GEOLOGY AND MINERAL RESOURCES OF THE REGION
TRAVERSED BY THE ALASKA RAILROAD.

By Stepuen R. Capes.

INTRODUCTION.

On the completion of the bridge across Tanana River, in March,
1923, the Alaska Railroad, begun in 1915, was opened for direct
traffic between Seward, on the Pacific coast, and Fairbanks, in the
heart of central Alaska, a distance of 468 miles (fig. 1). Rarely has
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Ficurs 1.—Index map showing location of the region traversed by the Alaska Railroad.

the construction of a railroad of this length so profoundly affected

a region so large, for not only is the country adjacent to it served,

but those great navigable rivers, the Yukon, Tanana, and Koyukuk,

are all connected by boat service with the railroad at Nenana and

Fairbanks, and the time and expense required in transporting pas-
78
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sengers and freight to the basins of these streams have been greatly
decreased. Perhaps the advantages of direct rail connection with the
coast will be appreciated by none so much as by the pioneers of the
Yukon basin, who, in spite of the handicaps of slow river transporta-
tion in summer and almost complete isolation in the winter, have
endeavored to develop the resources of the basin. A few years ago
the Fairbanks mining man who had purchased supplies in Seattle
during the winter or spring was unable to land them on his property
much before the end of June, for it required three weeks or more to
make the journey by way of Skagway and the upper Yukon, and
that river is not navigable until it runs free from ice in the spring.
Now it is possible to land a shipment at Fairbanks in half that time
from Seattle at any season of the year. Not long ago the trip from
Nenana to Seward by way of Broad Pass meant weeks of severe
physical exertion over a trailless country by pack train in summer,
or a hard, long trip by dog sled in winter. For weeks in the spring
during the “ break up ” and in the fall during the “ freeze up ” the
trails are practically impassable to all travel. Now the journey can
be made in a few hours in comfort. Before the railroad was com-
pleted the miner in interior Alaska who in the spring or summer
suddenly found that he needed machinery which could be obtained
only by sending to Seattle had often to resign himself to the fact
that he could not supply his needs in time to take advantage of the
short summer season that year. Now only two or three weeks may
be necessary before his order is delivered to him. The effects of the
stimulus of better transportation are already evident. Ore ship-
ments from the Yukon basin, even from points so far east as the
Canadian side of the international boundary, are being diverted to
the new railroad. Passenger travel that formerly followed either
the upper or lower Yukon on the trip between Seattle and interior
points now goes by way of the lower Tanana River and the railroad.
By the broadening of markets farming and stock raising have been
encouraged. Many mines that were once unprofitable can now be
operated at a profit, and prospects that were worthless owing to the
lack of transportation may now become paying mines.

The population now served by the railroad is no index of the
number of people this region may some time support, for the rail-
road has been in operation too short a time to do more than start
the intensive development of the country. No one questions that
central Alaska will ultimately expand its mining industry, for it
contains much placer ground, too lean to yield the rich, quick profits
demanded in the days of bonanza mining, that will be exploited by
the low-cost quantity methods of the dredge, the steam scraper, and
the hydraulic nozzle. In the past lode mining in this region has been
largely confined to localities that lay near routes of water trans-
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portation. The cost of transporting heavy machinery and supplies in
a roadless country was too great to be borne by small lodes of medium
grade. Now rail transportation will make it possible to place mining
and milling machinery on lodes that have heretofore not warranted
such an expenditure. The agricultural population of this region,
however, may sometime outstrip in numbers that employed in
mining. Mineral resources, even in a country rich in its mineral
deposits, are exhaustible, whereas farm lands may produce in-
definitely. It so happens that the Alaska Railroad touches the two
districts in Alaska that are farthest advanced in their agricultural
development—the Knik Arm-Matanuska district and the Fairbanks
district. In each of these districts it has been conclusively dem-
onstrated, by farming for several successive years, that properly
selected crops can be matured, that stock can be raised, and that a
livelihood can be gained by tilling the soil.

