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- THE YUKON-TANANA REGION, ALASKA
By J. B. MerriE, Jr.

ABSTRACT

For more than 35 years investigations of the geology and mineral resources
of the great tract of country lying in the central part of Alaska between the
Yukon and Tanana Rivers have been in progress., The present report aims to
correlate and coordinate all the many observations thus gathered from many
sources, $o as to give a comprehensive and up-to-date summary of the significant
features of the geography, geology, and mineral resources of the region. The
geologic formations occurring in this region embrace members belonging to
practically all the great systems and many of the epochs from the pre-
Cambrian to the Recent. The sedimentary rocks show a wide range in
lithologic character, from the highly metamorphie rocks characteristic of the
Birch Creek schist to the slightly consolidated sand and gravel deposits of
the Quaternary. In composition, too, they differ widely, some being conglome-
rates, others sandstones and shales, and still others limestones. Igneous rocks,
some of effusive and others of intrusive origin, form notable components of the
geologic sequence of rocks exposed in the region, and tuffs and volcanie
agglomerates, which partake of the characteristics of both sedimentary and
igneous rocks, are widely distributed.

The mineral deposits that have been most developed in the region are those
in which the principal valuable mineral is gold, but deposits containing other
valuable metallic minerals, such as tin and tungsten, as well as nonmetallifer-
ous products, such as coal, have been found. In the accompanying report the
aim has been not so much to enumerate and describe in detail each of the
many places at which mining or prospecting has been done, but rather to set
forth the broader problems associated with the occurrence of mineralization
in the region and to attempt to trace the connection of certain types of de-
posits with certain geologic incidents and processes. By this freatment the
author has aimed to direct intelligent prospecting toward those areas that are
regarded as having most likelihood of containing mineral deposits of value
and thus to prevent much loss of time and effort in searching in those areas
where geologic conditions do not seem to have been favorable.

INTRODUCTION
LOCATION AND SUBDIVISIONS

The Yukon-Tanana region is an area of about 38,000 square miles
in central Alaska that lies between meridians 141° and 152° west
longitude and parallels 62° 40" and 66° 35" north latitude. (See
fig. 1.) This area, lying almost entirely south of the Arctic Circle,

1



2 YUKON-TANANA REGION, ALASKA

4s bounded on the north by the Yukon River, on the south by the
Tanana River, and on the east by the international boundary be-
tween Alaska and Canada. The distance from the confluence of
these two rivers eastward to the international boundary is about
320 miles; and the greatest north-south distance across the region,
measured along the 146th meridian, is about 170 miles.

00 172° 1640 156° 148° 140° 132° 124°
- 1%
Pt.Barrow

156" 148 1407 1320

F16URE 1.—Index map showing location of the Yukon-Tanana region.

When the systematic mapping of Alaska was begun it was found
desirable to subdivide the Territory into quadrangles and map areas,
the major boundaries of which were taken as the geographic meri-
dians and parallels. In this way the Yukon-Tanana region was
subdivided into five tracts, which are known as the Rampart, Fair-
banks, Circle, and Fortymile quadrangles and the Dennison Fork
district. The Rampart quadrangle includes that part of the region
lying west of the 150th meridian; the Fairbanks quadrangle lies
between the 150th and 146th meridians; the Circle quadrangle lies
between the 146th and 142d meridians; the Fortymile quadrangle
lies east of the 142d meridian and between the 64th and 65th paral-
lels; and the Dennison Fork district includes that part of the Yukon-
Tanana region south of the 64th parallel. A small triangular tract
that lies east of the 142d meridian and north of the 65th parallel



EARLY EXPLORATIONS ‘ 3

has received no formal designation. Another small map area in
the central part of the Fairbanks quadrangle, known as the Fair-
banks special district, was delimited for mapping on a larger scale.

EARLY EXPLORATIONS

The upper Yukon Basin in Alaska was first explored by officials
of the Hudson Bay Co. According to Dawson,' the Hudson Bay
post on the Peel River, near the mouth of the Mackenzie, was in
charge of J. Bell, who from this station reached the Porcupine
River in 1842 and descended it for 3 days’ journey. Returning to
the Porcupine in 1846, Bell descended that stream to the large
river which the natives called the Yukon. In 1847 Fort Yukon, the
oldest settlement of the.upper Yukon, was established at the junction
of the Yukon and Porcupine Rivers by A. H. Murray, another
employee of the company. In the meantime, the upper Liard and
upper Yukon were being actively explored by Robert Campbell,
and in 1850 Campbell, starting from Fort Selkirk, at the junction
of the Pelly and Lewes Rivers, continued downstream and finally
arrived at Fort Yukon, thus proving that the Pelly and Yukon were
in reality continuous. The Hudson Bay Co., however, did not extend
its operations west of Fort Yukon, and the Russians, on the lower
Yukon, had not worked that far upstream, so that the river below
Fort Yukon remained unknown to the English until 1863, when
Ivan Simonsen Lukeén, of the Russian-American Co., penetrated
to F'ort Yukon from the lower Yukon.

In 1866 the Western Union Telegraph Co. sent an exploring ex-
pedition up the Yukon from its mouth. This party, originally in
charge of Robert Kennicott and after his death under the command
of W. H. Dall,? ascended the Yukon to Fort Yukon. Two members
of the party, Ketcham and Lebarge, continued up the river as far as
Fort Selkirk, but that stretch of the river had already been explored
16 years before by Robert Campbell. -The next year the ownership
of Alaska passed from Russia to the United States, and in 1869
Dall’s trip was repeated by Capt. C. P. Raymond,? of the United
States Army, who determined for the first time the geodetic posi-
tion of Fort Yukon and thereby established American ownership
to this part of the river and the surrounding area.

During the next 25 years the Yukon and Tanana Valleys were
visited at intervals by numerous men, with various motives. Some

1Dawson, G. M., Report on an exploration in the Yukon district, N. W. T., and adja-
cent northern portion of British Columbia, in 1887: Canada Geol. Survey Ann. Rept.,
new ser., vol. 3, pt. 1, p. 138 B, 1888,

3Dall, W. H,, Exploration in Russian America : Am. Jour. Sci., 24 ser., vol 45, pp. 97—98
1868 ; Alaska and its resources, 1870.

8 Raymond, C. P., Reconnaissance of the Yukon River, Alaska, Waslnngton. Government
Printing Office. 1871.
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came in search of geographic or scientific information, some for ad-
venture, and some for fur or gold. The results of some of these
visits have been published, but many remarkable trips by early pros-
pectors and traders have not been recorded and will therefore never
obtain the recognition that they deserve. In the early seventies
traders and prospectors, such as Arthur Harper, Jack McQuesten,
A. Mayo, and George Holt, made numerous exploring trips in the
Yukon Basin. Harper, McQuesten, and Mayo reached the Yukon
in 1872 by the old Hudson Bay route from the Mackenzie River,
and Brooks,* on the authority of E. W. Nelson, of the Biological
Survey, states that Harper and Mayo in 1878 ascended the Tanana
River between 250 and 300 miles, or as far as the present site of
Fairbanks, and found alluvial gold on the bars of the river. Harper,
with one companion, is also said by Schwatka ® to have made an
overland trip from Belle Isle, the present site of Eagle, southwest-
ward to the Tanana River sometime prior to 1883. George Holt,
on the other hand, was the first white man to cross from Lynn Canal
to the headwaters of the Yukon in 1878. About 1881 a man named
Bean opened a trading post on the Tanana River about 48 miles
above its mouth, but this station was later abandoned when his wife
was killed by the Indians. In 1882, according to Allen® a mis-
sionary named Simms ascended the Tanana River as far as the mouth
of the Toklat. The best compendium of information on Alaska up
to 1881 is the volume by Ivan Petroff,” special agent of the Census
Office. Petroff did not himself visit interior Alaska, but he made
extended journeys in the more accessible parts of the Territory in
1880 and 1881.

In the summer of 1882 the Schieffelin brothers, according to
Spurr,® ascended the Yukon in a small steamboat from St. Michael
to Nuklukayet [Tanana]; and in the fall of the same year they
prospected some small streams about 80 miles above Tanana, where
they found auriferous bars that would yield $10 a day to the man.
These streams probably included Minook Creek and the Hess River.
The Schieffelin brothers returned to San Francisco in 1883 and do
not seem to have followed up their discovery of gold.

In 1883 Lieutenant Schwatka,® of the United States Army, made a
trip from the headwaters of the Yukon to its mouth. Schwatka

4 Brooks, A. H The Mount McKinley reglon Alaska: U. 8. Geol. Survey Prof. Paper
70, p. 25, 1911.°

5 Schwatka, IF'rederick, Along Alaska’s great river, 1885. -

6 Allen, H. T., Report of an expedition to the Copper, Tanana, and Koyukuk Rivers, in
the Territory of Alaska, in the year 1883 : 49th Cong., S. Doc. 125, 1887.

7 Petroft, Ivan, Report on the population, industries, and resources of Alaska: Tenth
Census of the United States, vol. 8, pt. 2, pp. 1-189, 1884.

8 Spurr, J. B, Geology of the Yukon gold district, Alaska : U. S. Geol. Survey 18th Ann.
Rept., pt. 3, pp. 103-133, 1898.

® Schwatka, Frederick, Report on a military reconnaissance in Alaska, made in 1883,
Washington, Government Printing Office, 1885.



SYSTEMATIC SURVEYS . 5

made the first reliable traverse map of the Yukon River, initiating
thereby the era of exploratory mapping in interior Alaska. Two
years after Schwatka’s trip, Lt. H. L. Allen,*® of the United States
Cavalry, made a remarkable trip through interior and northern
Alaska, in the course of which he descended the Tanana River from
the mouth of the Tok River to the Yukon. Allen made the first
reliable map of the Tanana River, as Schwatka had done for the
Yukon. After Dall, the next geologist to visit interior Alaska was
R. G. McConnell,** of the Canadian Geological Survey, who in 1888
crossed from the Mackenzie to the Porcupine, descended to the
Yukon, and ascended that stream to the confluence of the Pelly and
Lewes Rivers. Another early trip was that of I. C. Russell ** in 1889,
from St. Michael up the Yukon River to its headwaters. Russell
devoted himself chiefly to geomorphic studies.

Meanwhile the gold placers of interior Alaska were beginning to
attract attention. ‘According to Spurr,'® a miner named Franklin
had found gold in 1886 at the mouth of thé Fortymile River, and in
1887 and succeeding years the gold placers of the Fortymile district
began to be mined. In 1893 two Russian half-breeds named Pitka
and Sorresco made the first discovery of gold on Birch Creek, and in
the following year most of the important placers of the Circle dis-
trict were discovered and opened up. Similarly, farther down the
Yukon, a Russian half-breed named John Minook found coarse gold
in 1893 on Hess Creek and nearby streams, and in the sprinO' of 1896
active mining began in the Rampart district. Finally, in 1896, the
rich placers of the Klondike district, in Yukon Territory, were
discovered, and the gold rushes began whlch culminated in 1898.

SYSTEMATIC SURVEYS

The next stage in the exploration of central Alaska was condncted
mainly by governmental agencies, with the purpose of obtaining more
exact information regarding the geography, geology, and mineral re-
sources. The first expedition of this sort was headed by J. E. Spurr,¢
in 1896. Spurr, together with H. B. Goodrich and F. C. Schrader,
crossed from Lynn Canal over Chilkoot Pass to the headwaters of -
the Yukon and descended that river as far as Nulato, visiting the
Fortymile, Circle, and Rampart mining camps on the way. Spurr

10 Allen, H. L., Report on an expedition to the Copper, Tanana, and Koyukuk Rivers..
in the Territory of Alaska, in the year 1885, Washington, Government Printing Oftice, 1887.

1 McConnell, R. G., Report on an exploration in the Yukon and Mackenzie Basins, North-
west Territory : Canada Geol. Survey Ann. Rept., new ser., vol. 74, pp. 134-139 D, 1890.

32 Russell, I. C., Notes on the surface geology of Alaska: Geol. Soc. America Bull vol.
1, pp. 99-156, 1890. !

1B Spurr, J. B, op. eit.,, pp. 115-117, 1898. :

4 Spurr, J. B, Ge.ology of the Yukon gold district, Alaska: U. S. Geol Survey 18th Ann.
Rept., pt. 3, pp. 87-392, 1898.
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attempted a systematic classification of the rocks along this route
and also presented the earliest published data regarding the char-
acter and extent of the gold placers of the Yukon Valley. Another
geologic expedition similar to Spurr’s was made in 1898 by A. H.
Brooks *®* and W. J. Peters, who ascended the White River, portaged
to the headwaters of the Tanana River, and descended that stream to
its confluence with the Yukon. The next year Brooks !¢ made another
trip, starting from Lynn Canal and paralleling roughly on the south-
west his trip of 1898. On this trip he reached the Tanana River
near the mouth of the Tetling River and thence proceeded northward
across the Yukon-Tanana region to Eagle.

In 1902 Brooks " made a trip from Tyonek, on Cook Inlet, across
the Alaska Range to the Tanana River, and thence northward to
Rampart, thus crossing the west end of the Yukon-Tanana region.
In the same year A. J. Collier * and Sidney Paige made a geologic
traverse of the Yukon from Dawson, Y. T., to its mouth, giving par-
ticular attention to the coal measures along the river. This trip was
repeated in 1903 by Arthur Hollick and Sidney Paige for the purpose
of making more complete fossil collections.

In July 1903 a division of Alaskan mineral resources was organ-
ized in the Geological Survey under the leadership of Alfred H.
Brooks, and in the same year a systematic study of the geology and
mineral resources of the Yukon-Tanana region was begun. This
work was undertaken by L. M. Prindle and with the cooperation
of other Federal geologists was continued until 1911. Most of these
surveys were of the reconnaissance type and were published on
a scale of 1:250,000, but a detailed geologic map of the Fairbanks
special district, on the scale of 1: 62,500, and a report were also pre-
pared. From 1911 to 1931 study of the Yukon-Tanana region has
been for the writer a continuing project, on which he has worked
intermittently during nine field seasons. This work was a continua-
tion of the reconnaissance studies initiated by Prindle, but the surveys
were more areal in scope than the earlier linear traverses. Many
other geologists and engineers, however, have contributed to this
work, as will be seen by the bibliography presented below. Still
others have done important work in this region, which has not
been published, and adequate acknowledgment of such contributions
will be made at the proper places.

18 Brooks, A. H., A reconnaissance in the White and Tanana River Basins, Alaska, in
1898: U. S. Geol. Survey 20th Ann. Rept., pt. 7, pp. 431494, 1900.

