gottschalk® have demonstrated experimentally,
that the ordinary natural sulphides, as galena and sphalerite, are
oxidizable with difficulty under ordinary surface conditions; but
that, in the presence of pyrite or marcasite, they are readily oxidized.
The marked absence of pyrite and marcasite may, to a considerable
extent, account for the shallowness of the oxidized zone in these
deposits.

The following are the more important changes that have taken
place in these deposits due to oxidation. The galena, in places, is
oxidized to lead carbonate which often remains in the spaces origin-
ally occupied by the galena, but may be carried down and deposited
at a lower level. The stibnite, at the very surface, is altered to a
whitish-yellow to yellow, earthy substance, known as antimony ochre,
but which appears to consist chiefly of stibiconite (H,8b,0,). The
Jamesonite is also, to some extent, transformed into lead carbonate
and antimony ochre. Malachite was noted in small amounts, in a
few places, due to the oxidation of the grey copper. Definite altera-
tion products of the sphalerite were not noted.

Leaching and Enrichment.—In many veins of the ealcitic type,
it is common to find a decided enrichment in the oxidized part of
the deposit, due to a reduction in volume of the ore by the solution
and removal of the soluble conmstituents. No such surface enrich-
ment occurs in connexion with these antimony-silver veins. Im
fact, no surface sample is known to have assayed more than one
dollar in gold per ton; and silver and antimony do not become con-
centrated at the surface.

The argentiferous galena and grey copper are to some extent
oxidized at the surface, as mentioned above, and their silver content
is, in all probability, partly dissolved out and deposited lower down
in the vein. This leaching process, however, appears to have been

1*Oxidation of Sulphides’: Econ. Geol., Vol. V, No. 1, Jan., 1910, pp. 28-36.
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very superficial and not at all extensive, so in all probability no con-
siderable secondary enrichment will be encountered at the top of the
zone of unaltered sulphides.

Persistency and Probable Vertical Extent.—Considering the
shallow zone of oxidation, the apparently slight amount of leaching
that has taken place, and the improbability of any secondary zone of
enrichment being encountered with depth, it appears probable that
these veins should maintain for a considerable portion of their ver-
tical extent, the characteristics and mineralization, which distinguish
them near the surface.

Generally veins do not extend downward for a greater depth
than their extent on the surface, and in all probability this will be
found to hold true in Wheaton district; so that the veins that are
the most persisteilt at the surface may be expected to extend the
farthest downward.

Genesis—A consideration of the mineral-combination in these
ores assists materially in the study of their genesis. Nomne of the
minerals—such as albite, amphibole, biotite, diopside, garnet, ete.,
characteristic of the deep-vein zone deposits,’ oceur, nor the minerals
characteristic of pneumatolytic deposits, such as tourmaline, fluorite,
spodumene, muscovite, etc. Such deposits are directly connected
with plutonic intrusive rocks, and have been derived from them
through the agency of magmatic gases dissolved in them at the time
of their intrusion, and existing, therefore, at high pressure and
above the critical temperature of water.

The minerals that are present all indicate that the ores belong
to the upper-vein zone. Stibnite is practically diagnostic of shallow-
vein deposits, and is known to be at present forming at Steamboat
Springs where it is deposited by hot ascending waters on gravel
pebbles within 80 feet of the surface.’

A study of the past and present topographies of the district
affords but little definite information coneerning the depth at which
these veins were formed, as there is comsiderable doubt as to the

1For 2 discussion of the different mineral-zones and of the minerals existing in each
seei— Bw - B b Pt gk ot mip )

Emmons W. H.—*"A genetic clasmﬁca’mon of minerals’’: Eeon. Geol., Vol. I1I,
No. 7, pp. 611—627 and

Lmdgren, Waldemar— ‘The relation of ore-deposition to physical conditions’:
Econ. Geol., Vol. No. II, pp. 105-127.

2Lindgren, Waldemar—‘'The occurrence of stibnite at Steamboat Springs,
Nevada’’: T. A. I. M. E., 1905, pp. 27-32.
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number of orogenic movements and erosion cycles that have occurred
since the formation of the deposits.

It is known, however, that the materials such as compose these
veins are deposited by circulating waters containing dissolved gases
and metalliferous compounds. It is also generally supposed that
these waters derive their mineral-contents from some molten or
highly heated igneous intrusives. These antimony-silver veins are
cut by, and are, therefore, older than all the known igneous rocks
of the distriet, that are more ‘recent than the Chieftain Hill
materials. They would appear for this reason, to be associated with
these, if they are connected with any of the igneous rocks known to
exist in this locality. The fact that these veins always occur either
in or near the Chieftain Hill volcanics also gives weight to this
idea. It is, therefore, quite probable that the materials composing
the veins were deposited in the granitic rocks and already cooled
andesites and breccias, while the underlying magma, from which the
andesites and breccias were derived, was still in a highly heated or
molten condition, and that the material comprising the veins was
derived from this molten material. Since, however, the Wheaton
River volecanics and the Klusha intrusives probably represent later
products of the reservoir from which the Coast Range intrusives
originated, and as the Klusha and Wheaton River rocks were formed
after, and the Coast Range rocks before the antimony-silver veins,
it would appear that a vast granitic magma remained in a highly
heated and fertile condition during the period in which the veins
were produced, and may possibly have been the source of the material
composing them.

DESCRIPTIONS OF MINING PROPERTIES.

A large number of claims have been located in the distriet, and
a considerable portion of them are still being held. On only a few,
however, has any development work been performed, and these are,
in most tases, the only ones that afford any definite information
concerning the ore-deposits of the vicinity. A number of the more
promising are described in the following pages.

Carbon Hill Claims.—The Porter Group.—This group includes
three claims, the ‘ Porter,” the ‘ Empire,” and the ¢ Excelsior, which
are owned by Mr. H. E. Porter and Mr. W. J. Fleming. These
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properties present the most promising surface indications in the
vicinity, and on them the bulk of the development work of the entire
camp has been performed.

On the Empire claim are the old workings of Corwin and Rick-
man,' and it is there that their first discoveries are supposed to have
been made. The different cuts, trenches, pits, etc., when visited by
the writer in September, 1909, were so caved, and the rocks so decom-
" posed, that little definite information could be obtained concerning
the veins on the property. The ores occur in an andesite that
contains considerable iron, and that for several feet from the surface
is so badly decomposed that its nature is almost completely masked.
This rock presents a bright-reddish to yellowish appearance, and is
much disintegrated in many places. However, at three or four
points masses 6 to 10 inches in diameter of almost solid stibnite
were found, associated with more er less sphalerite, quartz, and
barite. One vein appeared to consist chiefly of quartz, impregnated
with sphalerite and small particles and feathery aggregates of
Jamesonite. Outcrops of several veins, apparently from 6 inches to
2 feet in thickness, have been discovered on the claim.

On the Porter claim, six veins have been discovered, and others
will probably be found when the ground is more thoroughly pros-
pected. The veins occur in the Jurassic granitic rocks, and appear
to have parallel strikes, but the outerops of two of the veins were
small, so that their direction of strike was not definitely determined.
The other four veins are practically parallel, strike N. 77° W., and
dip at 50° to 55° to the northeast.

The most promising looking of these veins, the ‘big vein,” ranges
from 14 inches to 3 feéet in thickness, and can be traced for at least
200 feet on the surface, and probably continues mueh farther; but
superficial materials cover the remaining portions. The vein consists
chiefly of quartz and stibnite, with sphalerite and Jamesonite in
minor amounts; and portions of it 12 to 14 inches thick consist of
almost pure stibnite.

Five feet below the ‘big vein’ is another, from 6 to 12 inches
thick, and similar to the former, but not so highly mineralized.
There are also two other veins below these, at distances of 95 to 130
feet, respectively, measured in a horizontal distance from the ¢big

1The discoveries of these early prospectors are described in the introductory
portion of this report.
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vein.’ These are 2 inches and 6 inches thick, respectively, where
they outcrop, and consist chiefly of quartz containing disseminated
particles of galena and grey copper.

Practically the only surface development that has been performed
on this claim is in the form of an incline shaft about 10 feet deep,
on the ‘big vein.’ A cross-cut was being driven when the claim was
visited, that was intended to tap the four parallel veins just men-
tioned. The ‘big vein’ would be encountered farthest from the
mouth of the cross-cut, and at a calculated depth vertically below the
surface of 180 feet. It is reported that some of the veins have been
cross-cut this winter (1909-10), and that very encouraging ores were
encountered. )

It is not known what any considerable portion of these outcrops
will assay, though a large number of samples taken from the surface
and from the 10 foot shaft have been tested, and afford some informa-
tion. A few assay® returns running as high as 500 ounces of silver
per ton have been obtained, and several samples of the ores contain-
ing considerable galena and grey copper gave from 100 to 200
ounces; the majority of the samples that have been tested, however,
contained less than 50 ounces of silver per ton. The ores from th.e
‘big vein,’ in places, contain 50 per cent to 60 per cent antimony,
and one sample from this claim, containing both silver and antimony
in important amounts, upon analysis gave 50.40 ounces of silver,
31.40 per cent lead, 18.75 per cent antimony, and $0.80 gold. The
ores rarely contain more than a few cents per ton in gold. The
galena and stibnite are both silver-bearing in places, and may be
everywhere.

Goddell’s Claims.—The claims referred to in this report as
¢ Goddell’s claims,’ constitute a group situated on the Wheaton River
slope of Carbon hill, about one mile to the north of the Porter claim.?