The 1920 census report shows that in 1919 crops from 4,473
acres, valued at $393,902, were harvested in Alaska. In 1921 some
8,500 bushels of spring wheat, of good milling quality, was harvested
in the Fairbanks district and about 1,000 bushels in the Matanuska
district. It is estimated that the Tanana Valley contains 640,000
“acres of land available for agriculture, and that in the Cook Inlet-
Susitna region 1,296,000 acres is suitable for farming without costly
drainage. It is therefore obvious that only a very small fraction of
the agricultural land in this region has been taken up, and that
farming will increase as rapidly as the Alaska market for farm
products develops. To be sure, the market for the crops raised in
these districts has been mainly limited to such adjacent regions as
were readily accessible. The railroad has now widened these markets,
but the main outlet for Alaska farm products, except livestock, is
likely to continue te be found in Alaska consuming centers. Stock
raising in Alaska is believed by many to offer great possibilities for
profit. Domesticated reindeer have for many years been successfully
raised and furnish both food and clothing to their owners. Some
reindeer meat has been shipped to the United States, and it is likely
that a large market for this meat may be developed. There are now
said to be more than 200,000 domesticated reindeerin Alaska,and those
qualified to judge estimate that the Territory has sufficient pastur-
age to support many millions of these animals. A very large area
of land in the vicinity of Broad Pass, tributary to the Alaska Rail-
road, has already been shown to be adapted to reindeer raising. Ex-
periments have been made to determine whether or not the raising of
cattle, sheep, and hogs can be carried on successfully in Alaska, for
there are large areas in this region over which wild grass grows
luxuriantly. There is no question that the native grasses will
furnish excellent grazing during the summer, but the Alaskan sum-
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mer is short, and the winter season, during which the animals
would have to be fed, is long. It is likely that in time, by breeding
hardy types of animals and by the use of ensilage made from wild
grass, that cattle, hogs, and sheep can be raised successfully in
favorable places in the Territory. ,

The mining industry within the region tributary to the Alaska
Railroad is certain to expand under the present improved conditions
of operation and marketing. In fact, the operation of the coal
mines of the Matanuska Valley and of the smaller mines along the
railroad route was impossible until rail transportation was available,
for the railroad furnishes the only means of moving the coal to mar-
ket and at present is itself the principal consumer of the coal pro-
duced. It is expected that eventually the Matanuska mines will
supply coal for coaling stations on the Pacific, to serve vessels in the
trans-Pacific and coastwise trade, and thus support a greatly in-
creased mining population.

It is not yet possible to predict accurately which metal-mining
regions will be the first to respond in a large way to the stimulus of
railroad transportation, but many districts have already been greatly
helped, and the beneficial effect will be cumulative. The Willow
Oreek gold lode district has always profited by its accessibility to’
water transportation during the summer but now has the added ad-
vantage of year-round transportation by rail. The Yentna district,
always hampered by high freight costs and by a bad summer trail,
can now be reached at any time over a road from the railroad at
Talkeetna. The Iron Creek prospects, in the Talkeetna basin, here-
tofore too remote for development at a reasonable cost, can now be
made accessible by a road, some 40 miles in length, from Talkeetna.
Similarly, the lode district of the West Fork of Chulitna River, the
Valdez Creek gold placer district, and the placer and lode mines of
the Nenana basin and the Kantishna district are all greatly helped
by the completion of the railroad, but they will receive the fullest
possible benefit only when wagon roads connecting the mineral de-
posits with the railroad are completed. The Fairbanks district is
already enjoying the advantages of frequent and easy contact with
the coast and lower freight charges, and to a lesser degree these
advantages extend to all the central Alaska mining districts that are
connected with the railroad through the Yukon and its navigable
tributaries. The Tolovana gold placer district is now indirectly
connected with the railroad by wagon road and boat service, and the
Hot Springs district, which contains gold placers and promising
tin deposits, will profit by its steamboat connection with the rail-
road. Asa whole, the area served directly and indirectly by the new
railroad is rich in mineral wealth. Under the primitive transporta-
tion facilities of the past this area has produced minerals worth
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$160,000,000. In 1922 the country immediately tributary to the rail-
road produced gold, silver, and coal worth $2,034,210 and in addi-
tion a small amount of lead, copper, and tin, and if the larger area
indirectly benefited by the railroad is included, the production of
minerals in 1922 was worth over $3,000,000.

Gold mining has been carried on in Kenai Peninsula for many
years. In 1922 the output was about $40,000.