18 Brooks, A. H., A reconnaissance from Pyramid Harbor to Eagle City, Alaska, including
a description of the copper deposits of the upper White and Tanana Rivers: U. 8. Geol. -
Survey 21st Ann. Rept., pt. 2, pp. 331-391, 1901.

17 Brooks, A. H., The Mount McKinley region, Alaska : U. S. Geol. Survey Prof. Paper 70,
1911,

18 Collier, A, J., The coal resources of the Yukon, Alaska: U. S. Geol. Survey Bull. 218,
1903.
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The topographic mapping of the Yukon-Tanana region may be
regarded as having begun with the linear topogmphlc surveys of
the Yukon and Tanana Rivers by H. B. Goodrich and W. J. Peters,
respectively, in 1896 and 1898. The Fortymile quadrangle was also
surveyed in 1898 by E. C. Barnard. Systematic topographic surveys,
however, were begun in 1903, coincidentally with the systematic
geologic mapping, and in 1903 to 1910 reconnaissance topographic
maps of the entire Yukon-Tanana region were prepared on a scale
of 1:250,000. The topographic engineers who participated in this
work were T. G. Gerdine, D. C. Witherspoon, R. B. Oliver, J. W.
Bagley, D. L. Reaburn, and G. T. Ford. An area of about 500
square miles in the central part of the Fairbanks quadrangle was
also mapped on a scale of 1: 62,500 by T. G Gerdine, R. H. Sargent,
and G. Neuner.

Another activity of the Geological Survey in the Yukon- Ta,na.na
region was a study of the surface waters and hot springs, which
was carried on in 1907 to 1912, The engineers who participated in
this work were mainly C. E. Ellsworth, G. L. Parker, C. C. Covert,
E. A. Porter, R. W. Davenport, and G. A. Waring.

About 60 publications have been prepared by the geologists and
engineers of the Geological Survey dealing with the geology, min-
eral resources, placer and lode mining, surface waters, and hot
springs of the Yukon-Tanana region. Of these more than half treat
of the progress of mining during the last 30 years and are largely
of ephemeral interest. TFor the following bibliography, therefore,
28 papers have been selected, which include most of the published
facts regarding the geology, mineral resources, and general mining
conditions. The list is arranged chronologically.

Spurr, J. E., Geology of the Yukon gold district, Alaska, with an introductory
chapter on the history and present condition of the district, by H. B. Good-
rich: U. 8. Geol. Survey 18th Ann. Rept., pt. 3, pp. 87-392, 1898.

Brooks, A. H., A reconnaissance in the White and Tanana River Basins,
Alaska, in 1898: U. S. Geol. Survey 20th Ann., Rept., pt. 7, pp. 431494, 1900.

Brooks, A. H., A reconnaissance froim Pyramid Harbor to Eagle City, Alaska,
including a description of the copper deposits of the upper White and Tanana
Rivers: U. 8. Geol. Survey 21st Ann. Rept., pt. 2, pp. 331-391, 1901.

Collier, A. J., The coal.resources of the Yukon, Alaska: U. 8. Geol. Survey
Bull. 218, 1903.

Prindle, L. M., The gold placers of the Fortymile, Birch Cleek and Fair-
banks regions, Alaska: U. S. Geol. Survey Bull. 251, 1905.

Stone, R. W., Reconnaissance from Circle to Fort Hamlin; U. 8. Geol.
Survey Bull. 284, pp. 128-131, 1906.

Prindle, L. M., and Hess, F. L., The Rampart gold placer region, Alaska:
U. S. Geol. Survey Bull. 280, 1906.

Prindle, L. M. The Yukon-Tanana region, Alaska; description of Circle
quadrangle: U. 8. Geol. Survey Bull. 295, 1906.

Prindle, L. M., The Fairbanks and Rampart quadrangles, Yukon-Tanana
region, Alaska, with a section on the Rampart placers, by F. L. Hess, and a
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paper on the water supply of the Fairbanks region, by C. C. Covert: U. 8.
‘Geol. Survey Bull. 337, 1908, )

Brooks, A. H., and Kindle, E. M., Paleozoic and associated rocks of the
upper Yukon, Alaska: Geol. Soc. America Bull., vol. 19, pp. 255-314, 1908.

Prindle, L. M., The Fortymile quadrangle, Yukon-Tanana region, Alaska:
U. 8. Geol. Survey Bull. 375, 1909. _ i

Johnson, B. L., Occurrence of wolframite and cassiterite in the gold placers
of Deadwood Creek, Birch Creek district: U. 8. Geol. Survey Bull. 442, pp. 246-
250, 1910.

Brooks, A. H.,, The Mount McKinley region, Alaska; with descriptions of the
igneous rocks and of the Bonnifield and Kantishna districts, by L. M. Prindle:
. 8. Geol. Survey Prof. Paper 70, 1911.

Prindle, L. M., A geologic reconnaissance of the Fairbanks quadrangle, Alaska ;
‘with a detailed description of the Fairbanks district, by L. M. Prindle and F. J.
Katz, and an account of lode mining near Fairbanks, by P. 8. Smith: U. S.
Geol, Survey Bull. 525, 1913.

Eakin, H. M., A geologic reconnaissance of a part of the Rampart quadrangle,
Alaska: U. S. Geol. Survey Bull. 535, 1913.

Prindle, L. M., A geologic reconnaissance of the Circle quadrangle, Alaska:
U. S. Geol. Survey Bull. 538, 1913.

Chapin, Theodore, Lode mining near Fairbanks: U. S. Geol. Survey Bull.
592, pp. 321-355, 1914.

Rllsworth, C. K., and Davenport, R. W., Surface water supply of the Yukon-
Tanana region, Alaska: U. S. Geol. Survey Water-Supply Paper 342, 1915,

Brooks, A. H.,, Antlmony deposits of Alaska: U. 8. Geol. Survey Bull. 649,
1916.

Waring, G. A., Mineral springs of Alaska U. S. Geol. Survey Water-Supply
Paper 418, 1917,

Mertie, J. B., Jr., The gold placers of the Tolovana district: U. 8. Geol. Sur-
vey.Bull. 662, pp. 221-277, 1918.

Mertie, J. B., Jr., Lode mining in the Fairbanks district: U. 8. Geol vaey
Bull. 662, pp. 403-424, 1918.

Mertie, J. B., Jr.,, The occurrence of metalliferous deposits in the Yukon
and Kuskokwim regions: U. 8. Geol. Survey Bull. 739, pp. 149-165, 1923.

Martin, G. C., The Mesozoic stratigraphy of Alaska: U. S. Geol. Survey Bull.
776, 1926, '

- Mertie, J. B, Jr.,, Geology of the Eagle-Circle district, Alaska: U. S. Geol.
Survey Bull. 816, 1930.

Mertie, J. B., Jr.,, A geologic reconnaissance of the Dennlson Fork district,
Alaska: U. S. Gco] Survey Bull. 827, 1931.

Mertie, J. B., Jr., The Tatonduk-Natmn district: U. S. Geol. Survey Bull. 836,
Dp. 347-443, 1932.

Hill, J. M., Lode deposns of the Fairbanks district: U. S. Geol. Survey Bull,
849-B, 1933.

Mertie, J. B., Jr., Mineral deposits of the Rampart and Hot Springs districts:
U. 8. Geol. Surve.y‘ Bull. 844, pp. 163-226, 1934.

To this bibliography should also be added the more important con-
temporaneous publications of the Geological Survey of Canada,
which treat of contiguous parts of the Yukon-Tanana region in
Yukon Territory, Canada, as follows:

McConnell, R. G., Report on the Klondike gold fields: Canada Geol. Survey
Ann. Rept., vol. 14, 1905.
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Cockfield, W. E., Sixtymile and Ladue Rivers area, Yukon: Canada Geol.
Survey Mem. 105, 1921,

PRESENT REPORT

The present report is an eclectic summary of all the available in-
formation regarding the general and economic geology of the Yukon-
Tanana region. Much of the information here presented has been
given in earlier publications on various parts of this region, but the
need was apparent for a general report, in which all the local in-
formation might be digested and coordinated and in which the older
data might be reviewed and revised in the light of supplementary
information of later date. ' '

This project presented some difficulties. In certain areas, as in
the Eagle-Circle and Rampart districts and the White Mountains,
the character and distribution of the geologic map units are sufficiently
well known to warrant their delineation on the reconnaissance scale
of 1:250,000; and in the Fairbanks special district a detailed geologic
map on the scale of 1:62,500 had already been published. In other
areas, however—for example, in parts of the Dennison Fork district—
geologic formations and boundaries have been extrapolated beyond
their known limits, and the mapping is correspondingly weak. In
still other parts of the region, particularly in the Fairbanks and
Circle quadrangles, there are considerable areas which the writer
has not visited and in which the mapping is baced largely upon
the field work of other men. Finally, there are tracts, mainly
in the Circle quadrangle, which have not yet been visited by any
geologist; and in such areas the mapping represents only the
writer’s best guess as to the general distribution of the major units.
It should be pointed out, however, that these least-known parts of
the Yukon-Tanana region appear to consist largely of metamorphic
rocks and granitic intrusives, which will have to be studied in con-
siderable detail before they can be classified and mapped as smaller
units. In view of these variations in the actual and permissible ac-
curacy of the work, it has seemed best to present the geologic map
upon a scale of 1:500,000. This map and the accompanying report
represent the present status of knowledge and opinion regarding
the geology of the Yukon-Tanana region.

The present report may be said to terminate the era of recon- -
naissance surveys begun by Brooks and Prindle in 1903. The gen-
eral types and distribution of the major geologic units are now
fairly well known, but for detailed presentation of the geology
much remains to be done. Therefore, the publication of the present
report should more properly mark the beginning of a new era of
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detaﬂed and semidetailed mapping in selected areas, where the
answers to many unsolved geologic problems can best be found.
Thus, the relations between the pre- Cambrlan and the early Paleozoic
metamorphic rocks can probably be deciphered by special studies
in the southern part of the Circle quadrangle; the problems con-
nected with the Pelly gneiss will require a detailed study of the
eastern part of the Dennison Fork district; and the Cambrian and
unmetamorphosed pre-Cambrian rocks can best be studied in the
région north and northeast of Eagle. In fact, as will be shown in
the following pages, 1mportant stratwraphlc, structural and paleon-
tologic. problems remain to be solved in nearly all the sedimentary
formations so far differentiated; and the igneous rocks, particularly
those of granitic character, present a broad and fertile field for
research. 4

Another part of the present report is a summary of the economic
geology of the Yukon-Tanana region, with particular reference to
the character and origin of the placer and lode deposits of gold.
The results of most of the economic work, which is of paramount
interest and importance to the people of Alaska, have heretofore
beern promptly published in adequate detail. The present report
therefore does not treat of individual mining properties, or even
in detail of producing districts, but aims more particularly to
present development of mining from a comparative point of view,
emphasizinrr' the general character of the mineralization and point-
ing out the similarities and differences in the mmeral deposits of
various districts in this region.

SOURCES OF INFORMATION

The present report is a selective summation of geologic facts and
interpretations acquired by 25 or more geologists during a period of
about 86 years, but more particularly in the years since 1903. It is -
not possible to show in detail the contributions made by individual
workers, but the following sketch gives a general idea of the parts
taken in this work by various geologlsts

In 1903 to 1911, L. M. Prindle, with his ass1stants, F. L. Hess,
Adolph Knopf, R. W. Stone, B. L. Johnson, and J. B. Mertie, Jr.,
mapped the Fortymile, Fairbanks, and, Circle quadrangles, and
Prindle and F. J. Katz mapped the Fairbanks special district. In
1911, H. M. Eakin mapped a portion of the Rampart quadrangle.

Another area of importance in this region is the zone along both
sides of the Yukon, from the international boundary to Circle, wh1ch
though in reality part of the Fortymile and Circle quadranales, could
not be reached to advantage by pack horses. This strip was there-
fore repeatedly examined by geologists who traveled down the Yukon
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by boat. Starting with A. J. Collier and Sidney Paige in 1902, this
work was continued by Arthur Hollick and Sidney Paige in 1903,
by A. H. Brooks and E. M. Kindle in 1906, by G. C. Martin and
R. M. Overbeck in 1914, by Eliot Blackwelder in 1915, by G. H.
Girty in 1918, and by the writer in 1925. Reports by Collier, Brooks,
and Mertie, listed in the above bibliography, give the sequence of
geologic findings in this project.

The specific geologic activities of the writer in this region have
been as follows:

1911, Assistant to L. M. Prindle, in the central portion of the Circle quadrangle.

1916. Areal and economic studies in the Tolovana and Fairbanks districts.

1921. Areal studies in the northern part of the Fairbanks quadrangle.

1922. Areal and economic studies in the Rampart quadrangle.

1925. Areal studies along the Yukon River between Eagle and Circle. Assistant,
M. M. Knechtel. :

1928. Areal and economic studies in the Dennison -Fork district. Assistant,
R. D. Ohrenschall.

1929. Areal studies in the northeastern part of the Fairbanks quadrangle and
the northwestern part of the Circle quadrangle.

1930. Areal studies north of the Yukon River, contiguous to the international
boundary. Assistant, A. E. Waters, Jr.

1931. Areal and economic studies in the Rampart quadrangle. Assistant, A. E.
Waters, Jr.

Other important work has also been done in this region, including
the work of Eliot Blackwelder along the Yukon River and in the
White Mountains in 1915, the work of R. M. Overbeck in the Ram-
part and Fairbanks quadrangles in 1918, and the work of Philip S.
Smith in the southern part of the Fairbanks quadrangle in 1920.
For one reason or another the results of these investigations have
not been published, and in the present report the writer has utilized
so far as possible these unpublished data.
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the writer’s field parties to whom thanks are due is R. L. Phillips,
who -since 1921 has served as packer and who in this service has
suffered one painful and dangerous injury.

It would be difficult indeed to acknowledge individually the help
and hospitality that the writer has received from the people of the
Yukon-Tanana region in the last 20 years. In-respect to transporta-
tion and equipment special thanks are due to the officials and em-
ployees of the White Pass & Yukon Route and of the Northern
Commercial Co., all of whom have always been willing and anxious
to do everything possible to further the work of Federal scientists
and engineers. The writer has never experienced any treatment
other than hospitality among the prospectors, miners, and traders
of this country, and to mention certain ones in particular would
be to slight the others. The writer prefers therefore to thank these
many friends of 10 to 20 years’ standing as a group for their helpful
understanding, cordial cooperation, and generous hospitality.