Two parallel veins, not more than 20 or 30 feet apart, outerop
in a gulch on these claims, and are distinctly exposed to view,
extending up the mountain side for a distance of over 2,000 feet.
They occur in the Jurassic granitic formation, strike S. 83° W.,
and have an almost perpendicular attitude.

1These assays were made by Robert{Smart, Gov. Assayer, Whitehorse, Y. T.,
and by the Department of Mines, at Ottawa. L. .

2Mr. Charles Goddell is believed to own a number of other ¢laims in the neighbour-
hood of Chieftain and Carbon hills.
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The veins consist chiefly of quartz, impregnated with Jamesonite
and arsenopyrite, and are 2 and 2 to 6 feet thick, respectively.

Some open-cut work and a cross-cut, 20 to 30 feet long, comprise
the development work on this property. The veins are, however,
fortunately situated on the rugged mountain side, so that nature has
done considerable surface stripping, and so exposed them for a much
groater distance than any other veins in the locality.

Chieftain Hill Claims.—The Morning and Evening Claims.—
The only claims on Chieftain hill on which ore of any importance
has so far been discovered, are the Morning and Evening, which
adjoin one another on the same vein. The vein occurs in a fissure
in a fine-grained, greenish andesite, strikes due west, and has an
almost perpendicular attitude. Where it crosses Chieftain gulch
the vein is 5 feet thick, and consists chiefly of quartz and stibnite,
with subordinate amounts of zinc blende; 2 feet of this thickness
is composed almost entirely of stibnite which exhibits beautiful
columnar and radiated structures. Fifty feet away in either direc-
tion the vein is not more than 6 inches to 1 foot in thickness. The
only development work that has been performed on these claims
consists of a little surface stripping.

Silver-lead Veins.
GENERAL STATEMENT.

The silver-lead veins have been found chiefly in a northerly-
trending belt about 3,000 feet long and 1,000 feet wide, which is
situated on the eastern face of Idaho hill, and is chiefly included by
two mineral claims that comprise the Union Mines group. A few
veins have also been found to the south, on the adjoining Nevada
group, and one similar deposit is reported to occur on the north face
of Mt. Follé, half a mile to the southwest of the Union mines.

These veins all occur in a generally finely textured, grey to pale-
green feldspathic rock which, in most places, is a typical arkose. The
deposits, in most cases, strike about N. 12° W., dip at approximately
70° to the west, and in a general way coincide in these respects with
the containing formation.

At least twelve veins have been discovered on the Union Mines
property. Of these, the majority, for the greater portion of their
extent, are from 4 to 12 inches in thickness, and can be traced from

22286—9
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10 to 200 feet along the surface, and surface stripping may show
that some extend much farther. The veins generally are fairly
regularly tabular in form, but close examination shows in many
places a lack of definition between- the walls and the ore. The vein-
materials penetrate the enclosing rock in an irregular manner—in
some instances only microscopically discernible, and in others quite
extensive. In several places veins which for considerable distances
are only a few inches in thickness, suddenly widen out into irregu-
larly-shaped ore-masses 4 to 6 feet wide and up to 20 feet or more in
length.

The vein-materials consist chiefly of quartz, calcite, galena,
arsenopyrite, zinc-blende, pyrite, and chalcopyrite. Quartz is, in most
places, the chief gangue-mineral, and arsenopyrite and galena are
the principal metallic constituents of the deposits. Included portions
of wall-rock are plentiful in places, particularly along the edges of
the veins. The ores generally contain only a few cents in gold to
the ton, and seldom, if ever, have more than $2; so that silver and
lead are their economically valuable constituents. Assays of the
better grades of galena ore yield approximately 50 ounces of silver
and 40 per cent lead, but higher returns have been obtained from
selected samples. It is thought that considerable portions of the
surface ores, and all of the exposed parts of some of the veins, will
average between $15 and $20 per ton in silver and gold—the gold
being always relatively small in amount.

The ore-minerals are somewhat oxidized at the surface, but as
the development work has not exposed any of the veins to a depth of
more than 6 or 7 feet, it is not known how deep the oxidized products
may extend, but unaltered sulphides occur plentifully at the surface.

The deposits were formed, for the greater part at least, by meta-
somatic replacement; i.e., the solution of the walls and the deposi-
tion of the vein-materials took place simultaneously. The mineral-
bearing solutions appear to have travelled chiefly along the bedding-
planes of the clastic rock in which the veins occur, but in a few
cases followed cross-fractures in the rock. Practically all that is
known concerning the age of the deposits is that they were formed
later than the Jura-Cretaceous rocks in which they occur.

DETAILED DESCRIPTIONS.

Distribution.—The silver-lead veins ocecur chiefly on the eastern
face of Idaho hill—the eastern portion of the easterly-trending ridge
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situated between Schnabel and Perkins creeks which lie on its
southern and northern sides, respectively. Idaho hill overlooks
Altnie lake to the east, and forms a part of the western wall of
Corwin valley, the widest and most important depression in Wheaton
distriet (Diag. 3, also map of Wheaton district).

Another vein, reported to resemble those on Idaho hill, has
recently been located about half a mile to the south, on the northern
slope of Mt. Follé, but it was not seen.

The majority of the silver-lead veins occur on two claims com-
prising the Union Mines group, and are distributed over a north-
westerly-trending area about 3,000 feet long by 1,000 feet wide.

Eight other claims, forming the Nevada Mines group, have been
located as extensions to the Union Mines, and are situated chiefly to
the south of this property. Ore-veins are believed to have been found
on the Nevada group only in a few places, but those that have been
discovered are quite similar in appearance to the deposits on the
Union Mines ground, with the exception that generally they contain
less galena. The writer saw only two veins on this group, both with-
in 1,000 feet of the southern edge of the Union Mines ground, and
on the steep, southern slope of Idaho hill, facing Schnabel creek.

Formation in Which the Veins Occur.—The veins all occur in
light grey to pale green, generally fine-grained, homogenous
appearing feldspathic beds which belong to the Jura-Cretaceous
Laberge series, and under the microscope are generally seen to be
typical arkoses, but, in places, contain considerable tufaceous
material.

Strikes and Dips.—The veins, in a general way, all appear to
follow the dip and strike of the clastic rocks in which they oceur,
although, in places, this is not at first evident, because the rocks are
generally heavily bedded, and in many cases.their bedding-planes
can only be distinguished from a distant view-point. The majority
of the veins thus strike about N. 12° W., and dip from 60° to 70° to
the southwest. One vein, however, was noticed that departed con-
siderably from this general strike, but it appeared to extend only a
short distance, following, apparently, a minor fissure in the rock-
formation.

Persistency and Dimensions.—These veins are in many places
very irregular in form, and generally have indefinite walls which are
invaded and pierced by the ores. The centres of the veins are nearly

22286—93%
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all ore, but approaching the walls more and more rock-material
becomes intermixed until the vein-matter has disappeared. The
deposits here and there suddenly widen in this way, from 8 to 10
inches to 8 or 4 feet, or even more in thickness. Figure 8 is a some-
what diagrammatic sketch of one of these deposits, in which the ore-
massg cross-cuts and intersects the rock-structure.

Some of the veins are, however, fairly regular in outline and
maintain nearly uniform thickness as far as they are exposed. The
veins, generally, are from 4 to 12 inches thick, and can be traced

o feet

Fig. 8. Diagrammatic sketch of a silver-lead deposit.

from 10 to 200 or 300 feet. In some instances the occurrence of a
number of similar outcrops in line for 700 or 800 feet suggests that
they may be portions of the same vein. In most cases, it is more
probable that these different vein-portions represent several deposits
lying en echelon. Surface stripping would readily decide such
points, but, as yet, very little work has been done on the deposits.

As many as twelve veins in all have been found, One of these
is, where exposed, 2 feet 8 inches in thickness; the others through-
out the greater part of their lengths vary in thickness from 4 to 12
inches; but in a few places masses of ore containing rock-material
were noted ranging from 2 feet to 4 feet thick, and from 5 to 20 feet
long, or possibly longer. One irregular area, possibly 12 feet wide
and 20 feet in length, was noted, which appeared to be possibly half
ore-material,

Intersections.—As these veins are nearly all practically parallel,
there is but little chance of finding points where they intersect.
One vein was noted, however, that had a definite strike in a direetion
nearly at right angles to the general trend of the deposits. This vein
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did not appear to extend far and was not observed to intersect any
other deposit, but an intersection may occur underneath the super-
ficial materials,

Spacing.—As previously mentioned, with two or three excep-
tions, all the veins that are known to have been discovered occur
within an area about 8,000 feet long and 1,000 feet wide. The
greatest number of deposits seem to occur toward the centre, and
fewer toward the ends of the belt. Iun an average section across the
area near the centre, there are from four to eight veins, fairly evenly
spaced. To the north and south this number gradually decreases,
and near the ends of the 3,000 feet probably two or three only will be
found. Further developments may, however, reveal many more
deposits than are at present known.

Faulting.—No evidences of movements of the vein-walls, rela-
tive to one another, have been detected. Faulting may have occurred,
but it must have been a minor factor in connexion with the forma-
tion of the spaces in which the ores have been deposited, as no
slickensiding, fault-breccia, selvage, etc., were seen.

