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PREFACE.
By Avrrep H. Brooks.

Native copper from the district described in this volume is the
first mineral reported from Alaska. Steller, the naturalist who
accompanied Bering on his voyage of discovery in 1741, noted the
use of copper knives among the natives of Kayak Island. This
copper undoubtedly came from the Chitina-Kotsina belt. Among
the Alaskan natives the use of copper was widespread, for it was the
only metal utilized by them, but apparently the century of occupation
by the Russians passed without any search on their part for the
locality from which the supply was derived. The only attempt made
by the Russians to explore the Copper River (Serebranikof, 1847)
resulted in the massacre of the whole party by the Indians.

The first successful explorations were made by Allen (1885) and
by Schwatka and Hayes (1891), and the first systematic surveys were
carried out by Schrader of the United States Geological Survey
and his associates in 1900.

It is part of the Survey’s plan for the investigation of the mineral
resources of Alaska to keep the work abreast of the mining develop-
ments in each district so far as the means available will permit. As
a great deal of prospecting, which has developed many new facts in
regard to the occurrence of ore, has been done in the Chitina Valley-
since 1900, and as the valley has become a focal point of interest to
those who are considering railway construction into the interior, a
reexamination of the copper belt seemed to be necessary. A new
report was, furthermore, justified by the fact that the edition of
Schrader and Spencer’s report, published in 1900, is now out of print.

The portion of the present volume which treats of the general
geology is to be regarded as a revised edition of that report, which
has been of incalculable value as a guide to the prospectors. The
geologic map which resulted from Schrader and Spencer’s very
hasty reconnaissance has stood the test of seven years of active
prospecting, and the authors of the present report, Messrs. Moffit
and Maddren, after a careful reexamination of this djstrict, have

"%, made but few changes.
: 7
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8 THE KOTSINA-CHITINA REGION, ALASEKA.

The topographic map accompanying this report, based on the sur-
veys of Gerdine and Witherspoon in 1900 and 1902, and of Hamilton
and Hill in 1905, has been entirely redrawn, with the aid of the data
afforded by several railway surveys and of the work of the Coast
and Geodetic Survey along the seaboard.

The description of the occurrence of mineral deposits is entirely
by Moffit and Maddren, but their work was much aided by the earlier
studies of Schrader, Spencer, and Mendenhall.

This second report on the copper belt can be regarded as only
another step toward the solution of the many problems connected
with the economic geology of the region. Detailed surveys will be
necessary before the problems can be submitted to an ultimate an-
alysis. For this reason there is in preparation a detailed topo-
graphic map of the eastern end of the field, in which the deepest
mining has been done and which seems to afferd the best opportunity
for solving the geologic problems. The detailed geology of this
area will be studied as soon as means will permit, for it is believed
that such a study will throw light on the occurrence of copper
throughout the field.
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MINERAL RESOURCES OF THE KOTSINA-CHITINA
REGION, ALASKA.

By Freo H. MorriT and A. G. MADDREN.

INTRODUCTION.

The increased demand for copper and its prevailing high price,
due chiefly to remarkable advances in the use of electric power, have,
during the last few years, attracted much attention to the copper
deposits of Alaska. Copper has been found in many parts of Alaska,
but at present only three regions or districts give promise of mak-
ing any important contribution to the copper market. These regions
are Prince of Wales Island in southeastern Alaska, Prince William
Sound, and the Copper River-Chitina River region. The first two
regions have produced copper for several years, as their mines are
situated near the ocean and enjoy cheaper transportation facili-
ties, but the interior region is still in the prospecting stage and will
remain so till a better and more economical means of handling sup-
plies and ore is provided.

The investigations of the Geological Survey in the intefior copper
region during 1907 were carried on in its southern portion, which
includes Kotsina River and most of the northern side of Chitina
River valley. This work was a continuation of the investigations
of Schrader and Spencer in 1900, and with the results of their study
in hand greater headway was made than would otherwise have been
possible. The work consisted chiefly of visits to the various copper
prospects and investigations of the occurrence of copper, but the
study of the regional geology was continued, so far as it could
advantageously be carried on. A second object of the expedition
was an investigation of the Nizina gold placers. The party landed at
Valdez in the middle of June, but, owing to the necessity of making
double trips with the summer’s supplies and to other delays, field
work was not begun till July 10, when Elliott Creek was reached.
From that time till the last of September it was continued with
little interruption, so that nearly eighty days were included in the

-9



10 THE EKOTSINA-OHITINA REGION, ALABKA.

field season, of which much the greater part was devoted to a study
of the copper deposits.

Exploration in the Chitina River valley was begun in 1885, when
Lieut. (now Maj.) Henry T. Allen, in the course of a remarkable
. journey from Prince William Sound to St. Michael, during which
he traversed portions of the valleys of Copper, Tanana, Koyukuk,
and Yukon rivers, ascended Chitina River on the ice from Taral to
Nikolai House near the mouth of Dan Creek. Lieutenant Allen
made a reconnaissance route map of the region through which he
went and in his report mentioned the occurrence of copper in the
vieinity of Chitistone River, or Nizina River, as it is now called.

In 1891 Lieut. Frederick Schwatka, U. S. A., and C. Willard
Hayes, of the Geological Survey, both acting in a private capacity,
entered Chitina River valley by way of Skolai Pass. They descended
Nizina River nearly to Dan Creek on foot, but after building a
canvas boat continued their journey down Nizina, Chitina, and Cop-
per rivers to the coast. They also made a reconnaissance route map
of their traverse. In 1899 a party in charge of Oscar Rohn explored
the region south and east of Mount Wrangell. This party was a
detachment from the military exploration in charge of Capt. W. R.
Abercombie.

In 1900 a geologic and topographic reconnaissance of the Chitina
and Hanagita valleys and of the lower Copper River was made
under the direction of Frank C. Schrader, of the Geological Sur-
vey. The topographic map was made by T. G. Gerdine and D. C.
Witherspoon. The geologic investigations were carried on by F. C.
Schrader and Arthur C. Spencer. This work, although hastily done,
owing to the difficulties of travel and the necessity of covering the
greatest possible area in the time available, has nevertheless been
of very great value to prospectors of the region.

Two years later, in 1902, Walter C. Mendenhall, of the Geological
Survey, during an investigation of the geology and mineral resources
of the central Copper River region, visited the copper prospects of
Kotsina River and Elliott Creek.

A list of the publications resulting from the work of these expedi-
tions is here given:

Arren, Lient. Henry T. Report of an expedition to the Copper, Tanana, and
Koyukuk rivers, in the Territory of Alasks, in the year 1885. Washington,
Government Printing Office, 1887.

Haves, C. Willard. An expedition through the Yukon District: National
Geograpblc Magazine, vol. 4, 1892, pp. 117-162.

Ronw, Osear. A reconnaissance of the Chitina River and the Skolal Moun-
talns: Twenty-first Ann. Rept., U. 8. Geol. Survey, pt. 2, 1900, pp. 393-440.

ScuaBapER, Frank Charles, and SpuNcer, Arthur Coe. The geology and

mineral resources of a portion of the Copper River district, Alaska. Special
publication of the U. 8. Geological Burvey, 1904,
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MrspeEnHALL, Walter C,, and ScHraDER, Frank €, The mineral resources of
the Mount Wrangell distriet, Alaska: Prof. Paper U. 8. Geol. Survey No. 15.
1903.

MEeNDENHALL, Walter C. Geology of the central Copper River reglon, Alasks :
Prof, Paper U. 8. Geol. Survey No. 41, 1905.

GEOGRAPHY AND HISTORY.
GEOGRAPHIC POSITION.

The Kotsina-Chitina region, as represented on the topographic
and geologic map made under Schrader’s direction in 1900 (Pl II),
is included in a quadrangle bounded by parallels 61° and 62° north
latitude and meridians 142° and 145° west longitude. This map does
not, however, include all the area surveyed that year, since the trail
from Valdez to Copper River, the lower Copper River, and the
upper portion of Tana River are omitted (Pl I).

Copper River is joined about 100 miles from its mouth by its large
eastern branch, Chitina River, whose general course is nearly west-
northwest. On ascending the main branch of the Copper it is found
that the river first bears to the northwest, then swings northeast, and
finally southeast. Thus the two branches of Copper River, the
Chitina and the upper Copper, nearly surround the Wrangell Moun-
tains. The area included between these two streams and the heads
of White, Chisana (or “Shusana "), and Nabesna rivers is generally
referred to as the Copper River copper region. It is divided into
a northern and a southern district by the Wrangell and Skolai moun-
tains, whose ice-covered ridges form an almost impassable barrier
between them. This paper deals with the southern district only.

The Wrangell Mountains are a somewhat detached or partly iso-
lated mass, bounded on the north, west, and south by valleys whose
trend is west-northwest and east-southeast. To the southeast they
merge into the Skolai Mountains, and these in turn unite with the
St. Elias Range. Their summits rise to altitudes ranging from 8,000
to more than 16,000 feet, and reach their greatest elevation in such
peaks as Regal Mountain (13,400 feet), Mount Blackburn (16,140
feet), and Mount Wrangell (14,005 feet), all of which are visible
from Chitina Valley. Mount Drum (12,000 feet) and Mount San-
ford (16,200 feet) are conspicuous in upper Copper River valley, but
are hidden on the south by the other peaks mentioned.

The lofty summits of these mountains and the ridges that join
them are the gathering places for snows that feed the numerous
glaciers that creep down their sides and out into the valleys at their
feet. These snow fields and glaciers are the sources of nearly all
the large tributaries of Chitina River. A glance at the map (PL I)
will show the great difference between the quantities of water sup-
plied to the river from the two sides of its drainage basin,



12 THE KOTSINA-CHITINA REGION, ALASKA.

Nizina, Lakina, Gilahina, and Kuskulana rivers are the largest
northern tributaries of the Chitina. Kotsina River, which joins the
Copper 2 miles above the Chitina’s mouth, and is therefore not a
tributary of the latter stream, is also fed by the glaciers. The largest
southern tributaries to Chitina River are Tana River, heading in
a glacier of the mountains between Chitina Valley and the coast,
and Chakina and Tebay rivers, draining Hanagita Valley.

The Chitina Valley floor is a broad, gravel-covered, lake-dotted
flat land expanse with a maximum width of at least 10 miles, whose
surface is broken here and there by low round-topped hills and by
deep canyons of streams which cross it. Chitina River, in the lower
50 or 60 miles of its course, has cut a deep broad channel in the
valley floor, and for most of that distance it flows close to the foot
of the mountain slopes on the south. The flood plain in places, par-
ticularly along the river’s lower course, reaches a width of 1 mile,
and is bounded on one or on both sides by banks—in some places
gravel, in other places hard rock—which gradually decrease in height
‘downstream, but which have an average height of between 100 and
200 feet. Over this gravel flood plain the river flows in numerous
branching subchannels, whose positions are constantly changing, and
are particularly unstable at the time of spring floods, so that those
who follow them one year may find them entirely different the next
year. The current is swift, rarely less than 6 or 7 miles per hour.

About 45 miles above its mouth Chitina River forks, the southern
branch retaining the name Chitina, and the northern being known as
Nizina River. The northern branch is almost as large as the southern
and drains nearly half of the copper-bearing region. For 2 or 3
miles above its mouth Nizina River flows through a deep, narrow,
winding box canyon, cut through solid rock. Above this for 8 or 10
miles the canyon is much less pronounced, the walls in places being
steep gravel banks instead of rock cliffs. Still farther upstream the
canyon gives way to a wide gravel flood plain, which gradually nar-
rows and leads into the open glaciated mountain valley of the
upper river. Each of the important headwater tributaries of Nizina
River, except Dan and Chititu creeks, has a glacial origin.

This general description might be applied with slight modification
to all the large northern tributaries of Chitina River, and to Kotsina
River also. All except Gilahina River spring from glacial sources,
traverse broad, gravel-floored glaciated valleys in the mountain dis-
trict, and finally cross the Chitina Valley in deep canyons before join-
ing the main river.

They drain an area of exceedingly rugged topography, whose sharp
outlines are softened only in the vicinity of Young Creek. Between
Hanagita Valley and Chitina River the mountains are lower and less
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rugged, and lack the snow fields and glaciers so commonly seen in
the Wrangell Mountains. The streams are smaller, and descend
through steep gulches to the river. South of Hanagita Valley are
other lofty snow-capped sierras, forming part of the Coast Range,
but they are beyond the limits of the area under consideration.

TRAILS AND ROUTES.

The Kotsina-Chitina region may be reached from Valdez in sum-
mer by the Government trail between Valdez and Eagle, and in win-
ter either by the same route or by way of Tasnuna and Copper rivers.
One may also enter the region from Eagle or Fairbanks by the Gov-
ernment trail, but these routes are used only by those already in the
interior. Skolai Pass is now frequently crossed by those going from
Nizina River to the head of the White, or in the opposite direction,
and 1t is reported that two prospectors went from Yaktag on the coast
to Chitina River by way of the Tana River glacier. Neither of these,
however, is a practicable route of travel. Up to the present Valdez
has been the coast point from which all supplies were taken into the
Copper River region. The Government trail is the route always fol-
lowed in summer, and is the one usually chosen in winter. Leaving
Valdez the main trail is followed till Tonsina River bridge is crossed.
From there a second trail leads eastward about 25 miles along the
high bluff north of Tonsina River to Copper River. The total
distance from Valdez to Copper River by this route is approximately
100 miles.

Copper River is crossed at a point 2 miles above the mouth of
Tonsina River. An Indian named Billum has a ferry license and
transfers travelers with their baggage in two small boats. Horses
must swim the river. After crossing Copper River the trail follows
the east bank 6 miles to Billum’s lower cabin and then, leaving the
river, proceeds northeast 3 miles to Horse Creek. At Horse Creek it
divides, one branch leading northeast to upper Kotsina River and
Elliott Creek, the other southeast to the copper camps and gold
placers of Chitina Valley.

The Tasnuna-Copper River route from Valdez to Chitina River
can be used only when the river is frozen over, for the trail is on the
ice all the way after leaving Tasnuna River. Supplies for the
Chitina Valley leave Copper River on reaching Chitina River and
are carried up that stream. Those destined for Kotsina River and
Elliott Creek continue up the Copper to the summer trail at Billum’s
lower cabin. The great advantage of the Tasnuna River route is
the saving of time under favorable conditions by the possibility of
hauling heavy loads. A snow plow is used to break a trail, over
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which the freight is hauled on heavy bobs in place of the narrow
double-ended sleds employed elsewhere. This advantage may be
entirely offset by the loss of time due to the fearful winds which
sweep down the river and prevent any travel for days at a time. The
Government trail has the advantage of being kept open all winter,
since it is the mail route and is traveled regularly. Its éhief diffi-
culty lies in the crossing of Thomson Pass.

Returning now to the Kotsina-Chitina area: Of the two trails lead-
ing from Horse Creek—the Kotsina trail and the Chitina Valley
trail—the Kotsina trail proceeds northeastward to Willow Creek, a
small tributary of Kotsina River, where a branch trail, after the
Hubbard-Elliott bridge over the Kotsina has been crossed, leads
over a steep spur of Hubbard Peak to Elliott Creek. The main trail
continues along the right, or west and north, bank of Kotsina River
into Kotsina Valley. The stream issuing from Long Glacier is
crossed on ice at the glacier’s lower end; and bridges over Kluvesna
River and over Kotsina River near Rock Creek obviate most of the
difficulties and dangers formerly offered by these streams.

The Chitina Valley trail runs southeastward from Horse Creek,
and reaches Kotsina River at a point 8 miles below Willow Creek.
A bridge recently built by the Government at this place does away
with another dangerous ford. From the government bridge the
trail continues eastward along the Wrangell Mountain foothills,
crossing Kuskulana River 3 miles below the glacier, and reaching
Chokosna River and the Lakina by way of Kuskulana Pass, Ascend-
ing Fohlin Creek, it proceeds by way of Bear Creek and Fourth of
July Creek to Kennicott Glacier and Kennicott River, which is
crossed on the glacier ice. A good trail has been built from the
glacier’s lower end to the Bonanza property. Another trail ascends
McCarthy Creek 4 miles and, crossing the ridge known as Sourdough
Hill, lands one on Nizina River at a place from which Chititu Creek,
Dan Creek, and Chitistone River are reached with ease when once
the Nizina has been forded. There are no bridges east of Kotsina
River, and the streams being of glacial origin are very cold and
subject to great and rapid changes in the quantity of water carried,
but the only ones likely to cause trouble are the Kuskulana, Lakina,
and Nizina.

Most prospectors leaving the Nizina country descend Chitina and
Copper rivers in small boats, either leaving the Copper at Tasnuna
River and going overland to Valdez or following the river to
the coast and landing in Eyak or Orca. Several days’ work is re-
quired for whipsawing lumber and building a boat, but even then
the river trip is much easier and quicker than the trail. The trip
from the mouth of Young Creek to Tasnuna River, over 115 miles,
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has been made in less than twenty running hours. A skillful boat-
man would meet with little or no difficulty on the Copper or Chitina,
but the canyon at the lower end of Nizina River is dangerous, par-
ticularly at low water, and a number of persons have been drowned
in trying to run through it.

In July, 1907, a small steamboat called the CAétina made her first
trip from Tasnuna River to Copper Center, on Copper River, and to
the Nizina, on Chitina River. Material for her construction was
carried over the snow from Valdez during the previous winter, and
she was completed early in July, but after the trip up the river was
hauled out on the bank for the winter. She draws very little water,
but will probably be unable to run after the middle of summer, be-
cause the Chitina is much lower in the fall than during the spring
and early summer. She can not descend Copper River farther than
Abercrombie Rapids, 25 miles below Tasnuna River, and any freight
she may carry up the river must be delivered to her either at the
rapids or at Tasnuna River.

The mineral resources of the Copper River reglon will remain
undeveloped until a more reliable and economical means of trans-
porting freight to and from it has been provided, and since Copper
River can never become a highway of communication, such as the
Yukon is for the northern country, no important copper production
can be expected till a railroad has been constructed to connect the
copper-bearing area with a coast point. On the other hand, it is
hardly possible that such a road would be profitable until the region
reaches a stable productive stage. The success of the one then ap-
pears to depend on the establishment of the other, and it is not
strange that the future of each has so far been more or less in doubt.

There has been no lack of projects for the building of a road.
Some have even been carried to a point where their aecomphshment
seemed almost assured and yet have fallen through. Nevertheless,
it is probable that within a few years there will be railroad com-
munication between the coast and the lower limit of steamboat navi-
gation on Copper River.,

Four railroad routes to the interior are possible and have been
considered by those interested in building a road. Preliminary sur-
veys, furthermore, have been made over each. . Each route overlaps
some one of the others in part of its course and all have difficulties to
surmount. Two of the four routes originate from Valdez and two
from points adjacent to the mouth of Copper River. The first one
from Valdez is practically that of the government trail. It follows
Lowe River to Thomson Pass, over which it proceeds to the head
of Tsina River, or South Fork of Tiekel River, as it is more g
erally called, and then continues northward to Tonsina. The
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ond ascends Lowe River to its head, crosses Marshall Pass to Tas-
nuna River, and after descending that stream follows the west bank
of Copper River northward. Of the two strictly Copper River
routes one starts from Cordova Bay in Prince William Sound, 24
miles west of the river’s nearest point; the other from Katalla, nearly
17 miles southeast of Cottonwood Point, the southern extremity of
Copper River’s east bank.

There are not sufficient data at hand for a thorough discussion of
these routes, but some of their advantages and difficulties may be
pointed out. It will be seen that there are some discrepancies between
distances given here and elsewhere, arising from the use of railroad
surveys in connection with small-scale maps. The given elevations,
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Fio. 1.—Comparative grades of the four proposed raflroad routes from the coast to the
interfor Copper River basin.

too, take no account of minor grades and are therefore minimum
quantities—less than the total number of feet a locomotive must rise
in going from tide water to the interior points indicated.

The Tonsina route has the most difficult grades. (See fig. 1.)
From Valdez to Thomson Pass, 34 miles distant by the railroad sur-
veys, there is a climb of 2370 feet. Then comes a descent of 1,250
feet in 19 miles to Tiekel River, followed by an ascent of 710 feet in
16 miles to the Ernestine divide. ¥From Ernestine to Tonsina, 16
miles, there is a descent of about 400 feet. It will be seen that the
total of the distances here given is 86 miles, or 6 miles greater than
the distance from Valdez to Tonsina given by the road commission.
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The greatest obstacles encountered on this route are the Keystone
Canyon of Lowe River and Thomson Pass, by which the coast range
is crossed. These involve a great deal of rockwork and are subject
to deep snows and snowslides in winter. The latter difficulty, how-
ever, will be met on any route.

Less difficult grades are presented by the Tasnuna route. From
Valdez to Marshall Pass, 34 miles, there is a rise of 1,860 feet. Then
comes a fall of 1,740 feet in 26 miles to Copper River. From Tasnuna
River mouth to Chitina River, 47 miles, is an ascent of 370 feet. The
difficulties of Keystone Canyon are encountered on this route also,
but Marshall Pass is 500 feet lower than Thomson Pass, and the heavy
grade from Tiekel to Ernestine is avoided.

The two Copper River routes have practically the same grades (see
fig. 1), a rise of 480 feet between the coast and Chitina River. The
distance from Katalla to Chitina River is 120 miles, and from Eyak
or Cordova Bay slightly farther, about 124 miles.

A railroad from Katalla involves the construction of a harbor avail-
able at all seasons where ships can discharge their cargoes in safety.
A bridge over Copper River is required immediately above Childs
Glacier, but there is no rockwork, except a mile or two at Katalla,
till Abercrombie Rapids have been reached. Two railways arelocated
and under construction at Katalla, One runs west from the town
and then northwest to Copper River, but has a spur up Katalla River
to Bering Lake and the coal fields; the other ascends Katalla River
and reaches Martin River, which it descends to the Copper by the
Lake Charlotte divide. The Lake Charlotte route thus passes through
the coal field. Each of these Katalla roads has its own plans for a
separate breakwater and terminal facilities,

Cordova Bay, in contrast with the open roadstead of Katalla, is
a protected body of water that can be entered at any time, but a
road from this place involves rockwork below Abercrombie Rapids
and two bridges over Copper River in order to avoid Childs Glacier.
Furthermore, it will be necessary to build a branch line to the coal
fields. The upper bridge, between Childs Glacier and the little lake
fronting Miles Glacier, can probably be built without unusual trouble,
since it is not long and the foundations are believed to be good, but
as to the bridge below Childs Glacier there is uncertainty that will
not be removed till the nature of the river’s bottom has been more
fully examined.

Northward from Abercrombie Rapids the Katalla and Cordova
Bay routes are the same, and above Tasnuna River they also coincide
with the Valdez-Tasnuna route, following the river’s steep west bank.
Immediately above the rapids is the moraine or stationary débris-

covered lJower end of Baird Glacier. This is overgrown with a thick

687907—Bull. 374—00——2
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growth of alders and extends down to the river's edge, where the
underlying ice has been exposed occasionally in test pits. It is known
as “dead glacier” and must be traversed for several miles by any
road following the west side of Copper River. The surface is some-
times disturbed by melting of the ice beneath, but whether this will
cause serious difficulty in maintaining the track is perhaps doubtful.
Between Baird Glacier and Chitina River much of the roadbed must
be cut from the solid rock, but it is not believed that any unusual
engineering difficulties will be met.

A great advantage of the two Copper River routes, in addition to
their lower grades, is their nearness to the Controller Bay coal fields.
This is doubtless one reason why they are regarded with greater favor
than the shorter routes from Valdez.

VEGETATION AND CLIMATIC CONDITIONS.

Chitina Valley is a timbered region and furnishes a supply of wood
suitable for most of the miner’s requirements. The greater part of
the timber is spruce, but cottonwood is abundant on many river banks
and deltas; and though it is of little value for lumber,it is nevertheless
useful for some purposes. The broad, marshy, valley lowland supports
a scanfy growth of very inferior spruce and of aspen. Better timber
grows along the borders of the lowland and on the lower mountain
slopes. It covers the slopes to an elevation varying from 2,000 to
3,000 feet above sea level, but trees growing near timber line are of
course dwarfed and of little use except for firewood. Near glaciers
or in the narrow valleys leading to them the timber line does not
reach as great an elevation as on the interstream slopes. Some of the
best timber in the valley grows in the vicinity of Chititu and Young
creeks. Trees 18 inches in diameter at the butt and tall enough to
give two 16-foot cuts are not unusual, but the large majority of
them are smaller than this.

South of Chitina River between Nizina River and the Copper
there is a heavy growth of spruce on the north slopes of the moun-
tains. It is of much poorer quality, however, than that on the
Wrangell Mountains. The wood is brittle and has little strength.
Most of the trees, too, are of small diameter and will probably be
of more value as fuel for the steamboat (Aitina than for any other
purpose.

Inadequate and expensive means of transportation have been the
chief obstacle in developing the copper resources of Chitina Valley,
but another adverse condition, which, however, affects prospecting
more than mining, is the short summer season. Up to the present
practically all supplies have been carried during the winter with
sleds drawn by horses. In the earlier days dogs, or even man power,

f
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were sometimes used, but in later years horses have been employed
almost entirely. Sufficient feed to last till grass starts in the spring
is carried in from the coast, but after spring most horses “live on
the country.” Early snows come about the end of August, so that
between a late spring and an early winter horses can not be expected
to find their own feed longer than from approximately the first of
June till the first of September. Grass is always abundant near
timber line in June, July, and August, and good pasture is usually
found at lower elevations after the timber has been burned off for a
number of years. Some of the prospectors have provided their stock
with fine feed by following this practice of burning off the timber.
Horses frequently have difliculty in finding feed in the timbered
valley bottoms, even in midsummer, but in the fall, after frost has
killed the grass on the mountains, the river bars afford a plant known
locally as “ pea vine,” of which horses are very fond and which is
excellent forage. Since most prospectors use at least one or two
horses for packing in summer and for hauling supplies in winter, it is
readily seen that the matter of horse feed has a great influence in
determining the number of available working days in a summer.
The prospecting season is still further shortened by the fact that in
the high mountains, where most of the copper ores have been found,
much snow often remains till the first or even the middle of July.

Figures for the yearly precipitation and temperature are not avail-
able, but it may be said that the extremes of temperature in summer
and winter are much greater than on the coast and that the rainfall
is very much less,

HISTORY.