‘'GEOGRAPHY

DRAINAGE AND RELIEF

YUKON VALLEY

The Yukon and its tributaries form one of the large drainage
systems of the world. The main Yukon heads in the northwest
corner of British Columbia and drains the southwestern part of
Yukon Territory and most of central Alaska. It forms the northern
boundary of the Yukon-Tanana region and drains three-fifths of
that region. In east-central Alaska the Yukon receives two large
tributaries—the Porcupine River, which enters from the northeast
at the 145th meridian, and the Tanana River, which enters from the
southeast at the 152d meridian. The Tanana River marks the
southern limit of the Yukon-Tanana region and drains two-fifths
of it. The Yukon and Tanana Rivers therefore constitute the mas-
ter streams of the Yukon-Tanana region.

From the international boundary to the mouth of the Porcupine,
an air-line distance. of 180 miles, the general course of the Yukon
River is about N. 45° W. ‘At the mouth of the Porcupine the Yukon
River veers abruptly southward, and from that point to the mouth
of the Tanana, an air-line distance of 220 miles, its general course
is about S. 60° W. With regard to direction, the Porcupine has
somewhat the relation to the Yukon below Fort Yukon that the Mis-
souri has to the Mississippi. Many minor variations from the gen-
eral course of the Yukon, above and below Fort Yukon, are also -
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apparent on the accompanying map. The course of the Yukon
River has been controlled partly by the preexisting structure of
‘the bedrock but has also been materially changed from time to time
by local warping, by alluviation and superposition, and by other
causes. The combination of these controlling factors has given rise
to a long and intricate physiographic history, which as yet is only
partly deciphered. '

The principal tributaries of the Yukon that drain the Yukon-
Tanana region, named in order downstream, are the Ladue River,
a tributary of the White River, the Fortymile River, the Seventy-
mile River, the Charley River, Birch Creek, Beaver Creek, and Hess
Creek. The Fortymile River, the largest of these seven streams,
drains about one-sixth of the Yukon-Tanana region, and Birch
Creek, the second largest, drains about one-eighth. All these tribu-
taries are nonglacial streams, which at ordinary stages discharge .
clear water into the Yukon. The Yukon River itself, however, is
turbid, because it flows swiftly over fine sediments in parts of its
course, and also because one of its large tributaries in Yukon Terri-
tory, the White River, heads in the Alaska Range and discharges a
Jarge volume of water that is loaded with glacial silt.

The Yukon Valley between the international boundary and the
mouth of the Tanana represents only a small part of the entire val-
ley, but this stretch is divisible into three tather distinct units. These
may be designated the Eagle-Circle Canyon, the Yukon Flats, and
the Fort Hamlin-Rampart Canyon. The air-line distance of the first
section, from the international boundary to Circle, is about 120 miles,
but the distance by river is considerably longer. Within this stretch
and for a considerable distance upstream in Yukon Territory the
Yukon flows in meanders of large amplitude and has banks that
rise boldly from the river. The width ranges from half a mile to 114 -
miles, and in the wider stretches numerous islands occur. The true
elevation of the Yukon River above sea level at the international
boundary is 879 feet, but on plate 1 the elevation is shown to be
about 600 feet. The error is due to lack of precise vertical con-
trol when topographic mapping was first begun in this region. Be-
tween the boundary and Circle the fall of the river is about 135
feet, or somewhat more than 1 foot to the mile. The current of the
river in this stretch ranges from 4 to 6 miles an hour. A short dis-
tance downstream from Nation a dangerous bedrock reef, known
as Nation Reef, crosses the Yukon, but this is the only obstacle of
this sort in this stretch of the river.

One of the characteristic features of the Yukon Valley within
the Eagle-Circle Canyon is the prevalence of well-defined terraces
that mark the various levels of the ancient valley floor. One of
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these terraces is from 75 to 100 feet above the level of the river and
has been observed principally in the stretch between the Tatonduk
and Nation Rivers, tributaries of the Yukon from the northeast.
As a rule this terrace iy not level but undulating, and it also rises
gently toward the hills on both sides of the river. This terrace
is nearly everywhere timber-covered and probably has an upper
gravel surface. A second terrace, estimated to be about 500 feet
above the level of the river, is also present at many places but has
been specially noted below the mouth of the Tatonduk River, below
the mouth of the Nation River, and at and below the mouth of the
Kandik River, a tributary of the Yukon from the northeast. A
third terrace, between 700 and 800 feet above the level of the Yukon,
is visible at many places between the Tatonduk River and Circle.
Still other terraces, both higher and lower than those above men-

. tioned, are present in the valleys of tributary streams, both from
the north and the south. The mapping and study of these river-cut
terraces constitute an interesting geomorphic problem, and a proper
understanding of the erosional history of this part of the Yukon
is a necessary preliminary step in the solution of the more difficult
geomorphic problems of the lower river.

The Yukon Flats constitute a great alluvial basin in which the
Yukon River flows from Circle to Fort Hamlin, an air-line distance
through Fort Yukon of about 180 miles. The greatest width of this
basin, from north to south, in the vicinity of Fort Yukon, is about
75 miles, and the area is estimated to be at least 7,500 square miles.
Within this stretch of the Yukon all the tributary streams on both
sides are similarly aggraded in their lower courses, and in the Por-
cupine Valley these flats extend upstream from Fort Yukon for 80
miles in an. air line.

The Yukon flows across the Yukon Flats as an intricately braided
stream. Even at ordinary stages of water the river splits into many
channels, but at flood stages the river overflows from its main chan-
nels into hundreds of higher sloughs, and the flats become a vast
labyrinth of reticulating waterways, through which a stranger finds
it difficult to keep to the main channels. The name Yukon Fiats is
somewhat misleading, for the valley floor, though devoid of relief,
is far from approaching a horizontal plane. In fact, the fall of the
river from Circle to Fort Hamlin is about 200 feet, or nearly 1 foot
to the mile, and these “flats” are therefore a tilted alluvial surface,
across which the river flows swiftly through a system of shallow
braided channels. The cutrent, which ranges from 8 to 6 miles an
hour and averages perhaps 4 miles, is at leas’c as swift as that above
and below the flats, and this condition, together with many shallow
and shifting gravel bars, makes navigation by river steamboats
tedious and difficult. '
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The Yukon Flats have not yet been mapped, and even the main
channel of the river is uncharted, except for sketches that have
been prepared by the pilots on the river steamboats of the White
Pass & Yukon Route. The two Yanert brothers, who have lived
for many years in the lower part of the Yukon Flats, know more
about the various channels of the Yukon within the flats than any
other living men, and they have made some carefully prepared
drainage maps of parts of the flats, but these have not been pub-
lished and are therefore not generally available. The reconnaissance
topographic map that accompanies this report covers the ridge coun-
try south of the flats; but here, as elsewhere close to the river, the
lower hills are wooded, and the map gives little or no expression to
important surface features, such as terraces along the marginal

‘zone. The north side of the Yukon Flats is in the main unmapped.

Nor do the main channels of the Yukon approach close to the hills
anywhere in the flats. Therefore little is known of the surface
configuration of the terrane bordering the flats, though observations
that have been made from the adjoining hills yield some informa-
tion regarding it. Thus, where Beaver Creek debouches into the
Yukon Flats the hills break away suddenly in a steep unbroken
slope, which descends to a poorly drained, lake-dotted gravel terrace
that is distinctly higher than the outlying flats proper. This terrace
extends northward from the hills for 10 miles or more, and across
this bench Beaver Creek flows in a.sharply incised, relatively narrow
but flat-bottomed valley. The borderland of the flats has also been
obsérved where the Chandalar River debouches from the hills to the
north.® Here a gravel terrace, about 30 to 35 feet above the level
of the Chandalar, extends northward to-the hills as a gently rising
foreland. Another terrace, about 600 feet above the river level, is
also visible north of the lower Chandalar River. The general con-
clusion, then, to be drawn from the few available observations is
that the Yukon Flats are also bordered by terraces, but that these
terraces, particularly the higher ones, are less perfectly preserved
than those in the Eagle-Circle Canyon and are not necessarily correl-
ative in their elevations with those farther upstream.

The banks bordering the river channels within the flats vary in
composition, height, and appearance. In general, they are composed
of alternating layers of silt, sand, and fine gravel, but observations
at low water show that the lowest visible strata and the surfaces of
the river bars are largely coarse gravel, with individual cobbles as
large as 6 or 8 inches in diameter. Most of these sediments show
cross-bedding and other characteristics that require them to be classi-

1 Mertie, J. B., Jr.,, The Chandalar-Sheenjek district: U. 8. Geol. Survey Bull. 810,
pp. 101-102, 1930. ’
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fied as fluviatile deposits, but a minor proportion originated in small
lakes and ponds and are therefore to be regarded as lacustrine de--
posits. All these sediments are overlain at the surface by a peaty
stratum of vegetal material. No hard rock is known to crop out.
anywhere in the Yukon Flats, but a drill hole recently sunk at Fort.
Yukon showed that the depth to bedrock at that place is 237 feet..
The swift current of the river and the presence of such banks of in-
coherent alluvial material combine to produce much lateral erosion,.
which results in the constant attrition of older banks and the building:
up of new bars and islands from the detritus thus obtained.

The banks of the older islands rise in general to a height of 15.
to 30 feet above the mean water level and are usually bordered by a.
dense growth of spruce timber, as much as 2 feet in diameter. Wher--
ever the river impinges against such banks, particularly on the out--
side of large meanders, the banks are caved and fringed by over--
hanging moss and by fallen trees, which project into the channel,
forming dangerous snags and sweepers. The inner sides of such.
meanders are usually sandy beaches, and in places where the river
is wide newly formed sand spits and low islands occur in midstream.
Some distance back from the water’s edge willows and alders grow
on these low-lying sandy shores; a little farther back, on higher:
ground, poplars are found; and spruce is confined lawely to the
still higher banks above descnbed

The Yukon Flats, irrespective of their mode of origin, are believed.
now to be in the sta.ge of destruction rather than construction. Sev-
eral considerations support this belief. Many of the higher banks
are clearly above the level of ordinary inundation by high water and
are therefore not subject te alluviation by overflow. The absolute
elevation of such islands is therefore not being increased. Another
factor contributing toward the destruction of the flats is that the
Yukon River, below the lower end of the flats, is cutting bedrock and
1s thereby lowering its channel. This results in an increase in the
relative elevation of the islands with respect to the mean river level,
but the absolute elevation of the newly formed islands can only be
increased by alluviation up to the present level of high-water over-
flows, and this overflow level itself is also being lowered by the re-
duction of the baselevel of erosion. Therefore, as the older islands
are destroyed by lateral erosion, islands of equal elevation are not
being re-created by any fluviatile processes now acting in the flats.
In the meantime the newly formed islands are themselves subject to-
destruction by lateral erosion. The magnitude of this lateral erosion
may be gaged by the fact that the town site of Fort Yukon has been
cut back several hundred feet in the last 15 years. The net result
of these processes must certainly be the entrenchment of the Yukon
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and the subsequent dissection of most of the bordering alluvial
deposits. ' ,

Another significant feature characteristic of the Yukon Flats is
the backhand drainage of the tributaries of the Yukon in this stretch.
On the north side of the river the Chandalar, Hadweenzic, Hodzana,
and Dall Rivers enter the Yukon flowing in a southeasterly direction,
whereas the Yukon flows southwest. These courses can hardly be
ascribed to the control of rock structure, as the major cleavage of
the rocks in this part of the Yukon Valley strikes parallel to the
Yukon River. Moreover, these same courses also hold in the lower
valleys of these tributary streams where they flow across the soft
unconsolidated deposits of the flats. South of the Yukon the upper
courses of the tributary streams show similar backhand drainage,
but here the prevailing structure of the country rock may more
properly be considered a causative factor. On the other hand, the
smaller tributaries that rise in the hills north of Victoria Creek
also flow across the flats in a northeasterly direction toward the
Yukon. This backhand drainage suggests that the courses of these
tributary streams have been materially affected by local unwarping
. to the west; but whatever the cause, this is a significant geomorphic
feature that has a bearing on the origin of the Yukon Flats.

The lower stretch of the Yukon Valley, here called “the IFort Ham-
lin-Rampart Canyon”, may be considered a valley of geomorphic
anomalies. Toward the lower end of the Yukon Flats the various
channels of the Yukon codlesce, and about 8 miles below the mouth
of the Dall River the Yukon is reunited into a single channel and
~ enters a-narrow rock-cut gorge near the old site of Fort Hamlin,
which continues downstream to the wide alluvium-filled depression
of the lower Ray River Valley. About 7 miles below Fort Hamlin
a rock-cut terrace is visible, about 60 to 75 feet above the river level,
but the gradient of this terrace is steeper than that of the Yukon,
so that it approaches the level of the river downstream. A higher
terrace, about 300 feet above the river level, is also visible in this
stretch. About 12 miles below Fort Hamlin the low rock-cut terrace
has about disappeared, and its place is taken by a silt bench, about
75 feet high, which continues downstream for some distance and
then veers off into the valley of the Ray River. Below the Ray River
the Yukon turns abruptly southeastward and enters another rock-cut
gorge, through which it flows for 10 miles or more, emerging at
the mouth of Hess Creek into a wide valley that appears to have
been originally part of the Hess Creek Valley. The river follows
this wide valley to a point about 35 miles (air-line distance) down-
stream, but at that point it leaves this depression and turns again
into the hills to the north, flowing for about 15 miles through another
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rock-cut gorge, called the Ramparts. The steep walls of this gorge
rise abruptly from the water’s edge to a height of 1,000 feet or
more, before they merge with the surrounding hills. The low
broad depression, however, which marks an older course of the river,
continues to the south of these hills, and the Yukon flows back into
it below the Ramparts. This is as fine an example of lateral diver-
sion of a river as could well be found.

River terraces are visible both below and above the Ramparts.
Between the Ramparts and Tanana two rather well defined terraces
are developed. One of these is about 50 feet above the river level,
but farther back from the river, a higher terrace, about 300 to 400
teet above the river, also shows on both sides of the river. A low
hard-rock erosion level, about 30 feet above mean water level, was
also observed about 20 miles above Tanana and at some other places.
Between Hess Creek and the Ramparts remnants of many terraces
can be identified along the river, but these are particularly well
preserved in the lower courses of some of the tributary streams. In
the lower valley of Minook Creek, for example, three well-defined
terraces and several less perfectly developed ones are present. The
highest of these terraces is from 900 to 1,000 feet above the level
of Minook Creek, another is about 500 feet above the creek level, and
a third is 90 feet high. These terraces are closely tied up with the
geomorphic history of the Yukon.