Gangue Minerals.—Quartz is the chief gangue mineéral in most
of the deposits, but calcite also occurs plentifully in places, and in
some instances exceeds the quartz in amount. In the majority of
the veins, the gangue materials are considerably greater in amount
than the metallic constituents. But portions of a number of the
deposits consist mainly of metallic ingredients.

The quartz is characteristically massive in appearance, but well
defined crystals occur. Irregularly distributed geodes or vugs are
characteristic of the ores, and are always lined with well formed,
clear, glassy, quartz prisms, pointed toward the centres of the cavi-
ties. The calcite is practically always massive and cleavable.

Metallic Minerals.—Arsenopyrite, galena, zinc-blende, pyrite, and
chalcopyrite, with their surface oxidation products, comprise the
metallic minerals of the deposits. Arsenopyrite and galena are the
most plentiful. Zine-blende is generally present in minor amounts,
but pyrite only occasionally, and chalcopyrite is rarely found.

The arsenopyrite is always characterized by its peculiar tin-
white colour, and is prevailingly massive to finely-granular in
appearance. It occurs intermingled with the other ore-minerals and
wall-rock fragments, but also in many cases forms solid ore-masses
that comprise considerable portions of the vein-material. These
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masses are in places somewhat tabular in form, and occur roughly
parallel to the walls of the deposits, but they are prevailingly quite
irregular in outline, and bear no relation to the form of the ore-
bodies.

Galena is abundantly present in a number of the veins, and
since it is silver-bearing is, with the exc¢eption of gold which occurs
in very small amounts, the one economically valuable mineral in the
deposits. In places it is very finely textured, presenting almost the
appearance of a fresh fracture in a piece of steel, and in this form is
known as ‘steel-galena.’ In other places it is quite coarse and exists
as cubes as large as one-eighth of an inch in diameter. All grada-
tions between these extremes are encountered. The galena occurs
either disseminated through the gangue minerals, or forming, alone
or with other materials, almost solid metallic ore-masses; it is found
generally intimately associated with the arsenopyrite, either inter-
mingled with it, or forming masses adjoining it. The galena-masses
are generally very irregular in outline, but are occasionally tabular"
in form, parallel to the general strike of the veins and the original
bedding-planes of the wall-rocks. Both the arsenopyrite and galena
in many places distinctly penetrate and apparently replace the walls
of the veins of which they form a part.

The sphalerite is always dark-brown to black in ecolour and is
either massive or foliated in structure. It occurs frequently as dis-
seminated particles associated with the galena and occasionally with
the arsenopyrite and pyrite as well, and is also found scattered
throughout the quartz and calcite materials, either in fine grains or
in compact masses up to 2 inches in diameter.

Pyrite generally occurs in minor amounts, chiefly as irregular,
finely crystalline to massive aggregates. Particles of chalcopyrite
occasionally are associated with the pyrite.

Included and Unreplaced Areas of Wall-rock—Numerous por-
tions of wall-rock occur included in the vein-materials, particularly
along the edges of the deposits. These masses are very irregular in
form, but generally the sharp edges or corners have been removed
during the process of replacement, as later explained. The ores
penetrate the walls, and the rock fingers into the ore in a correspond-
ing manner. This interfingering of ore and rock is, in places, only
microscopically discernible, and in such cases the ores appear to have
quite definite walls, but in other places the ores pierce the containing
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rock for several feet. These features and their causes and origin
will be further discussed when considering the genesis of these
deposits. .

Assay Values.—As none of these deposits have been developed
below the surface, only outcrop samples have been tested; from these,
assays running as high as 150 ounces in silver to the ton have been
obtained, but 50 ounces is more nearly the average of the better
grades of surface-ores. Samples have been tested containing as much
as 70 per cent lead, but these are very exceptional and represent only
small masses of almost sclid galena; considerable portions of some
of the veins, however, carry upwards of 40 per cent lead. Gold
exists in these veidls in only small amounts; many of the samples
taken show only traces of this metsal, but some go as high as $2 per
ton. The better mineralized portions of the veins are believed to
carry approximately $20 per ton in gold and silver.

Age of These Veins.—These deposits occur in rocks in which
numerous specimens of Prioncyclus woolgari are found; and for this
reason, as discussed more fully under ¢ General Geology,’ this horizon
is assigned to the lower, or lower-middle Cretaceous. The veins,
since they cut these beds, must have been formed after the rocks
themselves, and are, therefore, more recent than this period. This
is all that is definitely known concerning the age of the deposits, as
none of the voleanie rocks of Cretaceous, or later age, have been
found cutting them.

However, as explained in more detail in considering the genesis
of these deposits, there are important reasons for believing that they
are genetically associated with either the Klusha intrusives or the
Chieftain Hill voleanics, and were formed after one or both of them
had consolidated. This would make the veins of late Cretaceous or
early Tertiary age.

Oxidation—Compared with similar veins in the majority of
mining districts in the world, these silver-lead deposits have been
but slightly affected by oxidation processes; in fact considerably the
greater part of the surface ores, the gangue excluded, consist of
unaltered sulphides. One of the chief reasons for this appears to
be the cold northern climate, which causes the ground to remain
permanently frozen tfo considerable depths, and greatly retards
chemical activity. Another cause is the steep-walled character of
the valleys, as a result of which the water is rapidly carried off, and
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so given little opportunity to attack the ore-deposits. These points
have been discussed more in detail, in considering the gold-silver
veins.

Small as are the effects of oxidation in these deposits, they
appear to be somewhat greater than in the antimony-silver and gold-
silver veins. Considerable portions of the silver-lead deposits have
been much altered at the surface, and oxidation extends down as far
as the ores have been developed, which is, however, only 6 or 7 feet.
At this depth, oxides and oxygen salts are quite plentiful, which is
not the case with the other types of deposits mentioned above. This
difference in amount of oxidation may possibly be accounted for by
the fact that there is more pyrite in these silver-lead veins, which, as
mentioned in discussing the gold-silver ores, Buehler and Gottschalk
have recently shown, causes other natural sulphides to become much
more readily oxidized. :

Here, as elsewhere, oxidation transforms the sulphides to oxygen
salts which may be further changed or carried away by surface
waters. The pyrite is most readily attacked, yielding sulpburic acid
and ferrous sulphate which oxidizes freely to ferric sulphate and
finally to ferric hydrate and free acid. Arsenopyrite is attacked
with more difficulty, but has, to some extent, been changed to limo-
nite, arsenic trioxide, and a dark green, hydrous, ferric sulphate.
The arsenic trioxide occurs in small amounts, either as a white,
earthy powder, or as thin white erusts. The dark green sulphate is
very plentiful and characterizes the ores nearly everywhere. It
appears to result both from the pyrite and the arsenopyrite, and
occurs as a powder, or paste, filling the cracks and coating the
gurfaces of the ores.

Galena and zinc-blende are less readily attacked than the iron
minerals, and no place was noted where oxidation products of the
sphalerite could be identified, although it is, in all probability,
changed, to some extent, to zinc silicate. The galena is altered to
yellow, earthy, lead carbonate, which generally continues to occupy
the position in the ores originally held by the galena. The chaleo-
pyrite is, to some extent, oxidized to malachite. The portions of
wall-rock included with the ores are much oxidized and altered
chiefly into kaolin and quartz. In places, large masses of almost
pure kaolin occur.

Leaching and Enrichment.—The veins are, in places, somewhat
porous, and show that certain of the more soluble portions of the
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ores have been taken into solution and removed. To what extent the
process has been carried is only approximately known, as the veing
are only exposed in a few places, and nowhere for more than 6 or 7
feet below the surface.

An estimate of the amount of material removed might be made
from calculations of the porosity of the outcrops, but it is not known
how much of the material removed was metallic, and how much
unmetallic. Further, the leached materials may have been, to a great
extent, removed by surface waters. It is, therefore, impossible to
estimate the amount of valuable constituents in the ores lower down
in the veins. The great proportion of entirely unaltered sulphides
at the surface, and the probability that the zone of oxidation is very
shallow, indicate that no considerable zone of secondary enrichment
is to be expected at the top of the zone of unaltered sulphides. It
is to be expected, therefore, that the veins will be found to maintain
for a considerable portion of their vertical extent, the mineralogical
characteristics that distinguish the wunoxidized portions at the
surface.

Genesis.—For the sake of clearness, all the facts bearing on the
origin of these deposits will now be stated, though the greater part
of them have been mentioned before.

(1) The veins, in a general way, follow the beddmg-planes of the
clastic rock in which they occur.

(2) There is a lack of definition between the walls and the ore-
materials.

(8) The deposits are in many places very irregular in outline;
they penetrate the walls in various directions, and cross-cut the struc-
tures and the breccia-fragments composing the rock.

(4) The ores are distinctly secondary to the country-rock, and
consist chiefly of quartz, calcite, galena, arsenopyrite, zinc-blende,
pyrite, and chalcopyrite.

(5) All ores of this character are deposited by circulating solu-
tions containing dissolved gases and metalliferous compounds.

(6) Before such ores can be formed the solutions carrying them
must have a place in which to deposit theéir mineral burden.

(7) There has been apparently no movement of the walls relative
to one another, so the cavities were not produced by faulting.

(8) The irregular shapes of the deposits preclude the possibility
of the spaces they occupy having been originally cavities produced
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by rock-fracturing, and show that they could only have been pro- .
duced by solution (see Fig. 8).