Native copper from the Chitina (chiti=copper and na=river)
Valley was used by the Copper River Indians before white men
entered the country. Spear and arrow heads of copper were made
by them and have been found in the sluice boxes by miners on Chititu
and Dan creeks. Ceremonial knives of copper are even now employed
by the natives for cutting the first salmon caught in the beginning
of the season’s run. Lieutenant Allen relates that Nikolai showed
him specimens of bornite and told him of native copper on Chititu
Creek. He also showed him bullets of native copper obtained from
natives “ over the mountains,” probably at the head of White River.
A much-worn wooden shovel and birch bucket, found in the loose
waste below an outcrop of native copper in amygdaloidal greenstone
on Glacier Creek, a tributary of Chitistone River, indicates that the
Indians also knew of native copper in place at that point. Whether
they had any knowledge of the presence of gold on Chititu and Dan
creeks is not known to the writers,

.::_h
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White prospectors first appeared in the Chitina Valley in 1898,
their presence resulting from the general interest aroused in Alaska
by the discoveries at Dawson two years before. Spencer,® after visit-
ing the region in 1900, says:

The occurrence of rich copper deposits within the basing of Copper and
Chitina rivers has been commonly reported for many years, but it was not until
the summer of 1898 that efforts to locate ores proved successful. In this year
several prospectors reached the interior and made some locations, while in 1899
a number of men penetrated the Wrangell Mountains by way of Kotsina River
and discovered good indications at many places; others, exploring toward the
east, proved the continuance of the copper-bearing belt In the direction of White
River, where copper occurs in Important quantities. In this region the Nikolai
mine was discovered in July, 1809, under the guidance of a native sent by
Chief Nikolai, During the summer of 1000 several prospecting parties were
operating In the Kotsina and Chitina regions, and many additional locations
were made, and upon the most promising properties considerable development
work was done.

The Bonanza was discovered about the end of July or the first of
August, 1900, by two prospectors, Clarence Warner and Jack Smith,
who staked the property. It was discovered independently two or
three weeks later by A. C. Spencer, of the Geological Survey party,
who found it while tracing the limestone-greenstone contact eastward
from Kennicott Glacier. Warner and Smith were members of a
party acting under an agreement to share whatever minerals might
be discovered. Some of the men were also bound to divide their
interest with others, not members of the party, who had furnished
them with supplies—* grubstaked ” them. In consequence of this
complication of ownership the property became involved in liti-
gation that was not settled for several years.

The Nizina gold placers were discovered in 1901, but the rush of
prospectors to the region did not begin till the following year. A
large number of men left Valdez for the upper Chitina in June and
July, 1902, and Dan, Chititu, and Young creeks, besides others, were
prospected and staked. After the richest and more easily handled
gravels were worked over the claims were sold or abandoned and
gradually came into the hands of fewer individuals, so that now most
of the claims on Dan and Chititu creeks are included in three separate
ownerships. There has been little mining on Young Creek.

GENERAL GEOLOGY.
INTRODUCTION.

In the following account of the geology of the Kotsina-Chitina
region the descriptions are confined to the area between Chitina
River and the summits of the Wrangell and Skolai mountains rep-

o 8chrader, F, C., and Spencer, A. C., The geology and mineral resources of & portion

of the Copper River district, Alaska; a speclal publication of the U. B. Geol. Burvey,
1801 p. 82, '
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resented on the geologic map (Pl II). This map is reproduced from
the report of Schrader and Spencer (1901), but has received such
corrections in some of its lesser details as were indicated to be neces-
sary by the later work of Mendenhall (1902) and by the more recent
work of the Survey party in 1907. The formation names used by
Schrader and Spencer on the map and in the description are here
retained. :

In outline the important facts concerning the geology are as fol-
lows: Both sedimentary and igneous rocks are encountered. Four
principal formations, including the unnamed Triassic shales and
limestones, occupy most of the area and appear throughout its length
from east to west. These formations, in order from oldest to young-
est, are the Nikolai greenstone, the Chitistone limestone, the Triassic
limestones and shales, and the Kennicott formation. These rocks
have been folded and faulted, but the metamorphism is not great. It
is most noticeable in the greenstone but has hardly affected the Ken-
nicott formation.

The Nikolai greenstone consists of a succession of basaltic lava
flows and is overlain conformably by the massive Chitistone lime-
stone. This limestone is of Triassic age and is succeeded without any
known interruption in deposition by other Triassic rocks—limestones
and shales—consisting of a lower member made up of interbedded
thin limestones and black or gray shales and an upper member
formed almost entirely of shale. The Kennicott formation is in large
part a conglomerate, but includes limestone, sandstone, and shale
beds. Its age is Upper Jurassic or Lower Cretaceous and its depo-
sition was separated from that of the Triassic shales by a long erosion
interval, so that in some places it is found to lie unconformably on
the greenstone, in other places on the limestone or on the limestone
and shales. In addition to the sedimentary rocks that have been

‘mentioned, there is in the western part of the district an area of
limestones, shales, and conglomerates with associated sills or flows
of basalt of unknown age that has not been correlated with any of
the four first-named formations, and there are also in the eastern part
of the district at least two areas of coal-bearing rocks that are perhaps
younger than any of the four major formations.

The igneous rocks, in part extrusive and in part intrusive, are rep-
resented by both basic and acidic types. A list of these includes
gabbro, diabase, diorite, andesite, granite, and rhyolite. Surface
flows, mostly andesite, and fragmental volcanic deposits, chiefly rhyo-
lite, cover relatively large areas in the western part of the district and
higher parts of the Wrangell and Skolai mountains. Surface flows
of diabasic character that have been covered by younger sedimentary

. deposits have their most important representative in the Nikolai
"-- greenstone previously mentioned. Intruded porphyritic dikes related
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to the diorites are very abundant in places, particularly in the Tri-
assic limestones and shales. Only one considerable mass of the
lighter-colored granitic intrusives, however, is represented on the
map, and gabbro, so far as is now known, is restricted to 3 localities.

The principal unconsolidated deposits of the region comprise sands
and gravels deposited in water and the more poorly sorted or unsorted
fragmental material resulting from glacial activity. They are most
extensive in the broad lowland bordering Chitina and Nizina rivers,
but are well developed in most of the tributary valleys.

The geologic map (PL II) shows the general distribution and areal
relations of the rocks that have been briefly described. It is given
in practically the same form as when first published in 1901, but a
few changes have been made, particularly in the vicinity of Elliott
Creek. Furthermore, the representation of the Chitistone limestone
in the southeastern part of the area has been omitted. This region
was not visited in 1907 and was seen only from a distance by geolo-
gists of the Survey party in 1900. Prospectors report that lime-
stones outcropping near the Chitina on its north side above Tana
River are not part of the Chitistone limestone. That the identifica-
tion of this limestone was doubtful .was also suggested in the original
report, and it has therefore seemed best to omit it on the accompa-
nying geologic map. One other change of less importance has been
made in mapping the vicinity of Hidden Creek west of Kennicott
Glacier.

The detailed geologic descriptions which follow are quoted almost
entirely from the published report of Schrader and Spencer.® Such
portions of that paper as deal with areas outside the limits of the
area here under discussion are omitted. A few explanatory words
are inserted in brackets. Some new material is introduced, and a
few changes are made where later work has shown the earlier con-
clusions to be inaccurate. The most important change appears in*
the substitution of Chitistone for Carboniferous in those places where
Carboniferous was used to indicate the massive Triassic limestone.
The error arose from a lack of fossil evidence with which to deter-
mine the age of the Chitistone limestone and from an attempt to
correlate it on stratigraphic and lithologic grounds with the mas-
sive “ Upper Carboniferous ” limestone at the head of White River.
Tt has been necessary on account of the substitution to change the
original wording slightly in one or two places, in order that there
may be no mistake concerning the age of the limestone and that the
close relation between the Chitistone limestone and Triassic lime-
stones and shales may appear.

= §chrader, F. C., and Spencer, A. C,, The geology and mineral resources of a portion of
the Copper Rlver district, Alaska, a special publication of the United States Geological
Survey, 1901, pp. 40-82. =
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The account of the unconsolidated Pleistocene and Recent deposits
is entirely rewritten in such a way that the general discussion of these
deposits as occurring in the Copper River Valley is not taken up.

UNDETERMINED ROCKS ON KOTSINA RIVER.

On either side of Kotsina River and extending from the edge of the andesite
west of Long Glacier and the region about Clear Creek southward to Elliott
Creek there is o series of rocks whose relations and age have not been deter-
mined. They are made up of sediments, including limestones, shales, and
coarse conglomerates, with intercalated sheets or flows of basalt like the Niko-
lai greenstone. The pebbles of the conglomerate are composed of greenstone
material.

The series shows a general dip toward the southwest, and in this regard it
follows the structure of the Nikolal greenstone and the Chitistone limestone
which occur farther up the river., The age of the series is unknown, but from
the structure it would seem that it must be younger than the Chitistone, which
appears to dip beneath it. Owing to its make-up, however, and the fact that
it has been affected to a certain extent by metamorphism, it seems impossible
to correlate it with the adjacent Triassic strata. If, however, it is older than
the limestone, it may be representative of a series equivalent to the Orea
rocks occurring in Prince William Sound. This suggestion is made in the most
tentative way, since there is no evidence at hand for the determination of the
stratigraphic position of the series. For this reason it has been represented
on the map as unknown sediments,

In cross section C-D [PL IT] a fault is suggested to explain the relation of
the rocks shown on the map in the region of Copper and Pass creeks. The
existence of such a fault would also explain the occurrence of the unknown
serles in its observed relations, on the supposition that it belongs beneath the
mass of the Nikolai greenstone.

NIKOLAI GREENSTONE.?

Description.—The term * Nikolai greenstone " is employed to designate a series
of volecanic flows forming an Important mass in the Wrangell district. The
rock shows considerable varlation from place to place, both laterally and ver-
tically, in the separate flows. In color it is generally green, though in some
places it is of a reddish hue. In texture it varies from fine-grained, very densely
crystalline, to rather coarse-grained porphyritie, and In maopy places it shows
amygdaloidal characters. Under the microscope the rock is found to consist of
feldspar and augite, with considerable gnantities of two green minerals, which
are found to be chlorite and serpentine, In rare Instances grains of olivine are
noted under such conditions that it seems certain that the serpentine had its
origin In the alteration of the olivine. The structure is always that which is
characteristic of diabase, where the laths of feldspar form a feltlike mesh
with augite lying in the interstices, At times the rock Is so fine grained that it
becomes almost aphanitic, while at other times the crystals of feldspar have
dimensions reaching several millimeters, When amygdaloidal, as it frequently

a 8chrader and Spencer, op. cit.

» Greenstone I8 a word sometimes used In an Indefinite noncommittal way to designate
altered lgneous rocks that may differ much In other ways hut possess the common charac-
teristic of green color. The term *“ greenstone™ is perhaps most frequently applied to
certain metamorphosed diabases or diabase tuffs, but is also used In connection with altered
diorites and gabbros.
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is, the cavitles are filled by chlorite or serpentine, either with or without chal-
cedonic quartz. Accessory magnetite is always present and frequently In con-
siderable amounts; also in many cases metallic sulphides are present, though
these are probably of secondary origin. Locally metallic copper occurs in grains
or stringers, but always under such circumstances that it may be considered of
secondary rather than primary origin. The composition and structure of the
Nikolai greenstones show them to have been originally typlcal basalts, = * =

Occurrence and distribution.—The Nikolal greenstone occurs in many places
in the Wrangell and Skolai mountains and wherever seen 1s found to show the
same relations to the sedimentary series of the region. The massive Chitistone
limestone, which is the lowest unmetamorphosed sedimentary formation of the
district, lies directly upon the greenstone in such a way that it would seem as
if it had been originally laid down upon the surface of the earller voleanic
flows. In this relation it is observed in the upper part of Kotsina River, where
the greenstone passes beneath the Chitistone limestone, dipping toward the
southwest, and forms a large part of the mountain masses that are drained by
the sonthern glaclers of the Kotsina basin. From this region it connects
directly with the occurrence in the mountains in the vicinity of Kuskulana
Glacier, and, reappearing in the valley of the Lakina, is again found in the
upper part of the Kennicott drainage, whence it may be traced (always bearing
the same relation to the massive Ilmestone) across McCarthy Creek and thence
to the Nizina and the mountains to the east, [See Pl III, A.]

The thickness of the greenstone flows is not known, for while the
top is easily determined the bottom has not been recognized with
certainty. In the upper Kotsina basin the Nikolai greenstone as rep-
resented on the map includes some tuffaceous beds, hard, gray, sili-
ceous or silicified beds (perhaps tuffaceous also), cherty beds which
are possibly a variation of the siliceous beds last mentioned, and even
some dark-gray or black slates. It is probable that on closer study
the Nikolai greenstone may be divided and the word greenstone ap-
plied to only a part of the succession in such a way as to more nearly
conform with the stricter use of the term.¢ The Nikolai greenstone as
it is mapped probably has its greatest thickness in the upper Kotsina
country, where it was estimated by Schrader and Spencer as roughly
4,000 feet thick.

Btructure of the greenstone>—From the origin of the greenstone series,
through the successive outfiow of innumerable sheets of basalt, it }s natural
that the complex should show a bedded character comparable to stratification
In sedimentary rocks, and in many places this structure Is very well exhibited.
The bedding in the volcanic series is always found fo be In accord with the
structure of the overlying water-laid formations.

Locally the greenstone shows a secondary structure due to shearing [as
illustrated in Pl III, B], which is reproduced from a photograph taken below
Surprise Creek on Kotfsina River, * * *

Age of the greenstone—Concerning the actual age of the Nikolal series little
can be said. They are older than the Chitistone limestones which rest upon

«The possibility of correlating part of the Nikolal g st fon with some
of the Interbedded Carboniferous shales, tuffs, and lava flows examined in 1908 In the
region about Skolal Pass and the head of White River Is suggested.

* Schrader and Spencer, op cit.
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them, though probably not very much older, since there seems to be no folding
in the interval between the close of the voleanic outflows and the beginning
of marine sedimentation. * * *

The evidence that the greenstone was formed previous to the Chitistone lime-
stone is as follows: Wherever the two are In contact the limestone shows no
metamorphism, such as usually results from the intrusion of a ealeareous rock
by an igneous mass; the pseudostratification in the greenstone is parallel with
the bedding of the overlying limestone wherever observed, and the layers in
the former are different in structure and general appearance. These facts.
and the frequent occurrence of nmygdaloidal phases in the greenstone amd
extremely marked varlations in the coarseness of crystallization within short
distances, are distinctly in favor of the origin of the greenstone by successive
flows of basalt at a date preceding the deposition of the limestone. Further-
more, there are no dikes or irregular Intrusions of the basalt which can be
definitely . shown to cut across the Triassic strata, a condition which ecould
1 ardly exist if the greenstone had been forced into the sedimentary rocks in the
form of u long laccolith at n constant horlzon, * * *

CHITISTONE LIMESTONE [TRIASSICI,

Deseription,.—The Chitistone formation I8 composed of very massive lime-
stones, without any important Intercalations of shale. When weathered, it has
a white or gray color, which makes it prominent in contrast with the greenstone
upon which it lles, but when broken it is found to have a blue color, which is
Indlcative of considerable carbonaceous material in its composition. In texture
it is fine-grained throughout.

Occurrence and distribution,—The massive Chitistone limestone is one of
the most prominent formatlons of the Wrangell region. It is found lying above
the greenstone in the upper part of the Kotsina basin, where It crosses the river
at the mouth of Kluvesna Creek. Northwest of this place it has been traced
us far as Long Glacier, which comes down from the slopes of Mount Wrangell,
but beyond this glacier it is hidden by recent flows of andesite. Southeast of
the Kotsina the limestone is found at various localities, which ean not be con-
nected upon the surface, since there are overlying unconformable deposits on
the higher mountains, but the main outerop may be traced toward the south-
east to the divide between Rock Creek and the Kuskulana, and thence In the
mountains which lie between Strelna Creek and Kuskulapna River the forma-
tion is prominent. It is thought that the llmestone may also occur on the
southwestern slopes of the mountains beyond where the Kuskulang comes out
into the open basin of the Chitina Valley, but no observations have been made
on this vicinity. At a point a mile or so above Trall Gulch, on the east side of
Kuskulana River, the limestone appears, and, rising rapidly above the masslve
Nikolai greenstone, soon reaches the tops of the mountalns lylng south of
Kuskulana Glacler. East of the first prominent creek on the south side of the
eastern fork of Kuskulana Glacier observations have not been wade, but from
the distant view obtained of the upper part of the dralnage it seems that the
massive limestone Is not present. It absence must be explained through fold-
ing or faulting, the nature of which could not be ascertained. The limestone
appears again on the east side of Lakina River above the lower end of the
glacler, where it rises rapidly toward the northeast, and while probably it
connects directly with the exposure on the west side of the Kennicott drainage
it has not been so represented on the map because of the lack of sufficient
observations. On the east slde of the mountalns between Lakina and Kenni-
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cott glaclers the limestone is very well exposed, and dipping slightly toward
the north appears in the mountain between the first forks of the glacler, and
again across the eastern fork about 7 miles above the foot of the glacier, From
this place the massive stratum can be traced across MeCarthy Creek to the
head of Nikolal Creek and to Nizina River. In the region between Kotsina
River and the Lakina the general dip of the formation is southward, but from
the Kennicott to the Nizina the structure is in the opposite direction, the dips
varying from 20° to 60°. This structure is indicative of an antlclinal axis
having a general northwest-southeast direction.

East of Nizina River the structure is more complex, and while the dips
are not so steep the simple anticlinal structure gives place to a series of broad
folds at times showing guaguaversal dips, so that erosion has revealed the
underlying greenstone at varlous places both along the Nizina and on the trib-
utaries which join it from the east. A view of the drainage basin of Skolail
Creek shows the limestone rising gradually toward the White River divide,
with greenstone lying in the valleys. At the mouth of Chitistone River the
limestone comes to the villey bottom on the north side, while on the south it is
from 1,000 to 1,500 feet higher, and between the forks the greenstone reaches
to the top of the mountain. IFrom the lower slde of the Chitistone the forma-
tion may be traced along the side of the mountain until the upper part of the
creek [Dan Creek] which joins the Nizina at Nikolal House is reached, where
the rocks are seen to be descending. [The character of the contact between the
limestone and the underlying voleanic serles is {llustrated in PL III, 4, which
also exhibits some of the structural features that have been mentioned.]

Southward from the stream [Dan Creek] which joins the Nizina at Nikolal
House the limestone is not found, and it seems necessary to suppose that its
absence is due to a fault which follows the general course of this tributary.
The mountains to the south are composed of black shales intruded by igneous
dikes, and are supposed to belong to the Triassic series lying west of the
Nizina. The same series is found south of the belt of greenstone without the
occurrence of the limestone between, so that it seems probable that the sup-
posed fault extends toward the west at least as far as Lakina River. The gen-
eral line of the displacement has been represented on the geological map, * * *

Thickness of Chitistone limestone.—Studles of the [Chitistone limestone]
and [the other] Triassic strata of the Wrangell district have not been suffi-
clently detailed to afford evidence as to where the line between these two
formations should be drawn. Above the massive basal series of limestones
there Is a series of thin-bedded limestones with shaly partings which is ap-
parently in perfect conformity with the underlying beds and which passes
by gradation into the black shales above. These black shales contain the
fossils by means of which the Triassic age of the formation has been deter-
mined. The provisional and arbitrary line between the two formations has been
placed at the top of the massive limestone series. The thickness of the Chiti-
stone formation, as thus defined, is somewhat variable, Its maximum devel-
opment is probably In the region of Nizina River, where It reaches a thickness
of approximately 2,000 feet. In the Kotsina and Strelna region its thickness
i# somewhat less, but it ean not be made out that there is any progressive
fhinning toward the west.

Age of the limestone—There has been doubt concerning the age
of the Chitistone limestone, owing to the fact that no determinable
fossils were collected from it until the summer of 1907. Schrader
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and Spencer correlated the Chitistone with the massive limestone
near the head of White River on Kletsan Creek, described by Brooks.

Schuchert, who determined the fossils collected by Brooks, states:
“ These two localities are of one general horizon in the Upper Car-
boniferous. * * * T have made no specific determinations, since
the fauna is not to be correlated with that of the Upper Carboniferous
of the Mississippi Valley, but with the #usulina zone of China, India,
and the eastern slopes of the Urals.” At a later date, however,
Schuchert assigned the White River rocks to the Permian.?

Mendenhall, on the assumption that the Chitistone had been cor-
rectly correlated with the limestone at the head of White River, ac-
cepts provisionally the Permian age of the Chitistone. Ie evidently
felt that the correlation was a doubtful one, however, and sums up
the evidence for and against the Permian age of the Chitistone lime-
stone as follows:*

For Permian age:

1. The Chitistone is geographically very near nnd lithologically very similar
to the Permian north of Skolai Pass.

2, It lies beneath known Triassic.

8. There Is no similar heavy limestone in the known Triassle.

Against Permian age:

1. The Chitistone heavy limestone and the thinner bgda obove It are non-
fossiliferous, while the Permian in other localities is very fossillferous.

2, The Chitistone seems to lie conformably below known Triassic, while
the known Permian lles unconformably below Trinsslc when the relations are
shown.

3. The Chitistone i# free or nearly free from basic intrusives and overlies
basic effusives, while the known Permian near by I8 extensively Intruded by
basie masses.

In 1907 fossils were collected from the Chitistone limestone at a
number of localities between Kotsina River and Chitistone River, and
they definitely determine its age as Triassic. Part of these fossils
were found in place, but a majority were collected from the talus
débris below cliffs of the limestone, yet there was no place where it
seemed possible that the limestone fragments containing the fossils
could have come from any other source than the cliffs above them.
and no hesitation is felt in accepting their evidence for the age of
the Chitistone. The fossils were determined by T. W. Stanton, who
describes them as follows:

Several different localities are represented in the collections, but the fosslils

with one exception, are all said to be from the Chitistone limestone and closely
associated formations. The collection Is small and somewhat fragmentary, but

« Brooks, Alfred H., A reconnalssance from Pyramid Harbor to Eagle City, Alaska:
Twenty-first Ann. Rept. U. 8. Geol. Survey, pt. 2, 1900, p. 359.

® Mendenhall, W. C., Geology of the central Copper River reglon, Alaska: Prof. Paper
U. 8. Geol. S8urver No. 41, 1905, p. 43. On the other hand George H. Girty belleves that all
t:w sedimentary beds of Alaska that have been described as Permlan are “ Upper Carbon-
iferons.”

“ Op. cit., p. 51
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it has proved sufficlent to show guite conciusively that the beds in questjovﬁ"
are of Triassic age. The ammonites, especially, are all charaeteristic Triassic
types, and the few brachlopods obtained are also Mesozoic. There is no indica-
tion of Paleozoic fossils in any part of the section represented,

The single ammonite from Chititu Creek 18 of more modern types and most
probably comes from the Jurassic.

The following lists give the forms reeognized from each locality. In most
cases specific identifications have not heen possible, but this does not lessen the
accuracy of the age determination.

4804. No. 1. Elliott Creek, from beds above Chitistone limestone. Pseudo-
monotis subcircularis (Gabb), A single lmperfect specimen of this Triassie
species.

4805. Nos. 2 and 23. Hoodoo or Mullen claim on Copper Creek, Kotsina
River. Chitistone limestone, Hinnites? sp., Undeterminable cross section of
ammonites.

4805. Nos. 3 to 6. Chitistone limestone. Talus on Copper Creek. Terebra-
tula sp., Spiriferina sp., Hinnites? sp., Pleuromyal sp.

4806. No. 7. Crawford's Skyscraper claim on Roaring Creek, Kotsina River,
Chitlstone limestone. Natica? sp. Undetermined bivalve frugments,

4808, Nos 9. 14 to 19, 21, 22, Bonanza mine and Bonanza Creek. TUndeter-
mined corals, Terebratula sp.,, Spiriferina sp., Hinnitesf? sp., Pseudomonotis
subeircularis (Gabb) ?

4809, Nos, 10 to 18, 20. Jumbo Creek near the Bonanza mine. Pentacrinus
8p., Terebratula sp., Avicula? sp,, Arcestes? sp. (cross section),” Juvavites? sp.
The last two named are certainly Triassic types of ammonites and pmbubly be-
long to the genera to which they are provisionally assigned.

4810, Nos, 24, 26. Bouth side of Chitistone River at Houghton-Alaska Com-
pany's prospect. Spiriferina? sp., Halobia sp., Arcestes? sp., Tropites? sp. The
last two are Triassic ammonites provisionally identified from Imperfect speci-
mens,

4811. No. 26. Chititu Creek, Perisphinectes? sp. This ammonite i8 not a
typical Perisphinectes, but it is probably of Jurassic age—certainly not older
than Jurassic.

TRIASSIC LIMESTONES AND SHALES.

Deseription."—The rocks which have been Included in the Triassie [lime-
stones and shales] serles comprise all the strata that lie above the Chitistone
limestone and below the unconformable Kennicott formation of Jura-Cretaceous
age. In the lower part, and resting conformably upon the Chitistone lime-
stone, is a series of thin-bedded limestones, in strata from a few inches to a
foot or more in thickness, supported by thin partings of black shale (PL IV, 4).
The thickness of this member is approximately 1,000 feet, and the limestone,
so far as observed, did not contain fossll remains, Above the thin-bedded lime-
stones, and sharply defined from them, are black shales containing occasional
bands of impure limestone, locally affording fossils, from which the age of
the formation has been determined. The thickness of the upper member of the
Trinssle is very great, possibly more than 3,000 feet, but no opportunity was
offered for its direct measurement, since its occurrence beneath strata lying
unconformably upon it, together with the attitude which it has assumed as the
result of folding and faulting, renders its relations complicated and obscure.
A few thin flows of greenstone, similar to that of the Nikolai series, were ob-
gerved here and there interbedded with the black shales of the Triassic. The

@ Schrader and Spencer, op. cit,
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Triassic [limestones and shales] series may be easily recognized from its gen-
eral homogeneous nature and the fine-grained character of its black carbona-
ceous shales.

Locally the thin-bedded limestones are very intricately folded and contorted,
a feature which is well shown In the ridge formed of Triasslc rocks at the
head of Gilahina Creek [and ig illustrated in PL 1V, Bl

Occurrence and distribution.—The Triassic rocks [limestones and shales] are
found dipping toward the southwest in the Kotsina reglon, and may be traced
in a continuous band southwestward [southeastward] to Kuskulana River and
from. the east side of that strenm to Lakipa River and thence to the Kenpicott
and Nizina. ast of the Nizinn they occur prineipally in the region south of
the great fault which limits the Chitistone limestone, and in the region south
of the Nizina the black shales reach across Chiting and Tapa rivers and come
in contact with rocks of the Valdez @ “ series.” Their occurrence in the viciunity
of Skolal Pass Is reported by Hayes, * * *

In the reglon south of the fault and east of Lakina River and again east of
this region as far as the mountains beyond the Nizina the Triassic shales are
very intricately Intruded by dikes and sheets of porphyry.

Fogsils of Triassic beds—Only two recognizable fossil forms have been
determined in the materinl which was collected from the Triassic beds, but
these are considered sufficient to fix definltely the age of the series. T. W.
Stanton, of the Geologleal Burvey, reports the following forms of Upper Triassic
age: Monotis subcircularis Gabb and Daonella like D, lommeli Wissmann,

DISTURBANCES FOLLOWING DEPOSITION OF TRIASSIC.