The Willow Creek lode district, north of the head of Knik Arm,
has produced over $2,000,000 worth of gold in the last decade and
in 1922 yielded $239,500 in gold and silver. The Matanuska coal
field, served directly by a branch line of the railroad, yields a high-
grade coal for railroad and industrial uses. The Yentna placer dis-
trict, now connected with the railroad by wagon road from Tal-
keetna, produced gold worth $223,000 in 1922. There are many
promising undeveloped copper and gold lodes in the Talkeetna
Mountains and the Alaska Range south of Broad Pass, and gold
placer gravels have long been mined in the Valdez Creek district.

The railroad crosses the Nenana lignite field, whose reserves are
estimated at over 9,000,000,000 tons. Already coal from this field
has reduced the cost of mining in adjacent districts. The Kantishna
district, 60 miles west of the railroad, has valuable placer-gold de-
posits, as well as promising gold, silver, and lead lodes.

The Fairbanks district, at the inland terminus of the railroad,
has since its discovery produced $73,686,976 worth of minerals,
mostly in placer gold but including lode gold, antimony, tungsten,
silver, and lead. Its gold output in 1922 was valued at $693,000.

In 1922 the Tolovana district produced minerals worth $222,000,
and the Hot Springs district $55,000, mainly placer gold.

The completion of the railroad will greatly benefit both Alaska
and the general public by making the Mount McKinley National
Park accessible to travelers. This great park, established in 1917
and enlarged in 1922, now includes an area of over 2,600 square
miles, comprising that portion of the Alaska Range that culminates
in Mount McKinley, 20,300 feet above sea level, the loftiest peak
on the continent. Flanking Mount McKinley to the south and east
are great numbers of unnamed and unexplored snow-capped peaks,
drained by a multitude of glaciers. The crest of the range is ap-
proachable from the north through many delightful valleys, the
natural range of thousands of bighorn sheep and caribou, numerous
bear and moose, and a great variety of fur-bearing animals. This
park affords the visitor a remarkable opportunity to study a sec-
tion of our fast disappearing wilderness, here fortunately preserved
before the approach of civilization had brought about the destruc-
tion of its wild life. The east edge of this park lies close to the
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railroad in Nenana Valley, and the construction of a single road
already projected from the railroad to the Kantishna mining dis-
trict will make easily accessible 100 miles of a magnificent mountain
range, a score or more of sheltered valleys, numberless unconquered
peaks and glaciers to call the mountaineer, and a familiar contact
with many of our noblest big-game animals. As a permanent asset
to the Territory of Alaska and to the Nation, this park is likely to
exceed in value even the richest of the mining districts, for all
mines will sooner or later be exhausted, but the usefulness and value
of such national recreation grounds will increase indefinitely through-
out the years.

Although the railroad has already greatly improved transporta-
tion throughout a great area in central Alaska, its benefits to the
Territory and its opportunities for usefulness are still limited by
the difficulties of travel to the railroad from the many outlying
mining and agricultural districts. As constructed, the railroad
traverses a wilderness that was almost entirely devoid of trails
and roads. Until roads are built from the mines and farms to
the railroad the products of these districts can not move freely, and
the railroad can not fully meet the needs for which it was designed.
A vigorous program of road construction has been started by the
Alaska Road Commission, the Bureau of Public Roads, and the Ter-
ritorial Road Commission, and although much still remains to be
done, many roads are already completed or well advanced.

In past years the casual tourist to Alaska has been limited to
travel by the few routes over which he could procure regular trans-
portation, and these routes were largely water routes. From Seattle
regular steamship schedules were maintained along the coast by way
of the “inside passage” to Skagway and thence westward to Prince
William Sound and Cook Inlet ports. From Cordova the Copper
River & Northwestern Railway runs inland 196 miles to the Ken-
necott mines, and from that railroad at Chitina a road, over which
an automobile stage was operated in summer and a horse-drawn
stage in winter, extended to Fairbanks. From Skagway the White
Pass & Yukon Railroad crosses the mountains to the headwaters of
Yukon River, and on that river and its larger tributaries there was
regular steamboat service during the ice-free season. Summer serv-
ice was also maintained by steamship from Seattle to Nome. The
regular steamship routes were supplemented by smaller boat lines
at various places. It will thus be seen that the only regular main
lines of transportation in Alaska were confined to boat service on
the coast and on the larger navigable rivers, except for the Copper
River & Northwestern Railway, and the stage road between Chitina
and Fairbanks. During the winter steamship sailings to Bering
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Sea and upper Cook Inlet ports and all boat service on the rivers
are suspended on account of ice.