(9) An examination of thin sections of these ores under the
microscope shows sharply defined crystals of arsenopyrite, galena,
and other ore-materials penetrating the fragments of wall-rock, and
cross-cutting the clastic particles in such a manner that no space
exists between the secondary crystals and the original rock materials
(Plate XIV.) The spaces for these crystals could not have been
made by fracturing nor by the force of crystal-growth, as the original
clastic grains are in no way distorted. Further, if it is supposed
that. solutions first produced the cavities, and that the ores were
deposited in these spaces later, this atiributes an almost human
understanding to the solutions. It is incon_ceivable that they would
know, while dissolving the rock, the kind of minerals that would be
deposited in it, and so sculpture cavities exactly the size and shape
of the crystals that were to occupy them. The only satisfactory
explanation of the origin of these deposits seems to be that solution
and deposition were, for the greater part at least, concurrent. The
solutions apparently travelled along the bedding-planes of the clastic
rock, filled with mineral-deposits any small spaces that may have
existed, and replaced the materials on either side. This accounts
for the crystals penetrating the breccia-fragments, the ores extending
into the wall-rocks, ete.?

As to the source of the vein-forming materials; it is generally
believed that these materials are derived from intrusive igneous
rocks, and are carried in solution to the places where they become
deposited. On Idaho hill and vicinity, the Chieftain Hill voleanies
and the Klusha intrusives are the only known igneous.rocks that
are more recent than the Laberge rocks in which the silver-lead ores
oceur. Of the two, the Klusha granite-porphyrivs are the less
prominent in the neighbourhood of the deposits, but a genetic rela-
tionship between them and the ores is possible. An area of andesites
belonging’ to the Chieftain Hill voleanics, occurs in close proximity
to these deposits, also andesite dykes oceur, on Mt. Foll4, on the ridge
to the west of Idaho hill, and elsewhere in the vicinity; so that it is
possible these rocks may be related to the silver-lead deposits. The
data at hand, however, are insufficient to decide the matter

1For a very excellent discussion on replacement, including all the known criteria
for recognizing this process in ore-deposits, see:—

Irving J. D.—*Some features of replacement ore-bodies and criteria by means
of which they may be recognized,’’ Jour. Can. Min. Inst., Vol. XIV, 1911, pp. 395-472.



Prate XIV.

Drawings of portions of thin sections from the walls of a typical lead-silver vein,
as seen between crossed nicols. The country rock consists chiefly of a mixture of
quartz and feldspar, much altered to sericite.

A. Shows arsenopyrite, (the dark mineral) replacing the country rock, and
crosscutting the breccia fragments composing it.

B. Shows the same as A, but in addition, the large dark arsenopyrite crystal
has, included, some sphalerite, (the black irregular portion near the centre of the
arsenopyrite. )

22286—p. 138.
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definitely, but it is thought that the ore-bearing solutions were
probably connected with late Cretaceous or Tertiary intrusive
rocks.

Concerning the depth at which these veins are formed, the
mineral combination indicates with some certainty that they were
deposited in the upper, cooler portion of the earth’s crust, and in the
upper-vein zone! A study of the past and present topographies, and
the geological formations of the district, affords but little definite
information concerning this matter, as there is considerable doubt
as to the number of orogenic movements and erosion cycles that may
have occurred since the formation of these deposits.

MINING PROPERTIES.

The Union Mines.—Since the majority of the silver-lead veins
already described occur on the Union Mines property, the foregoing
discussion of these deposits practically all refers to the Union Mines
deposits, hence no further consideration of them is here necessary.

The property consists of two claims owned by W. F. Schnabel
and Mr. Northrop A crosg-cut has been commonced, but in Septem-
ber, 1909, had only been driven 15 or 20 feet, and no veins had been
encountered. With this exception, all the development on these
claims consists of a certain amount of surface stripping and open-cut
work. Nowhere have the veins been exposed to a depth of more than
6 or T feet.

The Nevada Mines.—This group is owned by Charles Bush and
W. F. Schnabel, and consists of eight claims which were located as
extensions to the Union Mines group, and lie chiefly to the south of
this property. Only two veins were seen by the writer on the Nevada
group, and these were similar in appearance to those at the Union
mines, except that they contained much less galena, and so consisted
mostly of quartz, calcite, arsenopyrite, zine-blende, pyrite, and chal-
copyrite. Other veins are believed to have been discovered.

Some underground work has recently been performed on these
claims, so that by the spring of 1910, 50 to 75 feet, or possibly more,
of drifting is expected to have been performed.

1The mineral combinations of the different vein-zones are more fully discussed
under the gold-silver, and the antimony-silver-veins, '
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Contact-Metamorphic Deposits.
GENERAL STATEMENT,

These contact-metamorphic deposits have, so far, been discovered
only at one place in Wheaton district, and all the known outcrops
are limited to a northwesterly-trending area, perhaps 500 feet long
and 100 feet wide, which is included on the Fleming mineral claim.
This claim is situated on the top and northerly slope of a small ridge
that faces Wheaton river on the south, about one mile west of Becker
creek.

The ore-materials occur in pre-Devonian, finely textured, light
green to grey hornblende-gneisses, near their contact with Jurassic,
intrusive granodiorites. The deposits follow, in a general way, the
strikes and dips of the gneisses, and occur in bands trending
N. 42° W., or approximately at right angles to the granodiorite-
gneiss contact, and inclined from 60° to 90° in either direction.

The largest deposit is about 30 feet wide, but its length is unknown,
as superficial materials cover the greater part of the surface. The
ore-matter is actually exposed for 8 or 10 feet only, but the occur-
rence of float indicates that it extends much farther, perhaps several
hundred feet. Near this deposit, two smaller bands 4 to 6 feet wide
were noted.

The secondary material constituting the mineral deposits consists
chiefly of magnetite, specularite, chaleopyrite, pyrite, quartz, calcite,
epidote, actinolite, and a yellow garnet, apparently grossularite. The
central portion of the large deposit consists chiefly of iron and copper
minerals, and contains, at a depth of 4 feet from the surface, perhaps
one per cent copper. This metal, and gold which has not been found
in quantities exceeding $2 per ton, comprise the economically valu-
able materials in these ores.

The minerals have been to some extent oxidized, and limonite,
azurite, and malachite have been produced. The copper minerals
have been entirely leached out at the actual surface, but at a depth
of 4 feet, the greatest as yet reached in the development of the
Fleming claim, chalcopyrite is somewhat abundant, so that the zone
of oxidation is thought to be shallow, and to be unimportant econom-
ically in these deposits.

' DETAILED DESCRIPTIONS.

" Geological Occurrence—The northern face, and parts of the top
of the ridge on which the Fleming claim is located, are composed of
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chiefly finely textured, light greenish to greyish hornblende-gneiss,
which belongs to the Mt. Stevens pre-Devonian group. The southern
portion, and probably the bulk of the ridge, as well as the hills to the
gsouth, are composed of the Jurassic granodiorite intrusives. The
contact-metamorphic ores occur replacing bands of the gneisses in
the vicinity of the granitic rocks. These gneisses are particularly
rich in lime, owing to the high percentage of lime-alkali feldspars
which they contain.

The gneiss-bands are somewhat distorted, but generally strike
about N. 42° W, or approximately at right angles to their contact
with the granodiorite, and are inclined from 60° to 90° in either
direction. :
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Fig. 9. Diagrammatic sketch of the ore deposits on the
Fleming mineral claim,

Dimensions.—When visited in September, 1909, a trench about
40 feet long, 2 to 4 fect wide, and 1 to 4 feet deep constituted prac-
tically all the development work that had been performed on this
property. As the surface is in most places covered with superficial
materials, little is known concerning the dimensions, or other char-
acteristics of the deposits. :

The trench, just mentioned, crosses one band of ore-material
about 30 feet wide, at a distance of possibly 100 feet from the granitic
contact, and striking about at right angles to it. Drift covers the
area between the granitic rocks and the deposit which was only
exposed for about 10 feet along its strike; but farther to the north,
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over the surface of the hill toward Wheaton river, several iron-stained
patches noted may cap similar ore-material continuous with that at
the place trenched, or en‘echelon to this deposit. Within a few feet
of the main exposure and to the east of it, two smaller outcrops of
gimilar ore, 4 to 6 feet wide, were noted, but could not be traced
more than 10 or 15 feet, on account of surface materials.

Mineralogy.—The ore-materials exposed in the trench consist
chiefly of magnetite, specularite, chﬁlcopyrite, pyrite, malachite,
azurite, calcite, quartz, epidote, chlorite, actinolite, and yellow garnet.
Toward the centre, the iron and copper minerals constitute the
greater part of the deposit, but toward the edges more quartz, calcite,
epidote, etc., are found, and these gradually give place to unaltered
highly calecareous, hornblende gneiss.

The specularite generally occurs in radiating forms and rosettes.
The magnetite is prevailingly massive, but is also, in places, some-
what granular. The chalcopyrite generally appears as blotches dis-
tributed through the magnetite, epidote, chlorite, etc., but also occurs
finely disseminated through these materials. Pyrite is found in only
minor amounts mostly associated with the chalcopyrite, and is, wher-
ever noted, finely granular in structure. The malachite occurs in the
seams, cracks, and dissolution-spaces in the ore-material.

Assay Values.—The samples of these ores that have been assayed
show them to contain from traces to $2 per ton in gold. With the
exception of this metal, the copper minerals are the only ones of
economic¢ importance, and in the best places at the surface or in the
bottom of the trench the copper will not exceed one per cent.