The formations next younger than the Triassic shales in the Copper River
region were deposited at the close of the Jurassic or the beginning of the
Cretaceous—that s, at a time corresponding to the deposition of the Knoxville
beds of the northwestern United States. These latter rocks are unconformable
upon the Triassic and older formations and previous to their formation the
older rocks had been folded and raised above the sea and their upturned edges
reduced by the process of erosion., The close of Triassic deposition In the
western and southwestern portions of the continent has been very generally
recognized as a period of mountain bullding and of geological revolution. It
is supposed by Dawson that at this period the Vancouver and coast ranges of
British Columbia were outlined, and that there was probably at the same time
some corrugation along the line of the Rocky Mountains,? The result of this
disturbance in the Wrangell district was the production of the broad folds
which have been recoguized from the attitnde of the Nikolai greenstone and
the overlying sediments. The period of erosion which followed the uplift and

s The term Valdez " series” was first used by Schrader In a report entitled “A recon-
nalssance of a part of Prince Willlam Sound and the Copper River dlstrict, Alaska, in
1898 * (Twentleth Ann. Rept. U. 8. Geol. Survey, pt. 7, 1000, p. 408) to describe the rocks
typleally developed In the vielnty of Valdez. The Valdex * gerles " Includes a succession
of highly metamorphosed sedimentary beds and consists of “ blulsh-gray and dark quartz-
ites, arkoses, and guartz schists, interbedded with generally thin beds of dark blue or
black slate, shale, mica schist (in some places highly graphitic), nodular miea schist, and
occaslonally some stretehed conglomerate,” 8o far as I8 now known the Valdez ‘' serfes "
makes up the greater part of the Chugach Mountalns. Its rocks nre exposed along Copper
Hiver from the vicinity of Wood Canyon at least as far south as Baird Glacier. It is not
known bhow far eastward they extend.

» Dawson, George M., On the late physiographic geology of the Rocky Mountaln region
in Canade, with specinl reference to changes In elevation and to the history of the glaclal
period : Trans. Roy. Soc. Canada, vol. 8, 1800, sec. 4, p. 8.
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folding was a very long one, since the amount of rock removed must necessarily
have been measured by several thousand feet.

The general trend of the folds in the Triassic rocks is parallel with the
structure of the adjacent Valdez “ series.,” This older structure is very uni-
form throughout the whole region from the coast to Copper River, and It 1s
only natural that the recurrence of dynamic action in the region should have
produced structures in accord with the lines of weakness that were developed
at a very early date,

The Nikolal greenstone and the sedimentary formation which lie conformably
above it are at present found to be considerably jointed and cut by fissures. It
i#g probable that this fracturing of the rocks was produced during the post-
Triassic disturbance, though it is reasonable to suppose that subsequent move-
ments, which must have accompanied the volcanic phenomena of the region,
may have cnused additional fracturing and folding of the rocks,

It is believed that the eruptive phenomena of the Wrangell region may have
begun during this period of disturbance, but there is no evidence to show that
the Intrusion of the Triassic shales occurred at this period rather than at a
much later date, when, as Is known, voleanic forces were very active.

KENNICOTT FORMATION.

Degeription.~The strata which, on the evidence of fossils, have been assigned
1o the Upper Jurassic or Lower Cretaceous consist of a variable series of con-
glomerates, sandstones, limestones, and shales, The formation lies unconform-
ubly upon the upturned edges of the older rocks, resting in different places upon
the Nikolal greenstoune, the Chitistone limestone, and the shales of the Triassic.
In places it appears that these older formations were completely leveled by
erosion previous to the deposition of the Kennicott formation, but elsewhere the
relations, though obscure, are indicative of the probability that deposition took
place In narrow, deep lagoons.

At the base of the formation there is usually a conglomerate or coarse sand-
stone composed of materials derived from the greenstone and from the lime-
stones and shales, with an admixture of quartz sand. Above this there are
alternations of green sandstone with black shales, and oceasionally bands of
limestone, in places containing considerable sand.

Occurrence and distribution.—The northernmost known occurrence of the
Kennicott formation is at the head of Limestone Creek between Clear and
Kluvesna creeks, Here the formation Is in contact with the Chitistone lime-
stone and with the Triassic shales. South of this there is an outlier resting
upon the shales, forming the top of a high peak between Clear Creek and
Kluvesna Creek north of Kotsina River. South of the Kotsina the formation
is found usupally eapping the highest ridges, where it rests upon the Triassie
[shales and limestones] or locally npon the Chitistone or the still older green-
stone, From the ridge between Sheep and Copper creeks there is considerable
cropping of the formation, which extends continuoously to the divide between
Rock and Strelna creeks, and again there is a considerable thickness in the
high mountains at the heéad of the south fork of Strelna Creek.

As viewed from a distance the high ridge between the north fork of Kusku-
lana Glacier and the eastern drainage of the Kotsina appears to have a capping
of sedimentary rock resting upon the greenstone, and though this region hus
not been visited it seems probable that the Kennicott formation may occur in
these high peaks. To the east of the Kuskulana Glacier it first appears in the
bed of Trail Guleh, at an elevation of about 2,200 feet, and may be traced east-
ward for a distance of about 3 miles, In this locality the formation affords
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all belong to the Upper Jurassic, though subsequent work may show the con-
trary. The guestion 1s connected with the still unsolved problem of the exact
boundary between the Jurassic and the Cretaceous in the Aucella-bearing beds
of Russia, Siberia, and the Pacific coast region of North America. The Aucella
oceurring In the Capper River district appears to be referable to a Russian
Jurassic species, but it i8 also quite similar to the Cretaceous form in the lower
Knoxville beds of California. The few other forms are mostly undeseribed
species of types that occur both in the Jurassic and in the Lower Cretaceous.”

POST-KENNICOTT DISTURBANCE AND EROSION,

After the deposition of the Kennicott formation the region seems to have
been uplifted from its previous low position with reference to the sea and to
have suffered a slight deformation, which gave rise in great part to the present
slightly Inclined attitude of the rocks that were deposited not long bhefore its
initiation. In respect to the amount of folding produced this uplift was of
much less importance than the earlier disturbance which caused the folding of
the Triassic formations. It seems to have been a regional uplift without very
much of the deformation which comes from lateral pressure.

The uplift which followed the deposition of early Cretaceous time seems to
have been regional in its extent, und may be supposed to have affected all of
the area between the present Wrangell Mountains and the coast and to have
raised a large continent from the waters of the sea. The limits of the uplift
can not be determined, but it was followed by a period of erosion during which
the streams that developed upon the new land surface were able to reduce the
iand very nearly to sea level,

Before the completion of this cycle of erosion a period of voleanle activity
was commenced which very materially altered the character of the topography

by the upbuilding of immense piles of lava and of voleanic tuffs, -

COAL-BEARING ROCKS.

Two localities where coal-bearing rocks are known to be present
lie within the area under discussion. One is situated on the high
ridge between Hidden Creek and the heads of Bear and Fourth of
July creeks, the other is near the head of Chitistone River. Little is
known about either locality, and there is no evidence at hand on
which a definite statement concerning the age pf the beds may be
hased. The first-mentioned locality is approximately 2 miles north
of the saddle known as Fourth of July Pass, through which the trail
runs in crossing the ridge between Fohlin Creek and Kennicott
Glacier. The area is small, possibly not over 20 acres, and lies at an
altitude of nearly 6,000 feet. The beds are probably not much over
50 feet thick, and consist of black carbonaceous shales with thin coal
seams overlain by arkose sandstone. The coal beds have a horizontal
position and lie unconformably on the upturned edges of beds be-
longing to the Triassic limestones and shales. They adjoin the Chiti-
stone limestone on the north and appear to pass over the great fault
by which the Nikolai greenstone and the Triassic limestones and
shales are brought in contact. A mass of andesite, with a spirelike
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fossil remains. It does not appear again west of Lakina River, but to the
east of that stream, in the drainage of Fohlin Creek, it attains considerable
development, having a thickness which possibly reaches 1,000 feet or more, In
this locality and in the last it seems as if the formation was deposited In a
submerged valley, the sides of which had considerable height above the level of
the water.

East of Kennicott River the Kennicott formation occurs at the head of Nikolal
Creek, where its general relations to the topography and to the Triassie formu-
tions are shown in PL [V]. The sloping strata in the middle of the tlustra-
tion are the sandstones of the basal portion of the Kennicott formation, while
the deep trenches cut through them into the underlying limestone and green-
stone. The mountains in the distance are composed of Triassic shales, with
igneous intrusions, which have protected the mountains from eroslon.

Beyond the Nizina the formation is found capping the shale ridge between
Young Creek and the Chitina.

Age of Kennicott formation.—The age of the Kennicott formation has been
definitely determined by Dr. T. W. Stanton, who has studled it fosslls and
proved their general correspondence with the fossils of the Knoxville formatlon
of northwestern United States. This places the formation In the doubtful series
lying at the top of the Jurassic or at the base of the Cretnceous, The following
forms have been recognized:

Inoceramus eximius Eichwald? Auecella pallasi Keyserling?
Belemnites sp. Lytoceras sp.

Halobia oceldentulis Whiteaves® Hoplites sp.

Rhynchonella sp. Oleostephanus? sp.

Pecten sp. Gryphma sp.

Avicula sp. Sagenopteris sp.

Concerning Inoceramus erimius Doctor Stanton says:

“This form is represented by a single specimen collected on Chitty Creek.
It may be distinet from Eichwald's species, originally deseribed from Turkusitun
Bay In Cook Inlet and referred by him to the Neocomian. Elechwald deseribed
three other species—I[. ambiguus, I. porrectus, and I. lucifer—all belonging to
one section of Inoceramus, from the same horizon in Alaska. The present shell
does not agree perfectly with any of the figures, but it is most nearly like
I. eximius nnd probably comes from the same formation. Similar forms occur
both in the Jurassic and in the Cretaceous, but the evidence of the other fossils
from this part of Alaska favors the reference of the Kennicott formation to the
Jurassic,”

Of the form referred with a question to Halobia occidentalis, Doctor Stan-
ton says:

“The specimens agree fairly well in sculpture and general appearance with
some of the figures of Whiteaves's species from the Liard River, and may be
identical with it. They are, however, somewhat suggestive of Hinnites linansis,
from the Jurassic (%) of Siberia.

“ Bagenopteris is a genus which oceurs both in the Jurassic and in the Cre-
taceons, but the specles Is thought by Professor Ward, to whom it was shown,
to be unear a specleg occurring in the Jurassic of the Pacific coast.”

Concerning the general relations of the fossils from the Kennicott formation
Dr. Stanton observes:

“These fossils are all elther Upper Jurassic or Cretaceous, with a sugges-
tlon of a somewhat younger age for a few localities. In the present state of
knowledge, and with these small collections, it is not practicable to determine
whether {hey represent one horlzon or several. In my opinion, they probably
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Age of voleanic series.—In the deseription of the topographic development of
the Copper River region it will be shown that the land surface which was pro-
duced through the process of erosion previous to the formation of the voleanic
series had its origin some time during the Tertiary, and with this coneclusion
as a basis it may be concluded that the age of the voleanic series is also Ter-
tiary, There is, however, no eriterion for determining the exact portion of the
period to which its formatlon belongs, though it is doubtiess later than the
Eocene. Breoks shows that the volcanics of the St. Elias Range are probably
of Tertiary age.®

IGNEOUS ROCKS.

Preliminary statement.—The igneous rocks of the Kotsina-Chitina
area, as has been stated, include gabbro, diabase, diorite, andesite,
granite, and rhyolite. They have not been studied in an exhaustive
way and the following descriptions are general. The various rocks
are grouped in the description according to their occurrence in the
larger geological divisions of the sedimentary rocks. Areas of igne-
ous rocks are not represented in a detailed way on the map (Pl II).
Diorite and granite are not separated from each other, but they are
distinguished from gabbro.

The intruded rocks of a porphyritic nature are given a distinet
color. Andesites also have a separate color, but no attempt is made to
separate those of intrusive from those of extrusive character.

Granular rocks in the unmetamorphosed sediments.'—The Intruded rocks
which oceur in the unmetamorphosed sediments of the Wrangell region . . .
consist of gabbros, granites, and dioritic rocks, and in addition there Is a large
cross-cutting mass of andesite which forms Castle Mountain . . .

The gabbro In the Mount Wrangell district is confined, 8o far as known, to
three small areas: One in the Kotsina region between Long Glacler and
Kluvesna Glacler, another at the head of Nugget (‘reek north of Kuskunlana
River, and the third just above the forks of Strelna Creek. The rocks of these
three localities belong to the same type, but show minor variations. The gab-
bro ocearring in the vicinity of Long Glacier is a coarse-grained rock, consisting
of a very basic plagioclase, probably bytownite, and augite in large irregular
grains. With the auglte there Is n small amount of brown hornblende, which
is probably original. Magnetite occurs in large grains, In the gabbro of
Strelna Creek there is some Interstitial micropegmatite which is probably of
secondary origin.

A rock which i8 slmilar to these gabbros, but which has, In addition to the
minerals which they contain, a considerable amount of hrown mica, was noted
in the vicinity of the crossing of the main Chitina and the Kotsina trails. Here,
in the walls of the canyon, there is n coarse-grained granular rock made up of
andesite, diallage, hypersthene, and a considerable amount of dark-brown blotite.
The relations of this rock are rather unusual, since it is granular rock cutting
glacial gravels,

The only granite which has been noted in the Wrangell Mountains is located
somewhere in the drainage of the second Kotsina Glacier. Its presence Is
known only from a specimen collected from the moraine. It is a fine-grained
rock composed of blotite with some plagioclase.

= Qp. cit., p. 363,
® Schrader and 8pencer, op. cit,, p. b5 et seq.
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On the north side of the main tributary of Kotsina River, near Surprise
Creek, there is a mass of diorite which varies considerably in character from
place to place. In some parts the rock is practically granular, while elsewhere
it becomes porphyritic. It is composed essentially of abundant thick prisms of
plagioclase, which is probably andesine, while between these prisms there is a
sort of groundmass composed of orthoclase and quartz. Biotite and horn-
blende oceur in irregular grains and imperfect prisms. The rock is related to
granodiorite, but may be called a quartz diorite,

A porphyritic phase of diorite occurs along the west side of Kuskulana
Glacier, below the forks, thongh this mass has not been represented on the
map. The broad dike which is represented ag crossing the mounfain mass
between the forks of Kuskulana Glacier is supposed to have the same character.

Porphyrics in the unmetamorphosed sediments.—Besides the granular or
nearly granular rocks already considered, there is a considerable variety of
porphyritic rocks occurring in dikes and irregular masses in the black shales
of the Triassic formation and in the shales and sandstones of the Kennicott
series. These rocks are rather generally distributed from the vieinity of
Kuskulana River eastward as far as our observations extended. They are
well shown in the shale series on either side of Kennlcott River, and it is to
the resistance which the intruded rocks have presented to erosion that the
mountains of this vicinity owe their preservation. Some less important oc-
currences are observed in the valley of Young Creek and as far toward the
south as Chitina River. Pl VI [A] is illustrative of dikes of fine-grained
porphyry cutting the black shale in the walls of Young Creek.

On the map the intricate intrusion of the shales is represented in a dia-
grammatic way to indieate the character of the intrusions rather than the
actual oceurrence of the cross-cutting beds.

The porphyries of the class here under consideration are always much
altered, so much go, indeed, that it is very ditficult to determine thelr exact
nature, but it may be seen that they are all not identical, though they are prob-
ably closely related throughout, They are mostly diorite or quartz diorite
porphyries, judging from the aggregutes of altered minerals which now make
up their mass. They vary in grain from eryptocrystalline to porphyritic with
stony groundimnass.

These porphyries are, in part at least, later than the Kennicott formation,
of Jura-Cretaceouns age, for they are found cutting this series in the region
between Lakina and Kennicott rivers, and dikes of porphyry cut the bedded
voleanic series east of Kuskulana River, and in the Nizina region there are
masses of unknown character cutting across the volcanic series, It appears
“that in general the intruded rocks have been injected at comparatively recent
dates, although there are no data for determining the priority of one or the
other of the different types of rock. It may be that the porphyries were
intruded during the period of folding which preceded the deposition that took’
place in Jura-Cretaceous time, but so far as the evidence goes, it may be that
they were introduced after the deposition of the Tertiary volcanic rocks.

Andesite cutting the Triassic—The mass of Castle Mountain is composed of
dark andesite, similar to that which forms the surface flows of the Wrangell
region. On the western side of the mountain the contact with the shales and
crumpled limestones may be clearly distingnished by the contrast hetweeen
the dark-colored andesite and the sedimentary rocks which bave been bleached
and whitened through contact metamorphism. The appearance of Castle
Mountain and the andesite contact is illustrated in [Pl. VI, B]. Looking at
Castle Mountain from the southeast, one sees the contact running in a zigzag
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course down the ridge on the left slde, as shown in the picture, and ngain,
with less distinctness at the right, which is at the Lase of the steep cliff,

Intrusive rocks in Tertiary volcanic series.—The occurrence of dikes of diorite
porphyry In the voleanic series has already been noted, and aside frow this the
only knowledge of cross-cutting massive rocks hias been galued from a distant
vlew of the region lying east of the Nizina River, between Chitistone River and
the first creek flowing into the Nizina. Above the foot of the glacier there is
a mountainous mass, which shows the topographic characters that are eommon
in the case of masslve rocks, and this mass Is in part surrounded by the flows
and tuffs of the voleanle serles. This occurrence 1s the only evidence of the post-
voleanle date of the intrusive rocks, and It must be admitted as Incomplete,

Andesite flows.~The recent lavas which occur on the southern and western
slopes of Mount Wrangell are typienl hypersthene andesites, composed of
plaglocluse, at least as basic as Iabradorite, much hypersthene In sharply out-
lined phenocrysts, and a small amount of auglte. Olivine is sometimes present.
The groundmass varles from glassy to finely crystalline. In color the andesites
vary from red to gray and black, and in texture from vesicular to close-grained
porphyritic.

The age of the andesite is Plelstocene and Recent. The form of Mount
Wrangell Is the result of successive lava flows, by which its cone has been con-
structed. The great sheet of andesite to the north of the Kotsina drainage lies
above the mass of the Pleistocene, but gravels are found resting upon it locally,
and glacial scoring is also observed, so that at some time since the most im-
portant outflows glaciation most have been more extensive than at present.

* * * * * * *

Below Tonsina River, on the east slde of the Copper, the river banks have a
Leight of 400 to 600 feet, and here they are composed very largely of till. Here,
also, andesite occurs in the upper part of the deposit, and this occurrence ap-
pears to be the western extension of the general sheet of andesite which may
be found at intervals and traced toward the east, becoming of more lmportance
as the mountains are reached. East of the trail leading from Tonsina to the
upper Chitina the andesite is of considerable importance, and here gives rise to
a prominent beneh, which may be traced northward to the polnt where it con-
nects with the andesite already mentioned as occurring on Chetaslina River,
and from this point still northward, forming a marked terrace for a distance of
at least 10 miles. Wherever observed there is evidence that the andesite was
poured ont during the glacial epoch. The greatest thickness of the glacial de-
posits i{s below it, but in protected places it always shows surfaces which have
been smoothed by ice action, and there is no considerable area of the andesite
exposed (hat dues pol carry exotic bowlders upon it. Locally there is also a
considerable amount of gravel resting upon the andesite. This relation may be
seen on Copper River in the vieinity of Billum's, and also at the crossing on
Kotsina River.

* * * * * * *

The edge of the lava flow forming the platean north of the point at which
Kotsina River emerges from the mountains seems unquestionably to have been
in contact with the side of a glacier which extended outward from the upper
valley from the time of the eruption, The same conditions may be suggested
along the north side of Long Glacier.

The distribution of the andesite as represented on the map is only approxi-
mate, and underneath the latest gravels the lava undoubtedly has a much
greater extent than is indlcated, and over much more of the area where it
Is represented gravels may be found above it
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Just north of Long Glacier the thickness of the andesite s several hundred
feot, while at the edge of the flow, In the neighborhood of Chetaslina River,
it I8 less than 150 feet, and where it reaches Copper River and at the crossing
of the Nikolai [Nizina] trall on Kotsina River it is lesas than G0 feet.

FAULTS.®

Displacements of the formatious vecurriug In the Wrangell region are not
at all lufrequent, and while the faulls ure usually of small importance struc-
turally, they are frequently followed by wineral-bearing veins. An example of
this is seen in the Nikolal vein, which follows.a fault having a throw of several
feet, Two faults of very considerable importance have, however, been recog-
nized where they cross Nizina River, while, from the observed relations of
the varfous formations, a third break is supposed to exist in the Kotsina
region. On the west side of Copper Creek the Chitistone limestone is found
dipping toward the west and overlying the Nikolal greenstone in its normal
position, while on the east side of the creek the greenstone comes in contact
with Triassic shales; and though the relations of the former were not studied
sufficiently in detail to allow the representation of the fault on the geological
map, a break has been shown in the geological cross sectlon In accordance with
the hypothesis of a fault.

There is a fault crossing Nizina River about 3 miles above the mouth of
Chitistone River, and, thongh its occurrence was noted, no opportunity was
afforded for a detalled examination, This feature was observed by Hayes in
1891 and described as an over-thrust fault having a displacement of over half
a mile.? The representation of this fauit on the geological map must be taken
as only approximating the actual relations.

The most prominent fault which has been recognized is the one which limits
the southern extension of the greenstone as it crosses Nizina River. Here the
shales of the Triassic are brought against the Nikolai greenstone, and, though
the actual fault plane was not observed, it is seen from the horizons which
come In contact that the displacement must amount to 3,000 or even 4,000 feet.
East of Nizina River the continuance of the break is not known, since the region
was not visited, but toward the west it probably extends for a conslderable
distance, and on the east side of Kennicott Glacler the displacement must still
be In excess of 3,000 feet. The fault was also observed on the west side of
Kennicott Glacler, and from this place it is probably continuous to Lakina River,
where there is a displacement of several hundred feet. In age this great strue-
tural break antedates the deposition of the Kenunicott formation, and its pro-
ductlon probably belongs to the post-Triassic period of uplift and deformation.

PLEISTOCENE AND RECENT DEPOSITS.

Introduction—~Under the heading of Pleistocene and Recent de-
posits is given a general description of the unconsolidated deposits
that now occupy the valley portions of the Chitina and Copper rivers
and their tributaries as included in the area shown on the geologic
map (PL II). The scale of this map is too small to give a detailed
representation of the deposits, but their general distribution is well
shown. -

# 8chrader and Bpencer, op. cit., p. 62.
* Hayes, C. W., An expedition through the Yukon district : Nat. Geog. Mag,, vol. 4, 1802,
p. 141, :
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Present features—A view of the river valleys of this region dis-
closes two very distinct topographice features, caused by two equally
distinct geologic processes that have dominated the development of °
the topography during Pleistocene and Recent time. These features
are very forcibly impressed on anyone who may have occasion to visit
the region. The first is the present-day aspect of the accumulations
of a former period of very rapid deposition, the completion of which
was the closing event of the Pleistocene period. In their broad sur-
face characteristics these deposits have changed but little since they
were laid down. The second is the recent trenching by streams that
is s0 marked a feature of late drainage activity in many other parts
in Alaska also and that is brought particularly to notice where
streams have worked upon unconsolidated deposits of Pleistocene age.
(See PL. VII, 4.) This trenching began with Recent t!me and re-
sults from condltlons that still prevail.

The completed result of Pleistocene deposition is presented to-day
in the form of gravel and silt plains that extend over all the lower
areas. They floor the large main valleys almost completely and ex-
tend up the tributary valleys considerable distances into the moun-
tains. Their surfaces slope gradually in two directions—from the
sides of the valleys inward to the lower levels occupied by the drain-
ing streams, and from the heads of the valleys toward their outlets,
They are characteristic valley plains.

The combined ice and water drainage of Pleistocene time, that
brought down such vast quantities of rock material from the sur-
rounding mountain ranges, filling the valleys and spreading it out
in the form of the gravel plain, has had its gradients and its relation
to sea level changed by a widespread elevation which was differen-
tial rather than harmonious. The present rivers, in working down
to the new grades thus imposed, have cut deeply into the Pleistocene
plains (PL VII, 4), so that to-day all the streams occupy trenches
in the filled valley floor. Thus the valleys are incised from 50 to
600 feet into the unconsolidated Pleistocene deposits, and in many
places through them.

Pre-Pleistocene land surface~—To understand more fully the dis-
tribution and thickness of the unconsolidated Pleistocene deposits
it may be well to indicate briefly what the appearance of this region
must have been just before the deposition of the Pleistocene began.
This appearance may be imagined from an understanding of the
present surface. To-day the country is especially characterized by
rugged mountains, most of them showing well up on their sides the
effects of vigorous glacial erosion. The sides are steep and in many
places descend abruptly to the valley bottoms where the bed-rock
slopes disappear beneath the comparatively flat Pleistocene deposits.

The bed-rock contour of the larger tributary valleys of the Chitina
to-day present wide U-shaped cross sections typical of strongly
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glaciated valleys, though the bottoms are now hidden in many places
to a depth of at least 500 or 600 feet by Pleistocene deposits. Be-
fore the glaciers occupied them the broad valleys were no doubt es-
sentially of the uniform deeply eroded rock-floored type, presenting
rolling surfaces with here and there considerable hills rising from
them, and encircled by high rugged mountains. At that time the
mountains had not been glaciated and were not so steep sided, and
the valleys were cut deeply only by stream erosion. Even'in the
main valleys of the Chitina, of the Copper just north of Taral, and
of the lower half of the Kotsina, the rock floors were not flat, but
presented rolling surfaces, for to-day there are considerable hills of
bard bed rock standing above the more level unconsolidated Pleisto-
cene deposits that surround them, like islands in a body of water.
The general attitude of these bed-rock islands indicates that the pre-
Pleistocene grade of the Chitina Valley was not as steep from the
head to its mouth as it is to-day, for the areas of the older bed-rock
surface exposed above the unconsolidated deposits are of consider-
able extent near the mouth of the Chitina, and are less exposed up
its valley, where they are more deeply buried by the gravel and are
only shown where the main stream and its larger (ributaries have
cut, through the unconsolidated sediments.

The work of Pleistocene time was the filling of these valleys by
vast quantities of poorly sorted material eroded by ice and water
from the mountains that surround them. The old drainage of the
valleys was overwhelmed by an invasion of glacial ice, and erosion
and deposition by this ice and its attendant streams left the surface
almost as we see it to-day. These unconsolidated deposits are the
evidence that tell of Pleistocene time and its activities.

Erosion and deposition during Pleistocene and Recent time —The
Pleistocene and Recent geology of this region is probably brought
most conspicuously to our notice by its unconsolidated deposits, but
the erosional effects are also marked. The character and extent of
the deposits are a direct result of the character and extent of the
drainage of that time, and these were dependent on the character of
the precipitation. It is not necessary to suppose a larger supply of
moisture or a greatly different climate from that of to-day, but the
form of precipitation must have been such as to give a great increase
in the development of the snow fields that fed the glaciers and their
streams. A great change in the character of the drainage appears to
have come over the region at the beginning of Pleistocene time.
This change involved a marked development of glaciers and their
attendant streams, together with the greater rapidity of erosion and
more active transportation of rock material that accompanies such
phenomena. The growth of this kind of drainage seems to have
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been rapid, until it finally dominated the whole area of the Copper-
Chitina region. It apparently had various stages of advance to its
maximum extent and then stages of decrease to its present condition,
The present character and extent of glaciation is well shown on the
map. The detailed stages of its advance have been largely obliter-
ated by its retreat, but the evidences of its greatest development are
still distinet, and a detailed study no doubt would bring out much of
the history of that period.