It appears from the foregoing description that the geomorphic
history of the Fort Hamlin-Rampart Canyon is complex, and that
this history is also the key to the origin of the Yukon Flats. Be-
tween Fort Hamlin and the Ray River the Yukon evidently occupies
the site of an older valley carved by a much smaller stream. Be-
tween the Ray River and Hess Creek the Yukon has been superposed
upon a rock divide, which was not the site of any transverse stream,
though it may mark the site where two small streams headed against
one another. Both above and below the Ray River the Yukon there-
fore flows in a canyon cutting bedrock, but the Ray River enters
this canyon in a wide, open alluvium-filled valley, the bedrock base-
.ment of which is as low as the bed of the Yukon and probably
Iower. This anomaly of a mature valley opening into a youthful
canyon requires explanation. The Ray River, like the other streams
that enter Yukon Flats from the north, flows southeastward, making
a backhand drainage with regard to the Yukon. North of the Fort
Hamlin Canyon is a wide alluvium-filled depression through which
the Ray River formerly continued its southeasterly course to dis-
charge somewhere in the Yukon Flats. The present mouth of the
Ray River represents merely a meander of the older stream, which
has been laterally intersected by the Yukon in the carving of the
youthful gorge that it now occupies.
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Below the mouth of Hess Creek the Yukon occupies a wide val-
ley that is quite unrelated to its valley above Hess Creek. This
older and more mature valley is the downstream continuation of
Hess Creek, which appears at some time to have communicated with
the drainage of the Yukon Flats.. Yet even in this lower valley
the Yukon has been diverted from its course into the hills to the
north, to form the present Ramparts. It is evident, therefore,
that the Yukon River from Fort Hamlin to Tanana occupies sev-
eral older drainage courses, which were formerly independent
streams; and it is equally apparent that the Yukon has been literally
diverted at several places from an old valley to a new channel in
bedrock. Iinally, it is by no means certain that a river as large
as the Yukon has discharged southwestward from the flats since
late Tertiary time, for the flats may at some time have been drained
northeastward through the Porcupine Valley to the Arctic Ocean.

If the southwestern drainage from the flats has been in exist-
ence since the Tertiary, the ancient outlet was probably through
the lower part of the valley of Hess Creek.

Any explanation of the various geomorphic anomalies in this
part of the Yukon Valley would require the formulation of several
hypotheses regarding the geomorphology of this valley since
Pliocene time, and the lack of precise mapping and other requisite
information renders such an undertaking at present of doubtful
value. Simple upwarping, however, or even complex crumpling
alone in the Fort Hamlin-Rampart area will not explain the facts,
although local downwarping, particularly in the Yukon Flats, is
very likely to have been an effective accessory factor during certain
stages in this complex history. Lateral diversion on a grand scale,
probably accompanied by stream piracy, appears to have been one
of the chief factors, and it is difficult to see how this could have
obtained without a marked elevation of the regional baselevel of
erosion; and this in turn points either to extensive alluviation of
this part of the Yukon Valley or to impounding of the river. It
remains a problem for the future to acquire more precise data and
therewith reconstruct the long chain of events that must have taken
place in the Yukon Valley between Fort Yukon and Tanana.

TANANA VALLEY

The surface configuration of the Tanana Valley is not so well
known as that of the Yukon Valley. Many observers, including the
writer, have visited that part of the valley between Fairbanks or
Nenana and Tanana; but for the upper valley, between the interna-
tional boundary and Fairbanks, the notes and writings of A. H.
Brooks are the principal sources of information.
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The Chisana River, which is the largest headwater tributary of
the Tanana, originates in the glaciers of the Alaska Range, near
the international boundary, and after flowing northeast for about
60 miles turns at right angles to the northwest, and the stream from
that point to the Yukon is known as the Tanana River. The Tanana
flows in a general N. 60° W. direction for an air-line distance of
375 miles to join the Yukon. The actual length of the river is much
greater than this, for the course is far from direct, and the direction
of flow likewise departs materially at many places from the general
course. The course of the lower Tanana is particularly sinuous,
owing to the fact that it swings northward for miles into the
aggraded valleys of the tributary streams from that side. The
best information at present available indicates that the Tanana River
flows at an elevation of about 1,900 feet at the mouth of the Chisana
and at 350 feet at Tanana. The gradient is therefore much greater
than that of the Yukon from the boundary to Tanana, and the dis-
tance is much less, so that the average current is correspondingly
swifter. The Chisana and all the larger tributaries of the Tanana
are glacial streams that drain the north side of the Alaska Range,
and the Tanana is a silt-laden, turbid stream from its source to its
mouth. ' :

All the large tributaries of the Tanana River enter fromn the
south, and most of the 15 to 20 rivers that constitute this drainage
are mud-laden glacial streams that drain the north flanks of the
Alaska Range. The tributaries from the north, which drain the
Yukon-Tanana region, are smaller, clear-water streams. The larger
of these northern tributaries, named in order downstream, are the
Goodpaster, Salcha, Chena, and Tolovana Rivers and Baker Creek.
The Tolovana River has the largest drainage basin; the Salcha,
Chena, and Goodpaster Rivers and Baker Creek follow in order of
areas drained. One of the singularities of this drainage system is
that no tributaries of any size enter the Tanana from the north for
150 miles below the boundary. This is due to the fact that within
this stretch the Yukon-Tanana divide lies close to the Tanana River;
for 50 miles it is nowhere more than 10 miles and at one place only
2 miles from the Tanana.

The Tanana River is usually considered to begin at the junction
of Mirror Creek with the Chisana River, where the latter stream
abruptly changes its course from northeast to northwest. At this .
point the small stream called Mirror Creek enters from the south-
east through a wide depression that is obviously out of all proportion
to the size of the stream that occupies it. A low alluvium-filled di-
vide separates the head of Mirror Creek from the Snag River, a
tributary of the White River. A considerably larger stream than
Mirror Creek must have once flowed though this wide valley, but
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1t is by no means certain whether the course of this ancient stream
was northwest or southeast. This is merely one of the prominent
examples of drainage changes which the Tanana has suffered, per-
haps to as great a degree as the Yulkon.

From the mouth of Mirror Creek downstream for 50 miles (air
line), the Tanana flows in a broad alluvial lake-dotted lowland
that ranges in width from 20 to 40.miles. Within this stretch the
river flows slowly in a tortuous meandering course, with occasional
riffles. At the mouth of the Tetling River, a small tributary from
the south, the hills close in from the south, terminating this broad
lowland, although the valley floor still remains 5 to 8 miles wide-
and the river retains its meandering course for another 35 miles.
A short distance below Tanana Crossing the river ceases to meander,
and for the next 30 miles it is a swift stream, confined to a single
channel, with a few rapids. Cathedral and Tower Bluff Rapids
occur in this stretch, the former in a constricted part of the valley
and the latter farther downstream, where the river follows close
along the north side of a valley floor about 10 miles wide. At Tower
Bluff Rapids the Tanana splits into many shallow channels with
shifting sand bars, and thence it continues as a swift braided stream
to a point within 20 miles of the mouth of the Nenana River. From
this point downstream to the Yukon the Tanana River flows for the
most part in one or two channels, with a current of 4 to 6 miles an
hour. .

The Tanana differs from the Yukon in many respects. Instead
of being a continuous canyonlike valley, the upper Tanana Valley is
constricted only for several short stretches, as, for example, above
the Robertson River and below the Johnson River. Brooks?* has
aptly described ‘this part of the valley as a system of connecting
basins, which possess the general outline of parallelograms. Below
the Little Delta River, however, this basinlike topography gives
place to a broad alluvial lowland, which continues with minor in-
terruptions to the Yukon. Throughout its course the Tanana River
hugs the north wall of its valley, and this in turn gives rise to other
variations in its course. In the upper Tanana Valley the tributary
‘streams from the north, though much aggraded in their lower
courses, have relatively narrow valleys. The lower tributaries of the
Tanana from the north, however, such as the Chena and Tolovana
Rivers, are very wide and have also been extensively aggraded, and
the Tanana has been diverted northward into these broad depres-
sions to form great arcs, which lengthen its course materially. In
the Tolovana arc the Tanana also meanders tortuously in arcs of

2 Brooks, A. ., A reconnaissance in the White and Tanana River Basins, Alaska, in
1898 : U. S. Geol. Survey 20th Ann. Rept., pt. 7, p. 450, 1900.
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smaller amplitude. Most of these features are connected genetically,
in that all of them are phases of the diversion of the Tanana against
or toward its north bank. Brooks and later observers are in agree-
ment that this diversion has been caused by the dumping of exten-
sive deposits of glacial or. glaciofluviatile material into the Tanana
Valley by the great glacial streams that drain the north side of the
Alaska Range. The Tanana has been unable to transport this ma-
terial downstream and has therefore deeply aggraded its valley,
and by thus raising the baselevel of erosion it has caused its tribu-
taries from the north likewise to aggrade their lower valleys. The
upstream  extent of this aggradation in these northern tributaries,
as shown on plate 1, is a proper measure of the magnitude of this
process. ‘

Another interesting and perhaps significant feature of the Tanana
Valley is the fact that the larger tributaries from the south, such as
the Delta, Nenana, and Kantishna Rivers, enter the main stream op-
posite bedrock points that extend from the north side of the valley
southwestward into the Tanana Flats; and in so doing the Nenana
and Kantishna have developed a backhand drainage in their lower
courses. Still another feature of interest is the right-bank erosion in
the lower courses of most of the tributaries of the Tanana River that
enter from the north, as exemplified by the Healy, Goodpaster, Sal-
cha, Chena, and Tolovana Rivers. The causes of these peculiar
features of both northern and southern tributaries are not apparent
to the writer, though it is possible that they may in some unexplained
way be copnected with the alluviation of the Tanana Valley by the
glacial outwash deposits contributed from the south.

The Tanana has river terraces, but not enough work has yet been
done to give many details of their character, height, and distribution.
Brooks #* has recorded the fact that terraces at an elevation of about
200 feet above the river are present in the upper Tanana Valley, and
among others he mentions in particular 200-foot bluffs of stratified
sand and silt at the mouths of Robertson and Johnson Rivers. These
bluffs indicate the upper level of the alluvial filling that was laid
down in the Tanana Valley as the glaciers were dissipated and also
gives a measure of the amount of material which the Tanana has
excavated from its valley in postglacial time. Brooks * also observed
rock-cut benches in the Tanana Valley, and calls attention to a local
baselevel about 600 feet lower than the surface of the old plateau,
which he was able to trace for 60 miles. As the average elevation
of the old plateau above the Tanana is about 2,000 feet, this level
would therefore be about 1,400 feet above the present river.

2 Brooks, A. H., op. cit.,, pp. 456—457.
2 Jdem, p. 453.

s AN
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YUKON-TANANA PLATEAU

The region lying between the Yukon and Tanana Rivers, which is
part of the great central plateau province of interior Alaska, is a
country of diversified topography and drainage. This province has
no continuous chains of mountains, similar to the various ranges
of the Rocky Mountains, but instead is a rolling upland character-
ized by discontinuous groups of higher mountains that diversify an
otherwise monotonous sky line produced by ridge crests of more or
less uniform height. (See pl. 2.) The valleys likewise lack uni-
formity. Some of the headwater streams have narrow, canyonlike
valleys; some flow in wide open valleys that are disproportionately
large in comparison with the streams that now occupy them; and
some flow across aggraded headwater plains. Similar diversity ex-
ists in their lower courses, for some of the lower valleys are broad
aggraded lowlands and others are narrow gorges. This marked
topographic diversity is the result of a long and complex geomorphic
history, which dates back to the Tertiary period.

The principal highlands of the Yukon-Tanana region during late
Tertiary time were in the eastern half of that region. The present
highlands have been created principally by differential erosion of
this older land surface, and as the ancient highlands were underlain
by granitic rocks, which are resistant to erosion, the site of the
ancient highlands has been perpetuated in the present highlands.
As these granitic rocks are neither bedded nor in any marked degree
gneissoid, structural lines are weak, and the trends of the ridges and
the courses. of the streams are.less markedly unidirectional than far-
ther west. Kven in this eastern area, however, two prominent struc-
tural directions are evident in the courses of the streams. One of
these trends is about N. 60° W., and the other N. 60° E. The former is
parallel to the course of the Yukon from Eagle to Fort Yukon and
also to the Tanana River from its head to its mouth; the latter is
parallel to the course of the Yukon from Fort Yukon downstream
to and beyond Tanana. Within the granitic rocks of the present
highlands these trends are doubtless due to a system of multiple
jointing.

In the western half of the Yukon-Tanana region the production of
highland areas by differential erosion is still more pronounced, al-
though it is evident here, as elsewhere in this region, that differen-
tial warping has also been a factor in shaping the present land
surface. In this western area the structural line that strikes N. 60°
E. becomes dominant, and the ridges and valleys have a marked
trend. in that direction. There is, however, an older structural line,
striking more nearly true northeast, that is developed in the area
occupied by the early Paleozoic rocks and also is reflected in the
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courses of the streams. These structural trends are interrupted at
places by isolated buttes or mountain groups, which owe their ex-
istence to the intrusion of bodies of Tertiary granitic rocks and prob-
ably also to local uplift. As a result of these condltlons, elongate
ridges and isolated buttes have been developed in the western half
of the Yukon-Tanana region. These highlands, composed of the.
harder and more resistant country rock, are much lower in elevation
than the eastern highland areas, but the neighboring valleys are also
more deeply eroded, and the local relief is therefore-pronounced.

One of the curious effects of the structural control of the regional
drainage is a marked interdigitation of drainage channels, such that
headwater streams on opposite sides of a divide tend to flow parallel
to one another but in opposite directions. As a result, major ridges
are not consistently higher than minor divides. The Yukon-Tanana
divide, for example, may follow a high prominent ridge for some
miles and then turn abruptly to the north or south across a low
saddle, or it may even follow a low timbered ridge for miles until
that ridge joins another prominent ridge. This divide is therefore
marked by intermittent jogs, which give it a very sinuous course
and may cause the inexperienced traveler inadvertently to leave
the major divide and descend into. some deep valley. It is evi-
dent that many of the streams have courses inherited from
an earlier land surface on which drainage channels were controlled
more by original slopes than by structure and took shorter routes to -
the Yukon and Tanana Rivers. These ancient channels lie athwart
the structural lines of the country, and later geomorphic evolution
has been a struggle between these conflicting trends.

This ridge country, however, was not evolved in a single geomor-
phic cycle but instead was carved intermittently throughout several
such cycles, during which the dynamic characteristics of the streams
changed greatly. The complete drainage history of this region is a
worthy problem for an expert geomorphologist. Enough is known
of these drainage changes, however, to afford ample evidence at many
places of deep valley alluviation, stream superposition, stream piracy,

and reversal of drainage channels. This complex history has im- .

parted to the valleys of this region many curious and seemingly con-
flicting characteristics, which add further diversity to the topog-
raphy.