Oxidation, Leaching, and Enrichment.—The iron minerals at
the actual surface have been to some extent oxidized to limonmite,
which gives the ores a reddish appearance; this alteration-product
does not extend far below the surface, however, and at a depth of
4 feet the iron oxides are but slightly altered, and even the pyrite
has been only to a limited extent oxidized. The copper minerals have
been more affected than the iron oxides, and, at the surface, have
been oxidized and entirely leached out; but at a depth of 8 or 4 feet
some chalcopyrite exists, and the copper carbonates, malachite, and
azurite are quite plentiful. The copper in the sulphide and its oxi-
dized products in the bottom of the central portion of the trench,
above mentioned, constitutes about one per cent of the ore-material.

Since the deposits outcrop on a steep sidehill, it is probable that
the greater portion of the copper that has been leached out has been
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removed by surface waters, and so lost, as far as these ores are con-
cerned. However, the remainder of the copper must have been carried
down and been precipitated in the deeper portions of the deposits.
It is thus apparent that an enrichment in the copper content of
these deposits may occur just above the zone of unoxidized materials,
or at the depth of the permanent water-surface. Since the surface
ores do not show, by the evidence of porosity or otherwise, that any
great amount of copper has been removed, and as considerable of this
amount is lost due to the surface-waters, while the chalcopyrite
is already coming in at a depth of 4 feet, indicating that the oxi-
dized zone is shallow, it is not probable that any considerable
secondary enrichment will be encountered.

The two chief causes that have apparently been influential in
preventing oxidation and leaching from being more effective, are the
cold, northern climate, and the character of the topugraphy. At this
northern latitude the ground is, in most places, permanently frozen
to considerable depths, and so all chemical.activity is much retarded.
Also these deposits are situated on a steep mountain-side, which
results in a rapid run-off of the surface waters that thus have little
opportunity to attack the ore-deposits. These points have been dis-
cussed more fully above, in considering other types of ore-deposits
in Wheaton district.

Genesis and Age.—In studying the genesis of these deposits a
number of striking and definite points have been noted. In the first
place, as mentioned above, the minerals constituting the ore-material
are chiefly magnetite, specularite, chalcopyrite, pyrite, epidote, actino-
lite, chlorite, and yellow garnet which is either grossularite or andra-
dite. This combination of specularite and magnetite with sulphides
i1s very characteristic of contact--metamorphic deposits, and is prac-
tically unknown in fissure-veins. Further, when these minerals oceur
with actinolite, garnet, chlorite, and epidote, an association is pro-
duced which is generally diagnostic of contact-metamorphism. These
same individual minerals may occur in regional-metamorphic ores,
but it is highly improbable that a deposit of this class should include
at one time, and within a few feet, all these minerals, which are so
characteristic of contact-metamorphic deposits, and should, in addi-
tion, contain no other minerals.

Also, in regional-metamorphic deposits the materials cannot
have travelled far, and a very gradual change from unreplaced
country-rock to ore is prevailingly found. On the Fleming eclaim,
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although there is a transition from ore to country-rock, nevertheless
almost golid iron and copper minerals can be seen within 2 or 3 feet
of unaltered gneiss.

Further, these ore-materials occur near intrusive granitic rocks,
and at other points in Yukon territory* deposits almost identical in
composition have been found occurring in similar rocks, and are
always in the immediate vicinity of granitic intrusives. The gneis-
soid formation in which these ores occur is of wide-spread distribu-
tion, but only adjoining the deep-seated igneous materials have the
ore-deposits been produced.

The ores on the Fleming claim also occur replacing gneiss-bands
that are particularly rich in lime. This seems only to be accounted
for by the fact that the deposits are of contact-metamorphic origin.

The gneisses in which the ore-materials occur consist almost
entirely of plagioclase, quartz, and hornblende, with accessory mag-
netite. The ores are mainly oxides of iron, pyrite, chalcopyrite, and
copper carbonates. It is, therefore, evident that a considerable
portion of these deposits was derived from sources outside the
gneisses which contain very little iron and practically no copper and
sulphur. There thus appears to be little or no doubt, but that these
ore-deposits have been caused by the adjoining and underlying
granitic intrusives, and that the mineéralizers have travelled along
the lamination-planes of the country-rock, which are the planes of
easiest ecirculation.

As to the cause of contact-metamorphism,? petrographers agree
that this is due to the heat of the molten magma, combined with the
action of the water which it contains. In many cases, no perceptible
accessions of substance from the magma have taken place, while in
perhaps as many others, important additions have been received. The
amount of material that is derived from the intrusive body appears
to be due mainly to two circumstances, the amount of water-gas in
the molten igneous body, and the suseeptibility of the invaded rock.
In many intrusives there may be present only a very small amount
of water-gas, and thus the accession of material to the invaded
formation may be slight and the contact-phenomena mostly due to

1Cairnes, D. D.—*“The Giltana Lake claims’: in_“Report on the Lewes and
Nordenskiold Rivers coal area’’: Geol. Surv. Branch, Dept. of Mines, Canada, 1910.

2] indgren, Waldemar—‘The character and genesis of certain contact deposits’’:
T.A.1. M. E., Vol. 31. .

Barrell, Joseph—‘‘Physical effects of contact metamorphism”: Amer. Jour.
Sei., Vol. 13.
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the heat of the rock; if, however, the water-vapour is abundant, the
amount of material given off may be very great. Magmatic waters
also vary widely; some contain large amounts of boron, fluorine,
chlorine, etc., while others have none of these, and possess chiefly
sulphur, copper, irom, and related minerals. Thus a wonderful
variety of contact-metamorphic deposits are formed.

The ore-materials on the Fleming claim, therefore, appear to be
due to magmatic vapours, rich in irom, copper, and sulphur, which
were derived from the granitic intrusive body.

If this be true, the deposits were formed during the cooling
period of the granitic batholith, which, as explained under ¢ General
Geology,” was in Jurassic, and probably late Jurassic, time.

MINING PROPERTIES.

The Fleming Claim.—This claim is owned by Messrs. W. J.
Fleming and H. E. Porter, and was located in July, 1909, by Mr.
Porter. As mentioned above, the only regional-metamorphie deposits
known to exist in Wheaton district are found on this property; thus
the discussion of their occurrence, which has just been given, is in
reality a description of the mineral deposits on the Fleming claim,
so that nothing further can here be added.

COAL.

Discovery—During the summer of 1906, the writer noted Tanta-
lus conglomerates outcropping on the ridge to the north of Idaho hill,
and between it and Mt. Bush. Search was at once made for coal
which so frequently occurs in these rocks, and what appeared to be
the outerops of two or three seams were found on the top of the
ridge. This discovery was made public,' and several prospectors
attempted to find the coal, but being unaccustomed to look for
mineral-fuels, were unsuccessful.

The writer again visited this locality in July, 1909, and with the
help of two assistants uncovered three seams of coal, and found what
appeared to be the outcrops of others. However, as the seams are
deeply covered with superficial materials which were frozen, digging
was slow and laborious, and only three seams were stripped, and these
not for their entire widths.

1Cairnes, D. D.—'*A portion of Conrad and Whitehorse mining distriets, Yukon'’:
Geol. Surv. Branch, Dept. of Mines, 1908, p. 32.

22286—10
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Descriptions.—These coal seams have been actually exposed to
view only in one place, which is situated about one mile west of the
Union mines and on the top of the ridge joining Idaho hill and Mt.
Bush. Since the coal was discovered just east of Mt. Bush, the belt
in which the coal-bearing formation occurs has been named the
‘Mt. Bush coal area,” which is about 2 miles long and one-third of
a mile wide at the widest point.

The coal occurs in the Jura-Cretaceous Tantalus conglomerates,
in, or immediately below, which has been found all the valuable coals
so far discovered in southern Yukon. This conglomerate formation
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is composed chiefly of massive conglomerate beds, the component
pebbles of which consist entirely of chert, quartz, or slate, but also
includes some intercalated shales, sandstones, and the coal seams.

At Discovery, in the Mt. Bush area, one 18 inch seam, and one
at least 6 feet thick, were uncovered; but since the surface materials
overlying the coal were several feet thick, the hanging-wall of the
larger seam was not definitely found, and so the coal may be thicker
than the 6 feet, as measured. A portion, 8 feet thick, of another
seam was, also stripped and the hanging-wall appeared to be still 2
to 4 feet distant. Indications of other seams were also noted.

The formation containing the coal is considerably distorted and
disturbed, but strikes in a general northerly direction, and is inclined
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at 60° to 80° to the west. A fine-grained, dark greenish andesite
dyke, about 15 feet wide, cuts these measures and adds to their
other irregularities.

The Tantalus conglomerates extend down to near the creek
bottoms on both sides of the ridge on which the coal was found, and
also appear to the south, across Schnabel creek, on Mt, Follé. An
easterly-dipping, normal fault, having a displacement of at least
5,000 feet, however, occurs to the west of the coal-outcrops, so that
if the coal seams persist downward sufficiently far, they will en-
counter this break and be cut off, at a depth, measured along the
seams, of 1,500 to 2,000 feet from discovery. The strike of the coal-
measures is also approximately parallel to the trend of the fault.

No evidence of coal was found in the Tantalus conglomerates
on Mt. Follé.