The opening of the Alaska Railroad has now made possible an
easy summer tourist trip that includes a great variety of scenery
and a large area of country, a trip that could formerly have been
made only at a much larger expenditure of time, money, and effort.
The traveler can now leave Seattle or Vancouver on a comfortable
ocean steamer and journey northwestward along the “inside pas-
sage” past Vancouver Island and through the picturesque and
rugged Alexander Archipelago to Skagway, the ocean terminus of
the White Pass & Yukon Railroad. A daylight trip of 112 miles
across the coastal mountain range will bring him to the town of
White Horse, Yukon Territory, at the head of river navigation in
the Yukon basin. There river steamboats begin the long down-
stream journey through Lake Lebarge and Lewes River to the
Yukon, past the mouth of the turbid, glacier-fed White River to
Dawson, at the mouth of Klondike River. Continuing downstream
he stops at the old settlements of Fortymile, Eagle, and Circle and
crosses the Arctic Circle at Fort Yukon, at the great northern bend
of the Yukon. From Fort Yukon the river flows in many branch-
ing channels through the Yukon Flats to the site of old Fort Hamlin,
whence, once more confined to a single deep gorge bordered by high
rock bluffs, it follows its devious course to the town of Tanana, at
the mouth of Tanana River. At this point the route leaves the
Yukon and ascends its largest tributary, the Tanana, to Fairbanks,
the center of the great Fairbanks gold-mining district and the
largest town of interior Alaska.

All -the journey just outlined has been possible for the last 25
years, but to complete the trip from Fairbanks back to Seattle has
heretofore required either a slow upstream return journey by the
same route; a continuation of the down-Yukon trip through monoto-
nous lowlands to the river mouth and St. Michael, thence to Nome,
and by ocean steamer to Seattle; or a stage journey by automobile
or horse-drawn sled to Chitina, on the Copper River & Northwestern
Railroad, and thence by rail to Cordova and ocean steamer to Seattle.
Now the traveler can take the train on the Alaska Railroad at

~ Nenana or Fairbanks and travel southward, stopping off if he de-

sires at the Mount McKinley National Park, cross the Alaska Range
through Broad Pass, and follow down Chulitna and Susitna valleys,
with the Talkeetna Mountains on the left and the great sweep of
the Alaska Range on the right, dominated by Mount McKinley,
America’s loftiest mountain. The traveler then goes around the
head of Knik Arm through the agricultural lands of lower Mata-
nuska Valley and thence southwestward to Anchorage, on Pacific
76813°—24—=6
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waters, a summer port on the long Cook Inlet embayment. At
Anchorage alternate routes are available to Seward, either by con-
tinuing the railroad journey through the Chugach Mountains,
skirting Turnagain Arm and going through the Kenai Mountains
and past great valley glaciers to Seward, or by taking an ocean
steamship down Cook Inlet and around the shores of Kenai Penin-
sula. From Seward coastwise vessels call at Prince William Sound
ports, skirt the base of Mounts St. Elias and Fairweather, with their
great piedmont glaciers, and enter the inside passage through Icy
Straits, to return by the route already outlined past Juneau, Wran-
gell, and Ketchikan.

The trip here suggested, comprising a great loop, has the advan-
tage of giving the traveler in a single journey at least a glimpse of
the many varied types of country, climate, and vegetation to be
found in Alaska. He leaves the heavily timbered islands of the
coastal region, with its temperate and somewhat rainy climate, to
cross the rugged snow-capped coastal mountains and enter the dry
sunny valleys of the interior. The Alaska Range offers splendid
glaciated mountains teeming with wild life; the Susitna basin
reveals wide timbered lowlands with lofty bordering ranges; and
the coastal mountains with their intricate fiords, tidal glaciers, and
towering snow peaks present the forbidding barrier along the ocean
front that has so long helped to establish the common misconception
that Alaska is entirely a forbidden land of mountains, ice, and snow.

GEOGRAPHY.