The Yukon Valley between Fort Hamlin and Tanana has already
been cited as a valley of geomorphic anomalies. It is therefore to be
expected that the tributaries of the Yukon within this stretch and the
streams that head against them and flow to the Tanana should also
show drainage anomalies to a marked degree. Minook Creek and
most of the other southern tributaries of the Yukon between Minook
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Creek and Tanana flow in narrow canyonlike valleys to the zone
where they join either the Yukon itself or the old Yukon lowland.
Their headwaters are markedly precipitous. Most of the tribu-
taries of the Tanana that head against them; however, have wide
open valleys, with incompetent streams of relatively low gradient.
and open headwater basins that in places grade imperceptibly into
the enclosing hills. Low gaps are also prevalent where ancient
watercourses once existed, as, for example, between the heads of
Stevens Creek and the North Fork of Baker Creek. A still more
striking example is the broad lowland between the heads of Cache
and Bakel Creeks, where the ancient channel of some large stream
was once located. A third lowland between adjacent groups of hills
is the one now occupied by Niggerhead and Uncle Sam Creeks.
These lowlands serve to break up the extreme west end of the Yukon-
Tanana upland into isolated small groups of hills, but here again
differential erosion has been a powerful accessory factor, for such
hills are grouped about intrusive bodies of granitic rocks or rocks
of other lithologic types that have a relatively hlgh resistance to
erosion.

A little east of the Rampart district conditions again change. Hess
Creek flows in a broad valley throughout its course, and its head-
water tributaries, unlike the tributaries of the Yukon farther west,
head in open alluvial basins quite similar to those of the SOuthWM’d-
flowing tributaries of the Tanana. The upper valley of Fish Creek,
one of the large tributaries of Hess Creek, opens in this way directly
into the Yukon Flats, and there are good reasons for the belief that
a major drainage channel once connected the valley of Hess Creek
- with the flats through this gap, although the direction of flow of this
ancient stream is not now known.

South of the headwaters of Hess Creek are the headwaters of the
Tolovana River, which flows to the Tanana. The underground gold
placer mining operations in Livengood Creek, one of the tributaries
of the Tolovana, have afforded an cxceptional opportunity to see
not only the alluvial surface but also the bedrock configuration of a
typical headwater stream of the Tolovana system. Studies by the
writer 2 in this area have shown a complex drainage history, one of
the significant features of which is an example of repeated stream
piracy, whereby Livengood Creek captured some of the headwater
drainage of the South Fork of Hess Creek, and in a later geomorphic
cycle the-South Fork recaptured a considerable part of the drainage
of which it had been robbed. Other alluvial divides between the
headwater tributaries of Hess Creek and the Tolovana River suggest

28 Mertie, J. B., Jr.,, The gold placers of the Tolovana district: U. 8. Geol. Survey Bull,
662, pp. 260—262, 1918
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that equally significant adjustments of drainage have taken place,
but lack of underground data prevents a convincing demonstration.
Such old water gaps constitute another of the drainage anomalies
that characterize the topography of this region.

The lower Tolovana Valley is perhaps the most striking of the
lowland features of this region. Debouching from the hills, the

Tolovana and its parallel tributary, the Tatalina River, flow into
valleys 5 miles or more in width, through which they pursue a tor-
tuous meandering course for many miles. The Tolovana is a much
larger stream than the Tatalina, but both are small in proportion to
the size of the valleys that contain them. The valleys were surely
carved by ancient streams that possessed both higher gradients and
a larger supply of water than the present streams. One of the char-
acteristic features of these streams in this portion of their courses is
the presence of log jams. One great log jam in the Tolovana Valley
has dammed the river for many miles upstream, and below this jam
the bed of the river for miles is a mass of interlaced logs, from which
many snags project upward to the surface of the water. At most
places a 12-foot pole passed between logs will find no bottom.

A little farther downstream the Tolovana swings abruptly west-
ward into the aggraded lower valley of Uncle Sam Creek and, re-
turning to its own valley, is joined by the Chatanika River, into
which the Tatalina empties a few miles upstream. From the mouth
of the Chatanika to the Tanana the Tolovana River is a sluggish
amber-colored stream that meanders even more tortuously than
farther upstream, though in arcs of larger amplitude. The water is
confined to a single very deep channel, and at normal stages of water
the current is so slight that in many places it is imperceptible. In
this stretch the valley opens to a maximum width of 25 miles and
consists of a timbered silt plain, dotted with lakes, swamps, and
marshes. Brooks crossed this swampy lowland with a pack train in
the late fall of 1902, but earlier in the summer its passage with
horses could be accomplished only with great difficulty and delay.
The aggradation of this great silt plain by the Tolovana and its
tributaries has been caused, as previously stated, by the elevation of
the regional baselevel of erosion, due to extensive alluviation of the
Tanana Valley with glaciofluviatile deposits. The great width of this
plain, however, is another of the striking and unexplained topo-
graphic anomalies of the region.

Northeast of the Tolovana Basin is the valley of Beaver Creek,
which drains into the Yukon Flats. The drainage of Beaver Creek
is particularly anomalous. Heading against the North Fork of
Preacher Creek, Beaver Creek flows in a general southwesterly direc-
tion for 35 miles (air line) and then turns abruptly around the
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MOUNT SCHWATKA AND THE RIDGE COUNTRY NORTH OF VICTORIA CREEK.
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A. HIGH TERRACES AT HEAD OF WOODCHOPPER CREEK.
Elevation 4,000 feet above sea level.

B. FALLS IN SOUTH FORK OF BIRCH CREEK.
Shows narrow, canyonlike stretch where stream flows across the cleavage of the Birch Creek schist.
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southwest end of the White Mountains and flows. in a northeasterly
direction for 50 miles to the Yukon Flats. Its headwater tributaries
are only about 10 miles from a point 70 miles farther downstream.
High terraces are present in the valleys of both Beaver Creek and
its tributary Fossil Creek. The White Mountains, which lie between
Fossil and Beaver Cleeks, are transected by two narrow gaps, of
which the northern one is a wind gap through which Fossil Creek
formerly drained into Beaver Creek. The southern gap now carries
the water of Fossil Creek into Beaver Creek, but another small
tributary of Beaver Creek is cutting back from the southeast and
will ultimately rob the drainage of Fossil Creek and make of this
southern water gap another wind gap. The complete.drainage his:
tory of Fossil and Beaver Creeks is not known; but the recognized
changes in drainage illustrate well how ancient consequent stream
courses are now being adjusted to structural lines, in confoxmlty
with the requirements of differential erosion.

East of Beaver Creek are the. valleys of Pleacher and Birch
Creeks. In its upper part, Preacher Creek shows no specially anom-
alous features, but in its lower valley it opens into a wide. depres-
sion that follows around the south side of the Crazy Mountains
and communicates on both sides of that range with the Yukon Flats.
- This lowland also extends southeastward for another 25 miles -but
has no recognizable outlet in. that direction to the.Yukon Flats.
Preacher Creek, however,- follows -close to the hills along the west
end of this lowland and continues :northeastward .through ‘a. gap
2 or 3 miles wide toward the Yukon. This gap ‘which divides the
Cr azy Mountains on the east from another group of hills on the west
that is the geomorphic and geologic continuation of the Crazy Moun-
tains, constitutes another-example of an ancient stream course that
was established across the strike of the hard-rock.formations. Be-
yond the hills both Preacher and Beaver Creeks are -incised in a
border terrane of gravel that.extends for some miles out in the flats.
The upper valley of Birch Creek is generally similar to that of
Preacher Creek but shows to a more marked degree the contrast be-
tween the-wide valley floors in these stretches where the stream ‘was
parallel to the cleavage .of the Birch Creek schist' and the narrow
“canyonlike stretches where it, flows across the strike of this cleavage.
Plate 3, B, shows one of the narrow stretches in.the South Fork. .
After leaving ‘the hills; however, Birch Creek: follows a’ crooked,
meandering course across the great lowland above described and con-
tinues around the east-and north sides of. the Cr azy’ Mountains, out
into the Yukon Flats proper.

This great lowland that lies south of the C1 azy Mountalns trends
a,bout N 60° W. and has a total length of 60 miles. It parallels

54984-—37——3 P
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the strike of the dominant structure of the country rock but has two
wide outlets to the Yukon Flats, one on each side of the Crazy
Mountains, occupied now by Preacher and Birch Creeks. This low-
land, however, is not a late incision comparable with the strike valley
of Fossil Creek, for it is now occupied by several sluggish streams,
which are incompetent to have carved such a valley. The original
sculpturing of this lowland may have been due to differential ero-
sion, but the process was an ancient one that long antedated the re-
cent valleys now being produced by differential erosion. The gen-
eral appearance of this lowland suggests that it was an ancient course
of some large master stream, perhaps the Yukon itself. This area
in ‘the vicinity of the Crazy Mountains is believed to be one of the
critical localities for future geomorphic studies on the genesis of the
Yukon Flats.

The Charley River, the next large stream southeast of Birch
Creek, has fewer abnormal drainage features than the other main
tributaries of the Yukon so far enumerated. Unlike those streams,
it has a basin excavated largely within the area of a great batholith of
granitic rocks. Its principal tributaries, which enter in the upper. val-
ley, tend to follow structural lines iti ‘the granitic rocks, and it is'prob-
able that the main valley also follows a complementary joint struc-
ture. The Charley River, however, like the other streams that enter
the Yukon above the flats, has narrow canyonlike stretches, which ap-
pear to indicate a process of adjustment to a lower baselevel of erosion
than formerly existed. Some of the highest country in the Yukon-
Tanana region is found at the head of the Charley River, and here, as
in other places in the region where the ridges exceed 5,000 feet in ele-
vation, local alpine glaciation has taken place. Moraine Creek, a
headwater tributary of Crescent Creek, occupies a U-shaped glacial
valley and has a morainal deposit at its lower end.

The Seventymile River; which heads- against the lower valley of
the Charley River, is a typical strike valley, and this feature alone
is adequate to account for its backhand drainage to the Yukon River.
The upper valley is canyonlike, but the whole valley is deeply incised
in the hills, though the floor broadens considerably in the lower valley.
One characteristic of the Seventymile River worthy of special men-
tion is a very well developed system of terraces. Just above the
falls a low gravel bench about 12 feet high is present in the north
side of the valley, and 4 or 5 feet above this is another gravel ter-
race that stretches backward to the valley wall. On the south side
of the valley similar low gravel benches are also present, which are
succeeded upward by two prominent terraces 125 and 500 feet above
the level of the stream. The 125-foot terrace is very persistent and
follows down the south side of the Seventymile River to the point
where this valley opens out into the Yukon Valley, but there it
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veers eastward toward the south end of Calico Bluff. An alluvial
depression between Calico Bluff and the hills to the south shows
the old course of the Seventymile River to the Yukon. The 500-foot
terrace is also very prominent and persistent. On the headwaters of
the southern tributaries .of the Seventymile River very well de-
veloped rock-cut terraces are found on the ridges at an elevation of
about 2,500 feet above the river. According to the description given
by Prindle,* these are flat-topped level benches, in places several
acres in extent, which occur at elevations differing from one another
by a few feet to about 50 feet. The character and structural atti-
tude of the country rock appear to have exerted little or no con-
trolling influence in the formation of these high terraces. Similar
high terraces occur at other localities in the Yukon-Tanana region,
one of which, along the divide between Woodchopper Creek and the
South Fork of Birch Creek, is illustrated by plate 3, A. The winter
snow often lies at the up-slope edges of these benches until late in
the summer. It is possible that some of these forms are of fluvia-
tile origin, but most of them are believed to be the result of certain
leveling processes that are effective in high altitudes and high lati-
tudes and are therefore particularly characteristic of the develop-
ment of sub-Arctic topography.

The Fortymile River differs in several respects from any of the
tributaries of the Yukon so far mentioned. To one not acquainted
with the country the nomenclature of the tributaries of Fortymile
River is very confusing. The two main branches of the river are
its North and South Forks. About 21 miles above the main con-
fluence the North Fork receives a large tributary from the west,
which is called the “Middle Fork.” The South Fork, on the other
hand, is made up of Mosquito and Dennison Forks, and the term
“South Fork” is applied only to that stretch below the junction
of these two forks. Dennison Fork has two main tributaries called
(forks”,-and local usage has therefore produced such undesirable
names as “East Fork of Dennison Fork of South Fork of the
Fortymile River.” In general, as few of these phrases are used in
this report as clarity of expression will permit, but at best the
nomenclature is difficult to understand and utilize.

The main Fortymile River, the South Fork, and the North Fork
for 10 or 15 miles above the main confluence are meandering
streams that are deeply incised in canyons and cut bedrock on most
of their riffles. TUpstream from these meandering courses the
tributaries are straighter and swifter but are still incised in deep
valleys. Above these stretches, particularly in the tributaries that

% Prindle, L. M., The gold placers of the Fortymile, Birch Creek, and Fairbanks regions,
Alaska: U. S. Geol Survey Bull. 251, p. 20, 1905. .
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head against the Tanana River, these streams are sluggish and flow
across aggraded headwater plains. The upper valleys of Dennison
Fork and its tributaries are specially good-examples of such head-
water lowlands. The old erosion surface that once connected with
these lowland areas continues downstream into the lower parts of the
valley as a high terrace, the slope of which is much less than the
~ present stream gradients in the lower valleys, so ‘that it gradually
increases in height above the river downstream. This old surface
now forms the top of the canyon in the main Fortymile River, at
500 to 600 feet above the level of the river. This feature is illus-
trated in plate 4, 4. Remnants of still higher terraces and a well-
marked system of lower terraces are also visible in this valley. The
upper valleys of Dennison Fork and its tributaries are alluvial plains
to the extreme headwaters, and these streams for the most part head
in wide swampy divides. The distance from these headwater divides
to the Tanana, as previously pointed out, is very short; but the
tributaries of the Tanana, heading against these same saddles, have
narrow precipitous headwater valleys.