An outerop sample taken from the 6 foot seam was analysed by
the Mines Branch of the Department of Mines at Ottawa. The

+ following is the result of the analysis:—

Moisture.. .. .. «v vt vy «s oo .. 4.78 per cent.
Volatile matter.. .. .. .. .. .. .. 8.62 @
Fixed carbon.. .. .. .. .. .. .. 56.50 “
Ash.. v vt vt v e ve ve e .. 80:10 “
160-00 “

This shows that the coal is a semi-anthracite. The high ash is
probably partly due to the fact that the sample was derived from the
frozen outcrop of the seam, and contained a certain percentage of
sand and other materials.

20286—10} !
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Coal- ﬁelds of ’V[anxtoba, Sagkatchewan, Alberta, and Eastern Bntzsh
Columbia, by D.B. Dowling.

Geology, and Ore Deposits of Hedley Mining district, British Colum-
bia, by Charles Camsell. Maps Nos. 1095 and 109, scale 1,000
ft. = 1in.; No. 1105, scale 600 ft. = 1in.; No. 1106, scalo 800 ft.
=1in.; No. 1125, scale 1,000 ft. = 1in.

Memoir No. 18: Southern Vancouver 1sland by Charles H. Clapp.
Map No. 1123—17 A, scale 4 m. = 1in.

Memoir No. 21: Geolog; and ore deposits of Phoenix, Boundary dis-
trict, by O. E. Le Maps Nos, 1185 and 1136, scale 400 ft.
=1in,

Memoir No, 24-E: Preliminary Report on the Cla% and Shale De-
posits of the Western Provinces, by Heinrich Ries and Joseph
Keele. Map No. 1201—51 A, scale 35 m. = 1in.

ALBERTA.

Central portion, by J.B. Tyrrell. 1886. Maps Nos. 249 amd 250,
scale 8m,=11n
Peace and Athabaska Rivers dlstnct by R. G. McConnell. 1890-1,
ap No. 336, scale 48 m. =
Yellowhead Pass route, by J. McEvoy 1898. Map No. 676, scale

Cascade ooal-ﬂelds, by D. B. Dowling. Maps (8 sheets) Nos. 929-936,
scale-1m. = 1in.

No. , scale 1m. = 1in.

Coal—ﬁelds of Mamtoba, Saskatchewan, Alberta, and Eastern British
Columbia, by D.B. Dowling. Map No. 1010, scale 35 m. = 1in.

French translation of coal-fields of Manitoba, Saskatehewan, Alberta,
and Eastern British Columbia, by D.B.Dowling. Map No.
1010, scale 35 m. = 1in,

Memoir No. 8-E: Edmonton coal-field, by D. B. Dowhng Maps Nos.
1117-5 A and 1118-6 A, scale 2640 ft. = 11

Memoir No. 9-E: Bighorn coal basin, Alta., by Q. 8. Malloch, Map
No. 1132, scale 2m. = 1in.

Memoir No. 24-E: Preliminary Report on the Clay and Shale De-
posits of the Western Provinces, by Heinrich Ries and Joseph
Keele, Map No, 1201—51 A, scale 35 m. = 1in,

* SASKATCHEWAN.

Cypress hills and Wood mountam, by R. G. McConnell. 1885, Maps
Nos. 225 and 226, scale 8 m.

Country between Athabaska lake and Churchill river, by J. B,
Ty‘rrell and D. B. Dowling. 1895. Map No. 957, scale 25 m. =

®* Publications marked thus are out of print.
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868. Souris lhaver coal-field, by D. B. Dowling. 1902,
1035. Coal-fields of Manltoba, Saskatchewan, Alberta, and Eastern British
Columbia, by D. B. Dowling. Map No. 1010, scale 35 m. = 1 in.
1204. Memoir No. 24-E: Preliminary Report on the Clay and Shale De-
g{omts of the Western Provinces, by Heinrich Ries and Joseph
eele. Map No. 1201-51 A, scale 35 m. = 1in.

MANITOBA.

264. Duck and Riding mountains, by J.B. Tyrrell. 1887.8. Map No.
282, scale 8 m. = 1in.

296. Glacial Lake Agassiz, by W. Upham. 1889. Maps Nos, 814, 815, 316.

325. Northwestern portion, by J.B. Tyrrell. 1890-1. Maps Nos. 339 and
850, scale 8 m. = 1in.

704. Lake Wmmpeg (west shore), by D. B. Dowling.
1898. Map No. 664, scale 8 m. = 1in.

705. Lake Wlnnl‘peg (east shore), by J. B Tyrrell.
1898. Map No. 664, scale 8m. =11

1035. Coal-fields of Manitoba, Saskatchewan, Alberta, and Eastern British
Columbia, by D. B. Dowling. Map No. 1010, scale 85 m. = 1in.

1204. Memoir No. 24-E: Preliminary Report on the Clay and Shale De-
posits of the Western Provinces, by Heinrich Ries and Joseph
Keele. Map No. 1201-51 A, scale 35 m. = 1in.

NORTH WEST TERRITORIES.

217. Hudson bay and strait, by R.Bell. 1885. Map Ne. 229, scale 4 m.
=1in.
238. Hudson bay, south of, by A.P. Low. 1886.
239, Attawapiskat and Albany rivers, by R. Bell. 1886.
244. Northern portion of the Dominion, by G. M. Dawson. 1886. Map
No. 255, scale 200 m. = 1in.
267. James bay and country east of Hudson hay, by A. P. Low.
578. Red lake and part of Berens river, by D. B. Dowling. 1894. Map
No. 576, scale 8 m. = 1in.
*584. La})r;.;lor penlmsula, by A. P. Low. 1895, Maps Nos. 585-588, scale
m. = 1lin
618. Dubawnt, Xazan, and Ferguson rivers, by J. B. Tyrrell. 1896. Map
No. 603, scale 25 m. = 1 in.
657. Novthern portlon of the Labrador peninsula, by A. P. Low.
680. Solr'h Shore Hudson strait and Ungava bay, by
. P. Low. Map No. 699, scale 25 m. = 1in. Bound togeth
713. North "Shore Hudson strait and Ungava bay, by ogether.
Bell. Map No. 699, scale 25 m. = 1in.
725. Great ‘Bear lake to Great Slave lake, by J. M. Bell. 1900,
778. East coast Hudson bay, by A. P. Low. 1900. Maps Nos. 779, 780,
781, scale 8 m. = 1in.
786-787. Grass River region, by J. B. Tyrrell and D. B. Dowling. 1900.
815. Ekwan river and Sutton lakes, by D.B. Dowling. 1901. Map No.
751, ecale 50 m, = 1in,
819. Nastapoka. islands, Hudson bay, by A. P. Low. 1900.
905. The Cruise of the Neptune, by A. P. Low. 1905.
1006. Report of a Traverse through the Southern Part
of the North West Terrltorles, from Lac Seul
to Cat lake, 1802, by A. W. Wilson.
1080. Report on a Part of the North West Territories, +Bound together.
) drained by the Wmlsk and Upper Attawa-
piskat rivers, by W. MecInnes. Map No.
1089, scale 8m. =11 1n
1069. French translatlon Report on_an exploration of the East coast of
udson bay, from Cape Wolstenholme to the south end of
James bay, by A. P. Low. Maps Nos. 779, 780, 781, scale 8§ m. =
1in.; No. 785, scale 50 m. = 1in.

Bound together.
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1097. Reconnaissance across the Mackenzie mountain. un vhe l’efly, Ross,
and Gravel rivers, Yukon, and North West Territories, by
Joseph Keele. Map No. 1099, scale 8 m. = 1in.

- ONTARIO.

215. Lake of the Woods region, by A. C. Lawson. 1885. Map No. 227,
scale 2m. = 1in,

*265. Rainy Lake~region, by A. C. Lawson. 1887. Map No. 283, scale 4
m. = 1in.

266. Lake Superior, mines and mining, by E. D. Ingall. 1888. Maps No.
285, scale 4 m. = 11in.; No. 286, scale 20 ch. = 1lin.

326. Sudbury mining district, by R. Bell. 1890-1. Map No. 343, scale 4 m.

=1in.

327, Hunter island, by W. H. C. Smith. 18%0-1. Map No. 342, scale 4
m. = 1in.

332. Natural Gas and Petroleum, by H. P. H. Brumell. 1890-1. Maps
Nos. 344-349.

357. Victoria, Peterborough, and Hastings counties, by F. D. Adams.

1892-3.

627. On the French River sheet, by R. Bell. 1896. Map No. 570, scale
4m, =1in, .

678. Seine river and Lake Shebandowan map-sheets, by W. McInnes.
1897. Maps Nos. 589 and 560, scale 4 m. = 1in.

723. Iron deposits along the Kingston and Pembroke railway, by E. D.
Ingall. 1900. Map No. 626, scale 2m. = 1in.; and plans of
18 mines.

*739, Carleton, Russell, and Prescott counties, by R. W. Ells. 1899. (See
No. 739, Quebec.)

741. Ottawa and vicinity, by R. W. Ells. 1900.

790. Perth sheet, by R. W. Ells. 1900. Map No. 789, scale 4 m. = 1 in.

961. Sudbury Nickel and Copper deposits, by A. E. Barlow. (Reprint).
Maps Nos. 775, 820, scale 1 m. = 11in.; Nos. 824, 825, 864, scale
400 ft. = 1in.

962. Nipissing and Timiskaming map-sheets, by A. 1. Barlow. (Re-
in'int).1 'Maps Noe. 599, 606, scale 4 m. = 1in.; No. 944, scale

m. = 1in.
965. Sudbury Nickel and Copper deposits, by A. E. Barlow. (French).