Chitina Valley appears to have been occupied by a gregt valley
glacier, and its tributaries, especially the Nizina, Kennicott, Lakina,
and Kuskulana valleys—the principal feeders of the master ice stream
on the north—were also filled by ice streams that united in the great
Chitina Glacier. In addition there were smaller glaciers flowing
into the Chitina from the south. The glaciers from the head of
Kotsina Valley, together with the Kluvesna and Long glaciers from
Mourit Wrangell, united with each other and their combined ice
stream extended at least to the point where the valley opens out into
Copper River basin. Thus it will be seen that this region at some
time during the Pleistocene was practically hidden under snow and
glacial ice. Only the higher mountain ridges protruded above it, yet
even these were the gathering places for snow that fed the glaciers
below. As the ice streams moved slowly, but powerfully, down their
confining valleys, they were loaded with vast quantities of rock ma-
terial which they carried with them to the lower level. How long
the maximum extent of the ice invasion was maintained is not known,
but when the glaciers had reached their greatest development and
their increase was stopped by the lack of sufficient snow at their
sources to balance the waste by melting at their lower levels, their
retreat began. As the melting proceeded and the lower limits of
the glaciers withdrew up the valleys, a great quantity of morainal
material was dumped on the valley floors, and the water from melt-
ing ice spread this heterogeneous assortment of rock material over
the valley flood plains, left bare by the receding glaciers, thus form-
ing the valley-plain deposits almost as they are seen to-day. Melting
of the ice did not proceed at a uniform rate, nor was it a continuous
course of recession. There were intervals when melting was not so
rapid, and then terminal moraines were laid down which the streams
issuing from the ice front were unable to spread out in a uniform
manner. There were times also when the ice readvanced over areas
it had formerly occupied and laid down till sheets of greater or less
" extent on the unconsolidated partly sorted sediments. Terminal
moraine heaps to-day occupy considerable areas in the valley plains
and mark positions of halting in the recession of the glaciers to their
present positions. Till deposits also occur on top of sediments that
were laid down in bodies of quiet water after the first retreat of the
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ice, in order to oceupy their present positions in relation to the sedi-
ments they overlie, they must have been formed by a readvancement
of the ice. _

Character of the valley-plain deposits—The unconsolidated de-
posits laid down during the recession of the ice are of various kinds.
With few exceptions, they are all sediments of pronounced glacial
character and present all the great variety of phases of such deposi-
tion, from the unsorted morainal dumps of bowlders, with many
angular blocks, to partially sorted cobble beds, regularly arranged
gravels, and coarse cross-bedded sands, and in many places consider-
able areas of typical lacustrine sediments consisting of fine sands and
silts. Mendenhall * has described the character of these deposits in
the Copper River Valley, and his description applies also to their
continuation in the Chitina River valley:

Such deposits are generally separated Into (1) stratified or assorted drift,
and (2) unstratified or unassorted drift, the first having been laid down under
the influence of water, and hence showing a more or less stratified condition,
while the second, deposited directly from the ice, consists of heterogeneous ng-
gregates of coarse and fine materials without evident marks of stratifieation,
The two forms are not always readlly separable, nor are their relative posi-
tions always the same, either one occurring uppermost, nnd not rarely they
alternate with each other several times between the surface and the bottom
of the drift.

The greater part of the deposits that ﬁll the vnlleys do not show
the characteristics of gravel and sand laid down in standing water.
Their deposition was governed by more or less local conditions of
glacial and stream transportation and deposition, and these condi-
tions each had its particular features in different localities that
changed rapidly from time to time. On the whole, the peculiarities
of deposition were a rapid dumping of material, much of which was
coarse, into the ample valley basins, and a vigorous fluviatile grading
of these materials in the lower areas of the valleys. Each tributary
valley furnished an amount of material commensurate with its size
and the ability of its stream to transport material out into the larger
valleys, where the combined drainage net spread out and graded it
all into more even surfaces but was inadequate to do the work of dis-
tributing it in uniform stratified deposits of any considerable extent,
as might have been done if the deposition had been dominated by a
large body of water, such as a lake.

There are, nevertheless, lacustrine deposits consisting of fine strati-
fied sediments occupying more or less restricted areas throughout
the valley drift deposits, which show that local lakes of greater or
less extent existed in the main valleys, while the streams of tributary
valleys were contributing their deposits of heterogeneous material,

= Mendenhall, W, C., Geology of the cenh‘ul Copper Rlver region, Alaska: Prof. Paper
U. 8. Geol. Survey No. 41, 1005, pp. 04-T4.
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The outflow of andesitic lava indicated southwest of Mount Wran-
gell on the geologic map (PL II) occurred after a large part of the
Pleistocene deposits had been laid down, as is shown by the fact that
it overlies a considerable thickness of these sediments, This relation
has been examined by Schrader and Spencer @ along Chetaslina River.
They also noted a deposit of fragmental volcanic material in the
sediments directly underneath the lava, which they associate with
this outburst of volcanic activity. This fragmental material shows
every appearance of having been ejected from craters in the form
of bombs only a short time before the outflow of lava began. Frag-
mental volcanic material of this nature was observed by the present
writers in the benches of Pleistocene sediments of the Kotsina Valley
opposite the mouth of Roaring Creek, At this locality there is no
lava overlying the material, but the bomb-like fragments have a rough
stratiform arrangement under about 30 feet of gravels and silts.
The bombs at this locality have a porous friable texture, and occur
as roughly spherical masses from a few inches to a foot or more
in diameter.

After the outflow of lava had taken place the area was again over-
ridden by the glacier, as is shown by the fact that the surface of
the lava has been smoothed by moving ice, and deposits of glacial
débris lie upon it.

ECONOMIC GEOLOGY.

GENERAL STATEMENT.

The mineral resources of the Chitina and the Kotsina River val-
leys that are of present commercial interest are gold, copper, and
possibly coal.

Gold has been mined from the Nizina placers since 1902. As in
many other placer regions, however, no records of the early produec-
tion are available, and no attempt is here made to give even approxi-
mate figures for the yield of gold in these six years. Gold placer
mining is now on a more firmly established basis than in the past,
and doubtless an inerease in the yield of gold will be seen in the next
few years. Possibly this yield may be increased further by an ex-
tension of the producing area as the conditions for economical min-
ing grow more favorable.

Copper, because of the high price of that metal from 1905 to 1907,
has received much attention from prospectors and others interested
in copper production, but this region has not yet produced a pound
of copper in a commercial way.

The coal deposits of Chitina Valley are probably of only local
interest. No coal comparable in quality with the coal of Controller

s Bchrader, F, C,, and Spencer, A, C., op. eit, p. 58
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Bay or Matanuska River has been found, yet, if obtainable in proper
quantity, the Chitistone River. coal may have a small local demand.

At present, then, the Kotsina-Chitina area has an actual production
of gold and a prospective production of copper, but, without detract-
ing in any way from the importance of its gold placers, it may be
said that the future position of the region as a producer of mineral
wealth may be determined in large part by the importance which its
copper deposits assume on development.

In this paper greater attention is given to the copper deposits. It
is hoped that the facts observed are presented impartially and in
such a way as to give a proper idea of the type of ores occurring here
and of the progress in developing them since they were last visited
by members of the Survey. Those seeking information in regard to
the commercial value of the deposits described may be disappointed
in finding no definite statement in regard to values. It has become
the established practice in the Alaskan investigations of the Geolog-
ical Survey not to treat this subject, for it evidently falls within
the province of the mining engineer who investigates a particular
property. In the short time available for their study it would ob-
viously be impossible for the Survey geologists to sample the deposits
visited, and it also appears unwise to publish the results of assays
furnished by property owners, because it is not always possible to
learn how a given sample was taken. It is admitted that the descrip-
tions are in no way exhaustive. This is necessarily so from the con-
ditions under which the work was done. In the first place the copper
properties are all prospects and not developed mines. The ores ex-
amined are near the surface and are exposed in shallow open. cuts
or in short tunnels, so that there is little data at hand for determining
the character of the ore in depth or for obtaining an accurate idea
of the form of the ore bodies. In the second place time was too
short to make a thorough examination of all the properties in the
region. A few prospects were not visited because their locations
were not definitely known, and in the absence of the owners either
they were not found when searched for or it did not appear to be
in accord with the best interests of the work to spend time in looking
for them.

The omission of the name of a claim in the descriptions to follow,
therefore, reflects in no way on the value of that claim. On the other
hand, in a few instances where there was more than the usual oppor-
tunity for studying the ores it is possible that the more nearly complete
descriptions of them will make it appear that they were considered
to be of unusual promise or value. These more detailed descriptions,
however, are given in the hope that they may lead to a better under-
standing of the copper deposits by the reader and enable him to draw
his own conclusions respecting the character of the ores. Knowing
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the harm that sometimes is caused by premature or hasty conclusions
the writers have endeavored to state facts rather than inferences
in the hope that more detailed and thorough studies may be made
in the future.

COPPER.

THE COPPER MINERALS.

Preliminary statement—The copper minerals most common in this
region are not many. Those associated with the copper are even fewer.
The copper deposits, therefore, so far as their mineralogy is con-
cerned, are not complex, but it is difficult with the data at hand to give
an outline of their history that is fully satisfying. Copper was seen
in greatest amount as chalcocite, bornite, and chaleopyrite. Native
copper should probably be mentioned after these. Malachite is the
most noticeable of all the copper minerals. Azurite, cuprite, chal-
canthite, and tenorite occur locally. Calcite, quartz, and epidote are
associates of the copper minerals in some places.

Descriptions of all the minerals named are to be found in any
book on mineralogy, but for the convenience of those who may not
have such books at hand their chemical composition and percentage
of copper will be given in deseribing the copper minerals as they
oceur in this region. \

Native copper—Native copper is found in the Nikolai greenstone
in many places. It is believed to be entirely of secondary origin,
and occurs most commonly either without quartz in the amygdaloidal -
lavasflows or accompanied by quartz, or quartz and epidote, in small
veims or shattered portions of the lava flows. It appears to prefer
the wmygdaloidal phases of the greenstone rather than the more
compact beds such as the coarser grained diabase lying immediately
below the Chitistone limestone, yet native copper is found there
also. It takes the form (1) of small grains and slugs formed by
alteration or replacement, or deposited in cavities which were either
produced when the lavas solidified, or else resulted later from solu-
tion, and (2) of thin crumpled leaves or films deposited along frac-
tures resulting from strains and movements in the rock. In places
the copper forms small lenticular veinlike masses, or it occurs as
a network of intersecting seams almost like the complex of quartz
veins sometimes seen in a rock that has been brecciated and rece-
mented. This last phase is particularly common where the copper,
accompanied by quartz, has filled cavities in the country rock. When
such a mixture of quartz and copper is struck with the hammer so
as to shatter the more brittle quartz, it leaves a cavernous or sponge-
like mass of copper. That the copper has in some places filled open
cavities seems to be shown by the presence of perfectly formed quartz
crystals in it. In at least one place native copper is restricted to a
particular lava flow and is not seen in the flows lying immediately
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above and below. At this locality it is associated with a black
glassy amygdaloidal filling consisting of a mixture of copper oxide
and carbonaceous matter. The copper is present as grains and films
in the amygdules and also in the greenstone. No quartz was seen
here, but it was reported that a mass of copper and quartz weighing
60 pounds was taken from an outcrop only 400 or 500 feet distant.
This is the largest piece of native copper found in place reported to
the writer. :

Native copper is found in the gravels of several streams, such as
Nugget, Dan, and Chititu creeks. The largest piece yet discovered
is on Nugget Creek. It is estimated to weigh between 2 and 3 tons.
Native copper is common in the gravels of Dan and Chititu creeks,
the pieces ranging in size from small grains to masses of 300 pounds
weight, The copper is all more or less rounded and some of the
pieces assume most fantastic shapes. Native copper and native silver
crystallized together in the same nugget are not uncommon. As a
rule the placer copper is nearly free from quartz, but is considerably
oxidized, and some pieces when broken are found to be spongy or
cavernous. Native copper was not seen in the Chitistone limestone.

Cuprite—The dark-red oxide of copper, cuprite (Cu,0O, 88.8 per
cent copper), is found in the Chitina region, where native copper is
found, and usually does not occur without it. Tt is difficult or perhaps
impossible to determine whether the native copper results from the
reduction of the cuprite or the cuprite from the oxidation of the
copper. Probably both changes take place. Cuprite is not known
in the Kotsina-Chitina country in quantities sufficient to make it of
value as an ore. Many of the placer copper nuggets show little
crystals of cuprite when the oxidized scale is broken from the surface.
Cuprite is also seen as little red specks in copper-bearing greenstone
or on the native copper in the greenstone.

Tenorite—The black oxide of copper (CuO, 79.8 per cent copper),
tenorite or melaconite, is of rare oceurrence in this region. Together
with a certain amount of carbonaceous material it forms a black,
glassy or resinous filling of cavities in some of the amygdaloidal lava
flows. It also was found in one place in association with the quartz
of a small vein filling.

Chalcocite—The cuprous sulphide, chalcocite, frequently called
copper glance (Cu,S, 79.9 per cent copper), forms the most valuable .
of the known copper deposits of Chitina Valley. It is found in the
Nikolai greenstone at many places from Kotsina River to the Chiti-
stone, but its greatest deposits are in the Chitistone limestone. It is
more abundant in the eastern part of the field than the western. In
the greenstone.it forms irregular lenticular and veinlike bodies, re-
placing the rock, or is disseminated through it in small particles. In

- places it is associated with epidote. Large masses of practically pure
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chalcocite were formed in the Chitistone limestone by replacement of
the original rock. It is unoxidized save for a thin film on the sur-
face, and breaks with a smooth, shining fracture, like stove polish.
Both here and in the greenstone it may more probably be of secondary
origin, but from what original mineral it is derived is not known.

Bornite—On the whole, bornite (Cu,FeS,, 63.3 per cent copper)
is perhaps the most widespread copper mineral of the region. It is
found in.the greenstone and in the limestone near the limestone-green-
stone contact, but it is much more common in the greenstone. The
bornite usually occurs without accompanying minerals other than
those of the altered greenstone. It is also seen, however, accom-
panied by calcite and a minor amount of quartz in veins. In the
greenstone it assumes practically the same form as does chalcocite,
that is, it is disseminated in grains through the rock or occurs in it in
irregular veins or lenses. Sheared portions of the greenstone in
places show a mixture of more or less replaced country rock and
nearly pure bornite. Thin sections of the ore show that the green-
stone, while it appears in the hand specimen to be quite fresh, is never-
theless highly altered and contains much secondary caleite. In some
thin sections the ferromagnesian minerals are practically lacking.
The bornite is scattered through the rock in small grains that are in
places intergrown with chalecopyrite. This intergrowth of bornite
and chalcopyrite on a much larger scale is usual in the vein deposits
accompanied by a calcite gangue.

Chaleopyrite—So far as prospecting has shown, chalcopyrite
(CuFeS,, 34.6 per cent copper), is not an abundant copper mineral
in the region under discussion, but it accompanies bornite in a great
many places, forming an intimate intergrowth with it. It may not
be distinguishable in a hand specimen, but many of the thin sections
examined under the microscope show it to be present. Where chal-
copyrite and bornite are accompanied by calcite in vein deposits the
two minerals erystallize in larger masses than in the greenstone, and
with the white calcite background they form a handsome ore. It
is natural to expect that the rich sulphide deposits may have been
derived from poorer pyritic ores, and proof of this was sought, but
no conclusive evidence on this point was discovered.

Malachite—The green copper carbonate, malachite (Cu,(OH),
CO,, 57.5 per cent copper), forms a stain on the copper minerals and
on the inclosing country rock wherever copper is found. In most
places it is conspicuous in a degree entirely out of proportion to
the quantity of copper present and is apt to give one a greatly exag-
gerated idea of the deposit it marks. Malachite forms a green film
that covers exposed surfaces of ore and rock and penetrates along
joint planes and fractures wherever the copper-bearing waters find
an entrance. Though it is the most widespread and noticeable of .
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all the copper minerals, it is not known to be present anywhere in
the region in sufficient amount to make it of importance as an ore.
In a few places it forms small deposits in broken limestone. Weed #
in describing this mineral says: “ Owing to its brilliant green color
a very small amount will stain a very large amount of rock or vein
matter, or color thin and worthless incrustations or nodules of
valueless material, so that it is difficult and, in fact, often impos-
sible to form any accurate opinion of the ore from its external
appearance.”

Azurite—The blue carbonate of copper, azurite (Cu,(OH),
(CO,)., 55.3 per cent copper), is much less common in this part of
the Copper River region than malachite. Tt is found chiefly in con-
nection with deposits of chalcocite in limestone, and in places is
clearly an alteration product of the chaleocite. At the Bonanza
mine azurite forms small veins or veinlets in joints or fractures
of the limestone around the boundaries of the main ore body. Some
of the veins when broken show a core of chalcocite. Azurite also
forms beautiful deep-blue crystals on the chalcocite. On the whole,
it may be said to be an uncommon mineral in this region and is
rarely seen as an alteration product of the ores in greenstone except
where they are accompanied by calcite.

Chalcanthite—The blue copper sulphate, chalcanthite (CuSO,
6H,O, 25.5 per cent copper), was observed in a few places where
water seeping from the copper-bearing greenstone had evaporated,
leaving small crystals of the sulphate on the rock surface. It is
easily recognized by its appearance and acid taste. It is of no im-
portance as a copper ore in this region. '

OCCURRENCE OF THE ORES,

General statement—The copper ores of the region are associated
with the Nikolai greenstone and the Chitistone limestone. Copper is
widely distributed through the greenstone, but the largest and most
valuable of the known deposits are in the limestone very close to the
limestone-greenstone contact. Copper, however, was not seen in
the Chitistone limestone at any considerable distance above the green-
stone; that is, the copper minerals found in the limestone can be
shown in almost every instance to be near the base of the formation
and consequently near the greenstone. All of the important known
deposits in limestone are in the eastern part of the district. The de-
posits in greenstone, on the other hand, do not appear to be more
developed in one locality than in another.

The copper ores may be referred to one of the three following
classes: (1) Copper and copper-iron sulphides associated (a) with

@ Weed, W. H., The copper mines of the world, p. 30,
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greenstone and (%) with limestone; (2) native copper associated with
greenstone; (3) placer copper.

On the basis of form the first class, and to a certain extent the
second also, may be divided into (1) vein deposits and (2) deposits
of irregular shape to which the name *“bunch deposits™ has been
applied. Under veins are included the deposits of tabular form.
In nearly all places observed they are clearly associated with fault
planes or shear zones, and are accompanied by the vein minerals
calcite and quartz, with epidote also present in some places. Ore
bodies of this nature approach more nearly to the geometric form
commonly ascribed to “ fissure veins.”

Regularity and definiteness of outline, however, are not character-
istic of the Kotsina-Chitina ore bodies. In by far the greater num-
ber of places they have an irregular form that Mendenhall has
described under the term “ bunch deposits.”* This term is not en-
tirely satisfactory, but it probably describes as closely as any one
word the form of ore body most common in the Kotsina-Chitina
region. It does not necessarily imply a mass of ore composed of
copper minerals alone, since most of the ore bodies to which the term
might be applied are not such masses, but it does suggest an approach
to something like equality in the dimensions of the ore-bearing rock
mass, and especially it conveys an idea of separation of one body
from other bodies.

It has already been pointed out that faulting is common in the
rocks of the Wrangell Mountains. Some of the faults are of great
displacement, but most of them are small. Crushing and shearing
are slightly different expressions of the same disturbances that
produce the faulting. Openings produced in this way have given
opportunity for extensive circulation of waters that carried and
deposited copper minerals. Most of the channels must have been
exceedingly variable in form and direction, because regularly formed
and clear-cut veins are so rare in the region. This is particularly
true of ore bodies in the greenstone.

Copper sulphide deposits in greenstone and limestone.—The copper
ores in greenstone are prevailingly bornite with smaller amounts of
chalcopyrite, chalcocite, and native copper in approximately the
order given. In limestone the ores are chalcocite, bornite, and chal-
copyrite. The surface oxidation product in greenstone areas is
malachite. In limestone azurite is common as an oxidation product,
but perhaps no more abundant than malachite.

Copper ores in the greenstone are composed in many places of
country rocks and copper minerals without accompanying vein min-
erals. The copper sulphides occur in shear zones or in jointed and

) '_Hendenhl.l]. W. C., Geology of the central Copper region, Alaska: Prof. Paper U, 8,
Geol, Burvey No. 41, 1005, p. 42.




OCCURRENCE OF THE ORES. 49

shattered portions of the rock; they fill fractures in the rock and
also occur as a replacement of it. As has been stated, bornite is the
most common copper mineral in the greenstone, but chalcopyrite is
probably always present with it. All the thin sections of bornite
ore examined showed chalcopyrite in small amount. In some of the
calcite vein deposits chalcopyrite is nearly, if not quite, as abundant
as bornite. Chalcocite is seen in the greenstone in some places accom-
panying or accompanied by bornite, or by bornite and chalcopyrite,
a relation suggesting the derivation of the chalcocite from the poorer
sulphides. A careful examination of the ores in greenstone is usually
necessary to determine the limit of impregnation, which is not marked
by any definite boundary, the replacement becoming gradually less
with increasing distance from the center of impregnation. In lime-
stone areas, on the other hand, the transition from ore minerals to
country rock is more abrupt and the boundary surface is more
easily determined. Unfortunately deposits in limestone appear to
be less numerous than those in greenstone. The large size of the
chalcocite bodies in limestone and their comparative freedom from
included fragments of the country rock, such as are always present
in the greenstone ores, is probably due to the grater solubility of the
limestone. There is a possibility also that some chemical quality of
the limestone gave it greater precipitating power than was possessed
by the greenstone and made it a more favorable place for deposition
of copper minerals from solution. This, however, is offered merely
as a suggestion, for it can not be proved with our present knowledge
of the conditions during ore deposition.

Where copper minerals are associated with gangue minerals in
veins the gangue is chiefly calcite, but is usually accompanied by a
small amount of quartz. One of the striking features of the copper
deposits throughout the region is the searcity of quartz accompanying
them. Veins of quartz and epidote are of local importance, but on
the whole calcite is the prevailing vein mineral. Veins and stringers
of calcite, as well as small grains of that mineral, are found through-
owm the greenstone, but are more abundant near the top. Part of the
calcite may have been derived from the overlying limestone, but a
second scurce of calcite is the basic feldspar in the greenstone. All
the thin sections of ore in greenstone show a rock more or less decom-
posed in which secondary calcite is common. Although it would be
difficult or impossible to prove that the calcite in a particular case
was not introduced from other sources than the greenstone, the pos-
sibility that some of it has that origin is to be considered. So far
as could be determined at the exposures, the veins of this kind that
were examined are subject to rapid changes in thickness from place
to place. Few of them were traced for any considerable distance.

88797—Bull. 374—00——4
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This statement, however, is not to be interpreted as implying that
they do not so continue. At several localities variation in the thick-
ness of the veins is plainly due to faulting later than the ore deposi-
tion and oblique to the veins. Slight movements along such faults
may either increase the thickness of the vein or diminish it according
to the direction of the movement. It is perhaps safe to say that the
effects of faulting will be one of the difficulties encountered in mining
in this region.

Native copper associated with the greenstone~Native copper is
associated with amygdaloidal phases of the Nikolai greenstone and is
also found accompanied by quartz or by quartz and epidote in veins
cutting the greenstone. Most commonly it occurs as grains and small
slugs in the amygdules and disseminated through the greenstone and
as films or leaves and small veinlets cutting the greenstone. Tabular
masses deposited in joint planes also occur and without much doubt
indicate the way in which the large mass of native copper on Nugget
Creek was formed. Such masses were not seen in place in Chitina
Valley, but they have been found east of Skolai Pass near the head of
White River. In a few places native copper occurs in amygdaloidal
greenstone in association with a mixture of copper oxide and car-
bonaceous matter filling the cavities of the lava. Much of the native
copper is probably secondary and is thought to have resulted from
the reduction of previonsly deposited sulphides or oxides. What
part, if any, is primary is a question which it is difficult to answer.

Placer copper—Copper is present in stream and bench gravels in
a number of localities, particularly on Chititu, Dan, and Nugget
crecks, It is found in pieces ranging from the size of shot to masses
weighing hundreds of pounds or even several tons. Native silver
accompanies the copper, either in nuggets of silver only or united
with the copper in the same nugget, showing that the solutions de-
positing the copper carried silver as well. The source of the two
metals is not definitely known, but the native copper deposits in the
greenstone are naturally suggested as a place from which they are
most probably derived.

SOURCE AND CHARACTER OF THE COPPER DEPOSITS,

The wide distribution of copper minerals throughout the Nikolai
greenstone leads to the belief that the copper has been derived from
the greenstone and owes its present concentration to the action of
circulating waters. No evidence at hand warrants either affirming
or denying a more deep-seated source for some of the copper-bearing
solutions, but the weight of evidence is in favor of a local source for
the copper.
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The occurrence appears similar in this respect to that of the Lake
Superior copper deposits, in accounting for which Van Hise says: ¢

In this region the only locality at which the ore has been found in paying
quantities is at Keéweenaw Point, and the productive district is at present con-
fined to a very small area about Calumet and Houghton. Notwithstanding this
fact, there is scarcely a locality in the Lake Superior region where the Kewee-
nawan basie lavas occur in which small amounts of copper are not found.
Almost every porous amygdaloid shows flakes of it. In many loecalities it is so
abundant that extensive exploration has been undertaken with the hope of
finding ore bodies, as, for instance, in Douglas County, Wis.,, Isle Royal, and
Mamainse. But all these explorations have resulted in fallure. To me the
almost universal association of small quantities of copper with the Keweena-
wan lavas is the most conclusive evidence that these lavas are the source of
the metal,

It is a noteworthy fact that the Kotsina-Chitina region has been
one of considerable volcanic activity since the time when the Nikolai
greenstone was poured out, as is shown by the large amount of
igneous rocks present—porphyritic intrusives, Tertiary voleanics, and
Recent andesite flows. Steam issues from Mount Wrangell at the
present time. It seems that the presence of such heated rock masses
must have greatly promoted the circulation and solvent power of
water in the rocks, whatever the source of that water may have been,
The formation of ore bodies would appear to be due to the migration
of copper minerals taken into solugion and redeposited in more con-
centrated form in favorable locations by water circulating through
the greenstone.