The lower valley of the Fortymile River is easy to explam The
river consists essentially of entrenched meanders, inherited from an
ancient valley that existed prior to the late regional uplift. This
part of the valley is an excellent example of the rejuvenation of
a stream valley that once was in adjustment to a mature topography.
The upper valley of Dennison Fork, however, is distinctly anomalous,
for it is surrounded by high mountains and yet has no steepened
headwater gradients such as would be expected even in an area of
mature topography. Moreover, this headwater drainage is-entirely
out of adjustment with the headwater tributaries of the Tanana,
which, with their high gradients, are doubtless now in the process
of extending their headwater valley to the north. The headwater
gradients of the Dennison Fork must have been active mountain
streams at the time when this drainage was extended southward so
close.to the Tanana; and conversely the headwater tributaries of
the Tanana are likely to have been less actively eroding streams, in
order to have permitted the Dennison Fork to extend its headwater
drainage so far south. In an earlier publication ?® the writer has
proposed, as an explanation of this anomalous headwater drainage,
a hypothesis of differential warping, whereby a belt at the lower
end of these flats was uplifted, thus locally raising the baselevel of
erosion and causing extensive headwater aggradation in the southern
tributaries of Dennison, Mosquito, and Middle Forks. This belt of
upwarping appears to trend parallel to the general course of the

% Mertie, J. B., Jr.,, A geologic reconnaissance of the Dennison Fork dxstuct AIaska
U: 8. Geol, Survey Bull. 827, pp. 30—31 1931,
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Yukon and Tanana Rivers but does not extend northwestward into
the valleys of the Salcha and Chena Rivers, for the streams show
no responsive geomorphic features. The broader problem of the
contemporaneous histories of the Yukon and Tanana Valleys still
remains to be studied, in order to explain the original extension of
the Yukon-Tanana divide southward to its present proximity to the
Tanana River. , ‘

The western and northern tributaries of the Fortymile River
show nene of the anomalous features of the southern tributaries,
but instead have valleys that are approximately in adjustment with
the old erosion surface of the country. In general the valley floors
are broader than that of the lower Fortymile, and it is apparent
that the effects of the late rejuvenation have not yet progressed
upstream into these upper valleys. .

The Salcha and Chena Rivers and the smaller tributaries of
the Tanana that lie between the Salcha and the headwaters of
Dennison Fork require no special description in this paper, although
they possess features of interest that should be discussed in a more
detailed account. Their lower valleys are deeply aggraded, but
upstream from points where the 1,000-foot contour crosses their
valleys these streams in general show no very strikingly anomalous
features.

The ridge tops in the Yukon-Tanana region rise to elevations of
2,000 to 5,000 feet, but the usual ridge level is from 2,500 to 3,000
feet. Within any one district there seems to be a rather uniform
level of these crest lines, but if the tops of all the main ridges in
the Yukon-Tanana region were joined, the resulting geometric
surface would be a flat dome, highest in the east-central part and
sloping gently therefrom in all directions, but sloping most toward
the confluence of the Yukon and Tanana Rivers. Carving in this
dome the ancient valleys that lie above the V-shaped drainage of
recent date would produce a greatly diversified surface, charac-
terized by rather open depressions of moderate depth. This an-
cient land surface, the predecessor of the present surface, has been
classified by some of the earlier writers as an old peneplain. The
ridge-top surface alone, without reference to its irregularities, might
indeed be considered relatively featureless, but even this would
show a variation in absolute elevation of 3,000 feet from the central
areas to the two rivers. However, if any of the ancient erosion
surfaces had any claim to be regarded as a peneplain, this old ridge-
top surface was the one. Nevertheless; when the irregularities of
this upper surface are also considered, it is evident that this classi-
fication is not altogether proper, for the ancient surface thus re-
constructed was greatly diversified, and in no way approached a
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baselevel. Looking backward,. therefore, as far as the relatively
complete land surface warrants, we must conclude that this ancient
surface was that of a mature but by no means old topography.
Recent stream rejuvenation, together with local upwarping, has
added the youthful valleys that are now incised in thic jlder
terrane.

There is another process, however, which will have to be carefully
evaluated in future geomorphic studies. The ridge tops in many parts
of the Yukon-Tanana region are abnormally flat, and many of the
spurs leading laterally from the ridges are also flat-topped, as well as
extraordinarily long. It is now well known that much of this abnor-
mal flatness of crest lines and elongation of spurs is due to those same
processes that have previously been mentioned in connection with the
high terraces. Nivation, altiplanation, and related processes have un-
doubtedly produced many of these elevated plane surfaces, and other
processes related to solifluction are equally certain to have been pow-
erful factors in forming the long, smooth, gently sloping spurs. Little
study of these processes has yet been made in Alaska, but in the Scan-
dinavian countries, where similar forms exist, considerable literature
on this topic has accumulated.

The present relief in the Yukon-Tanana region is marked. Tanana,
the lowest point in the reglon, has an elevation above sea level of
about 850 feet, and several mountains in the east-central part of the
region rise to elevations in excess of 6,000 feet. The lower valleys in
the vicinity of these high mountains, however, have elevations near
3,000 feet so that the local relief is not much more than 3,000 feet.
In the western part of the region the highest mountains are lower
but the valleys are corresponding lower, so that the maximum local
relief still approximates 3,000 feet. Many of the higher mountains
(higher in a relative sense) have received local names, as shown on
the accompanying topographic map. Others, particularly in the more
rugged and less frequented parts, have not been named. The highest
mountain in this region is a peak that projects above the ridge sepa-
rating the Healy River from the South Fork of the Goodpaster River
and rises to an elevation of 6,515 feet. This mountain has received no
local name.

SETTLEMENTS AND POPULATION

The principal settlements of the Yukon-Tanana region are located
along the Yukon and Tanana Rivers and include Fairbanks, Nenana,
Fort Yukon, Tanana, Eagle, Circle, Hot Springs, and Rampart.
Fairbanks, Nenana, and Eagle are incorporated towns. A large
part of the population of these settlements consists of white people,
but some of them, particularly Fort Yukon, Tanana, and Rampart,
have also a considerable native populatlon There are also many
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smaller settlements, some of which are essentially mining camps
composed largely of white people, while others are primarily Indian
villages. In the larger towns Territorial schools are maintained for
the white children, and the Federal Government provides schools for
the native children. Among the outlying mining camps may be
mentioned Livengood, Jack Wade, and Chicken. There are also a
number of mining camps close to Fairbanks, such as Cleary, Mee-
han, and Berry, which are now losing their identity because auto-
motive transportation is rapidly making them suburbs of Fairbanks,
Among the more prominent settlements that are inhabited mainly by
Indians are Tanana Crossing, Eagle Village, Stephens, and Mans-
field. In all, about 25 post offices are maintained in this region.

Fairbanks, the largest town in this region, is located on the flood
plain of the Tanana River, along one of its sloughs, and is the center
of mining, commercial, and industrial activity for the country. It
was founded in 1905 as a mining camp but has now become a modern
town, with public schools and a college, churches, a hospital, a
national bank, stores, telephones, an electric power plant, a theater,
newspapers, and a large aviation field. It is also the northern ter-
minus of the Alaska Railroad and the center from which radiate
roads, trails, and water and aviation routes to other parts of central,
western, and northern Alaska. The University of Alaska (formerly
the Alaska Agricultural College and School of Mines) is located at
College, one of the smaller settlements close to Fairbanks. Accord-
ing to the Fifteenth Census, Fairbanks proper had in 1930 a popula-
tion of 2,101, but at least 1,000 more people are distributed in
nearby parts of the Fairbanks district, including those at Garden
City and College and in the mining camps south of the Chatanika
River. .

Nenana and Tanana are essentially junction points in the transpor-
tation system of interior Alaska. Nenana is on the south bank of
the Tanana River, just:above the mouth of the Nenana River. The
Alaska Railroad crosses the Tanana River at Nenana, and this point
has therefore become the head of navigation for river steamboats,
though before the railroad was built such boats plied upstream as
far as Fairbanks. Tanana, on the north bank of the Yukon River
opposite the mouth of the Tanana River, is the changing point for
upper and lower Yukon River traffic, as different steamboat com-
panies operate on the Yukon above and below this point. According
to the Fifteenth Census, the population of Nenana in 1930 was 291
and of Tanana 185, but adjoining-Tanana is a native village and
mission containing an additional population of 96.

Fort Yukon is the center of the fur industry of interior Alaska.
It is situated in the middle of the Yukon Flats, on the north bank
of the Yukon River just above the mouth of the Porcupine River.
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One of the points of interest at Fort Yukon is the Hudson Stuck
Memorial Hospital, where the native people of the upper Yukon are
cared for in sickness and are also taught the rudiments of sanitation
and hy giene, as well as the fundamental principles of Christianity.
This is the only well-equipped hospital in the upper Yukon Valley
of Alaska and is therefore a great asset to both the white and the
native people of the region. The population of Fort Yukon in 1930
is given in the Fifteenth Census as 304.

Eagle, Circle, Hot Springs, and Rampart are mining towns, with
populations respectively in 1930 of 78, 50, 45, and 103. Eagle is a
picturesque little settlement on the southwest bank of the Yukon
River a few miles below the international boundary. It is built upon
a terrace that stands well above the high-water level of the Yukon,
even at times of severe flooding after the spring break-up, and has
the best town site on the upper river. Eagle is the supply point for
Fortymile, Seventymile, and American Creek mining districts and is
also the port of entry in coming downstream from Yukon Territory.

Circle is on the southwest bank of the Yukon River at the east
end of the Yukon Flats and is built upon the great flood plain of
the river. It is the supply point for the Circle mining district and,
being located at the north end of the Steese Highway, is a junction
point for passengers coming up or down the Yukon River who wish
to go by automobile to Fairbanks. About 35 miles in an air line
qouthwest of Circle are the Circle Hot Springs, where a small water-
ing place has been developed.

Hot Springs is built along a slough of the_lana.na. River, a few
miles below the mouth of Baker Creek. It is the supply point for
the Eureka and Tofty mining. districts, which lie respectively to
the northwest and northeast of the town. The Manley Hot Springs
are located at this place but have not yet been successfu]lv developed
for visitors.

Rampart is on the SOutheast bank of the Yukon River a short
distance below the mouth of Hess Creek. It is the supply point for
the Rampalt mining district, which lies to the south. Just across
the river from Rampart the Department of Agriculture formerly
maintained an expenment station, but this has been abandoned for
10 years. ‘

TRANSPORTATION AND COMMUNICATION

Boats, steam trains, automobiles, airplanes, horses, and dogs are
utilized for the transportation of people, freight, and mail in the
Yukon-Tanana region. The Alaska Railroad, which connects Fair-
banks with the south coast of Alaska, was completed in 1922 and
since that time has been the quickest and most reliable route of entry
into the southern part-of this country. The trip from the coast
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takes two days and may be made by passengers both in 'summer and
winter. - The Alaska Railroad also maintains.a reliable freight serv-
ice and is equipped ‘to handle all kinds of commodities, including
perishable goods. Another route of entry is by automobile from
Valdez to Fairbanks over the Richardson Highway, but this. road
is open. only during the summer. A third route, which is the best
for passengers and freight destined to points along the upper Yukon
River, is by way of the White Pass & Yukon Route. This consists
of a steam railroad from Skagway across the Coast Range to White-
horse, which is the head of navigation on the Yukon River; and a
steamboat, service from Whitehorse to Nenana by way of the Yukon
and Tanana Rivers. The steamboat service on this route is main-
tained from the 1st of June until the 1st. of October. For more
rapid transit, airplane service from the coastal cities to Fairbanks
can also now be obtained, both in summer and.in winter.

The nav1gab1e streams of this region are the natural routes f01
local travel in summer, and the stream valleys are also much used by.
horse and dog sleds in winter. Points on the Yukon River between
Tanana and the boundary are served by one steamboat, operated by
the American Yukon Navigation Co. on a reliable fortnightly sched-
ule. This boat also plies up the Tanana River to Nenana, but most
of the local traffic on the Tanana is handled by a steamboat oper-
ated by the Alaska Railroad, which also serves the settlements along
the Yukon River below Tanana. Motor launches are also extensively
used, both on the Yukon and Tanana Rivers and on their navigable
tributaries; and upstream from the upper limit of navigation for
power boats poling boats are used to a considerable extent. In winter
the Yukon River is an arterial highway for horse and dog teams, but
the Tanana is a treacherous stream in winter, and sled travel sticks
mainly to the north shore, between Nenana and Tanana. Many trails
from the two rivers inland to mining camps and trappers’ cabins are
also utilized in winter, mainly for the transportation of freight and
mail. Thelongest of these is the 90-mile trail from Eagle to Chicken.

The Richardson Highway, from Valdez to Fairbanks, crosses the
Tanana River at the mouth of the Delta River and from that point
- to Fairbanks serves as a local road for those who wish to enter the
lower valleys of the Chena and Salcha Rivers or the ridge country on
either side of those streams. From Fairbanks good -automobile roads
radiate to the surrounding mining camps on Ester, Goldstream,
Cleary, and Fairbanks Creeks and the Chatanika River; and these
are supplemented by wagon and tractor roads that lead to less fre-
quented localities. An automobile road known.as the Steese High-
way has also been built from Fairbanks to Circle, and this serves
both for local and through traffic; and a 6-mile automobile road has
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also been built to connect the Steese Highway with the Circle Hot
Springs. Another road now connects Fairbanks with Livengood.
The only other road of any consequence in this region is a 80-mile
wagon road from Hot Springs to the Eureka mining district, which
has recently been improved so that it is now suitable for travel by
automobiles. Regular passenger schedules are maintained by auto-
mobiles in the summer on the Richardson and Steese Highways.

Many summer pack trails and winter sled roads have been built
in this region, and some of these, for short distances from the river,
have now been made into wagon roads. Thus, in good weather
wagons may traverse the Eagle-Chicken road for 30 miles south
from Eagle; a short road has been built from Nation, on the Yukon,
to the Fourth of July Creek camp; the trail leading from Rampart
up Minook Creek can be used by wagons for some distance; and a
wagon road connects the lower end of the Hot Spring slough with
Tofty. Considering the area of this region, however, established
summer and winter routes of travel by land are as yet very meager.

The difficulties attendant on travel in this country have greatly
favored the development of airplane routes, and at the present time
many of the outlying towns and mining camps have aviation fields,
'so that rapid transit can be had when the occasion warrants it. Much
of the mail is also now being carried by airplanes, though locally it
must still be distributed by the older methods. Fairbanks, with its
large aviation field, is the regional center of aviation, and several air-
plane companies offer service to all parts of Alaska. Outlying
communities have been quick to avail themselves of these facilities,
and there are now 16 regular landing fields in the Yukon-Tanana
region.? :

In the early days of the development of interior Alaska Fair-
banks was connected with the south coast by a telegraph line, and
" the principal settlements on the Yukon and Tanana Rivers were
likewise joined by telegraph lines. Most of these lines were later
abandoned, but in their places radio stations were installed by the
United States Signal Corps at Fairbanks, Tanana, Fort Yukon,
Circle, Eagle, Hot Springs, and Livengood. Until recently these
stations handled most of the long-distance and point-to-point com-
munication, but in the fall of 1933 most of these stations, except
Fairbanks, were abandoned, and commercial radiophones were in-
troduced. Telegraph lines are still utilized, however, for communi-
cation between points along the line of the Alaska Railroad, as, for
example, between Fairbanks and Nenana. For local communication
telephones are much used, not only at Fairbanks but also at other
places, as, for example, in the Livengood, Rampart, Hot Springs,
and Circle mining districts.