970. Report on Niagara Falls, by J. W. Spencer. Maps Nos. 926, 967.

977. Report on Pembroke sheet, by R. W. Ells. Map No. 660, scale 4 m.
=1in.

980. Geological reconnaissance of a portion of Algoma
and Thunder Bay district, Ont., by W. J.

Wilson. Map No. 964, scale 8 m. = 1in.

1081. On the region lying north of Lake Superior, be- »Bound togetner.
tween the Pic and Nipigon rivers, Ont., by
W1 H. Collins. Map No. 964, scale 8m.
= 1in.

992, Report on Northwestern Ontario, traversed by National Transcon-
tinental railway, between Lake Nipigon and Sturgeon lake, by
W. H. Collins. Map No. 993, scale 4 m. = 1in.

998. Report on Pembroke sheet, by R. W. Ells. (French)., Map No. 660,
scale 4 m. = 1in.

999. French translation Gtowganda Mining Division, by W. H. Collins.
Map No. 1076, scale 1m. = 1in.

1038. French translation report on the Transcontinental Railway location
between Lake Nipigon and Sturgeon lake, by W. H. Collins.
Map No. 993, scale 4 m. = 1in.

1059. Geological reconnaissance of tbe region traversed by the National
Transcontinental railway between Lake Nipigon and Clay
lake, Ont., by W. H. Collins. Map No. 993, scale 4 m. = 1in.

1075. Gowglanda Nl[iping Division, by W. H. Collins. Map No. 1076, scale

m. = 1in.
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1082.

1091.
1114.

1119.

21e.

268.

297,
328.
579.
591.
670.

707.
#739.

788.

863.

923.

962.

974.
975.

998.
1028.

1032.

1052.

1064.

1110.

1144.

218.

(g

Memoir No. 6: Geology of the Haliburton and Bancroft areas, Ont.,
by Frank D. Adams and Alfred E. Barlow. Maps No. 708,
scale 4 m. = 1in.; No. 770, scale 2m. = 1in.

Memoir No. 1: On the Geology of the Nipigon basin, Ont., by A.
W. G. Wilson. Map No. 1090, scale 4 m. = 1in,

French translation: Geological reconnaissance of
a portion of Algoma and Thunder Bay dis-
trict, Ont., by W. J. Wilson. Map No. 964, |~
scale 8 m. = 1in. und together,

French translation: On the region lying north of
Lake Superior, between the Pic and Nipigon
rivers, Ont., by W.H. Collins., Map No.

964, scale 8 m. = 1in, ‘

QUEBEC.

Mista;sini expedition, by A. P. Low. 18845, Map No. 228, scale
m. = 1im.

. Compton, Stanstead, Beauce, Richmond, and Wolfe counties, by

R. W. Ells. 1886. Map No. 251 (Sherbrooke sheet), scale 4 m.=
1in.

Megantic, Beauce, Dorchester, Lévis, Bellechasse, and Montmagny
counties, by R. W. Ells. 1887-8. Map No. 287, scale 40 ch. =
1i

n.

Mineral resources, by R. W. Ells, 1889,

Portneuf, Quebec, and Montmagny counties, by A. P. Low. 1890-1.

Eastern Townships, Montreal sheet, by R. W. Ells and F. D. Adams,
1894, Map No. 571, scale 4 m. = 1in.

Laurentian area north of the Island of Montreal, by F. D. Adams.
1895. Map No. 590, scale 4 m. = 1in.

Auriferous deposits, eoutheastern portion, by R. Chalmers. 1895,
Map No. 667, scale § m. = 11in,

Eastern Townships, Threée Rivers sheet, by R. W. Ells. 1898,

Argenteuil, Ottawa, and Pontiac counties, by R. W. Ells. 1899.
(See No. 789, Ontario).

Nottaway basin, by R. Bell. 1900. *Map No. 702, scale 10 m.=1in.

Wells on Island of Montreal, by F.D, Adams. 1901. Maps Nos.
874, 875, 876.

Chibougamau region, by A.P. Low. 1905.

Timiskaming map-sheet, by A. E. Barlow. (Reprint). Maps Nos.
599, 606, scale 4m. = 1in.; No. 944, scale 1 m.=1in,

Report on Copper-bearing rocks of Eastern Townships, by J. A.
Dresser. Map No. 976, scale 8§ m.=1 in.

Report on Copper-bearing rocks of Eastern Townships, by J. A.
Dresser. (French).

Report on the Pembroke sheet, by R. W. Ells. (French).

Report on a Recent Dis«':over]{I of Gold near Lake Megantic, Que.,
by J. A. Dresser. Map No. 1029, scale 2 m.=1in.

Report on a Recent Discovery of Gold near Lake Megantic, Que.,
by J. A. Dresser. (¥rench). Map No. 1029, scale 2 m.=1 in.

French translation report on Artesian wells in the Island of Mont-
real, by Frank D. Adams and O. E. LeRoy. Maps No. 874,
scale 4m.=A1 in.; (I{To. 875, slelale 3,000 ft.=1in.; No. 876.

Geology of an Area adjoining the FEast Side of Lake Timiskaming,
Que., by Morley E. Wilson. Map No. 1066, scale 1 m.=1 i:\!.lm &

Memoir No. 4: Geological Reconnaissance along the line of the
National Transcontinental railway in Western Quebec, by W.
J. Wilson. Map No. 1112, scale 4 m.=1in.

Reprint of Summary Report on the Serpentine Belt of Southern
Quebec, by J. A. Dresser.

NEW BRUNSWICK.

Western New Brunswick and Eastern Nova Scotia, by R. W. Ells.
1885. Map No. 230, scale 4 m.=1in.
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219.
242.

269.
330.

661.

799. §
. Coal prospects in, by H. S. Poole. 1900. 5 Bound together.
. Mineral resources, by R. W. EMe. Map No. 969, scale 16 m.=1in.

1084.

1113.

381.

358.

1042.

*805.
891.

894,
*916.

990.

991.

1011,

1083.
1041.
1026

1099.

1108.
1104.
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Carleton and Victoria counties, by L. W. Bailey. 1885. Map No.
231, soale 4 m.=1in.

Victoria, Restigouche, and Northumberland counties, N.B., by L.
W. Bailey and W. McInnes. 1886. Map No. 254, scale 4 m. =

1in,

Northern portion and adjacent areas, by L. W. Bailey and W.

ecInnes. 1887-8. Map No. 290, scale 4 m.= 1 in.

Temiscouatea and Rimouski counties, by L. W. Bailey and W.
McInnes. 1890-1. Map No. 350, scale 4 m,=11in.

Mineral resources, by L. W. Bailey. 1897. Map No. €75, scale 10 m.
= 1in. New Brunswick geology, by R. W. Ells. 1887.

Carboniferous system, by L. W. Bailey. 1900.

Minei'gl reslthroes, by R. W.Ells. (French). Map No. 969, scale

m.=1in,

Memoir No. 16-E: The Clay and Shale deposits of Nova Scotia and
portions of New Brunswick, by H. Ries and J. Keele. Map No.
1153, scale 12 m.=1 in. ’

NOVA SCOTIA.

. Guysborough, Antigonish, Pictou, Colchester, and Halifax counties,

by Hugh Fletcher and E.R. Faribault. 1886.
Pictou and Colchester counties, by H. Fletcher. 1890-1.
Southwestern Nova Scotia (preliminary), by. L. W. Bailey. 1892-3.
Map No. 362, scale 8 m.=11in.’

. Southwestern Nova Scotia, by L. W. Bailey. 189%6. Map No. 641,

scale 8 m. = 1in.

. Bydney coul-field, by H. Fletcher. Maps Nos. 652, 653, 654, scale

797,
871.

1113.

1m. =1in,
Cambrian rocks of Cape Breton, by G. F. Matthew. 1900.
Pictou coal-field, by H.S. Poole. 1302. Map No. 833, scale 25 ch.=

1in,

Memoir No. 16-E: The Clay and Shale deposits of Nova Scotia and
prortions of New Brunswitk, by H. Ries and J. Keele. Map
No. 1153, scale 12 m. = 1in.

MAPS.

Dominion of Canada. Minerals. Scale 100 m. = 1'in.

YUKON.

Explorations1 on Macmillan, Upper Pelly, and Stewart rivers, scale
8m. = 1in,

Portion of Duncan Creek Mining district, scale 6 m. = 1in,

Sketch Map Kluane Mining district, scale 6 m. = 1in.

Windy Arm Mining district, Sketch Geological Map, scale 2m. =

lin,

Conrad and Whitehorse Mining distriets, scale 2 m.=1in.

Tantalus and Five Fingers coal mines, scale 1 m. = 1in.

Bonanza and Hunker creeks. Auriferous gravels. Scale 40 chains
=1in.

Lower Lake Laberge and vicinity, scale 1 m.=1in.

Whitehorse Copper belt, scale 1 m. = 1in.

1044-1049. Whitehorse Copper belt. Details.

Pelly, Ross, and Gravel rivers, Yukon and North West Territories.
Scale 8m. = 1°n.

Tantalus Coal area, Yukon. Scale 2m. =1 in.

Bracburn-Kynocks Coal area, Yukon. Scale 2m. = 1in.
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BRITISH COLUMBIA.