In the journey from Seward, at the coastal terminus of the Alaska
Railroad, to Fairbanks, the inland terminus, the traveler passes
through parts of at least six distinct geographic and geologic prov-
inces and near the edge of a seventh. These provinces differ from
one another in the essential features of surface form, climate, soil,
and vegetation, as well as in geology and mineral resources. As
each of these features has a direct bearing upon the proper utiliza-
tion of any area, and as the combination of them in each particular
district will determine the kind and intensity of its future develop-
ment, it seems proper to describe these provinces separately.

CHUGACH AND KENAI MOUNTAINS.

For the last 18 miles of the voyage from Seattle to Seward the
steamship travels northward up the narrow embayment of Resur-
rection Bay, a glacial fiord that heads well back in the rugged Kenai
Mountains. These mountains, together with their northward and
eastward extension, the Chugach Mountains, and the St. Elias Range,
still farther east, form the great coastal barrier that gives Alaska
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so forbidding an aspect as viewed from the Gulf of Alaska. These
coastal ranges are characterized by high, rugged peaks and extensive
snow fields and glaciers, and on Prince William Sound and south-
eastern Kenai Peninsula by an extremely irregular and intricate
shore line indented by deep and narrow glacial fiords. Some of the
largest North American ice fields, Malaspina and Bering glaciers,
the St. Elias ice cap, and the great ice cap southwest of Seward, lie
in this belt, and at many places great ice lobes push down to tide-
water and discharge bergs into the sea. The steamship voyage
along the rim of the Gulf of Alaska in clear weather gives a pano-
rama of magnificent subarctic mountains and glaciers that can
scarcely be matched elsewhere.

The climate on the immediate border of the Gulf of Alaska is
surprisingly mild, for it is tempered by the nearness of this area
to the warm Pacific waters. At Cordova the winter temperature in
many years does not fall to 0° F. At a short distance back from the
coast and into the mountains, however, there is a great change in the
climate, with much more severe winters. The coastal mountains in
general have a heavy precipitation, and much of it falls as snow,
which accounts for the much greater development of glaciers near
the coast than in equally high mountains in the interior. From
Resurrection Bay and the Alaska Railroad the great ice cap of
Kenai Peninsula is indicated mainly by the glacial tongues that
stretch down toward tidewater from it. In northern Kenai Penin-
sula, however, the railroad- passes close to the foot of two fine valley
ice lobes, Bartlett and Spencer glaciers, and within sight of Portage
Glacier.

- The name “Kenai Mountains” is used to designate the mountains
on Kenai Peninsula, which is limited on the north by the constric-
tion between Turnagain Arm and Portage Bay. The position of
these bays, however, is due merely to the accidents of glacial erosion,
the Chugach Mountains, to the north, and the Kenai Mountains be-
ing continuous with one another in both the character and the struc-
ture of their rocks. They are here included as belonging to a single
geographic province.

On the journey inland from Seward the traveler goes northward
some 50 miles through the Kenai Mountains to Turnagain Arm, en-
circles the head of that embayment, follows the abrupt and cliffed
shore of the Chugach Mountains, and leaves the mountains to enter
the second geographic province, the Cook Inlet-Susitna lowland.

COOK INLET-SUSITNA LOWLAND.

The Cook Inlet embayment, including Xnik Arm, is an arm of the
Pacific that extends 200 miles into the body of Alaska and with the
lower portion of the Susitna basin constitutes a great structural de-
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pression bordered on all sides except the Pacific by high mountains.
This depression, including the inlet itself and the bordering low-
lying areas, is here termed the Cook Inlet-Susitna lowland. It
forms a province distinct in topography, soil, vegetation, climate,
geology, and possibilities of development from the surrounding
mountainous areas and is one of the most promising areas in Alaska
for agriculture and stock raising.

In contrast to the bordering mountains, which are composed of
hard rocks, the underlying materials in this lowland are mainly
unconsolidated or only loosely cemented (Pl. I), so that the land
forms take on smoothed, rounded shapes generally free from sharp
peaks and abrupt slopes. The late geologic history of the lowland is
that of constructive rather than destructive agencies, for the low-
land has received the land waste removed from the surrounding
highlands by streams and glaciers. The bench lands and inter-
stream areas are largely floored with unstratified glacial débris and
with gravel left as outwash from the great glaciers that formerly
filled this basin. Aggradation or filling is still actively in progress
in upper Cook Inlet through the discharge into tidewater by Su-
sitna, Matanuska, Knik, and many other rivers of large quantities
of gravel, sand, and silt, supplied to these streams by the glaciers in
which they head. In this way upper Cook Inlet is slowly being
filled in, the deltas of the larger rivers are creeping seaward, and the
lowland areas are being enlarged at the expense of the water areas.
This slow shrinkage of the area of Cook Inlet is somewhat offset
by the wave activity in cutting back the shore cliffs in places, but
the result of wave cutting also is to fill in the low places of the basin,
with a constant though slow reduction in the volume of salt water
in the Cook Inlet embayment.