The study of ore deposits in many other places has shown that in
typical examples the charaeter of the ore is not uniform from the sur-
face to the lowest parts of the deposit, but that ore bodies may be
divided into three zones, each of which has its own characteristics but
is not sharply separated from the one immediately above or below it.
These three zones are the upper zone of oxidized ore, the zone of en-
riched sulphides, and the lower zone of unaltered sulphides. In at-
tempting to divide the copper deposits of the Kotsina-Chitina region,
according to this arrangement, it is immediately seen that they do
not fully correspond with the ideal case. There is no zone of oxidized
ore in the deposits of this region, such as is commonly seen in many
other districts. Oxidation products in nearly every instance are con-
fined to a thin film on exposed ore surfaces or along fracture planes
in ore that has not been exposed directly to weathering or in fractures
in country rock adjacent to ore. This absence of an oxidized zone is
general throughout most of Alaska, and is due to climatic conditions.
Many of the large masses of copper minerals have been exposed di-
rectly to the weather for a long period of years, but the mechanical
breaking down of the ore body and inclosing rock has kept pace with

& Van Hise, C. R., A treatise on metamorphism: Mon, U, 8, Geol, Survey, vol. 47, 1904,
p. 1103,




52 THE KOTSINA-CHITINA REGION, ALASKA,

or has exceeded the rate of chemical alteration. The talus slopes on
both sides of the ridge at the Bonanza mine contain a large amount
of unaltered chalcocite fragments derived from the outcrops of the
ore body above. Float ore is present in streams, and either shows
nothing but a thin surface alteration or is practically fresh.

It is desirable to determine, if possible, to which of the two lower
zones the present ore bodies belong, whether they were deposited in
their present form, and are therefore primary ore bodies, or whether
they have resulted from alteration and enrichment of previously
existing ore bodies, and are therefore secondary. This question is
of importance because it will help in forming an opinion of the
character of the ore bodies that may be found at depth. If those
now exposed are shown to be secondary enriched ores, then it may
be expected that the deeper ores will be leaner. If on the other hand
they are primary, there is no reason to suppose that the deeper ores
may not be as rich as those at the surface. To answer this question
with confidence would require more time and closer study than it
was possible to give. No deep workings have been made, and there
is no evidence from that source concerning the probable character
of the ore at depth.

It is nevertheless desirable to state such facts as throw any light
on the problem. From studies of many ore deposits it is known
that the ground-water Jevel is an important factor in the considera-
tion of veins whose original material has been modified by the action
of surface water. Above the water table the vein, as well as the
country rocks, are most rapidly affected by the ordinary processes
of decay, and material is taken into solution by circulating water to
be brought to the surface or to be carried downward and redeposited.
By such solution and redeposition an enrichment of the lower part
~of a vein may take place. Such enrichment has been found to be
more or less closely connected with the ground-water level and to a
certain extent gives ground for the belief generally held that the
richness of ore deposits increases with depth. The depth at which
ground water is encountered varies in different districts and localities.
In some regions it is found near the surface; in others it is not
encountered until a great depth has been reached. From the evi-
dence at hand it appears that the ground-water level in the region
under discussion is near the surface in most places and in many
places reaches it. Furthermore, mechanical breaking down of the
ores and country rock is so rapid at present as to prevent the forma-
tion of an oxidized zone, and consequently of an enriched zone. It
therefore seems improbable that secondary ores are forming or have
formed under present conditions, but it is still possible that the ores
may be secondary ores formed in a previous cycle when conditions
were different from what they are now,
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There are a number of facts that may be stated as having some
bearing on the primary or secondary character of the ores. The evi-
dence, however, is for the most part of a negative rather than a posi-
tive character and is consequently more or less unsatisfactory. All
of the ores under discussion that are of possible economic value are
secondary in the sense that they are concentrations from copper dis-
seminated through the greenstone, possibly in the form of one of the
two sulphides just mentioned or contained in some of the constituent
minerals resulting on consolidation of the magma. Clarke® in dis-
cussing the relations of the several sulphide minerals of copper has
stated that “ chalcopyrite and bornite are probably the primary com-
pounds from which the others in most cases are derived, and they
have been repeatedly identified as of magmatic origin.” It is, how-
ever, the primary or secondary character of the ore bodies themselves,
irrespective of their original source, that is under discussion, and the
following statements have reference to this question:

(1) All the copper sulphides that have been described are known
to occur as primary minerals in ores, and the fact that a given ore
is composed of bornite or chalcocite is not necessarily evidence of its
secondary character.

(2) The absence of the leaner sulphides—chalcopyrite and bor-
nite—in such chalcocite deposits as that of the Bonanza mine might
be considered as presumptive evidence that the chalcocite was depos-
ited primarily as such and not secondarily by the alteration and
enrichment of an earlier ore body

(3) In cons:denng the ores in greenstone it should e stated that,
while bornite is the prevailing copper mineral and in many places
chalcopyrite may not be distinguished by the eye alone, yet nearly all
of the thin sections examined under the microscope show it to be
present either intergrown with bornite or surrounded by it. This is
true of both vein and “ bunch deposits ” and suggests an alteration of
primary chalcopyrite to bornite as being more probable than a simul-
taneous deposition of the two minerals,

(4) Chalcocite, although it is held to be primary in some localities,
is usually considered a secondary mineral. In the Bonanza ore body
chalcocite is practically the only mineral in the limestone. Neither
chalcopyrite nor bornite was found in the ore. Yet immediately be-
low the contact in the same shear zone bornite, chalcocite, and native
copper are present in small amounts. If the sulphides in the green-
stone are secondary, it appears more probable that the ore in limestone
is secondary also.

(5) “ Native copper is commonly, if not always, a secondary min-
eral, either deposited from solution or formed by the reduction of
some solid compounds.”?

@ Clarke, F. W., The data of geochemistry : Bull, U, 8, Geol, Survey No. 350, 1008, p. 568,
* Idem, p. 564.
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If these facts are considered in the light of experience in other
regions, they appear to favor a secondary rather than a primary
character for the sulphide ores in greenstone, but they leave still
greater doubt concerning the chalcocite deposits in limestone. No
reason was discovered why any of the ore bodies examined should
increase in richness and value with depth through any other cause
than by an increase in the size of the ore body. It is believed that
the surface indications in most places give a fair idea of the maxi-
mum richness of the deposits in so far as that richness depends on
the character of the copper minerals resulting either from enrich-
ment or from oxidation and removal in solution of minerals in the
upper part of the ore bodies.

DESCRIPTION OF PROPERTIES.

Copper prospecting in the Chitina region is carried on from a few
central localities, of which those receiving most attention are Kotsina

River (including Elliott Creek), Kuskulana River, Kennicott River,.

and Chitistone River. These centers are named from west to east, in
the order in which they were visited, and the prospects will be de-
scribed in the same way.

HOTSINA RIVER BASIN,

Kotsina River receives a large part of its water from snow fields
and glaciers on the southern slopes of Mount Wrangell and joins
Copper River 2 miles above the Chitina. Much of the drainage area
is occupied by Nikolal greenstone, but the limestone, shales, and con-
glomerate are all present. Prospecting is most actively carried on
in the upper part of the basin and on Elliott Creek. The upper
tributaries include Peacock, Surprise, Roaring, Ames, Rock, Klu-
vesna, and Copper creeks. No work has been done. here which can
properly be called mine development, as there is no place where suffi-
cient work has been done to demonstrate the presence of a mine.

KOTSINA RIVER.

Practically the only prospecting on the Kotsina itself is that done
by the Great Northern Development Company. This company is the
largest one carrying on operations on the Kotsina, to which, however,
its interests are not confined. The headguarters of this company
are on the Kotsina River at the mouth of Roaring Creek, and its
equipment includes a sawmill and telephone connection with the
government telegraph line at Tonsina. Probably 100 men were em-
ployed during the summer. The prospects on the river include five
short tunnels, the nearest of which is about one-half mile below the
camp. They are within a short distance of one another on the south

s
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gside of the river and almost on the same level with its broad gravel
floor. None of these tunnels had been driven farther than 20 feet
in August, 1907. At the first tunnel a porphyritic dike 10 feet thick
cuts a fine-grained greenstone. Its course is N. 30° W. and it is
bounded on both sides by fault planes. A little copper-bearing
pyrite was deposited along the faults in the fractured rock. At the
second tunnel, a few hundred feet to the west, a quartz vein varying
from 4 to 6 inches in thickness contained a little copper pyrite. The
vein has a strike S. 50° W. and cuts the greenstone in a perpendicular
direction. At the other three tunmnels a little pyrite is present in the
greenstone, and its oxidation gave the brown stain by which the
tunnels were located.
AMES CREEK.

Ames Creek is the first stream below Roaring Creek on the south
side of Kotsina River. It is a small stream in a hanging valley and
like nearly all the tributaries of this river owes the broad round
cross section of its valley to the work of glacial ice. The copper pros-
pects include three tunmnels, the property of the Great Northern
Development Company, known as tunnels 6, 7, and 8.

Tunnel 6 is on the west side of Ames Creck, 1,400 feet above its
mouth. Early in August, 1907, it had been driven 50 feet in a south-
westerly direction in frozen slide rock from the hill above. Country
rock in place had not been reached. About 100 feet above the tunnel
a little pyrite is seen in a dense, hard, faulted greenstone.

On the east side of Ames Creek, 50 feet higher than tunnel 6, is
tunnel 7, which runs N. 30° E. for 70 feet through loose slide rock
before reaching the undisturbed greenstone, which here is fine
grained and stained with iron from the oxidation of pyrite.

Tunnel 8 is also on the east side of Ames Creek, one-fourth mile
south of tunnel 7. It has been driven for 30 feet in amygdaloidal
greenstone, but no copper has heen found.

ROUK CREER.

Rock Creek is one of the largest southern branches of the Kotsina
and heads against Strelna and Nugget creeks, tributaries of Kusku-
lana River. A horse trail crosses the divide from Rock Creek to Strelna
Creek and is the shortest route from upper Kotsina River to Chitina
Valley. Active prospecting was confined to Lime Creek, a tributary
of Rock Creek, which joins it from the east. The Warner prospect,
at the mouth of Rock Creek, which was visited and described by
Mendenhall in 1902, is now patented and no further work has been
done on it. Lime Creek flows near the limestone-greenstone contact,
and the copper deposits, although mostly northeast of the creek on
the opposite side from the southwestward-dipping limestone, are not
far from it. The prospects are near the point where the Rock Creek
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trail crosses Lime Creek. In July, 1907, a tunnel was being driven
in the greenstone just below the limestone, only a few feet above the
creek, but no ore had been found at that time.

Several hundred feet up the hill to the northeast was a tunnel 20
feet in depth in jointed greenstone. The principal copper mineral
is bornite, which occurs in the greenstone as lenses or irregular lumps
that have diameters from one to several inches. These patches, as
far as the present surface shows, appear to be unconnected. Bornite
also occurs filling fractures in the rock and forming small lenticular
veins, but it appears principally in joint planes, on whose surfaces
it forms a veneer that in places is an eighth of an inch or more in
thickness. There are small veins of calcite and quartz.

About 50 feet farther east is an open cut showing similar rock
and ore, although here the ore is in greater amount. The bornite
occurs in sheared greenstone, cut by small faults striking N, 35° E.
and dipping 60° 8., and forms a lens-shaped mass 2 feet thick. The
greenstone has nearly been replaced by bornite.

At a point 200 feet farther north and 100 feet higher is an open
cut in amygdaloidal greenstone. The cavities are now filled with
quartz or with a dark mineral, possibly chlorite. Several faults with
gouge and zones of crushed rock up to 1 foot in thickness cut the
greenstone with a strike of N, 16° E. and a dip ranging from 60° to
70° E. A little copper stain was seen along the erushed rock, but no
other copper minerals are present, although bornite is found in the

slide rock near by.
ROARING CREEK.

Roaring Creek is a southern tributary of Kotsina River, which it
joins a short distance above the main ecamp. It heads in a small
glacier and flows through an open valley several hundred feet higher
than the level of Kotsina River. The country rock, except one small
limestone area on top of the ridge between Roaring Creek and Pea-
cock Creek, is greenstone, but the greenstone is not of uniform char-
acter, for slaty beds and hard, fine-grained, cherty-looking beds are
intermingled with amygdaloidal flows, Most of the prospects are in
the upper part of the valley.

The Great Northern Development Company has several prospects
on Roaring Creek. One of these is located on the south side of a
small gulch west of Roaring Creek near the camp known as camp 8.
A tunnel was started in gray and black mottled slates near a fault
plane which separates them from a greenstone mass. The strike of
the slate cleavage and of the fault plane is the same, No. 20° W., and
the dip is steep. The tunnel is perpendicular to the strike. There is
some brown iron stain resulting from pyrite alteration, but no copper
ore had been found.



DESCRIPTION OF PROPERTIES. 57

Another tunnel was being started on the east side of Roaring Creek
about half a mile above the tunnel just mentioned, but not enough
work had been done to show the presénce of ore. A piece of green-
stone picked up near this place contained small particles of native
copper.

Above camp 3, on the west side of Roaring Creek, a tunnel 50 feet
long had been driven by the California- Alaska Mining and Develop-
ment Company. This tunnel is 2,600 feet above the mouth of Roar-
ing Creek and at least 1,500 feet above camp 3. The country rock is
greenstone, and the ore consists of small calcite-quartz veins contain-
ing native copper and azurite. In the slide rock in a little gulch a
few feet north of this tunnel, but some distance below it, a nugget of
native copper was found, which was taken to Valdez and is reported
to weigh about 800 pounds.

The Kotsina Mining Company ¢ holds several claims on Roaring
Creek. Among them are the Skyscraper and associated claims,
located near the small limestone area previously mentioned. Several
open cuts and short tunnels have been made, and in July, 1907, the
company was starting a tunnel on an exposure of copper minerals
350 feet below the base of the limestone at the northern end of the
area. This cut exposed a lenticular mass of chalcocite 6 inches thick
and 3 feet long, as seen on the face, lying horizontally in the rough,
coarse-grained greenstone that occurs immediately below the Chiti-
stone limestone. In the vicinity are several greenstone exposures in
which chalcocite forms small patches or lenses. They are seemingly
in no way related to one another.

PEACOCK CREEK.

Peacock Creek joins Kotsina River about 2 miles below the more
southerly of the several large glaciers from which the river receives
its water supply. There are two branches of the stream, one extend-
ing toward the east and the other toward the southeast. The eastern
branch originates in a small glacier, and the valleys of both branches
were formerly occupied by glaciers. Greenstone is the country rock
except for the limestone mass on the ridge between Roaring Creek
and the more southerly branch of Peacock Creek. Dikes of diorite
cut the, greenstone, probably apophyses of the diorite mass on the
north side of Kotsina River. The copper prospects of Peacock Creek
are owned by the Alaska Kotsina Copper Company.

Rose claim.—The Rose claim of the Alaska Kotsina Copper Com-
pany is located on the point of the ridge between the two branches
of Peacock Creek. It is a little more than 2,000 feet above the valley

*The use of the name Kotslna Mining Company has been abandoned by the owner of

this property since this paper was written, but the name used In its place has not been
learned.
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of Kotsina River. The greenstone is cut by a perpendicular fault
striking N. 25° E. This fault is easily traced for a distance of nearly
400 feet and is indicated by a zone of crushed greenstone with a maxi-
mum width of about 12 feet, in which the copper minerals are seen.
Bornite, glance, chalcopyrite, and a small amount of native copper
with malachite and a little red oxide as alteration products comprise
the minerals associated with the fault.

White Dog and Mint claims—Two claims on the west side of the
more southerly fork of Peacock Creek have been partly prospected.
The first of these, called the White Dog, is approximately 2,600 feet
above Kotsina River. The country rock is greenstone and is cut by
a fault plane striking N.40° E. and dipping steeply westward. There
is a crushed zone of rock along the fault ranging from 8% to 43 feet
in width. The walls are well defined, and clay seams show where the
principal movements have taken place. An open cut 25 feet long has
been made in the crushed rock. Chalcopyrite or copper-bearing
pyrite is scattered through the crushed rock and clay seams and has
strongly colored them with iron oxide. Green copper carbonate oc-
" curs as a surface stain, but bornite and glance were not seen here,
The fault is plainly marked along the steep mountain side for several
hundred feet.

Two hundred feet above the White Dog, and a little to the north,
is a claim called the Mint, A small fault with a strike of N. 15° W,
and a dip of 60° W. cuts a grayish greenstone having amygdaloidal
phases. The rock adjacent to the fault is broken and crushed, caus-
ing a zone with a thickness of 6 inches to 1 foot which, besides the
greenstone, includes a little quartz and calcite accompanied by bornite
and glance. Chalcopyrite was not observed, but a heavy stain of iron
oxode seems to indicate that either this mineral or pyrite had formerly
been present. There is a parallel fault 4 feet from this main fault,
and both are cut perpendicularly by a third poorly defined fault hav-
ing the same strike and carrying a little bornite. The main fault was
traced for a distance of 500 feet.

Mountain claim.—The mountain claim is one of several on the
north side of the east fork of Peacock Creek. It is about 2,600 feet
above Kotsina River and consequently is at a greater elevation than
the other claims described. In August almost no work had been done
on it and only a few small stringers of copper sulphides were éxposed.

SHOWER GULCH.

A small stream joining Kotsina River a short distance below the
glacier in which its southern branch originates is called Shower
Gulch from the waterfall near its lower end. Native copper is found
near this fall in the amygdaloidal greenstone that forms the country
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rock. Copper occurs as thin leaves or films in fractures of the green-
stone and as grains and small slugs in the greenstone and in some of
the amygdules. It is in places associated with secondary quartz, fill-
ing irregularly shaped veins or cavities. Several claims have been
staked on Shower Gulch, but little prospecting has been done.

BURPRISE CREEK.

Surprise Creek is a northerly tributary of Kotsina River and
heads in the high mountain southeast of the lower end of Kluvesna
Glacier. Most of its bed is cut in the diorite mass previously re-
ferred to, and in a rude way follows the contact between the diorite
and the greenstone on the east. It has a small eastern tributary,
Sunshine Creek, which lies mostly in the greenstones. Tin is re-
ported to have been found in the diorite of Surprise Creek, but the
specimens of the supposed tin-bearing rock examined contained no
tin, and no reliable assay tests of the rock are known to the writers.
All the copper prospects are in the greenstone east of Surprise Creek.
They are the property of the Alaska Kotsina Copper Company.

Laddie claim.—Between Surprise and Sunshine creeks is a steep
gulch running down from the north. On the west side of this gulch
and nearly 3,000 feet above Kotsina River is the Laddie claim. A
very close-grained grayish “ greenstone” forms the country rock and
is cut by a fault striking N. 20° to 30° E. and dipping about 45° NW.
Along the fault is a zone of crushed eountry rock ranging in width
from 2 to 3 feet, in which is a quartz vein 18 inches thick. Besides
quartz there is a small amount of calcite. The vein carries copper
glance accompanied by a little bornite and chalcopyrite. In places
the percentage of copper minerals in the vein is high, but they are
not, distributed uniformly through it. - A line of prospect holes ex-
tends along the vein for a distance of 200 feet.

Sheehan claim—At the Sheehan claim, 200 feet higher than
the Laddie and a little farther east around the mountain side, the
greenstone is cut by a fault striking N. 45° E. and dipping 45° NW.
This fault resembles the Laddie fault in being accompanied by a
zone of crushed rock, but the zone is here somewhat wider, ranging
from 3 to 4 feet. A small quartz vein is exposed, in which the copper
minerals are glance, bornite, and a little pyrite. The small veins of
glance cutting the quartz are in places half an inch thick.

Hubbard claim.—About 300 feet east of the Sheehan claim and a
little higher on the mountain the vein of the Hubbard is exposed in
two open cuts. The vein is almost perpendicular and strikes N. 40°
E. In the more southerly open cut there is a vein of white quartz
ranging in thickness from 4 to 8 feet and carrying the copper
minerals, chalcocite, bornite, and chalcopyrite, which are named in
the order of their abundance. A strongly marked fault with 3 inches
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of clay seam defines the north wall of the vein. Eight feet from the
vein on the southeast is a second vein or lens of quartz 10 inches
thick and also carrying chalcocite. Between the two veins is crushed
greenstone, Nearly 200 feet to the northeast along the strike an open
cut 40 feet long and 25 feet deep has been made across the vein. The
fault is again seen along the north wall, but the single large quartz
vein exposed in the other ecut is here represented by many smaller
veins of lenticular form up to 12 inches in thickness, Chalcocite and
bornite are the copper minerals. Nearly 1,000 feet farther northeast
a well-marked fault with a zone of sheared greenstone crosses the
ridge between Kotsina River and the Hubbard claim and is said to
extend as far as the glacier from which this branch of the Kotsina
springs. There is little doubt that this fault is the continuation of
that crossing the Hubbard claim.

KLUVESNA CREEK.

Kluvesna Creek and its tributary Fall Creek are the only stréams
besides Surprise Creek coming into Kotsina River from the north on
which any prospecting or assessment work was done in the summer
of 1907. Kluvesna Creek drains the main lobe of Kluvesna Glacier,
and the smaller western fork known as Fall Creek originates in a
minor lobe of the same ice mass coming down from the snow fields of
Mount Wrangell. The valley floor is a broad gravel flat, and was once
oceupied by glacier ice, which has since retreated to its present po-
sition T miles from the river’s mouth. The country rock is green-
stone, except that the Chitistone limestone forms the top of the ridge
west of the southern part of the river, and descends to the Kotsina
River valley near its junction with the valley of Kluvesna Creek.
Dikes of light-colored eruptive rock, mostly dioritic in character, cut
the greenstones locally.

On the east side of Kluvesna Glacier and nearly three-fourths of
a mile from its south end copper minerals have been found in the
greenstone several hundred feet above the ice. Three open cuts show
a light-colored rock—possibly altered greenstone—cut by irregularly
branching quartz veins. The light-colored rock contains chalcocite
and chalcopyrite scattered through it in specks rarely larger than a
pin head. There are besides this small veins of chalcopyrite. The
greenstone country rock locally contains small particles of chalcopy-
rite, a fact that may have some bearing on the origin of the richer
copper sulphide ores.

West or a little southwest of the mouth of Fall Creek, and nearly
1.800 feet above it, is a short tunnel, which is the property of the
Kotsina Mining Company.® This tunnel is on the north side of a

¢ The writers have lately learned that the name Kotsina Mining Company Is no longer
in use.
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small gulch running down to Kluvesna Creek and is located at the
contact of a fine-grained greenstone and a grayish amygdaloidal
greenstone. The contact, which is parallel with several prominent
fault planes cutting the country rock, strikes N. 35° to 45° W. and
dips 50° SW. The fine-grained greenstone is much shattered and
requires timbering to make it stand in the tunnel. Native copper ap-
pears as small particles in the amygdaloidal greenstone, both in the
apparently unaltered rock and in portions that have been partly
leached. It is also associated with small quartz and calcite veins in
the greenstone. At many places where native copper is found there
is a little red copper oxide. Several pieces of native copper and quartz
weighing 20 or 30 pounds were piled on the dump, but nothing like
them was seen in the tunnel or in the open cut above the tunnel.

On Fall Creek or its tributaries a number of small open cuts and
short, tunnels in which copper minerals were seen were examined.
These small branches flow into Fall Creek from the west within the
lower 2 miles of its course. Less than half a mile from the mouth
of the most northerly branch there is a short tunnel on the south
side of the stream driven along a north-south fault in amygdaloidal
greenstone. The greenstone is crushed and contains small veins of
quartz and calcite. A green stain of malachite appears on the sur-
face, but within the crushed country rock both green and blue copper
carbonates are found in a way that suggests them to be the alteration
products of some earlier copper mineral deposited along the fault.
Between the rock fragments along the fault there is in places a soft
black carbonaceous filling with which the copper carbonates arg
mingled. Only a small amount of copper minerals is exposed by the
tunnel. ' '

South of this creek on the second tributary a short tunnel about
6 feet under cover was made along a perpendicular north-south fault
plane in amygdaloidal greenstone. This tunnel is only a few feet
above the creek and on its north side. The greenstone is cut by
many small, light-colored, fine-grained, porphyritic dikes containing
abundant grains or crystals of quartz. A very little bornite is asso-
ciated with quartz veins in the greenstone.

Up the hill to the south and 375 feet above the short tunnel just
mentioned is another tunnel 40 feet long, also in amygdaloidal green-
stone. Here, too, the perpendicular north-south faulting is to be seen,
and green copper stains appear on the surface of the fractured rock.
The tunnel was driven to strike the supposed downward extension
of an outcrop of greenstone, contaning native copper, exposed on
the ledge 25 feet above the tunnel and about that distance to the
south, but had not reached it. Bornite and copper carbonates in
small amount were seen in a number of shallow open cuts a short
-distance southeast of this tunnel.



62 THE KOTSINA-CHITINA REGION, ALASKA.

COPPER CREEE.

Copper Creek is the westernmost tributary of Kotsina River on
which prospecting was done last summer. It drains a portion of
the ridge between Kotsina River and Elliott Creek and joins the
Kotsina 2 miles below Kluvesna Creek. All the geologic formations
already named are present in the upper part of the basin—the Nikolai
greenstone, Chitistone limestone, Triassic shales, and Kennicott for-
mation. Their relations, however, are not simply those due to fold-
ing, for extensive faulting has accompanied the folding.

There are two principal branches of Copper Creek, but the western
branch also forks at a point about 2} miles from Kotsina River.
Near this fork the limestone-greenstone contact crosses the two
branches in a northwest-southeast direction, and good exposures of
the limestone are found between the branches as well as on each side
of them. The greenstone, however, is not exposed on the slope from’
the fork to the limestone outcrops between the branches.

The workings of the Mullen claim are between the branches, about
1,000 feet from the point where they separate and 275 feet above
their junction. Three open cuts have been made along the foot of
a limestone cliff. The strike of the limestone at this place is difficult
to determine accurately, but is nearly north and south. It dips
45° W. In the northernmost open cut, which is 20 feet long and 10
feet in depth from front to back, a fault plane parallels the bedding
and forms the west wall of the cut. The limestone is much broken,
particularly near the fault, forming a zone of broken rock with a
maximum width of 3 feet. In places the limestone is almost com-
" pletely replaced by bornite and chalcopyrite. The best ore forms a
poorly-defined vein, ranging in thickness from 12 to 18 inches, but
does not outcrop on the surface. Azurite is more abundant than
malachite where the copper minerals are oxidized, and in places the
bornite is completely altered to azurite. Small calcite veins are
numerous, especially in the brecciated rock near the fault, where the
fragments have been cemented together with caleite. There are
minor faults or joint planes in which a green copper stain is seen,
but this appears to be derived from the main vein.

About 75 feet south is another open cut, where the fault planes
are not prominent, but where the limestone is much jointed. Bornite
oceurs in isolated bunches in the limestone.

About 75 feet still farther south is a large open cut, and a shallow
pit has been made, Several faults may be seen here, but the most
prominent ones strike east and west and dip at a high angle to the
south. The north-south faults are present, but are continuous for
only short distances. Patches of crushed rotten rock stained with
iron oxide and copper carbonate lie adjacent to the faults and joints.
There are also small masses of high-grade bornite replacing the lime-
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stone and forming bunch deposits in the country rock. These depos-
its were probably connected by the joints and faults with the chan-
nels carrying the mineral solutions, but this is not evident at the
gurface. A little chalcopyrite and both malachite and azurite are
present with the bornite. Malachite is the surface stain, but below
the surface azurite is the alteration product of the copper minerals,
The bornite is cut by many thin veins of azurite, and in places con-
tains small cavities lined with iron oxide or with azurite crystals.
More work has been done in this place than in the first open cut, but
less ore seems to have been taken out, if the amount piled near by is
an indication.
ELLIOTT CREEK.