278. Cariboo Mining djstrict, scale 2 m. = 1 in.
604. Shuswap Geological sheef, scale 4 m. = 1in.
*771. Preliminary Edition, East Kootenay, scale 4m. = 11n.
767. Geological Map of Crowsnest coal-fields, scale 2m. = 1in.
*791. West Kootenay Minerals and Strim, scale 4 m. = 1in.
*792. West Kootenay Geological sheet, scale 4 m. = 1in.
828. Boundary Creek Mining district, scale 1 m. = 1in.
890. Nicola coal basin, scale 1m. = 1in.
941. Preliminary Geological Map of Rossland and vicinity, scale 1,600

ft. = 1in. .
987. Prince];:on i;-qal basin and Copper Mountain Mining camp, scale 40
ch. = 1in.

989. Telkwa river and vicinity, scale 2 m. = 1in.

997. Nanaimo and New Westminster Mining division, scale 4 m. = 1 in.
1001. Special Map of Rossland. Topographical sheet. Scale 400 ft. = 1in
1002. Special Map of Rossland. Geological sheet. Scale 400 ft. = 1in.
1003. Rossland Mining camp. Topographical sheet. Scale 1,200 ft. = 1in
1004. Rossland Mining camp. Geological sheet. Scale 1,200 ft. = 1in.
1068. Sheep Creek Mining camp. Geological sheet. Scale 1m. = 1in.

. Sheep Creek Mining camp. Topographical sheet. Scale 1m. = 1 in.
1095. 1A—Hedley Mining distriet. Topographical sheet. Scale 1,000 ft.

= lin,
1096. 2A—Hedlley Mining district. Geological sheet. Scale 1,000 ft. =

in.
1105. 4A—Golden Zone Mining camp. Secale 600 ft. = 1in.
1106. 3A—Mineral Claims on Henry creek. Scale 800 ft. = 1 in.
1123. 17A—Reconnaissance geological map of southern Vancouver island
Scale 4m. = 1in,
1125. Hedley Mining “istrict: Structure Sections. Scale 1,000 ft. = 1in.
Deadwood Mining camp. Scale 400 ft. = 1in. (Advance sheet.)
1185 15A—Pho?nix, Boundary district. Topographical sheet. Scale 400.
= 1in.
1136. 16A——Ph(;:nix, Boundary distriet. Geological sheet. Scale 400
3 .= 11in. ¢
1164. 28A—Portland Canal Mining district, scale 2 m. = 1 in.
Beaverdell sheet, Yale distriet, scale 1m.=1in. (Advance
sheet.)
Tulameen sheet, scale 1m. = 1in. (Advance sheet.)
ALBERTA.

294-596. Peace and Athibaska rivers, scale 10 m. = 1in.

#808. Blairmore-Frank coal-fields, scale 180 ch. = 1in.

892. Costigan coal basin, scale 40 ch. = 1in.

929-936. Cascade coal basin. Scale 1m. = 1in. .

963-666. Moose Mountain region. Coal Areas. Scale 2m. =1in.

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35,
= 1in,

1117. 5A—Edmonton. (Topography). Scale § m. = 11in.

1118. 6A—Edmonton, (Clover Bar Coal Seam). Scale $ m. = 1in.
Portion of Jasper Park, scale 1 m. =1in. (Advance sheet.)

1132. 7A—Bighorn coal-field. Scale 2 m. = 1in.

1201. 51A—Geological map of portions of Alberta, Saskatchewan, an.
Manitoba. Scale, 35 m. = 1in.

SASKATCHEWAN.
1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Secale 35 m.
=1in.
1201. 51A—QGeological map of portions of Alberta, Saskatchewan, and
Manitoba. Scale, 36 m. = 1in.
MANITOBA.

804. Part of Turtle mountain showing coal areas. Scale 1} m. = 1in.
1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35'm. =
lin,
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1201.

1089.
1099.

227.
*283.
*342.

343.
*373.

560.

570.
*589.

599.

605.

606.

660.

663.
708.

720.

*750.
770.
775.

*789.
820.

9 .

51A—Geological map of portions of Alberta, Saskatchewan, and
Manitoba. Scale, 35m. = 1in.

NORTH WEST TERRITORIES.
Explored. routes on Albany, Severn, and Winisk rivers. Scale 8 m.

= 1in.
Pelly, Ross, and Gravel rivers, Yukon and North West Territories
Scale 8 m. = 1in.

: ONTARIO.

Lake of the Woods sheet, scale 2m. = 1in.

Rainy Lake sheet, scale 4 m. = 1 in.

Hunter Island sheet, scale 4 m.=1in.

Sudbury sheet, scale 4 m. = 1in.

Rainy River sheet, scale 2m. = 1in.

Seine River sheet, scale 4 m. = 1in.

French River sheet, scale 4 m. = 1in.

Lake Shebandowan sheet, scale 4 m. = 1 in.
Timiskaming sheet, scale 4 m. = 1in. (New Edition, 1907).
Manitoulin Island sheet, scale 4 m. = 1in.

Nipissing sheet, scale 4 m. = 1in., (New Edition, 1907}.
Pembroke sheet, scale 4 m. = 1in.

Ignace sheet, scale 4m. = 1in. -

Haliburton sheet, scale 4 m. = 1iu.

Manitou Lake sheet, scale 4 m. = 1in. .
Grenville sheet, scale 4 m. = 1in.

Bancroft sheet, scale 2m. = 1in,

Sudbury district, Victoria mines, scale 1 m. = 11n.
Perth sheet, scale 4 m. = 1in.

Sudbury district, Sudbury, scale 1m. = 1in.

824-825. Sudbury district, Copper Cliff mines, scale 400 ft. = 1 in.

852,

864.
903.
944,
964.

1023.
1076.

1090.

*251.
287.

¢ *571.
*665.

*668.
918.
976.

1007,
1029.
1066.
1112.

1154.

Northeast Arm of Vermilion Iron ranges, Timagami, scale 40 ch. =

in. .
Sudbury district, Elsie and Murray mines, scale 400 ft. = 1in.
Ottawa and Cornwall sheet, scale 4 m. = 1in.

Preliminary Map of Timagami and Rabbit lakes, scale 1 m. = 1in.

Geololgjcal ap of parte of Algoma and Thunder bay, scale 8§ m. =
in.

Corundum Bearing Rocks. Central Ontario. Scale 173 m. = 1 in.

Gowganda Mining Division, scale 1 m. = 1in.

Lake Nipigon, Thunder Bay district, scale 4 m. = 1in.

QUEBEC.

Sherbrooke sheet, Eastern Townships Map, scale 4 m. = 1in.
Thetford and Coleraine Asbestos district, scale 40 ch. = 1in.

. Quebec sheet, Eastern Townships Map, scale 4 m. = 1 in,

Montreal sheet, Eastern Townshipe Map, scale 4 m. = 1 in.
Three Rivers sheet, Eastern Townships Map, scale 4 m. = 1in.

. Gold Areas in southeastern part, scale 8 m. = 1in.

Graphite distriet in Labelle county, scale 40 c¢h. = 1in,
Chibougamau region, scale 4 m. = 1in,
The 8Older (llgpper—bearing Rocks of the Eastern Townships, scale
m. = 1in.
Lake Timiskaming region, scale 2m. = 1in.
Lake Megantic and vicinity, scale 2 m. = 1in.
Lake Timiskaming region. Scale 1m. = 1in.
12A—Vicinity of the National Transcontinental railway, Abitibi
district, scale 4 m. = 11in.
23A—Thetford-Black Lake Mining district, scale 1m. = 1in.
Lar(}:r t1;3.1(3 and Opasatika lake, scale 2m. = 1in. (Advance
sheet.
Danville Mining district, scale 1m. = 1in. (Advance sheet.)
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NEW BRUNSWICK.

*875. Map of Principal Mineral Occurrences. Scale 10 m. = 1in,
969. Map of Principal Mineral Localities. Scale 16 m. = 1in.

1155. 24A—Millstream Iron deposits. Scale 400 ft. = T in.

1156. 25A—Nipisignit Irom deposits. Scale 400 ft. = 1 in.

: NOVA SCOTIA.

*812. Preliminary Map of Springhill coal-ield. scale 50 ¢h. = 1in.

833. Pictou coal-field, scale 256 ch. = 1in.

897. Preliminary Geological Plan of Nictaux and Torbrook Iroun distriet,
scale 25ch, = 1in.

927. General Map of Province showing gold districts, scale 12 m. = 1in.

937. Leipsigate Gold district, scale 500 ft. = 1in.

946. Harrigan Gold district, scale 406 ft. = 1 in.

995. Malaga Gold district, scale 250 ft. = 1in.

1012. Brookfield Gold district, scale 250 ft. = 1in.

1019. Halifax Geological sheet. No. 68. Scale 1m. = 1in.

1025. Waverley Geological sheet. No. 67. Scale 1m. = 1in.

1036. St. Marga:et Bay Geological sheet. No.71. Scale 1 m. = 1in.

1037. Windsor Geological sheet. No. 73. Seale 1m. = 1in.

1043. Aspotogan Geological sheet. No. 70. Scale 1m. = 1in.

1153. 22A—Nova Scotia, scale 12 m.= 1in.

# Publications marked thaus are out of print.

Nore.—Individual Maps or Reports will be furnished free to bona
fide Canadian applicants.

Reports and Maps may be ordered by the numbers prefixed to titles.

Applications ehould be addressed to The Director, Geological Survey,
Department of Mines, Ottawa. 7
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