The traveler going through this lowland by train gets the impres-
sion of an alternation of tracts of rolling country of moderate alti-
tude, timbered by medium-sized spruce and birch trees and crossed
at intervals by stream valleys trenched 100 feet or so beneath the
general level, with broad open marshy tracts studded with lakes
or ponds, containing only scattered groves and clumps of trees, and
with ill-defined and shallow stream valleys. Around Knik Arm and
in Matanuska Valley the land that has been cleared and developed
for farming is for the most part high and fairly level bench land
having a rather shallow soil overlying glacial outwash gravel. This
land was naturally well drained and was easily cleared and prepared
for the plow. In many large tracts, however, especially in the lower
Susitna Valley, extensive drainage projects will be necessary before
the land can be cultivated.

In certain well-drained portions of the lowland, especially near its
upper edges and on the lower slopes of the surrounding mountains,
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there 1s a remarkably luxuriant growth of native grasses, in thick
stands that in places reach a height of 5 feet or more. This grass,
under favorable weather conditions, can be cut and cured to hay of
good quality and affords excellent forage for stock. Without doubt
it will sometime be used for raising stock on an extensive scale.

Above the junction of Talkeetna and Chulitna rivers with the
Susitna the Susitna lowland narrows, is broken by ridges of hills,
and loses its basin-like aspect. The structural basin between the
Talkeetna Mountains and their northward extension, on the east,
and the Alaska Range, on the west, persists, however, to Broad Pass,
though it can not there be properly termed a lowland.

TALKEETNA MOUNTAINS.

On the northward journey from Anchorage to Matanuska River
the Chugach Mountains rise steeply on the right. At the town of
Matanuska the main line turns westward, to skirt the west base of
another range, the Talkeetna Mountains. The traveler can catch
a glimpse eastward up Matanuska Valley, a prominent glaciated
valley, without realizing that it marks the border line between two
great mountain ranges, the Chugach on the south and the Talkeetna
on the north. Indeed, if the question were to be decided upon sur-
face forms alone, there seems to be less reason for separating the
mountains on the two sides of this valley into separate ranges than
for using Knik River valley or some other stream trough as a di-
viding line. A study of the geology, however, both as to the rocks
themselves and as to their structure, shows that the Chugach Moun-
tains and the Talkeetna Mountains are composed of very different
materials, have had widely different histories, and have properly
been given distinct names. The geology of the Talkeetna Mountains
is described on pages 91-98, but it may be stated here that in the
Chugach Mountains the rocks are dominantly of sedimentary origin
and their generali structure is parallel with the axis of the range,
whereas in the Talkeetna Mountains the rocks are mainly igneous
and have no pronounced structural trend. Erosion of these two

‘classes of material has produced very different effects upon the

topography, and the granitic rocks of the Talkeetna Mountains
show an extremely rugged sky line, with sharp peaks and ragged,
pinnacled ridges in the higher parts of the range.

Although glaciers exist in the headward portions of many valleys
in the Talkeetna Mountains, this mountain mass lies behind the
coastal barrier ranges and has a relatively light precipitation, so that
its glaciers, as compared with the great ice fields of the coastal
mountains, are small. The size of the present glaciers, however,
is no measure of the effect that glacial erosion has exercised in
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sculpturing the mountains to their present form, for the existing
glaciers are only the shrunken remnants of the enormously greater
ice fields that occupied this part of Alaska in glacial time. Then the
Talkeetna Mountains were so deeply buried in ice and snow that only
the highest peaks and ridges projected above the glacier’s surface.
At that time the entire basin of Susitna River and also the Copper
River basin, to the east, were filled with enormous glaciers that ex-
tended well down the Cook Inlet depression. The movement of these
great glaciers was largely controlled by the preexisting land forms,
the ice in general following the valleys of the preglacial streams,
but the erosive effect of these ice masses, hundreds and even thou-
~ sands of feet thick and shod with effective grinding tools in the form
of fragments, blocks, and boulders of rock, was profound. The
mountains now retain a conspicuous glaciated topography, charac-
terized by wide, open U-shaped valleys with hanging tributaries,
glacial cirques and lakes, and many other evidences of the agencies
by which they were sculptured.