'f’“Taylor, I. P. (chief engineer, Alaska Road Commission), personal communication.
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CLIMATE

The Yukon-Tanana region is part of the great interior province
of Alaska and therefore has a typically sub-Arctic climate. The
winters are long and cold, with short days in midwinter; and the
summers are short but relatively warm and are characterized by
nearly continuous daylight for 3 months in midsummer. Except
in a small area near Fort Yukon, the sun is never below the true
horizon at noon, even in the shortest winter days, and in the longest
days of summer it is visible for nearly 24 hours. Unlike the Tropics,
this region at sunset has a horizon that makes a small angle with
the apparent path of the sun, which is consequently near the horizon
long after sunset. This results in long hours of twilight, both in
winter and summer. ,

Climatic records have been kept by the United States Weather
Bureau at several localities in this region during the last 30 years
or more, but only at Eagle, Fort Yukon, Rampart, Tanana, and Fair-
banks are the records fairly complete. The mean temperature,
precipitation, and snowfall for these five stations to the end of 1930
have been computed from the records of the Weather Bureau and
are presented in the following tables:

Mean temperature in Yukon-Tanana region (°I.)

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept.| Oct. | Nov.| Dec. | Annual

Eagle. ....... —-13.6 | =8.7| 7.5}206.7|44.7|56.3 |59.2|53.4|42.1/252| 3.8(-104 24.3
Fort Yukon..|—-20.5 [—13.6 |—1.1 | 20.0 [ 43.7 | 58.1 | 60.8 | 55.5 | 42.3 | 20.6 |—6.1 |—20.9 19.9
Rampart._.__ —-16.5 | —7.7 | 4.1)22.9|44.9)57.8 | 59.7 | 65.0 ) 4.2 | 21.7 | —.9 |-1L.7 22.5
Tanana._.... =126 | 4.7 64| 23.5(44.5]567.1 1585 53.5|40.8 | 23.0 1[-10.5 23.2
Fairbanks....[-10.8 | —.1|10.2 | 28.5 [ 47.3 | 68.5 | 60.3,| 55.1 | 43.5 | 26.4 | 3.3 | —6.2 26.3

Mean__|—14.8| ~6.0| 521 24.3|45.0|67.61(59.7]54.5]42.0(23.4| 0 |{—119 23.2

Average precipitation in Yukon-Tanana region (inches)

Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. | Sept.| Oct. | Nov. | Dec. | Annual

Average snowfall in Yukon-Tanana region (inches)

Jan. | Feb. [ Mar.| Apr. | May | June | July | Aug. | Sept.] Oct. | Nov.| Dec. | Annual

Eagle. ._........ 86| 52| 56| 3.6 0.5 0 0] 02| 16 7.8| 89103 62.2
Fort Yukon..... 7.2 74| 55| 2.2 .1 0 0 1| 13| 7.8| 6.4 63 43.3
Rampart........ 8.5( 80| 60| 4.0 .3 0 01 0 1.2 82| 68| 7.2 50.2
Tangna.........| 9.0 6.7( 9.1} 29 .6 0 0 0 1.0f 68| 51| 9.4 53.6
Fairbanks....... 941 6.2) 831 28 .4 [} Q .1 .81 65| 63 7.8 47.6

Mean.__._ 86| 7.3 69| 3.1 4 0 0 1] L2] 72| 67| 80 49.4
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Some interesting facts are shown by these records. In figure 2
the mean temperature, precipitation; and snowfall for the whole
region have been plotted. From this diagram it will be observed
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FI1GURE 2.—Mean temperature, precipitation, and snowfall in the Yukon-Tanana region,

that the warmest weather occurs in the early part of July and the
coldest in the middle of January. The mean precipitation is about
104 inches, which classifies the region as semiarid, and most of this



CLIMATE 39

falls ‘as rain during the summer, with a maximum in early August.
The late summer may, therefore, be described as the wet season of
this region.” A sharp drop in the precipitation curve during. April
shows that that month is dryer than any other. The largest amount
of snow falls in January, and practically none falls during June,
July, and August. It is probable that no rain falls from November
to March, inclusive, and on this assumption it will be seen that the
average conversion factor of snow to water in this region is about
0.075—that is, it takes about 1314 inches of snow to make 1 inch
of water.

The individual records from the five stations do not depart suﬂ'i
ciently from the mean to warrant separate charting, but they do
show some deviations from the mean worthy of mention. Fort
Yukon is the warmest of the five in summer and the coldest in win-
ter. Moreover, the time of minimum winter -temperature at Fort
Yukon appears to be two or three weeks earlier than at the other
four stations, and the period of extreme cold weather is longer.
Fairbanks has the mildest climate of all the five stations, for it is
appreciably warmer in winter and is also warmer in summer than
any other station, except for a period of two months at Fort Yukon.
Nevertheless, the mean annual temperature at Fairbanks is nearly
6° below the freezing point. The mean annual temperature at Ta-
nana is the same as the regional average.

Tanana has the greatest precipitation, which exceeds the mean
for the region by more than 2 inches, and the precipitation at Fair-
banks also exceeds the mean by about. 1 inch. The lightest precipita-
tion occurs at IFort Yukon, where it is 8.3 inches below the average.
Tanana differs from the other four stations in that its maximum pre-
cipitation occurs in July rather than in August. Eagle comes closer
to representing the average conditions of precipitation than any
other station. Tanana also has the greatest snowfall, but Eagle,
though third in precipitation, has almost as great a snowfall as
Tanana. At Fort Yukon nearly half the prempltatlon falls as snow,
but at Fairbanks and Tanana only about a third is snow.

The means. above tabulated and analyzed are based on figures that
have a wide range between their maxima and minima, and the
tables therefore do not give a very real picture of the actual existing
climatic conditions. In summer a maximum temperature of 100° F.
has been recorded at Fort Yukon, and in winter minimum tempera-
tures of —76° and —75° have been recorded at Tanana and Eagle
respectlvely, thus showing a possible.annual range of 176° F. Dur-
ing the summer from 45 to 65 days may be expected when the tem-
perature rises to 70° or higher, and in winter from 240 to 255 days
may be expected when ‘the temperflture falls to. 32°-or less. .Also
from 120 to 160 days in winter have a minimum temperature of 0°
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or less. It should be noted, however, that these figures are based
upon the climatic records of stations along the Yukon and Tanana
Rivers, at relatively low elevations above sea level; probably some-
what different conditions prevail in the hills that rise several
thousand feet higher. '

The Yukon River at Eagle breaks up in the spring sometimes be-
tween May 8 and May 18, usually about May 10, but at Circle, Fort
Yukon, and Rampart the break-up is progressively later, by several
days. The Tanana River at Nenana since 1917 has broken up at
dates ranging from April 26 to May 17, with an average date of
May 7. At Fairbanks the earliest and latest dates of the break-up
on record since 1903 are April 26 and May 14, with an average date
of May 6. It may therefore be seen that the Tanana River at Fair-
banks and Nenana breaks 3 or 4 days earlier than the Yukon at
Eagle. The Yukon and Tanana begin to freeze about the middle of
October, but the smaller streams in general freeze earlier in the fall
and open earlier in the spring than the main rivers.. Steamboat
navigation on the Yukon begins about June 1 and ends-about the first
week in October, thus giving a period of river navigation of about
4 months.

Most of the ground in this region is permanently frozen to great
depths and thaws in summer only for a few feet below the surface.
A marked exception to this condition, however, prevails along the
larger streams, where circulating ground water has in places thawed
the ground for several hundreéd feet back from the river banks. This
frozen condition of the soil is believed to have originated during
the ice age, when the regional climate must have been even more
frigid than at present, but its perpetuation to the present day has
doubtless been greatly aided by an insulating layer of sphagnum
moss that covers much of the surface. The combination of a frozen -
subsoil and a spongelike layer of moss at the surface produces a
condition that favors the growth of vegetation and seems to belie
the semiarid nature of the country, for as a result of the frozen sub-
soil, there is slight circulation of ground water, and the scant precip-
itation soaks into the moss, where it is retained near the surface,
thus favoring a dense plant growth.

The weather in the Yukon-Tanana region is generally pleasant,
both in summer and in winter. The summer days are seldom
oppressively warm, and except for the myriads of mosquitoes in
June and July working conditions are very favorable. In the early
summer thunderstorms are prevalent in some seasons, but a great
variation exists in this respect. Though much of the summer weather
is fair, few perfectly cloudless days occur, for the sky is usually
characterized by isolated clumps of clouds, which make patches of
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sunshine and shadow. over the landscape. This renders the photog-
raphy of distant landscapes somewhat difficult. In winter still
better weather prevails, and except when storms or periods of
excessively low temperature occur, travel by foot and dog team
along established trails is easy, and even cross-country travel on
snowshoes is less laborious than summer travel in the valleys.

VEGETATION

The valleys and lower ridges of the Yukon-Tanana region have a
heavy mantle of vegetation, which includes coniferous and deciduous
trees, many kinds of flowering plants, ferns, mosses, lichens, and
still lower forms of plant life. Little organized botanic work has
yet been done in this region, but many travelers in the country have
taken the opportunity to collect the more common plants; and there
is available as a result of such collections a considerable amount of
descriptive botanic data in the files of the United States National
Museum and the Department of Agriculture. The flora of this
country presents many interesting. problems, partlculally problems
of ecology.

The common trees are the white spruce, the balsam poplar or cot-
tonwood, and the quaking aspen, and at favored localities. good
stands of white birch are also found. Other trees that are more
sparsely distributed are the black spruce, black birch, and tamarack.
The white spruce constitutes a large part of the forest growth,
ranging in size from trees 2 feet in diameter in the larger valleys
to the scrubby stunted kind that grow near timber line. The poplars
and aspen grow principally in the valleys, but where the spruce has
been burned from the valley walls and lower ridges, poplars and
birches are among the first trees to reappear in the course of natural
reforestation. The natural habitat of the birch is on well-drained
ridges and hill slopes. Black spruce grows as small scrubby trees
in swampy places, and the tamarack or larch is found mainly in
the valleys of the larger rivers.

Much of the country, particularly in the vicinity of mining camps,
has at some time in the last 40 years been subjected to forest fires.
Most of these fires, though due to carelessness or negligence, have
not been intentional, but some of them have been deliberately set
with the intention of obtaining dry wood quickly, or of killing mos-
quitoes, or perhaps with the erroneous idea: of clearing off the vege-
tation so that grass would spring up for horse feed. Por some years
after a fire a burnt-over area is a desolate stretch that is useless for
man or beast. Much fine timber and other useful vegetation is
destroyed, and the country becomes a veritable no-man’s land, devoid
of vegetation, water, and animal life. The rainfall in this country
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is at best sparse, and when the surficial mantle of moss and other
vegetation is thus destroyed, nothing remains to hold the moisture,
and the run-off of the streams becomes torrential: ‘This adversely
affects placer-mining operations for water then becomes available
only during periods of rainy weather, and the exceéss run-off is
wasted, instead of being conserved for penods of drought Experi-
ence should have demonstra,ted by this time that no useful purpose
is served by setting fires, even in a country as sparsely populated as
interior Alaska. :

Timber grows in this country up to an zwerage elevation of about
2,500 feet above sea level, but local conditions cause considerable
variation in the timber line. Where basic or ultrabasic rocks form
the country rock, or on northward-facing slopes, timber may hardly
extend up to an elevation of 2,000 feet; but in trunk valleys or on
favored slopes, particularly where the bedrock is limestone, spruce
timber may grow up to 3,000 feét or higher. Near timber line the
spruce becomes smaller and above’ timber line gives place to low:
brush, of which the dwarf black birch and in ‘moist ground the alder
are the most common types. Above this are prostra,te plants, such
as the lichens and certain flowering. plants, which continue to the
top of the mounta,lns unless interrupted by slide rock.

A large variety of other vegetation™ grows in this countl y. Wil-
lows and alders, though essent,lally Ashrubby ‘plants, grow at favored
localities to 6 inches or more in diameter. Only one species of alder
has been recognized, but several species of willows are present. Fhe
natural habitat of these plants is along stream courses, but they are
widely dlstrlbuted where the ground is damp. enough to favor their
growth. - The flowering plants are particularly consplcuous in
summer, and many types are found. The writer®” in an earlier
publication has given a list of 164 species that grow in the v1c1n1ty
of Eagle, and probably as many more could be collected by a pro-
fessional botanist. One of the most conspicuous and most attractive
flowers of interior Alaska is the Iceland poppy, a a yellow species
whose natural habitat is on the upper slopes below and above timber
line. : .

Many native grasses and sedges also grow in this country, and
others which have probably been imported as seed in hay have be-
come acclimated. Grasses t}ia.t are suitable for horse feed grow in
the valley bottoms and to a marked extent in the gulches near the
upper limit of timber.” Horses soon learn to like some of the horse-
tails, as well as certain other kinds of vegetation, such as some of the
genera, of the ‘pea famlly ,,In the. lower valley.s gla,ss_, for horses

# Mertie, J. B., Jr The Tatonduk Nation dlstuct U. S. Geol. Survey Bull. 836, pp. 363—
367, 1932 . .
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is usually available by the end of the first week in June, but in late
seasons.adequate forage may not be obtained until after the middle
-of June. Similarly in the fall, the grass lasts until the early or
middle part of September, or perhaps later. In the higher hills,
however, forage is seldom available before the middle of June and
is entirely dead by the first week in September. .In general, there-
fore, horses can forage on the country for 3 or 814 months, the time
depending on the locality and the kind of season. :
Several kinds of wild fruits grow in this region, of which the
four most common and useful are the bog blueberry, the low-bush
cranberry, the red currant, and the red raspberry. The high-bush
cranberry, a member of the honeysuckle family, is also much used
for making jelly, and the juice of this berry, when it is fully ripe,
provides a fine substitute for vinegar for table use. Strawberries,
though native to southern rather than interior Alaska, also thrive
at some localities. At most of the settlements along the Yukon and
Tanana Rivers, and even in the hinterland between the rivers,
gardens are planted, and all the hardy vegetables, including potatoes,
turnips, cabbage, lettuce, rhubarb, beets, carrots, and radishes, are
grown without difficulty. Tomatoes and cucumbers are grown for
the most part in hothouses. Agricultural experiment stations were
started by the Department of Agriculture years ago at Rampart and
Fairbanks, but the Rampart station was subsequently abandoned.
The Fairbanks station, however, has continued to function and has
recently been transferred to the University of Alaska. Much fine
work has been done at these stations, and one of the important results
of their work has been the development of hardy cereals that will
ripen in the short sub-Arctic summers. :

ANIMAL LIFE

The larger animals of this region are caribou, moose, bear, and
mountain sheep. ‘Many thousands of woodland caribou range
throughout the region, and they form an important source of food
for the white and native population. The caribou assemble in large
bands in"August, and one of the impressive sights of the country is
a great herd of these animals migrating across rivers and over moun-
tains, in such numbers that their transit past any one locality may
take several days. From a mountain top surrounded by such a herd,
one may see caribou on every ridge top in every direction, as far as
the eye can reach. ‘The caribou are more like cattle than wild game,
and it'is hard for the frontiersman- to understand how the killing
of caribou can be regarded by hunters as a form of outdoor sport.

| 54984—37—4° : :
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Moose are plentiful but do not assemble.in large.herds. - Unlike
the caribou, they are found mainly in low timbered valleys, partic-
ularly where lakes are plentiful. Sheep are found in the high moun-
tains, but are relatively scarce. The largest number of sheep ob-
served by the writer were in the hills near Mount Schwatka, north
of Victoria Creek. Both the black bear and the brown grizzly bear
are native to the country. The grizzly bear lives mostly in the
higher mountains and is often met on the bare ridges at and above
timber line. The fur-bearing animals include chiefly fox, lynx,
marten, muskrat, squirrel, weasel, mink, land otter, wolf, and of
recent years coyote. Other animals, such as porcupines, rabbits,
tree and ground squirrels, marmots, and mice, are also found.