General description—Elliott Creek (see fig. 2) is a tributary of
Kotsina River, and joins it approximately 17 miles above the mouth
of that stream, or 12.5 miles almost directly east of the Copper River
crossing. It is reached by a trail which leaves the Kotsina trail at
Willow Creek and crosses Kotsina River by a bridge about half a
mile above the upper end of the canyon. This trail passes over the
southwestern spur of Hubbard Peak and reaches an elevation of
approximately 2,700 feet before the descent to Elliott Creek begins.
A second trail used for the first time during the summer of 1907,
leaves Elliott Creek about ¢ miles above the mouth at Five Sheep
Creek, and crossing the west end of the ridge south of the stream
leads to the Nizina trail not far east of the new government bridge.

Elliott Creek is approximately 10 miles long, and throughout most
of that distance flows in a direction about N. 30° W., but makes a
sharp southerly bend before joining Kotsina River. More than 2
miles of the lower portion is through a narrow rock-walled canyon,
but the upper part, along which the claims exténd for a distance of
4% miles, lies in a narrow V-shaped valley. Between the upper cabin,
situated about midway between the upper and lower ends of the
claims, and the lower cabin, a distance of 24 miles, the creek descends
759 feet, or approximately 360 feet per mile. Above the upper cabin
this gradient increases as the head of the stream is approached.
Elliott Creek is fed in large measure by melting snow, and although
the stream is not large, it is capable of furnishing considerable power
with the head available.

The lowest and the only commercially important rock formation
exposed in Elliott Creek valley is the Nikolai greenstone. All the
copper prospects so far discovered here are associated with this rock.
The massive bluish-gray Chitistone limestone is conformably over-
lain in some places by black and gray Triassic shales and thin-
bedded limestones cut by light-gray porphyritic dikes and sills, and
in other places is succeeded unconformably by coarse conglomerate of
the Kennicott formation.



64

THE KOTSINA-CHITINA REGION, ALASKA,

SHREIEEEEAS

i

ZoE2RAUNAR

nnnnnnnnn =

5 1
TR

39

il

1,

il

=H3zs

Contour Intorval 1000 feet

A0 6000 B30 feet.

Sketeh map of Elllott Creek and the copper claims. Dashed line Indicates the limestone-greenstone contact.

Fua, 2.-



DESCRIPTION OF PROPERTIES. 65

In an ascent of Elliott Creek the greenstone and overlying lime-
stone appear for the first time on Magpie Creek and continue east-
ward from that locality to the head of the valley. These two rock
formations form a great anticline (fig. 3), whose axis is approxi-
mately parallel with the course of Elliott Creek. It pitches under
the younger rocks at the eastern and western ends and dips into the
ridges on each side of the creek (Pl VII, B). North of Elliott
Creek and at its upper end the Chitistone limestone forms a very
prominent topographic feature. With the exception of the Copper
King and Mineral King the claims described are on the north side of
Elliott Creek and all but 8 are owned by the Hubbard Elliott Copper
Mines Development Company. The description of the claims is given
in the order of their location from east to west.

Copper King and Mineral King claims.—The Copper King and
Mineral King claims, often spoken of as “ the Kings,” are the most
easterly on Elliott Creek. They are located along the limestone-
greenstone contact at an elevation of over 4,000 feet above the sea.

I'ta. 3,—~Cross section (somewhant diagrammatic) of the Elliott Creek anticllpe, 1,
Nikolal gr tone ; 2, Chitist limestone ; 3, contorted Triassic shales and 1lme-
stones ; 4, Kennlcott formation ; 5, tuffs and shales: 6, porphyritie dikes.

On the Copper King claim there is an open cut in the greenstone
n little more than 100 feet below the base of the limestone cliff, 1,300
feet above the upper cabin. The copper minerals are found along a
shear zone in the greenstone. Bornite is the principal copper ore, and
is seen along fractures and between them replacing the country rock.
Calcite veins are not so numerous as might be expected near the lime-
stone contact. The shear zone, which, as far as can be determined at
this exposure, runs parallel with the base of the limestone, striking
N. 60° to 70° E. and dipping to the south, is mineralized for a thick-
ness of about 10 feet, though the copper-bearing solutions have pene-
trated the country rock for a greater distance, as is shown by a slight
alteration of the greenstone. There is some pyrite in the ore, and be-
sides malachite a blue coating of copper sulphate appears in protected
places. This open cut is reached by climbing over a steep rock slide.

The two open cuts on the Mineral King are reached by another
hard climb over a steep snow-covered talus slope. These cuts are
about 800 feet northeast of the cut in the Copper King. The lower
one was filled with snow at the time they were visited, but the ore
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piled up at one side consisted of bornite replacing greenstone. The
second cut, 50 feet higher and about 100 feet farther west, is almost
at the same elevation as the Copper King cut. The ore was found
on the steep face of the cliff and consists of chalcocite, with a small
amount of bornite replacing the greenstone along a fault or shear
zone. Numerous close perpendicular joints running approximately
N. 60° E. cut the greenstone; and there are a number of fault planes
which strike N. 35° E. and dip 30° S. The trend of the disturbed
zone is the same as that of the faults mentioned. The best ore has a
thickness of about 6 feet and is traced for a distance of 25 to 30 feet
along the strike, although the boundaries and extent of the ore body
are somewhat indefinite. On the south, however, a fault plane makes
a fairly well-defined wall. There is some rich ore at this exposure,
but the development work is not yet sufficient to determine whether
or not the ore body has any considerable extent.

Claim at the Kead of Queen Creek—On the claim at the head of
Queen Creek a small open cut has been made in the greenstone about
50 feet helow the base of the limestone and shows small veins of
calcite and a little quartz containing copper.

Van Dyke claim.—Two open cuts on the Van Dyke claim were
visited, one 15 and the other 25 feet below the base of the limestone.
The greenstone is stained with the oxidation products of iron and
copper and contains also a small amount of pyrite, but the cut shows
very little of the copper minerals.

Copper Queen claim.—The open cut on the Copper Queen claim is
about 50 feet west of Kings Creek. It has an elevation of 905 feet
above the upper cabin. The cut is nearly filled by the caving of the
bank above, so that the face of the greenstone was not exposed. A
large mass of the rock, however, which lay at one end was filled with
a great number of tiny intersecting veins of iron and copper sulphide,
either pyrite and chalcopyrite or, more probably, copper-bearing
pyrite. The greenstone fragments were covered with the green cop-
per coating.

Marmot claim.—A large open cut has been made on the Marmot
claim at the base of the limestone between 200 and 300 feet west of
Pouch Creek. The greenstone is much broken, and slicken-sided sur-
faces are numerous. The most prominent fault planes strike approxi-
mately N. 60° W. and are nearly perpendicular. Small calcite veins
carrying a small amount of copper-bearing pyrite occur along some
of the openings. A malachite coating was seen in the greenstone, but
is not prominent along the main fault planes. Bornite was not
observed. '

Louise claim.—The Louise open cut is on the east side of Rainbow
Creek and 50 feet above it, or 390 feet above the upper cabin. The
country rock is greenstone and is cut by faults and joints, Slicken-
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cided surfaces are common. The best developed fault planes strike
about N. 20° W. and dip 45° to 50° W. Small calcite veins, having a
thickness in general not greater than 2 inches and containing a little
quartz, cross the country rock in all directions. Such veins are more
numerous here than in most of the other workings examined. Bornite
and chalcopyrite are the copper minerals present, and of the two
bornite is the more abundant. They appear in the calcite veins and
disseminated through the greenstone. The ore is best developed,
. however, in the calcite veins and the greenstone adjacent to these.
It is difficult to give any definite statement of the thickness of the
mineralized zone. The ore extends parallel with the creek for a
distance of about 30 feet horizontally.

Above the cut on the steep hill slope green copper stains can be
traced for a distance of 150 or perhaps 200 feet. Such an exposure
as this may be the surface indication of an ore shoot, but the rich
ore can not be traced for any considerable distance on the surface,
usually not more than 25 feet and rarely as much as 50 feet.

Lizzie (. clatm.—The open cut of the Lizzie G. claim is in the bed
of Rainbow Creek only a short distance from the Louise, The green-
stone at this place is sheared and plicated, but many of the resulting
openings have been filled by infiltration of quartz and calcite. Quartz
veins reach a thickness of 2 inches and carry considerable chalcopy-
rite. Calcite filling is, however, the more abundant, and in places
the rock consists of about equal amounts of sheared greenstone and
calcite similar to the knotty masses of schist and quartz seen in many
regions where metamorphism has been greater than in this area.
These calcite-greenstone veins, if such they may be called, carry a
considerable amount of bornite and chalcopyrite and make a fine-
appearing copper ore, but the open cut does not show how great a
quantity may be present.

Goodyear and Henry Prather claims—Directly opposite the Louise
open cut, about 40 feet west of Rainbow Creek and 340 feet higher
than the upper cabin, an open cut has been made in the claim known
as the Goodyear. The amygdaloidal greenstone is cut by faults and
is much jointed. The most prominent of these faults strike north
and south and dip about 40° W. Another set of less well-developed
faults has a more easterly strike and a lower dip to the northwest.
Between two of the north-south faults is a mass of rock lighter in
color than the greenstone outside the faults. This lighter rock is
sheared or sheeted parallel with the faults and is filled with a great
number of thin calcite veins containing chalcopyrite or copper-bear-
ing pyrite and bornite, somewhat like the leaves of a book made of
coarse paper. In the lower part of the cut this ore body is between
4 and 5 feet thick, and forms a lenticular mass about 20 feet long
bounded by two north-south faults and a northeast fault, The
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upper north-south fault is not continuous, but the lower foot-wall
fault extends to the north for some distance. On the south this body
of ore is much crushed and is filled with iron oxide. It can not be
traced farther in that direction than the limit of the cut. Besides
the thin veins of copper minerals in the sheeted rock there are small
veins of calcite and ore throughout the mass.

Along ' the strike a short distance to the north, and a few feet
higher, the light-colored, copper-bearing rock reappears, but the
_upper boundary of the mass is the fault which forms the lower
boundary of the lower body. The ore body has a maximum thick-
ness here of not less than 8 feet. An irregular branching calcite
vein containing small horses of the light rock or main ore body
reaches a thickness of 14 inches and contains chalcopyrite and bornite.
This body of ore continues for a distance of 50 or 60 feet toward the
north. These two bodies are portions of a single ore body included
between two north-south faults and cut by later faulting. (See
fig. 4.)

S H 0% : P
H RS
¥Fii. 4,—Diagram showing the faulted portions of the Goodyear claim, Elliott Creek.

Almost directly above the Goodyear on the hill slope to the west
and not more than 100 feet away is the open cut of the Henry
Prather. Here a north-south fault dips 60° W. and is intersected by
two parallel faults striking N. 40° E. and dipping 30° to 35° W.
These faults inclose a lenticular mass of rock 30 feet long and 5
feet wide (PL IX, B), whose weathered surface is lighter in color
than the inclosing greenstone and which is similar in all respects to
the ore body of the Goodyear. This lighter colored rock is impreg-
nated in a similar manner with copper sulphides, and through it runs
a vein of coarsely crystalline calcite carrying chalcopyrite and bornite,
which are very rich in places. The calcite vein has an irregular thick-
ness ranging from 8 to 12 inches, and in two places is offset by small
faults to a distance of 10 inches.

The main north-south fault may be traced north for about 75
feet, and shows much green stain and some sulphides, but the large
calcite vein and main ore body end, apparently having been faulted
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off. Almost 50 feet from the ore body the large fault is intersected
by a northeast fault. This also shows copper stain, and both contain
small calcite veins with the sulphides.

Although no direct proof was obtained the similarity in character
and appearance of these two ore bodies of the Goodyear and Henry
Prather indicate that they are faulted portions of one mass.

Elizabeth claim.—The Elizabeth claim lies north of the upper
cabin, and has received more attention in the way of development
work than any other claim on the creek. This work consists of a tun-
nel and one or two open cuts. The tunnel is located in a narrow gulch
a little more than 1,000 feet above the cabin. It has been driven into
the greenstone in a northeasterly direction for 250 feet, and some
ore has been uncovered, but it is not believed that the main ore body
which outerops on the hill above has been reached, and the work is
to be continued. About 75 feet from the entrance the first copper
appears in some lenticular veins of calcite and quartz, but there is
only a small amount of this. In the face of the tunnel the green-
stone is impregnated with bornite and chalcopyrite. Small veins of
calcite also are present and carry the copper minerals. These small
veins follow joint and slip planes in the greenstone and are rarely
over half an inch thick. There is no well-defined master vein; the
mineral waters appear to have followed a zone of fracture and fault-
ing running, as closely as it is possible to determine at the tunnel
face, in a nearly north-south direction. The greenstone has under-
gone considerable movement and slickensided surfaces are numerous.
If the slip planes and joints follow any definite general direction,
this direction could not be determined. At present the tunnel does
not reveal the thickness of the ore-bearing zone, nor even its direction
with certainty.

In the gulch directly above the tunnel to the north, and about 100
feet higher, is an open cut exposing the copper-bearing fault zone,
which the tunnel is expected to cut. The greenstone is much shat-
tered, and shows a number of fault planes the most prominent of
which range in strike from N. 10° W. to N. 30° W. Movement along
some of these planes has been very marked, and the rock is greatly
crushed. Bornite and chalcopyrite are present in small calcite veins
and also impregnating the greenstone -in and adjacent to the fault
zone. The green stain due to oxidation is prominent here, as it is
in all places where the copper minerals occur, and makes it possible
to trace the copper-bearing zone from the open cut in a direction
N. 12° W. for several hundred feet up the hill, where several other
small open cuts have been made.

Marie Antoinette claim.—Copper minerals are exposed in the
Marie Antoinette claim in two open cuts on the top of a narrow
ridge adjoining the Elizabeth claim on the northwest. These cuts
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are within less than 100 feet of each other, and show shattered green-
stone stained with the oxidation products of iron and copper. There
are a number of faults which strike in different directions, and in
the open cut on the west brow of the ridge a crushed vein of variable
thickness, consisting of calcite and a small amount of quartz, is ex-
posed. The greenstone also contains veinlets of caleite, which fol-
low joint or slip planes and carry the copper and iron sulphides.
The larger vein strikes approximately N. 30° W., a direction which
would take it somewhat to the south of the other open cut. Near
it a small perpendicular dike of fine-grained diorite from 2 to 24
feet thick cuts the greenstone,

Albert Johnson claim.—The Albert Johnson claim and the Guthrie
claim described below adjoin each other end to end and lie parallel
to and slightly below the greenstone-limestone contact. Deception
Creek crosses their common end line at an angle of about 45°, Some
open-cut work has been done, and a tunnel has been driven on the
Albert Johnson about 100 feet east of Deception Creek. The tunnel
is 30 feet under cover and is not over 150 feet below the base of the
Chitistone limestone exposed to the north in the creek.

Small, nearly horizontal faults cut the greenstone, and the rock is
otherwise broken by joints, giving it a blocky character. Calcite
veins are present but not abundant. Copper ore is exposed in the
tunnel and in the open cuts. When a piece of the copper-bearing
greenstone is broken, bornite and chalcopyrite are found to be the
copper minerals, the bornite predominating. The fault zone in
which the copper sulphides occur can be traced by the green stain
in a nearly horizontal plane almost around to the Guthrie tunnel,
so that these two appear to form parts of one ore deposit.

Guthrie claim.—The tunnel of the Guthrie claim is on the hill
slope west of Deception Creek, directly opposite the Albert Johnson
tunnel and about 200 feet from it but 10 or 15 feet higher. Above
the tunnel for a distance of 40 or 50 feet the surface of the country
rock has been cleaned off, exposing small veins of calcite in shattered
greenstone ; these veins carry the sulphides bornite and chalcopyrite.
The freshly broken greenstone adjacent to these small veins is also
seen to be impregnated with the sulphides. There is no well-defined
vein, but the jointing or faulting has permitted the mineral-bearing
waters to circulate through a shattered zone in the greenstone. The
tunnel is not more than 100 feet below the base of the heavy limestone
as it is exposed in the creek to the north, which would account for
the considerable amount of calcite present in the greenstone.

Leland and Lawton claims—The Leland and Lawton claims are
located in the saddle between the heads of Five Sheep and Deception
creeks, which here has an elevation of more than 2,500 feet above
the lower cabin, They lie north of the main body of the Chitistone
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limestone; whose scarp forms the prominent cliff on the southern
brow of the spur to the south. This unusual location apparently
above the limestone is due to faulting, which brings the greenstone
up against the Kennicott conglomerate or rather against the large
porphyritic dike which here separates these two formations. On
the Lawton claim a fault which strikes N. 30° W. and dips 50° to
60° S. is seen between the greenstone on the south and the porphyry
dike on the north. The dike here shows a thickness of 30 to 35 feet.
Several open cuts have been made in the greenstone and show small
smounts of pyrite and chalcopyrite impregnating the rock adjacent
to joint or fault planes. Green copper stain and also copper sulphate
were seen in a number of other places. The copper minerals where
cbserved were all within a few feet of the porphyry dlke, but any
other relation between the two was not evident.

CUlff elaim.—The Cliff claim is on the west side of Deception Creek.
Two open cuts have been made at an elevation of 600 feet above the
mouth of this stream. The greenstone is cut by numerous fault
planes, and slickensided surfaces are frequently seen, but perhaps the
most. prominent of the planes of movement strike nearly east and
west and dip about 45° N. The green copper carbonate and the
oxide of iron stain the greenstone. Small amounts of the copper
sulphides also are exposed along joint planes, but no considerable
exposure of ore has been made,

Chance claim.—The Chance is the most westerly of the patented
claims and includes the prominent point of the limestone cliff which
is seen on entering the valley. A small open cut only a few feet
below the base of the limestone shows the green copper stain and .
a little bornite in the greenstone,

KUSKULANA RIVER BASIN.
GENERAL DESCRIPTION.

Kuskulana River receives its greatest supply of water from Kusku-
lana Glacier, an ice stream made up by the union of four principal
branches coming down from the southwest side of Mount Blackburn.
The river is a little over 21 miles long, and in the upper half passes
through a broad gravel-floored glacial valley between high, rugged
mountains. After leaving the mountains it flows for more than 10
miles, most of the way in a narrow rock-walled canyon, across the
broad valley of Chitina River and joins that stream 10 miles above
Copper River. Strelna Creek is the largest tributary of Kuskulana
River. It rises in the mountains about the head of Elliott Creek and
joins the Kuskulana 3 miles from Chitina River, thus having a length
of 12 miles,

Most of the copper prospects are in the vicinity of Kuskulana
Glacier, where the Nikolai greenstone and Chitistone limestone are
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well exposed. There are, besides these two formations, some rocks
of doubtful identity in the vicinity of Nugget Creek, a western tribu-
tary joining Kuskulana River just below the glacier. These rocks
are probably the same as some at the head of Kotsina River which
have been included in the Nikolai greenstone, but may be older.
Triassic shales and limestones are well developed east of the Kusku-
lana and are also represented in a small area west of it.

The best-known copper properties of this area are on Nugget
Creek, but there are other prospects on one or two neighboring
streams tributary to the main river on the west side and in the vicinity
of the glacier on the east side, as well as on Slatka and Trail creeks.
There are also a few prospects on the head of Strelna Creek.

NUGGET CREEK.

General outline—Nugget Creek drains the southeast side of the
mountain mass whose northwest side is drained by Peacock, Roaring,
and Rock creeks of the Kotsina basin. Several of its branches are fed
by small glaciers. The stream is about 6 miles long and joins Kusku-
lana River less than a mile below the glacier.

The country rock includes amygdaloidal greenstones and other
greenish rocks, which differ somewhat in appearance from typiecal
exposures of the Nikolai greenstone and might be separated from it
on closer study. A small area of Chitistone limestone outerops on
the mountain slope east of the upper part of Nugget Creek, and near
it, along the creek bed, is a small exposure of gabbro.

Most of the copper prospects, of which there are a considerable
number, are situated in the lower or southern part of Nugget Creek
valley. Collectively they constitute the Alaska Consolidated Copper
Company’s properties, only a part of which were examined by the
writers. The claims on which most work has been done are located on
the small rounded hill between the lower end of Nugget Creek and
Kuskulana Glacier. It was not possible in the short time available
to visit any other properties than those on this hill,so that no descrip-
tion of claims in the Nugget Creek valley north of the hill or west of
the stream can be given. A good trail leads from the creek’s mouth
to the camp, where several very comfortable cabins have been built.

Valdez claim.—On the south slope of the rounded hill referred to
above is a claim called the Valdez. It is crossed by a fault or a set of
parallel vertical faults, running N. 65° E., along which the ore is
deposited. The continuation of the fault or faults for a distance of sev-
eral hundred feet is shown by a line of test pits, but how much farther
they extend was not learned. A tunnel run in toward the north and
30 feet under cover gives a cross section of the deposit. At the mouth
of the tunnel is greenstone separated by a fault from a large calcite
vein on the north., The calcite vein has a width of 24 feet, as meas-
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ured along the tunnel wall. This wall, however, is not exactly per-
pendicular to the course of the fanlts. After passing through the cal-
cite vein the tunnel penetrates a close-grained, dark-gray rock, pos-
sibly one phase of the greenstone series, for a distance of 5 feet. This
latter rock and the vein are separated by a fault, along which is a
seam of blue and yellow clay, ranging from 2 to 3 inches in thick-
ness and containing small crystals of chalcopyrite. All of the calcite
vein as exposed in the tunnel is ore. Bornite is the principal copper
mineral, and is accompanied by chalcopyrite in minor amount. Move-
ment has taken place along both faults since the ore was deposited,
and the country rock, as well as the vein matter, is jointed and
crushed. The greenstone is sheeted parallel to the fault, but the
harder, close-grained rock in the face of the tunnel was more resist-
ant and broke in angular blocks. The calcite vein is also much
broken and in places granulated.

A prospect hole or crosscut a short distance northeast of the tunnel
did not expose the vein, but 300 feet still farther to the northeast an
open cut shows greenstone faulted against a light-colored rock, con-
sisting chiefly of calcite and quartz, much shattered and impregnated
with bornite and chalecopyrite,

Thirty feet to the southwest along the vein from the tunnel mouth
is a shaft which in August, 1907, was partly filled with water, but was
said to be 30 feet deep. The shaft is sunk in the vein matter, but here
the vein has a thickness of only 8 or 9 feet. On the north side is
greenstone, much sheared, and containing thin calcite veins accom-
panied by bornite. It is not evident from the exposures why the po-
sition of the greenstone with reference to the calcite vein is here re-
versed. The ore is similar to that in the tunnel. No traces of the
vein or fault were seen on the grassy hill slope southwest of the shaft,
nor were they expected, since no test pits had been dug and the coun-
try rock was not exposed.

One Girl claim.—The One Girl claim is on the west slope of the
hill between Nugget Creek and the lower end of Kuskulana Glacier.
A tunnel called the “ mud tunpel ™ has been driven on the south side
of a small gulch and extends into the hill for 100 feet in a direction
S. 75° W. Of this tunnel 91 feet is in frozen slide rock, and is re-
ported to have caved in sometime during the early fall. The remain-
ing 9 feet of the tunnel is in amygdaloidal greenstone, the cavity fill-
ings being calcite. No ore was observed in the face, but the tunnel
had not been extended far enough to encounter the mineralized body
of rock seen on the hill nearly 300 feet higher than the tunnel, toward
the southeast. This “lead ” is amygdaloidal greenstone country rock
impregnated with fine particles or grains of chalcocite in association
with small calcite veins and epidote. Several open cuts extending
along a line from southwest to northeast show the same copper-bear-

]



T4 THE KOTSINA-CHITINA REGION, ALASKA.

ing greenstone, but no work has been done to indicate the width of the
zone, or any of its other dimensions. This ore, if the copper content
is sufficient to warrant the use of the term under the conditions pre-
vailing in Alaska, is similar in many respects to that of the Copper
Queen claim north of the Nugget Creek camp.

Nugget Creek received its name from the large mass of native cop-
per found in the creek bed a short distance above the camp. This
nugget is estimated to weigh between 2 and 3 tons, and is too heavy
to be removed economically by any means of transportation now
available. Tt is 7 feet in its greatest dimension, 3 feet 2 inches wide
in the middle, and has a maximum thickness of 12 inches, but the
average thickness is probably less than 6 inches. Many smaller nug-
gets, ranging in size from shot to pieces of several ounces or pounds,
are found in the gravels of the creek, but their bed-rock source has

never been discovered.
STRELNA CREEK.

The copper prospects of Strelna Creek are of interest chiefly as
showing a close relation between copper deposition and the limestone-
greenstone contact. The Chitistone limestone forms numerous cliffs
in the upper part of the creek, particularly on the branch leading to
the Elliott Creek pass.

About a mile southeast of the Elliott Creek pass a small area of
Chitistone limestone caps the greenstone of the ridge south of Strelna
Creek. The north contact of the two formations is here a fault con-
tact. From 6 to 8 feet of the decomposed greenstone along the fault
is heavily mineralized with pyrite, weathering to brown iron oxide.
Along with the pyrite is a little copper, as is shown by the green
stain of malachite. In the heavy overlying limestone, but not over
10 to 20 feet above the contact, thin veins of copper-bearing pyrite
were seen in the limestone. Stringers and small bunches of ore are
not uncommon in the underlying greenstone at various places on the
creek.

LAKINA RIVER,

Lakina River rises in an area of glacial drainage of minor im-
portance lying between the much more extensive basins of the Kusku-
lana Glacier on the west and the Kennicott Glacier on the east. The
Lakina is not as large or as turbulent a glacial stream as the Kusku-
lana or the Kennicott.

The trail regularly traveled through this region reaches Lakina
River about 6 or 7 miles below the lower ends of the two glaciers
from which the river emerges. This portion of the valley of the
Lakina differs somewhat from the valleys of Kuskulana and Kenni-
cott rivers where they flow from their glacial sources in that it has a
more basin-like expansion in its lower half. This basin-like expanse,
which is about 2 miles wide along the trail and gradually narrows
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into a mountain gorge valley one-half mile wide toward the head of
the river as the glaciers are approached, is floored with deposits of
gravel, sand, and mud.

In an ascent of Lakina River from the main trail, the first bed
rock to present itself along the margins of the flat gravel floor of the
valley is the Nikolai greenstone. This rock appears on both sides of
the valley where the valley begins to become more restricted, about
3 miles below the glaciers, and rises in steep mountain slopes on both
sides. Above the greenstone the Chitistone limestone presents its
characteristic cliff-like faces, and above the Chitistone limestone a
series of shales and thin-bedded limestones on the east side of the
valley forms bare slopes that are also present, though not so evident,
on the heights west of the river,

The camps of two prospecting parties are located within a few
hundred yards of each other on the west side of the Lakina about a
mile below the glaciers from which the river flows, The copper
prospects occur at comparatively low elevations above the river in
the greenstones that form the steep western side of the valley at this
place.