COPPER-SUSITNA BASIN.

East of the Talkeetna Mountains lies another great basin region,
of a complex geologic and physiographic history, many details of
which still remain to be worked out. This basin is mainly tributary
to Copper River, but a considerable area of its northwest corner
drains into the Susitna, and a small portion to Bering Sea by way
of the headwaters of Nenana River. This is not the place for a
general description of the Copper River basin as a whole, for most
of it lies east of the region here under discussion, but a considerable
area in its northwestern part, mainly in the Susitna drainage basin,
lies within this region. The headward tributaries of the main
Susitna River derive their waters from the east and northeast slopes
of the Talkeetna Mountains, from a portion of the south slope of
the Alaska Range, and from a number of isolated groups of hills
and mountains that rise through a broad expanse of glacial and
alluvial deposits. The basin areas between and around these higher
land masses can not properly be called lowlands, for their altitude
ranges from 2,500 to 4,000 feet above sea level, but they are sur-
rounded by much higher mountains, relative to which they are low.
Their surface is generally more or less rolling, covered with scattered
spruce timber, and dotted with a myriad of small lakes. In most
places the major steams have intrenched themselves into the uncon-
solidated basin deposits. Like the Cook Inlet-Susitna lowland, the
Copper-Susitna basin is mainly floored with detritus brought down
to it by the glaciers that once poured into it from the mountains on
all sides and with gravel laid down by the torrential streams that
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drained from those glaciers. The details of the ancient drainage
have not yet been worked out, but sufficient facts are at hand to sug-
gest strongly that at some past time the upper Copper River basin,
above Woods Canyon, drained to the sea by way of Susitna River,
and the old course of the river valley may have been along the upper
Nenana and Chulitna valleys. There is reason to believe that the
present Susitna Valley for some distance above the mouth of Indian
River is postglacial.

The relatively high altitude of this portion of the Copper-Susitna
basin, with its shorter growing season and more frequent frosts,
makes this area unpromising as farming land. It would, however,
support many grazing animals in the summer season, and it is be-
lieved to have important possibilities as a range for reindeer.

ALASKA RANGE.

The Alaska Range comprises a great crescentic belt of rugged and
glaciated mountains that sweep northward from the base of the
Alaska Peninsula to Mount McKinley and extend thence eastward
and southeastward, continued by the Nutzotin Mountains, to Cana-
dian territory. As thus defined the range has a length of nearly 600
miles and an average width of 50 to 80 miles and so constitutes one
of the great physiographic features of North America. It is visible
on the west from the railroad throughout the Susitna and Chulitna
valleys and is crossed by way of Nenana Valley between Broad Pass
and Nenana. Of particular interest to the traveler is Mount Mec-
Kinley, to be seen on clear days from favorable points in the Susitna
and Tanana basins. This majestic snow-clad peak has an altitude of
20,300 feet, thus surpassing in height all other mountains on the con-
tinent. It forms the central object in the Mount McKinley National
Park, which includes a great area of the finest scenery west of the
railroad. In a general way the range forms the watershed between
the southward-flowing Pacific Ocean tributaries and those that flow
westward to Bering Sea, though some notable exceptions, including
Nenana and Delta rivers, have headward tributaries that receive
their waters from the south side of the mountains and cross the
entire range through deeply cut valleys on their course to Tanana
River.

On its north front the main Alaska Range is flanked by minor
foothill ridges, separated from the main mountain mass by basin-
like depressions. These foothill ridges lie parallel to the main range
and were formed during the same general period of mountain
building.

The higher parts of the Alaska Range, notably just south and east
of Mount McKinley, are the gathering ground for some of the larg-
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est Alaska valley glaciers. At least five of these great ice tongues
are from 80 to 50 miles long and from 2 to 4 miles wide, and there
are innumerable smaller ones, for the most part unnamed and un-
explored. The present surface forms on this range are due in large
part to the erosive action of these valley glaciers and of their enor-
mously greater ancestors.