The prospect farthest up the river is about 250 feet up the moun-
tain side from the upper cabin. A short open cut, about 6 feeg deep,
has been made on a shear or minor fault plane that strikes N. 30° W,
and dips 70° SW. into the country rock of amygdaloidal gfeenstone,
which at this place is weathered to a reddish-brown color. The walls
of this plane are separated at this opening for about 2 feet, and the
space thus formed contains a filling of crushed and slickensided slabs
and fragmental pieces of the country rock, the whole being cemented
together by the deposition of quartz in the interstices. The quartz
in one place is somewhat continuous along one of the walls for a few
feet and has a thickness of from 1 to £ inches. Most of the filling,
however, is crushed country rock. A small amount of native copper
in the form of specks and scales occurs within this filling. The
amygdaloidal greenstone country rock just north of this filled space
is checked with thin veinlets of quartz and contains some scat-
tered chalcopyrite in specks and films. The narrowness of the open-
ing makes it impossible to give any idea of the extent or amount of
mineralization at this place.

The second prospect of this vicinity is similarly located on the
lower slopes of the mountain side only a few hundred yards south
of the one just described. At this locality the natural exposure of
the rocks is good enough to exhibit the so-called pseudobedding that
the Nikolai greenstone shows in many localities. Here this bedlike
structure of the greenstones strikes N. 70° E. and dips 45° SE. Ap-
parently there has been some shearing or movement along a major
plane of pseudobedding or faulting as well as movements along joint
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or other pseudobedding planes parallel to the principal one. This
is shown by clean block or slab spalling for a distance of 500 to 600
feet en the strike and dip above recorded. This well-exposed faed
extends up the mountain side to the west and above the camp in%
diagonal direction. The surface of the exposure is a natural dip
slope ‘along the major pseudobedding plane, offset somewhat by par-
allel bedding or joint planes. Slickensided surfaces may be observed
along the joints or planes, and a tendency toward plication, indica-
tive of shearing movements, is present. A small stream flows down
over the surface of this rock incline. Along the major pseudobed-
ding plane at this locality there is a somewhat continuous sheet-like
filling of rock that does not look very different from some phases of
the country rock at this locality and elsewhere. This sheet-like filling
ranges from 1 to 6 or 8 inches in thickness and, as the surface of the
rock incline is now exposed, this material lies in patches as a veneer
over the surface of the country rock. It does not appear to be so
markedly siliceous as the filling in the prospect several hundred
yards to the north. It is this filling that contains the native copper
in specks, flakes, slugs, and nugget-like lumps. No pieces of native
copper of large size were observed, the largest pieces seen being about
2 inches by one-half inch in area; the size of these, as they are
exposed on the surface, is due to the flattening and spreading to
which they have been subjected by the impact of material carried
down over this steeply inclined rock surface by the stream. The sur-
face exposure of this sheet of native copper-bearing material, which
lies bare over an area of about 400 by 20 to 30 feet, has been well
picked over for specimens, and most of the larger pieces of copper
originally present have been removed. For this reason it is impos-
sible to give an estimate of the quantity of native copper that a given
volume of the sheet-like filling along this shear plane may have
originally contained. No work has been done in opening up the
locality to show how extensive or persistent the deposit may be in
any direction, and there appears to be no evidence to justify an as-
sumption that there is a mass of native copper-bearing rock 20 to 40
feet wide extending into the mountain in a direction perpendicular
to the strike of the pseudobedding.

High up on the mountain side, 2,400 feet above and three-fourths
of a mile west of the camps on the river, some surface stripping has
been done that exposes a fault in shattered amygdaloidal greenstones.
This fault strikes N. 15° E. and dips 75° W. The walls are 18
inches apart and the space is occupied by what appears to be a gouge
of crushed country rock, the 6 inches of material adjacent to the
hanging wall being essentially earthy and the remaining 12 inches
on the foot wall being cemented by a quartz filling. Apparently just
enough copper-bearing mineral matter is associated with this cemented
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gouge to stain the surface of the 18 inches exposed with green car-
bonate films. No other copper minerals seemed to be present, but
some may be finely disseminated through the cementing matemal. A
spery little bornite in specks and stringers not over one-eighth inch
thick was observed in a piece of loose material at this place.

EKENNICOTT RIVER BASIN.

The summer trail that leads through the mountains east of Lakina
River to the Kennicott Glacier follows the banks of the Lakina to
Fohlin Creek, a tributary flowing from the north. The trail then
ascends Fohlin Creek about 2 miles to its first large tributary from
the east, locally known as Bear Creek, and continues up the valley
of Bear Creek to Kennicott or Fourth of July Pass. From this
mountain gap the trail descends Fourth of July Creek to the western
margin of the Kennicott Glacier, down along which it continues to

Kennicott River.
HIDDEN CREEK.

Hidden Creek is a tributary to Kennicott Glacier on its west side,
about 4 miles northeast of the mouth of Fourth of July Creek. It
presents a feature of lateral valley drainage that is unique in a way,
yet also characteristic of many glacial valleys that are tributary
to larger glacial valleys where the main ice stream still flows past
and completely dams the mouth of the smaller valley. Considered
by itself, the valley of Hidden Creek presents all the features of
larger glacial valleys. The head of the valley comprises ample
cirque basins for the accumulation of snow and its transformation
into the ice of comparatively small glaciers that now exist at its
head. These glaciers flow from their basins and terminate well
down toward the valley level, but they do not extend into its flatter
main portion. ¥From them issue small streams that within a short
distance join to form a creek of good size that flows down over the
gravel-floored part of the valley. At its lower end the valley of
Hidden Creek is completelv dammed by the Kennicott Glacier, which
ponds back the waters of the stream so as to form a lake which
occupies the entire lower valley. This body of water is known as
Icy Lake. It is one-half mile across and extends 1} miles up the
valley to a point where the gradually ascending gravel floor rises
above its surface. This gravel floor continues as bare flats to the
foot of the slopes of the cirque basins, from which the small steep
glaciers occupying the head of the valley descend. The stream
flowing over it from the glaciers at its head to the lake at its foot
is about 2 miles long and has been well named Hidden Creek, as its
existence is not to be suspected and it can not be seen until the
valley is actually entered. About half a mile above Icy Lake on the
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south side of the valley a small stream that heads near Fourth of
July Pass flows out of a steep mountain gorge. This stream is
locally known as Glacier Creek.

The steep walls of both the north and south sides of the valley of
Hidden Creek expose on the lower halves of their slopes the Nikolai
greenstone, above which rise practically inaccessible cliffs of the
massive Chitistone limestone. A number of lode claims have been
located along the contact of the greenstone and overlying limestone,
where in places a little evidence of copper mineralization is to be
seen. Most of these locations were made in 1906, and during the
sammer of 1907 assessment work was performed on them with a view
to prospecting the ground.

The Great Northern Development Company had in this neigh-
borhood for part of the season a crew of men who expended most of
their labor in making a trail to the valley by following along the
steep mountain that bounds the western side of the Kennicott Glacier
for a couple of miles south of Hidden Creek. This trail was not
completed.

The only actual work on claims located in the Hidden Creek
valley was done by the Valdez Exploration Company. This com-
pany packed its supplies with horses up a trail over the western
lateral moraine of Kennicott Glacier to the Hidden Creek valley,
thence by a hazardous route across the ice that dams that valley to
the north side, and thence up the northern shore of Icy Lake to its
head. The camp was located 500 feet above the bed of Hidden Creek
on a small area of bench ground, about 4,100 feet above sea level,
that lies in the fork formed by the junction of Hidden and Glacier
creeks. During the summer season of 1907 five or six men were
employed by the company in prospecting a group of 25 lode claims,
more or less, some of which are located on the greenstone-limestone
contact that extends along the south side of the Hidden Creek valley
above Glacier Creek. About half a dozen claims extend from this
group along the contact to the west and across the course of Glacier
Creek into an area of greenstones. Another chain of claims has been
located up the valley of Glacier Creek and across the divide at its
head into the headwater drainage area of Fourth of July Creek.

Most of the work on Hidden Creek is on its south side, about a
mile above the camp, and consists of open cuts in the greenstones
about 300 to 400 feet below their contact with the overlying limestones.
All the work done during 1907 was necessarily in the form of open
cuts, because of the difficulty of getting supplies into the place, espe-
cially timber for tunnel work, necessitated by the condition of the
rock. No timber of any kind grows near Hidden Creek. Five open
cuts were seen on claim 3 at this locality, at an elevation of from
4,800 to 4,900 feet above sea level, in much-sheared greenstones, the
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shattered blocks and fragments of which are tightly keyed into one
another. The displacements that the greenstones have undergone at
this place have been severe enough to obscure the pseudobedded struc-
ture to a large extent. The mineralization through and between these
keyed shattered blocks consists of irregular and disconnected string-
ers of bornite with lumps of the same mineral, some of which may
weigh as much as 20 to 30 pounds. There is no continuity to the
mineral deposits,. They appear to be scattered erratically through
the greenstones in an irregular zone for a width of 25 to 75 feet,
and by far the greatest amount of this material is only shattered

country rock.
GLACIER AND FOURTH OF JULY CREEKS,

Nebraska claim.—About three-fourths mile up Glacier Creek, at an
elevation of approximately 4,800 feet above sea level, an open pit 8
feet square and 8 feet deep has been sunk, on what is called the
Nebraska claim, in a shattered mass of the greenstone that forms a
low knoll in the valley. This knoll appears to be a slide mass from
the mountain side on the east. Green copper carbonate stains, specks
of bornite, and one speck of chalcopyrite were observed in some of the
pieces of rock that came from this pit, but nothing more was re-
vealed. There is said to be a surface showing of chalcocite, upon
which no work has been done, in the greenstomes about 400 feet
below the limestones on the southeast side of Glacier Creek opposite
the camp.

Bekka and Eli claims—Above the Nebraska claim the Chitistone
limestone dips southward under thin-bedded limestones and shales.
But the stratigraphic continuity of the rocks that occupy the head-
water areas of Glacier and Fourth of July creeks is disturbed by a
line of major faulting that passes in an east-west direction through
the head of Fourth of July Creek. This fault throws the heavy-
bedded Chitistone limestone to the surface again on the divide be-
tween Glacier and Fourth of July creeks, where it is exposed for a
thickness of about 600 feet. There is probably a minor fault that
passes across (Glacier Creek north of and parallel to the major dis-
placement on Fourth of July Creek. Over this faulted area the
Bekka and Eli claims extend, crossing the divide to the head of
fourth of July Creek, where the major fault brings the thin-bedded
limestones and shales against the greenstones. In the greenstones at
the head of the creek, about 200 feet below the massive Chitistone
limestone, is a bed of crystalline rock about 30 feet thick that has the
attitude of a sill. Above the sill-like rock at this place is iypical
amygdaloidal greenstone that does not appear to be altered from its
usual texture in any way. Along the contact between this crystalline
rock and the overlying amygdaloidal greenstone are a few thin seams
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of chalcopyrite, and there are also specks of this mineral within the
amygdaloid a few inches from the contact. Bornite occurs associated
with this chalcopyrite in very small quantities, and the presence of a
small amount of chalcocite is suspected from its occurrence in a piece
of rock not in place picked up below.

BONANZA CREEK.

The Bonanza mine, on the most valuiable known copper deposit of
Chitina Valley, is situated at the heid of Bonanza Creek, about 1}
miles east of Kennicott Glacier and 7 miles north of the glacier’s
southern extremity. It is the property of the Kennicott Mines Com-
pany, and is the only property visited during the season that gives
promise of shipping ore in a commercial way in the near future.
Two other groups of claims, known as the Jumbo and Independence
groups, are situated in the vicinity and are owned by the same com-
pany.

Bonanza Creek is about 3 miles long and heads on the west side of
the high mountain ridge runiing north and south between Kennicott
Glacier and MeCarthy Creek (Pl. VIII). Its general course is
southwest. The company’s main camp and office, however, are located
at the mouth of National Creek, almost 4 miles by trail from the
mine. A new trail, sufficiently wide for a wagon road, is nearly com-
pleted and leads from the lower camp to the upper one, and a second
trail of easy grade and good width leads down the east side of the
glacier to the Kennicott River crossing.

South of National Creek the high north-south ridge between the
glacier and McCarthy Creek is made up of Triassic shales and lime-
stones, intruded by large masses of a light-gray quartz porphyry.
These Triassic rocks and the intrusive are separated by a great fault
from the greenstone and overlying Chitistone limestone on the north.
The strike of the limestone is northwest and southeast, and its dip
averages between 25° and 35° NE. It therefore cuts diagonally
across the main ridge and appears at the glacier’s eastern edge, nearly
9 miles north of the head of Kennicott River. The limestone here has
a thickness of more than 1,000 feet. Still farther northeast the Tri-
assic shales conformably overlying the heavy limestone reappear, but
they do not occur within the area of the copper-bearing rocks.
Bonanza Creek and the other creeks where copper claims have been
located lie wholly within the greenstone-limestone area.

The Bonanza mine (fig. 5) is situated on the west side of Bonanza
Creek, on a spur running down to the southwest from the main ridge.
This spur divides Bonanza Creek from a small southwestward-flowing
tributary heading just west of the mine, and is crossed by the
greenstone-limestone boundary about one-half mile southwest of the
main ridge. On the axis of the ridge this boundary has an elevation
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of approximately 6,000 feet above sea level, or 3,800 feet above the
mouth of National Creek, where the ore bins are to be built. To the
southwest the spur is greenstone; to the northeast it is limestone, ris-

t

L i i A
Contour interval 10 fect

F1a, 5.—Sketch map of the Bonanza mine, showing the lmestone-greenstone contacl, the
location of the rich ores of the surface, and the tunnels,

ing to an elevation more than 1,000 feet greater than that of the
contact. '
The greenstone immediately below the ore body is variable in
texture and general appearance. Part of it is amygdaloidal, but
88797—Bull. 374—00——=6



82 THE KOTSINA-CHITINA REGION, ALASKA.

porphyritic intrusive phases are also present. Amygdules are not
confined to the upper part of a flow, but are present throughout from
bottom to top. In some places they have been dissolved out on ex-
posed surfaces, leaving a cellular rock that looks like a recent lava.
Between the greenstone and overlying limestone there is a bed of
green and red shale having a thickness of about 5 feet. This shale
forms a narrow bench for a short distance along the northwest side
of the ridge, but is everywhere covered with talus and is only found
after a careful search. The base of the limestone consists of not less
than 40 feet of coarse gray, slightly argillaceous rock, whose broken
surface in places is covered with flattened cylindrical bodies that im-
mediately suggest organic material of some kind, but a careful exami-
nation of the markings did not indicate such origin, and it is probable
that they merely represent some peculiarity of fracture. Over this
is a few feet of impure shaly limestone, which in turn is overlain by
dark and light-gray massive beds which carry the ore bodies. At
the mine the limestone dip is slightly variable, but averages about 22°
toward the northeast.

The limestone is broken by numerous faunlts and fracture planes,
the most prominent of which are nearly perpendicular and range in
strike from N. 40° E. to N. 70° E. A minor set of fault planes, with
about the same strike, dips steeply to the west. Another set runs in
a northwesterly direction, and in several places striations on slicken-
sided surfaces or clay seams show that the movement was horizontal.

Fault planes with low dips, some of them nearly horizontal, are
also present, None of the faults observed give evidence of much
displacement, but together with the numerous joints they afforded
an opportunity for mineral-bearing waters to enter the limestone.
The principal fault planes—those running from northeast to south-
west—form what may be described as a sheeted zone in the limestone.
This zone has a width of 50 or 60 feet and extends through the shale
bed into the greenstone below, but is less noticeable in the greenstone
than in the limestone. A vertical displacement of 2 feet occurred
in the limestone-greenstone contact along one of the fault planes in
the shear zone and is the maximum displacement observed. This
zone of fracture and slight displacement was not traced in a well-
developed form for any considerable distance to the northeast,
although the limestone exposures are on the whole very good, and one
would expect to find it with little difficulty.*

The copper ores are chalcocite and azurite. The chalcocite ig in
veins or tabular masses of solid ore up to 5 or 6 feet in thickness,
in large irregularly shaped bodies, and in stockworks in the brec-
ciated limestone. Two prineipal veins of chalcocite are seen on the

_* Bince visiting this region the writers have been Informed that the shear zone crosses
to the McCarthy Creek side of the ridge northeast of the Bonanza wine.
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surface. They stand almest perpendicularly, 12 to 15 feet apart,
and strike N. 41° E., forming the comb of the sharp ridge, but cross-
ing it at a slight angle, as the ridge at this place has a more nearly
north-south direction than the veins, The veins do not extend down
into the impure lower part of the limestone, but end abruptly and
flatten out on reaching it. In places the precipitous northwest face
of the ridge is plastered over with masses of solid chalcocite for a
distance of 50 or 60 feet vertically below the top.

Azurite appears on the surface of the chalcocite and also as a
lining of small vugs in the glance, but it is present chiefly as thin
veins that form a network in the limestone and probably are due to
the alteration of original chalcocite veins, for some of the azurite
has an inner core of chalcocite. Azurite is more conspicuous than
chalcocite in the northern 150 feet of the ore body, but chalcocite
forms the great mass of the remainder. The ore bodies formed along
the northeast-southwest faults of the northern part of the deposit
are not the direct continuation of the large chalcocite veins at the
south, but lie in nearly parallel veins which cut the ridge at a greater
angle, their strike being about N. 60° to 70° E. The very rich ore
can be traced on the surface for a distance of about 250 feet. It
ends abruptly on the south in a nearly vertical limestone wall, but
on the north gives place to the lower grade ores, consisting of small
veins of azurite and chalcocite with seattered masses of chalcocite,
some of them weighing several tons. This lower-grade ore shows on
the surface for a distance of at least 150 feet northeast from the high-
grade ores,and small scattered azurite veins extend still farther in
that direction. The ore, as it shows on the surface, therefore, extends
northeast and southwest along the strike for a distance of 400 feet.
The thickness, however, is more indefinite, but the very rich ore, with
its included limestone, as seen at the surface, has a width of approxi-
mately 25 feet, although the thickness of ore sufficiently rich to be
mined may be greater,

A little chalcocite and less bornite is found in some of the shearing
planes in the greenstone, but it does not extend far into the green-
stone. The gquantity is small and inconspicuous and might readily
pass unobserved. A small amount of epidote is associated with it in
places. The main shear zone in the greenstone cuts an older set of
quartz-epidote veins, whose direction is about north-northwest.
These quartz-epidote veins do not intersect the limestone. They
reach a maximum thickness of 1 foot and carry small amounts of
chaleocite, bornite, and native copper.

Two crosscuts (fig. 5) have been driven in the ore body in a direc-
tion N. 33° W. They are, therefore, not exactly perpendicular to it.
The longer of these crosscuts starts on the east side of the ridge and
75 feet below its top. It is 180 feet in length and extends through
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to the west side of the ridge. The richest ore, consisting of large
masses of chalcocite with some included limestone, is encountered
at a distance of 90 feet from the tunnel’s mouth and continues for a
distance of 21} feet, as measured in the roof. There are smaller
bodies of chalcocite, however, for a distance of 10 or 15 feet on either
side of the main ore body. About 115 feet from the entrance to the
tunnel a winze 83 feet deep was sunk in the ore, and from the bottom
a drift zigzags northward approximately 110 feet.

About 120 feet southwest of this tunnel is a parallel tunnel driven
from the west side of the ridge and 50 feet lower than the little
saddle above it on the north. This tunnel starts in a face of solid
chalcocite and extends S, 83° E. for 50 feet. The ore, which is chal-
cocite with a small amount of azurite, is exposed for 34 feet along
the tunnel, but is interrupted by horses of limestone. The remainder
of the tunnel shows limestone cut by small azurite veins and in places
containing a small amount of chalcocite.
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Bonanza mine,

A better conception of the form of the ore bodies can be obtained
by an examination of figs. 5, 6, and 7 than can be given in a written
description. The two main parallel surface veins afford only an
imperfect idea of the deposit. Those two veins represent a total
replacement of limestone along minor zones where shearing was most
intense. The two tunnels show that not only is the limestone re-
placed along the main shear zone, but that mineralized waters fol-
lowed minor fracture planes also, and thus yielded the low-lying ore
hodies and great irregular masses seen underground. Between and
around the large masses of chalcocite the limestone was shattered
and filled with many small veins of ore, forming a stockwork that
ic most noticeable in the winze tunnel and on the surface northeast
of the main ore body. As a rule the brittle chalcocite is very little
fractured. The limestone, on the other hand, is greatly shattered
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and is filled with thin veins of calcite, which are older than the ore
deposition. Open cavities in the fractured limestone have been filled
with ice, and both the country rock and the talus on either side of
this ridge are frozen all summer except for a few feet at the surface.
The talus slopes below the ore body contain a large quantity of chal-
coeite resulting from weathering of the veins above and are a valua-
ble source of copper.

It is a suggestive fact that, although the main shear zone of the
Bonanza mine extends from the limestone through the thin shale bed
into the greenstone below, the large chalcocite bodies, so far as can
be determined on the surface, end abruptly at the top of the impure
shaly beds forming the lower 50 or 60 feet of the limestone. Copper
minerals are associated with the shear zone in the greenstone, but only
in small amount. Apparently the impure thin-bedded part of the
limestone was a less favorable place for deposition than the purer
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massive beds above, This fact has a practical bearing on the quan-
tity of ore present, for it is evident that if the same condition con-
tinues underground it limits the downward extension of chalcocite in
the limestone. The continuation of the ore body to the northeast will
probably be limited chiefly by the continuation of the shear zone in
that direction. The exact conditions which determined the deposi-
tion of the Bonanza ore body are not known ; possibly it was the pres-
ence of a shear zone favorable to circulation, but its occurrence
together with that of the Jumbo and Erie chalcocite bodies to the
northwest indicates that favorable conditions for deposition have been
established in more than one place and offer encouragement for seek-
ing other chalcocite bodies at the base of the Chitistone formation.

- From the description that has been given it will be seen that there
is little on the surface or in the tunnels by which to determine that
the ore body has a greater extension from southwest to northeast than
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about 400 feet, or, at most, 450 feet, or that it extends down into the
basal beds of the Chitistone limestone. It is evident, however, that
‘the Bonanza is an exceedingly rich and unusual body of copper ore.

JUMBO CREEK.

From the Bonanza mine the Chitistone limestone continues north-
westward in a succession of lofty cliffs as far as Kennicott Glacier.
The base of these cliffs is at the greenstone contaet, and in many places
contains veinlets and stringers of azurite or chalcocite. In at least
two places the quantity of these two minerals, especially of the chal-
cocite, is such as to make the deposits of commercial importance.

The ore body of the Jumbo claim is 4,600 feet northwest of the
Bonanza, at the head of Jumbo Creek, and is located in limestone
just above the greenstone-limestone contact on a small southwestward
projecting spur or angle of the limestone cliff. South of it and nearly
200 feet below is the glacier in which Jumbo Creek heads and which
must be crossed to reach the ore body. The Jumbe and Bonanza ore
bodies are at practically the same elevation above sea level, approxi-
mately 6,000 feet.

The limestone at the Jumbo is made up near the base of slightly
cherty beds ranging in thickness from 8 to 12 inches. The strike is
N. 65° W, the dip 35° N. A tunnel 12 feet long was started on the
south face of the ridge, 10 feet above the greenstone. The limestone
is jointed or cut by minor faults parallel to the bedding and is crossed
by veins of calcite from 1 to 2 inches thick. Thin veins of chalcocite
and azurite accompany them and fill some of the fractures. Seven
feet above the tunnel mouth is the east end of a large chalcocite mass,
which is well exposed on the axis of the ridge. As indicated on the
surface, this body of ore is a mass of solid chalcocite 30 feet long, 6
feet by 4 feet 6 inches at the west end, and tapering to a diameter of
1 foot at the east end. It appears to be a rudely lenticular or possibly
a conical body, but has irregularly shaped protuberances, as may be
seen at the west end, where the steep west face or slope of the spur
gives a cross section of the ore body. (See fig. 8.)

A little way east of the Jumbo tunnel is a second tunnel in lime-
stone a short distance above the greenstone. The tunnel runs nearly
north or slightly to the northeast in limestone that strikes N. 65° W.
and dips 25° N. In the tunnel, which is 12 feet long, the limestone
is erushed and jointed. Small veins of caleite and azurite up to 23
inches in thickness fill joint cracks, especially a set of perpendicular
minor faults or slip planes running N. 70° W. No chalcocite is
exposed in the tunnel, but it is believed that the azurite indicates its
former presence. Fifty feet below the tunnel a Jenticular vein of
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chalcocite, 8 inches thick at its widest part and 3 feet long, was found
in the limestone.

Northwest of the Jumbo claim and nearer Kennicott Glacier is
another chalcocite body, the Erie, of similar character, that is said
to be larger than the Jumbo. This property was not visited by the
Survey party, nor was the Independence group of claims visited,
which lies 900 or 1,000 feet below the top of the ridge between
Bonanza and McCarthy creeks, on the McCarthy Creek side. The
vein of the Independence is in greenstone, and is described by Men--
denhall * as being a fairly persistent fissure vein from 6 to 8 inches
wide and trending obliquely to the limestone-greenstone contact. The
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ERIE AND INDEPENDENCFE CLAIMS,

vein mentioned is one of a number that occur in a sheeted zone strik-
ing N. 38° E. and made up of a number of small fissures, most of
which contain considerable calcite. This zone passes from the green-
stone into the limestone, and has its greatest width, about 50 feet, at
the contact. The ore is found in the greenstone only, and consists
essentially of chalcocite, which fills fracture openings and permeates
the greenstone between them. In places the chalcocite is present as
amygdaloidal fillings in the greenstone. It is later than the calcite
filling of the sheeted zone, and gradually disappears with increasing
distance from the zone of mineralization. The main shear zone inter-
sects a system of quartz-epidote veins striking N. 78° E. and carrying

“Mendenhall, W. C., Geology of the central Copper River reglon, Alaska: Prof. Paper
U, 8. Geol, Survey No. 41, 1906, p. 104,
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a small amount of bornite. Except for the absence of chalcocite
bodies in the limestone, there is a marked similarity between the
occurrence of copper minerals in this locality and that at the Bonanza.

NIEKOLAT CREEK,

The Nikolai mine, on Nikolai Creek, a tributary of McCarthy
Creek emptying into Kennicott River a short distance below the
glacier, was not visited by the Survey party, as no work has been
‘done there since the claim was patented, and the shaft was reported
to be filled with snow and ice. The following description is quoted
from the report of Schrader and Spencer.

Nikolai mine.—The Nikolai mine is located on the creek of the same name,
tributary to McCarthy Creek from the east. [See Pl X, 4.] The oceurrence
has probably been known to the natives for a long time, and was revealed by
an Indlan named Jack to Mr. Edward Gates, who, though he had never visited
the locality, was able to find it with the ald of a map drawn by Nikolai, late
chief of the Taral Indians.

The Nikolal mine is situated 1,000 feet or more above timber Iine, at an
elevation of 4,200 feet. The country rock in the lower part of the creek is
Triassic shale intruded by porphyry, but a great faulf brings up the Nikolai
greenstone, which forms the bed rock from the vicinity of the main forks of
the creek to a point above the mine. On the south side of the gulch, opposite
the mine, the greenstone is opposed by the unconformable beds of the Kenni-
cott formation, but to the north the Chitistone massive limestone is seen dip-
ping steeply into the mountains, and this is followed by the Triassic shales,
covering a large area between McCarthy Creek and Nizina River.

The vein occurs in the greenstone at a horizon not more than 50 feet bhelow
the bottom of the limestone, which outerops in the creek bed a few hundred
feet above the shaft. It is a true fissure vein, with well-marked walls, and
there has been displacement or faulting along it to the amount of perhaps 50
feet, with the upthrow on the northwest. The course of the fissure varies
from N. 50° E. to N. 55° E.,, and the vein dips about 65° SE. It may be
traced for several thousand feet, though it shows no ore on the surface except
near the place of discovery. The main fissure 1s paralleled at a distance of
90 and 140 feet, respectively, by two fissures which, though less prominent,
also contain copper minerals, and the rock between is cut by many stringers of
ore, In the vicinity of the shaft the main vein has a width of from 8 to 12
feet and is divided about equally by a horse of greenstone 3 or 4 feet across,
in which the shaft has been sunk. The ore on either side of the horse is
practically pure bornite, with only a small amount of quartz associated in an
irregular way. Locally, as shown near the creek bed, there is a band of
chalcopyrite lying next to the hanging wall. The development in the latter
-part of August, 1900, consisted of a shaft 30 feet in depth, and an open cut
along the vein for perhaps 50 feet. Throughout this distance ore having a
thickness of from 2 to 4 feet had been exposed, and in the bottom of the shaft
the horse had been penetrated and bornite ore was found on the foot-wall side.
The development has been sufficient to show the presence of a large shoot of
ore which can be mined from the present shaft or from a short adit which
counld be driven to cut the vein at a depth of perbaps 100 feet, but whether the

ﬂ'Sehmﬂer. F. C., and Bpencer, A. C,, Op. cit,, pp. 88-87.
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ore is generally distributed or whether there are other large ore bodles along
its course is yet to be determined.

A good trail, a mile or more in length, has been constructed from the camp
at timber line to the mine. During the summer of 1900 about a dozen men
were engaged in the exploitation of the Nikolal mine.

CHITISTONE RIVER BASIN,

MAIN STREAM,

Chitistone River is a southwestward-flowing tributary of the
Nizina and joins that stream approximately 30 miles above its mouth.
It heads in the glaciers which cover the divide between Copper and
White rivers, and its valley is one of the routes by which prospectors
reach Skolai Pass and the White River Glacier. Between the lower
end of the Chitistone Glacier and Nizina River the stream has a
length of 18 miles, but the copper properties on which most work
has been done are situated within the lower 10 miles of the valley.
Within this lower 10 miles Chitistone River flows over a broad
gravel-covered flat, ranging in width from one-half to 1 mile. The
largest tributaries are Glacier and Toby creeks, both flowing in a
northwesterly direction and joining the main stream within 2 miles
of each other. The mouth of Glacier Creek, the more westerly of
the two tributaries, is 7 miles from Nizina River. The larger tribu-
taries, including two or three besides the two named, have broad
gravel-covered valley floors similar to that of the Chitistone itself,
but much narrower and with higher gradients. The smaller tribu-
taries tumble down steep, rock-walled gulches.

For more than half its length the valley of Chitistone River is
cut in Nikolai greenstone and the overlying heavy Chitistone lime-
stone. In this vicinity the limestone reaches the maximum thick-
ness observed, at least 2,000 feet. South of the river it dips gently
northward, forming a conspicuous cap on the greenstone that may
be seen for many miles to the southwest, and everywhere it lies at
least 1,000 feet above the valley floor. On the north side of the river,
between Nizina River and Glacier Creek, the whole mountain mass,
except two or three hundred feet at the base, is Chitistone limestone
extending to an elevation of more than 4,000 feet above the valley.
On the west side of Nizina River the limestone is seen to dip to the
north at about 30°, so that the great thickness on the east side repre-
sents the central low-lying portion of a large syncline. Farther up
the valley Triassic and other younger rocks with granular intrusions
and included coal beds appear.

Copper is found on Chitistone River in both the greenstone and
the limestone, but in 1907 development had not revealed any con-
siderable ore bodies. On the Chitistone itself most of the work had
been done by the Houghton Alaska Exploration Company and by
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the Alaska United Copper Exploration Company, the first-named
company directing its efforts to prospecting claims north of the
mouth of Glacier Creek on the north side of the river and to claims
on the south side of the river about 4 miles below Glacier Creek, and
the second to prospecting ground on Contact Gulch opposite the
mouth of Toby Creek. A large number of claims have been staked,
including practically all of the limestone-greenstone contact, but
some of them show nothing but the green carbonate stain,

Glacier Creek, al'nong- the tributaries of Chitistone River, is at
present the area of greatest promise. Native copper is the ore
chiefly found.

The property of the Houghton Alaska Exploration Company west
of Glacier Creek on Chitistone River, on which most work has been
done, lies at the limestone-greenstone contact 1,225 feet above the
river valley. A tunnel 20 feet long follows a fault in the limestone
running S. 30° E. and dipping 70° to 80° E. This tunnel lies just
-above the greenstone contact at the top of a large limestone talus
slope. Fifteen feet higher and 20 feet farther east is a slope about
25 feet long driven on the dip of a fault parallel to the bedding, which
strikes N. 60° E. and dips 35° S. There is a fault zone of crushed
country rock which has a thickness of 4 feet on the west side of the
slope, hut diminishes to 2 feet on the east side and practically dies out
at a short distance from the mouth. It can be followed for 15 feet
westward and is then cut off by a cross fault, giving it a lenticular
cross section with a maximum thickness of 4 feet and a length of
about 25 feet. The limestone is further cut by many small calcite
veins, The fault zone is heavily impregnated with blue and green
copper carbonate, accompanied by epidote. Iron oxide also is
abundant in the crushed zonme. The copper minerals penetrate the
country rock, coating the joint planes with green carbonate, but
azurite is almost restricted to the erushed zone.

The central camp of the Alaska United Copper Exploration Com-
pany is at the mouth of Contact Gulch, opposite Toby Creek, and
most of the summer’s work was done in that vicinity, although the
company owns many other claims. A large part of the season was
consumed in the construction of a cabin and trails by which the
prospects, situated over 2,000 feet above the mouth of Contact Gulch,
may be reached. Bornite in greenstone is the principal ore, but not
enough development has yet been done to reveal any large body of it.

GLACIER CREEK.,

Native copper is found on Glacier Creek in a small gulch about 1
mile above the lower end of the glacier, or 6 miles above the mouth of
the creek. This copper was known to the Indians, who broke out
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fragments from the bed rock. The outcrop is on the northwest side
of a steep gulch 625 feet above the glacier and less than half a mile
from it. The gulch is reached by a trail over a high rock cliff, by
going along the north side of the glacier between the ice and the
bank or by rcrossing diagonally from the south side of the glacier.
Traveling along the glacier’s side is dangerous because of almost
continuous rock slides, and is not possible at all in some seasons.

The country rock is a series of bedded amygdaloidal greenstone
flows, and the copper is seemingly restricted to a particular one of
these beds. Nearly 75 feet above the creek, on the claim known as the
Chiti, the greenstone is cut by a fault running N. 10° E. and dipping
40° W., almost parallel to a bed of greenstone filled with black
amygdules, consisting of a mixture of copper oxide and carbonaceous
matter, and cut by small veins of the same material. Above and be-
low this bed, whose maximum thickness is 8 feet, is greenstone with
quartz amygdules and only a small amount of the black mineral.
In the main open cut the fault appears at first glance to form the
hanging wall, but there is a small thickness, not over 2 feet, of the
black amygdaloidal greenstone just above it. Thirty feet farther
north along the strike the fault is at the foot wall, and here the black
amygdaloidal rock has its greatest thickness, 8 feet. The main fault
changes its direction here and strikes more nearly east and west. It is
cut by minor faults and slightly displaced. The black amygdaloidal
rock is covered by slide rock 50 feet south of the largest cut, but con-
tinues with decreasing thickness northeastward for about 200 feet.
The large fault, however, is easily traced for not less than 300 feet.

Copper is present as malachite, native copper, chalcocite, and
cuprite. Masses of native copper weighing several pounds are
found, but it is present chiefly as small specks in the greenstone and
the black amygdules and as thin sheets or leaves of about the thick-
ness of paper and small stringers in the greenstone. The larger
masses occur in sponge or netlike form inclosing country rock. The
largest one seen in place was not over 8 inches in diameter, but a
quartz vein 300 feet north of the main cut yielded a mass weighing
about 60 pounds. The fault with traces of the black amygdaloidal
rock and some copper are reported to be found still farther to the
northeast, but were not followed.

DAN CREEK.

Dan Creek is the first tributary to Nizina River below the Chiti-
stone, from which it is separated by a mountain mass made up of
Nikolai greenstone capped by gently northward-dipping Chitistone
limestone (Pl. X, 4). On the northern side of this mountain mass
the limestone-greenstone contact at its lowest point is only a few
hundred feet above Chitistone River. On the southern or Dan Creek



-

92 THE KOTSINA-CHITINA REGION, ALASKA, -

side, however, it ranges from 2,000 to 4,000 feet above the stream

(PL X, B). A further description of the geography and geology
of Dan Creek is given in the account of its gold placers on pages 97-99.

Just below the contact, north of Dan Creek, the greenstone in
many places is stained with copper green and contains small stringers
and bunches of copper minerals, chiefly bornite. This is said to be
particularly true of a zone of greenstone extending for a long dis-
tance along the contact and situated about 30 feet below it.

At the head of Boulder Creek, which joins Dan Creek below the
canyon, is a claim called the Westover, belonging to the Alaska
United Copper Exploration Company. The exposed ore is a mass
of bornite at or just above the limestone-greenstone contact. This
ore body is entirely in the limestone and is unusual in that the other
known similarly situated copper deposits of the eastern portion of
the Chitina copper region are chalcocite rather than bornite. The
surface exposure has a length, in a horizontal direction, of 30 feet and
a maximum width of 8 feet. At one end the ore consists of nearly
pure bornite, whose boundaries with the inclosing limestone are
rather sharply defined. At the other end it gradually fades into the
country rock. No development work has been done other than to
clear away the face of the exposure.

GOLD.

THE NIZINA PLACERS.

LOCATION AND HISTORY.

The Nizina placer district, as now known, embraces in a general
sense the drainage areas of Dan, Chititu, and Young creeks, which
flow into Nizina River from the east and south. Young Creek
empties into the Nizina about 20 miles above its mouth, Chititu Creek
comes in about 1 mile above Young Creek, and Dan Creek flows into
the main river about 4 miles farther upstream.

The discovery and location of these placers in 1902 has been de-
scribed by Mendenhall and Schrader.® After passing through the
stampede stage of exploration the Nizina district relapsed into a
period during which a great many of the claims as originally located
were worked only on a small scale in an unprofitable manner. From
one cause or another much of the better ground was soon involved in
lawsuits which, until last year, 1906, were not settled in a way to
justify systematic work necesgitating an investment of capital.

@ Mineral resources of the Mount Wrangell district, Alaska: Prof. Paper U. 8. Geol
Burvey No. 15, 1903, pp. 59-61.
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GEOLDGIC SKETCH,

The bed-rock floor of this area is, so far as known, made up of a
series of shales with a few thin limestones that are rather commonly
intruded by dikes and sheets of light-colored porphyry. This bed
rock on Chititu and Dan creeks is for the most part a dark, fine-
grained, homogeneous shale in which there is very little limestone.
These shales.are hard and closely jointed and have been intricately
folded and contorted. They have also been subjected to faulting,
some of which is very recent, as it has occurred since the uncon-
solidated Pleistocene bench gravels that lie unconformably upon the
shales were deposited. It is probable that this shale bed rock is the
floor upon which rests the thick sheet of bench gravel deposits that,
so far as known, appear to extend from the northern slopes of the
valley of Dan Creek along the gently sloping mountain sides that
form the eastern side of the Nizina Valley to and probably beyond
Young Creek. Schrader and Spencer represent the higher moun-
tains to the east as made up of this series of shales and thin-bedded
limestone.

The broad depression between the Skolai and Chugach mountains
is floored by unconsolidated deposits, whose character and origin have
already been discussed. A part of them was laid down in water; an-
other part was deposited without sorting by water. The important
deposits of the Nizina region, however, were mainly water laid and
include the bench and stream gravels. Of the two the bench gravels
are of less present commercial importance, although in amount they
greatly exceed the stream deposits.

The general distribution of this thick gravel terrane appears
to correspond to the benchlike surface feature that extends along
the eastern side of Nizina Valley from Dan Creek to Young Creek
and beyond in a southwesterly direction. The gravels apparently
have their upper eastward limits about the middle altitudes of the
mountain sides, They gradually slope down toward the west to an
elevation of about 3,000 feet above the sea level, where the surface
descends more abruptly for several hundred feet and thence continues
on to the west for 2 to 6 miles as a gradually sloping valley floor to
Nizina River, where the elevation is about 1,400 feet. :

It is not known to what extent the distribution of the gravels may
depend on the configuration of the rock floor beneath them, but con-
siderable topographic irregularities exist both in slope of surface and
in surface forms, giving rise to ridges, valleys, and hills such as would
be presented by a rolling topography of moderate relief. These
topographic features have been factors in the original distribution
of the gravels, and their consideration is important in studying the
Nizina placers, for the reason that at the present time the evidence
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points toward the bench gravels on this older land surface as being
the source from which the supply of gold in the present stream or
creek gravels is chiefly derived.

The view that the easily worked creek gravels of the present
streams have received their gold from a source in the higher bench
gravels is amply substantiated by the fact that the presence of gold
in the bench gravels has been established. At several localities on
Chititu Creek the bench gravels have been prospected systematically
by tunnels following the bed-rock surface, and it has been found that
gold is present in no inconsiderable amount, and that while the values
are naturally highest on or néar bed rock, yet considerable gold is
present for some distance above bed rock. Under present conditions,
however, it does not seem that the bench gravels can be worked profit-
ably, though when supplies and labor can be obtained at lower cost
it may prove profitable to mine them by tunnel and drift methods, or
possibly by hydraulicking on a large scale. The bench gravels are
not. frozen, as are similar deposits in some parts of Alaska, conse-
quently in working them by tunnels and drifts it is necessary to
timber the workings thoroughly, an item of expense that increases
the cost of such operations. It is by no means improbable that there
may be old channels in the rock floor underlying these gravels where
placer gold has been concentrated in amounts large enough to pay for
mining by timbered tunnels and drifts. It may also be found that
over some areas the bench gravels are not too thick to be profitably
worked by hydraulic methods, even if a considerable thickness of
overburden should have to be removed to reach the pay ground.
Systematic and thorough sampling of large areas by drilling test
holes should precede any contemplated installation for working
gravels,

The present stream gravels of Dan, Chititu, and Young creeks are
the deposits in which gold was first discovered and on which active
operations are now being conducted. They are in part derived from
the bench gravels and in part by the cutting of the streams in their
own bed-rock channels. These deposits are more fully described in
connection with the individual creeks.

The suggestion that the present auriferous creek deposits have been
derived from the thick mantle of bench gravels leads to a considera-
tion of the source of the bench gravels and the placer metals they
contain. Bowlders, cobbles, and pebbles of greenstone, with a con-
siderable amount of native copper, are characteristic materials of the
bench gravels. A few of these copper nuggets weigh more than 100
pounds, but most of them run about 1 or 2 ounces. The nearest
known source for the greenstone and native copper of these gravels is
on the north side of the valley of Dan Creek, and thence northward
in the area of Chitistone River. Here are areas of greenstones in
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which some small amounts of native copper are known to occur, but
no gold has been reported from these rocks. The following state-
ments are quoted from the report by Mendenhall and Schrader: ¢

The rocks throughout the greater part of the district are reported by Schrader
and Spencer to be the black shales and thin lmestones of the Triassic, but In
the northern part of the basin of Dan Creek the Nikolal greenstone and the
overlying heavy-bedded Chitistone llmestone outcrop. There is a doubtful
region about the head of Young Creek, where these older rocks may also be
found.

The black Triassic shales are reported to be intruded in this reglon, as they
are known to be in other localities, by abundunt porphyritic dikes, and the gold
may be found to be genetically connected with these Intrusives.

So far no facts have been brought to light to show whether the
porphyry dikes in the Triassic shales may be a possible source of
gold or not. On the other hand, it has been reported by a prospector
that free gold occurs in the conglomerates of the Kennicott for-
mation in this region. This formation has been assigned to the Upper
Jurassic or Lower Cretaceous, and at present the only rocks of this
age known to occur in the Nizina placer area lie south of Young
Creek. There is also an area on the west side of Nizina River, oppo-
site the mouth of Chitistone River., The Kennicott formation as now
known occurs in isolated areas, of no very great extent, distributed
from Kotsina River to the mountains south of Young Creek. It lies
unconformably upon the Triassic shales and limestones and older
greenstones. This series of conglomerates was no doubt formerly
very much more widely distributed than it is at present. Extensive
deposits of it have probably been entirely carried away by erosion,
and if they were gold bearing, in part or as a whole, it can easily be
seen how such a source might have supplied the present bench gravels
in the Nizina district.

' CHITITU CREEK.

The stream gravels of Chititn Creek (fig. 9) and its tributaries
have received the most attention in this district. The upper half of
Chititu Creek occupies a comparatively narrow valley that is exca-
vated to a depth of 200 to 400 feet through the thick deposits of
bench gravels and exposes the underlying shale. In this shale bed
rock the stream has carved a trough from 200 to 700 feet wide and
from 10 to 50 feet deep, conforming in slope with the surface of the
rock floor. The trough is filled to a depth of 8 to 16 feet by recent
stream gravels mainly derived from the adjacent bench gravels. In
brief, the whole process has been that of a natural ground sluicing
of the bench gravels. The bed-rock flume or sluiceway is paved with
bowlders and cobbles, and in the natural riffles thus formed the gold
and copper have been concentrated.

= Mendenhall, W, C., gud Schrader, I, C., Prof, I':per V. 8, Geol. Survey No, 15, 1903,
p. 61
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Only one of the original locators of claims on Chititu Creek has
developed his holdings along conservative and consistent lines from
the time of their discovery. On claim No. 11 above Discovery open-
cut work was begun with pick and shovel. During the second season
canvas hose was used, and finally a small hydraulic plant with giants
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was installed. This plant has been improved from year to year and
the results obtained have been increasingly satisfactory to the owner.

In 1907 active development work was begun on a group of claims

that includes the major portion of the placer ground on Chititu
Creek. A complete hydraulic plant, supplemented by a well-

Fic. 9.—8ketch map of a part of Chititu Creek, showing location of clalms and relation of benel and stream gravels,
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equipped sawmill run by water power and an electric-lighting plant
to aid in night work during the latter part of the open season, was
during the winter taken over the snow and ice to Chititu Creek from
Valdez, a distance of 200 miles, by means of horses and sleds. This
method of transportation is the only way by which any considerable
quantity of material can be conveyed into the Copper River region
at the present time. Even when economically conducted, on a large
scale involving quantities of 100 tons or more, such transportation
from Valdez to the Nizina district has never cost less than $130 per
ton. On small shipments the cost may be as much as $400 per ton.

The greater part of the open season of 1907 was spent in installing
this plant on the lower eight claims on Chititu Creek. The sawmill
was erected on claim No. 4, above Discovery, to supply lumber for
flumes, buildings, and other purposes. A large amount of hydraulie
pipe was riveted together from the separate sheets, and as the season
progressed the whole plant, with dam and headgates on claim No. 8
above, the flume and pipe lines, lighting plant, etc., was assembled
in working order, so that by the close of the season all arrangements
were completed for beginning active mining on claim No. 1 with
the opening of the season of 1908.

Dan Creek, in point of size, is the first important tributary to
Nizina River above Chititu Creek. and, as has been previously stated,
is also the first one below Chitistone River. Its general course is west-
northwest, and it joins the Nizina at the point where that stream,
flowing southward from the Skolai Mountains, abruptly changes its
course to the west. The drainage area of Dan Creek covers approxi-
mately 45 square miles and is nearly as broad as it is long.

The stream for a distance of nearly a mile below the place where
it emerges from the mountains flows across the gravel floor of the
Nizina River valley, but is raised slightly above it by the broad, low,
fan-shaped deposit of gravels it has brought down from above. The
valley above this portion of the stream presents three different to-
pographic features. For nearly 2 miles Dan Creek has cut its way
through the deep bench gravels bordering the Nizina Valley and has
excavated a shallow trough in the country rock. In this narrow
trough the stream gravel is laid down. Above this portion the chan-
nel is in a narrow box canyon, which finally expands into the more
open basin-like upper valley. Two principal branches unite above
the canyon to form the main stream. The northern branch retains
the name Dan Creek; the other is known as Copper Creek.

The bed rock, as naturally exposed or as uncovered by mining oper-
ations along the lower part of Dan Creek, is made up of Triassic shales

N 68797—Bull. 374—00——7 ;
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intruded by light-gray porphyritic and greenstone dikes. These
shales, so far as is now known, occupy most of the area_south of Dan
Creek to Chitina River. North of Dan Creek is the Nikolai green-
stone, overlain by a heavy capping of Chitistone limestone that forms
the top of the mountain mass between Dan Creek and Chitistone
River (Pl X, B). The unnatural position of the Triassic shales
south of the stream with reference to the greenstone north of it is be-
lieved to have been brought about by a great fault extending through
the valley from southeast to northwest and removing from view the
Chitistone limestone which normally should be present between the
greenstone and shales. This fault continues northwestward at least
as far as Lakina River.

Placer mining is at present restricted to the areas above and below
the canyon. Above the canyon most work has been done on Copper
Creek. This part of the stream is difficult to reach with supplies, and
only a few men were at work there in 1907. Most of them were doing
nothing but assessment work, and yet a few thousand dollars in gold
have been produced during the several years since work began. The
creck claims below the canyon are under one control, and, though the
gold production has not been large owing to the difficulty of working
the ground, prospecting has shown that gold is present.

Placer gold is associated with two classes of deposits, the present
stream gravels and the older and much more extensive bench gravels.
Mining or prospecting has been carried on in both of these. Undoubt-
edly a great part of the gold in the present stream is a concentration
from the benches through which the creek has cut its channel.
Whether any part of it has been brought by the present stream di-
rectly from its original source—that is, a source other than the higher
unconsolidated bench gravels—to the place it now occupies, was not
determined.

The first claim below the canyon is No. T and the numbers decrease
downstream. Near the camp a cut approximately 400 feet long and
as wide as the shovelers could work at one setting of the boxes was
made in the creek gravels of claim No. 5. Directly above is a larger
cut nearly as long and averaging about 75 feet in width. The bed
rock is hard, close-jointed shale cut by dikes of light yellowish-gray

“porphyry and of greenstone. The gravel and its slight soil cover-
ing range in thickness from 8 to 12 feet. The gravel consists in part
of shale fragments and contains a large percentage of greenstone and
porphyry. Some of the bowlders in the large cut have diameters as
great as 4 feet and many of them average 10 or 12 inches in maximum
diameter. All of this material has been more or less rounded by
stream action. It is poorly bedded, and spruce logs and fragments
of wood are buried in it. The large cut was made by piling up a
wall of bowlders along the gravel face, thus forcing the creek water
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to undercut the bank and cause it to cave. Bed rock was then cleaned
by hand. Such work is expensive, as it requires several handlings
of all the larger material. A third cut, 300 feet long and one box
wide, on claim No. 6 showed gravel and bed rock of the same char-
acter.

The width of the stream gravels is not great, in places not over 100
or 200 feet, but it increases down the creek. On each side benches of
gravel close to the stream rise to a height of several hundred feet.
Tunnels in these benches have demonstrated that they carry gold.
One of these tunnels on the upper end of No. 6 or the lower end of
No. 7 had a length of 72 feet. It was driven along the rock floor
upon which the gravel rests and is 10 feet higher than the present
stream. In other words, the creek has here cut 10 feet into the bed
rock since the present drainage was established. The tunnel was
driven in winter as a prospect and yielded good values in gold.

The Dan Creek gold from the gravels below the canyon is coarse
and smooth. Most of it is flat, and the heaviest of it is found either
on bed rock or within 2 feet of it. It is accompanied by placer silver
and placer copper. Nuggets of silver and copper, such as are called
“half breeds” in the Lake Superior region, are frequently found
here and on Chititu Creek also. Copper is associated with both the
creek and the bench gravels in pieces ranging from the size of shot
to masses of 100 pounds or more. Only recently has any effort been
made to secure the copper, as it is of no value with the present means
of transportation. Most of the operators are now saving it, however,
and when railroad transportation is available the returns from the
copper may be found to reduce considerably the cost of mining.

The gold from Dan Creek above the canyon differs from most of
that below in that it is generally rough and not flattened, indicating
that it has not been hammered out and worn so much by moving
bowlders.

Surveys for a hydraulic plant on the lower end of Dan Creek have
been made, and it is expected that the installation of the plant will
be begun during the summer of 1908.

REALGAR.

About one-third of a mile down Fourth of July Creek from the
Bekka and Eli claims there is an occurrence of realgar (sulphide of
arsenic). The mineral fills small spaces in a crushed zone in thin-
bedded limestones. Some of the spaces are filled for a width of 1
to 2 inches with well-formed crystals, but other seams contain the
realgar in a more impure earthy form. The rest of the shatter
spaces of the limestone are largely filled by thin seams of calcite. No
considerable amount of realgar appears to be present at this place.



100 THE KOTSINA-CHITINA REGION, ALASKA.
COAL.

On the divide between Fourth of July and Bear creeks, north of
the pass crossed by the trial, at elevations of 5,800 to 6,000 feet, is
a small patch of coal-bearing shales and flaggy arkosic sandstones
covering an oval-shaped area of about 20 acres. The thickness of
these beds is probably not over 50 feet. They are partly covered by
more recent andesite lava, that occupies a smaller area and stands
at its highest point as a pinnacle about 50 feet high. These rocks,
which may be provisionally assigned to the Tertiary, appear not to
have been involved in the major fault that is well exposed on the
head of Fourth of July Creek, which brings the Nikolai greenstone
and Chitistone limestone to the north, against the thin-bedded lime-
stones and shales to the south. The Tertiary coal-bearing beds seem
to lie in a nearly horizontal position on top of the inclined beds of
the older series. The coal was not seen in place, its presence being
indicated only by small weathered fragments mixed with the dis-
integrated shales. It is probably not of workable thickness; and
if it were, the small amount and its inaccessibility would prevent it
from becoming of commercial importanca
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