TANANA LOWLAND.

North of the Alaska Range lies a broad structural lowland basin
that is continuous from Bering Sea by way of the Kuskokwim Valley
northeastward across an imperceptible divide to the Tanana Valley
and thence eastward across the Alaska-Canada boundary to the
upper Yukon basin. This lowland ranges in width from 30 to 60
miles, has a gentle slope away from the range, and is broken only
by a few isolated hills that rise above the general level of the plain.
It is floored by unconsolidated materials, prevailingly gravel, that
have been supplied by the erosion of the Alaska Range. It is likely
that beneath the gravel there are extensive Tertiary deposits, which
may contain lignite. Only the larger streams maintain well-defined
channels across the lowland, the smaller tributaries sinking into the
gravel to emerge again as sluggish, meandering creeks that drain
the flat basin. The lowland surface consists of open marshy areas
and lakes interspersed with patches of spruce and larch timber and
is difficult to cross in the summer. In the area here considered
Tanana River hugs closely the northern border of the lowland, for
the major northward-flowing streams are glacier-fed and carry large
quantities of gravel and silt, with which they have graded up the
lowland. The tributaries of Tanana River from the north, by con-
trast, have low gradients and carry little detritus and have thus
been at a disadvantage as compared with the heavily loaded streams
from the south. As a result, the valley axis of Tanana River has
been shifted northward and now follows closely the sinuous line
formed by the base of the bordering hills on that side.

YUKON-TANANA UPLAND.

The part of the Yukon-Tanana upland that lies within the area
here considered consists of smoothed and rounded ridges having a
northeasterly trend and rising from flat lowlands by which the
separate ridges are partly or entirely surrounded. The lowland is
that of Tanana River and its sluggish northern tributaries, and its
timbered and marshy surface has an altitude between 300 and 600
feet. Through this expanse of flat alluvial deposits the hard rock
ridges project as islands or peninsulas with sinuous outlines. The
crests of the ridges have altitudes of 1,000 to 3,000 feet, although
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farther north certain peaks and domes project above the level of the
upland surface to a height of nearly 5,000 feet. This area falls
within the limits of the Yukon Plateau. The topography is mainly
that developed in a region of highly metamorphosed and folded
rocks by the agencies of stream erosion and deposition, glaciers hav-
ing existed only as small ice tongues around the higher domes.
There is no evidence of even local glaciation in the part of the
Yukon-Tanana upland considered in this paper. The topography
of the upland north of Tanana River is therefore in sharp contrast
to that of the entire region south of the Tanana lowland, for there
extensive glaciers have been developed at successive intervals and
have been the controlling factor in producing the present topo-
graphic forms. North of the Tanana long-continued and uninter-
rupted stream erosion, influenced by the structure of the underlying
rocks, has developed maturely dissected ridges and broad valleys
that lie parallel to the trend of the prevailing rock structure. The
surface is generally covered by a thick mantle of soil, humus, and
rock-disintegration products, and outcrops of rock below the ridge
crests are uncommon. The main stream valleys have wide floors
and gentle gradients, and there is generally a thick filling
of alluvium between the present stream beds and the underlying
bedrock, especially in the lower courses of the streams.

GEOLOGY.
GENERAL FEATURES.

The mapping of the geology of the region tributary to the Alaska
Railroad has been a long and difficult task and is still incomplete.
Since 1898, when the work was started, a large number of geologists
have contributed their work season by season, until now only a rela-
tively few small areas remain in which the major geologic units have
not at least been outlined. Most of the work, however, has been of
reconnaissance character, in which the geologists covered as large an
area as possible ifi the short working season, and refinements of map-
ping still remain to be made in much of the area. It should be re-
membered by future geologists, who will be able to reach any part of
this region within a few days from the railroad, that most of the
results shown on Plate I were obtained at a time when there was not
even regular steamship service to upper Cook Inlet, when the com-
mon means of inland travel were small boats propelled by hand on
the rivers or pack horses in the upland areas, and when throughout a
large part of this region there was not even a trail to follow. In the
exploratory work of these geologists a large part of each man’s
energy was consumed in overcoming the mere physical difficulties
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