The native game birds are ptarmigan and grouse, but these birds,
particularly the ptarmigan, appear to be nomadic and more or less
periodically appear in numbers at different localities, and at other
times are very scarce. In summer ducks, geese, and other water-
fowl are plentiful along the streams and lakes. Many other birds,
including the eagle, hawk, raven, owl, loon, tern, gull, kingfisher,
- swallow, sparrow, junco, thrush, warbler, jay, waxwing, and shrike,
also inhabit this country. _

The streams are amply stocked with fish. Grayling are found
in nearly all the streams, and in some trout are also found. Salmon
run up the Yukon and Tanana Rivers and constitute an important
source of food, both for the people of the country and for their
sled dogs. Other large fish, such as whitefish, pike, pickerel, and
lake trout, are common in the lakes and larger streams.

DESCRIPTIVE GEOLOGY
GENERAL FEATURES

The Yukon-Tanana region and contiguous areas north of the Yu-
kon River present one of the most complete geologic sections now
known in Alaska. Bedded rocks of every geologic period except one
have been identified, and a variety of igneous rocks, both intrusive
and extrusive in origin, are also present. This diversified assemblage
of rocks indicates that the region has had a long and intricate geo-
logic history. The reconnaissance studies of the last 30 years have
resulted in the accumulation of a great mass of information about
this region, and although many of these data are even yet not
thoroughly correlated, nevertheless they serve to indicate the major
events in the geologic history. There remain, however, many un-
solved geologic problems in this region, not the least of which is a
better understanding of the regional structure.

The bedded rocks range in age from pre-Cambrian to Recent, and
in the explanation accompanying the geologic map 22 map units of
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bedded rocks have been ‘differentiated. The oldest sedimentary
rocks are assembled in a group of crystalline schists, known as the
Birch Creek schist, of pre-Cambrian age. Later pre-Cambrian rocks
are also present, of which the least metamorphosed and best known
are comprised in the Tindir group, of pre-Cambrian and Lower
Cambrian (%) age, which is roughly correlative with the pre-Cam-
brian Belt series. The Tindir group, however, is typically developed
in the contiguous area north of the Yukon River and therefore out-
side of the Yukon-Tanana region proper. South of the Yukon
most of the younger pre-Cambrian rocks are assembled into a group
of undifferentiated rocks, which also includes some rocks of early
Paleozoic age. The calcareous members of the post-Birch Creek
rocks are separately mapped, though few such rocks occur south of
the Yukon. The Cambrian system is developed, so far as now known,
only in the belt along the international boundary north of the Yukon,
but the proximity of these rocks to the Yukon River renders it de-
sirable to give a brief outline of their general character. Some of
the rocks of Ordovician age are included with the pre-Cambrian in
the assemblage here mapped as undifferentiated pre-Middle Ordo-
vician rocks, but one formation of basic lavas, here designated the
“Fossil Creek volcanics”, has been differentiated and mapped. The
Silurian system, so far as known at present, is represented by only
one formation, which is composed of a great thickness of limestone
and dolomite here named the “Tolovana limestone.” The Devonian
system, like the Ordovician, is largely undifferentiated, but one for-
mation, composed largely of lavas and known as the “Woodchop-
per volcanics”, has been differentiated and separately mapped. The
undifferentiated Devonian rocks have been divided into a calcareous
and a noncalcareous unit, which are separately delineated on the
accompanying map.

The Carboniferous system includes a great diversity of bedded
rocks. These have been divided into five well-defined mapable
units and also into two less well-defined groups of undifferentiated
rocks, one of calcareous and one of noncalcareous chardcter. Three
of the well-defined map units (the Livengood chert, the Rampart
group, and the Calico Bluff formation) are of Mississippian age, and
two groups of undifferentiated rocks are also Mississippian. The
Rampart group is an assemblage of sedimentary rocks, lava flows,
tuffs, and breccias, associated with which are masses of intrusive
rocks. Another lithologic unit, known as the “Nation River forma-
tion”, comprises a group of unique continental deposits, which are
believed to be of Pennsylvanian-age. The youngest of the Carbonif-
erous rocks is a marine limestone of Permian age, the Tahkandit
~ limestone,
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The Mesozoic rocks include a series of Upper Triassic-rocks, and
also rocks of Lower and Upper Cretaceous age. No Jurassic sedi-
mentary rocks. have been recognized in this region, though some
may be present, as a Callovian fauna correlative with the lower part
of the Upper Jurassic of Alaska has recently been found on the
Porcupine River, about 25 miles below the international boundary.
The apparent absence of Jurassic rocks in the Yukon-Tanana region,
however, is interpreted to mean that a great unconformity exists
at the base of the Lower Cretaceous sequence. In an earlier report
the writer ** mapped the Lower Cretaceous rocks of part of this area
as a separate unit, designated as the Kandik formation, but in the
present report the Lower and Upper Cretaceous rocks are mapped
s a unit, with no formal designations. The youngest of the consoli-
dated rocks are a group of Tertiary rocks of estuarine and conti-
nental origin. Overlying all the hard rocks of the region are a
variety of unconsolidated or alluvial deposits, which range in age
irom late Pliocene to Recent.

Many igneous rocks are present in the Yukon-Tanana region.
Some of these, such as the meta-igneous rocks that are associated
with the crystalline schists, are not separately rmapped. Others,
such as the Fossil Creek and Woodchopper volcanics and the Ram-
part ‘group with its associated intrusives, are mapped with the
bedded rocks. In addition to these, five units of igneous rocks are
separately mapped. The two most important of these, from their
économic relations, are the Mesozoic and Tertiary granitic rocks,
which are the ultimate source of most of the metalliferous ores of
this region. A group of Devonian intrusive rocks, mainly of ultra-
basic character, has also been differentiated. Finally, two groups
of lavas, one of early Tertiary and one of late Tertiary and Quatm-
nary age, are mapped as separate units. ’

BEDDED ROCKS

ANCIENT ROCKS

The ancient rocks of this part of AhSk‘L are here divided broadly
into three units, based upon differences in age and lithology. The
oldest unit, known as the “Birch Creek schist”, consists largely of
recrystallized sediments, with which are associated ancient meta-
igneous rocks of both intrusive and extrusive character. The Birch
Creek schist forms the base of the geologic section and is entirely of
pre-Cambrian age. One of the two younger units, designated as the
“Tindir group and associated intrusive rocks”, is a group of little

A 28 Mertie, J. B., Jr., Geology of the Eagle-Circle district, Alaska : U. S. Geol. Suwey Bull
816, pp. 136-141, 1930.
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altered rocks which are mainly of pre-Cambrian age, but may include
some Lower Cambrian rocks. The second of the two younger units
includes the major part of a group of partly recrystallized rocks,
that were described by Prindle? in his. report on the Fairbanks
quadrangle as the $Tatalina group ** and also similar recks in the
Circle and Fortymile quadrangles which have not received formal
designations. In the present report the latter unit and certain un-
differentiated early Paleozoic rocks ave collectively designated “un-
differentiated pre-Middle Ordovician rocks.”

BIRCH CREEK SCHIST AND ASSOCIATED META-IGNEOUS ROCKS

DISTRIBUTION

The Birch Creek schist forms the bedrock surface of about one-
fifth of the country between the Yukon and Tanana Rivers. This
formation occurs in three general tracts. The largest of these is a
triangular area of about 4,000 square miles, whose southern limit is
marked by the valley of the Chena River. The northeast side of this
triangle is delimited by the flats of Birch and Preacher Creeks, and
the northwest side is formed by the flats of the Tolovana River and
upper Beaver Creek. This area contains few intrusive bodies of the
later granitic rocks, and those which occur occupy relatively small
areas. It is also a significant fact that younger pre-Cambrian rocks
lie along both the southern and northwestern sides of this triangular
block of Birch Creek schist. The Fairbanks and Circle mining dis-
tricts lie within this area.

A second area occupied by this formation is.a belt lying along the
northeast side of the Tanana River and extending from the head-
waters of the Mosquito and Middle Forks of the Fortymile River
northwestward to and somewhat beyond the Salcha River. This
area comprises about 1,500 square miles. Along its north side this
belt is adjoined by younger pre-Cambrian rocks and by Paleozoic
greenstones, but along its east side the Birch Creek schist abuts
against great intrusive bodies of granitic rocks, with an extremely
irregular contact. A small mining camp, known as the Tenderfoot
district, lies near the west end of this belt, at a considerable distance
from the great granitic intrusive bodies.

The third area of the Birch Creek schist forms the eastern part
of the Yukon-Tanana region and continues eastward beyond the
international boundary into Yukon Territory. This area comprises

. ®Prindle, I, M., A geologic reconnaissance of the Fairbanks quadrangle, Alaska: U. S.
Geol. Survey Bull. 525, pp. 37-39, 1913.

- 8 A dagger (%) pxecedm;_, a geologic name indicates that the name has been abm\doned
or rejected for use in classification in publications of the U. S. Geological Survey. Quota-
tion marks, formerly used to indicate abandoned or rejected names, are now used only in
the ordinary sense.
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about 1,500 miles in Alaska and an undetermined area in Canada.
Along its north side this block of the Birch Creek schist adjoins
both the younger pre-Cambrian rocks and the granitic intrusives
and 1nterﬁngers with both of these formations; along its west side
the boundary is determined by the great gramtlc intrusives, and
the contact is likewise very irregular. = A considerable part of the
Fortymile mining district lies within this area, and just east of the
boundary, in Yukon Territory, is the Sixtymile mining district.
Still farther east is the Klondike mining district, whose bedrock
is also composed of the Birch Creek schist and other pre-Cambrian

rocks.
LITHOLOGY AND PETROGRAPHY

In describing the Birch Creek schist it should be stated at the
outset that no intensive study has yet been made of these rocks.
Many of the lithologic and structural data are based on the field
work of L. M. Prindle, which was done in connection with rapid
reconnaissance surveys. The petrographic examination of these
rocks, which has been made mainly by Prindle and the writer, was
likewise a part of this reconnaissance work and had for its principal
objective the recognition of the constituent minerals, so that proper
petrographic designations might be applied. The following data
are therefore descriptive rather than genetic, and the application
of modern methods for deciphering the history of these metamorphic
rocks remains a task for the future.

The designation “Birch Creek schist”, as now used, includes all
the older pre-Cambrian metamorphic rocks that were originally of
sedimentary origin. Associated with these metamorphic sediments
are a considerable variety of schists and gneisses of igneous origin,
which are not considered to be an integral part of the Birch Creek
formation. In the Yukon-Tanana region, however, these meta-
morphic igneous rocks have for convenience been mapped with the
Birch Creek schist, under the designation “Birch Creek schist and
associated meta-igneous rocks. In Yukon Territory the Canadian
geologists have applied the name “Yukon group” to all the older
pre-Cambrian crystalhne rocks of that region, irrespective of their
sedlmentary or igneous origin, but this usage has not been generally
adopted in Alaska.

The Birch Creek schist consists of sediments which through many
ages have been regionally metamorphosed to produce the more com-
mon types now seen over so much of this country.” A minor part
consists of similar rocks which have been metamorphosed, not only
by repeated folding and compression but also by contact-metamor-
phic processes. Manifestly this additional metamorphism is not a
function of the age of these rocks but is due entirely to their prox-
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imity to great bodies of intrusive granitic rocks, most of which are
a part of the later geologic sequence. It should also be emphasized
that a description of the Birch Creek schist cannot at present be at-
tempted upon a stratigraphic basis, for the original bedding has in
large measure been obliterated, and the stratigraphic sequence is
known only in a most general way.

The Birch Creek schist consists principally of qua1t41te, quartzite
schist, quartz-mica schist, mica schist, feldspathic and chloritic
schists, and a minor proportion of carbonaceous and calcareous schist
and crystalline limestone. Quartzite schist and quartz-mica schist
appear to be the more common.types. Most of these rocks are com-
pletely recrystallized, but in some of the more competent beds—for
example, the quartzites—original detrital fabric and other evidences
of their sedimentary origin are still preserved. In general, these
rocks are characterized by a foliated or laminated structure, and
many of them. show a distorted foliate or crenulated fabric that in-
dicates the superposition of one cleavage upon an older structure of
similar type. Ina broad way, the more quartzose metamorphic rocks
are considered to represent the basement members of the sequence.

The quartzite schists occur in beds that range in thickness from a
few inches to several feet. Most of these rocks contain sufficient
mica to give them a definite cleavage, but they also grade into beds
of almost pure quartzite in which the cleavage is hardly apparent.
Most of these rocks are strongly jointed, and therefore in weathering
they usually break down to form a blocky talus. This jointing also
has an important effect where such rocks form the bedrock under gold
placer deposits, in that it enables the gold to penetrate deeply into
bedrock and necessitates the removal and cleaning by hand of a con-
siderable depth of such rock, in order to obtain a high recovery of
the gold. Where the quartzite schist and quartzite occur in higher
country they usually make prominent topographic forms, owing to
their superior resistance to weathering. Another characteristic of
these quartz-rich rocks, particularly above timber line, is the prev-
alence upon them of a black lichen, which gives to their croppings a
somber, forbidding appearance when viewed from a distance. The
quartzite schists are typically developed in the area around the head-
waters of Birch Creek but are also found in the vicinity of Fairbanks,
in the Fortymile country, and at many other places. ’

The quartz-mica schists at many localities are interlaminated with
the quartzite schists, but at other localities they appear to constitute
most of the country rock. As might be expected, these rocks grade
lithologically on one hand into the quartzite schists and on the other
hand, with a decrease in quartz, into rocks that are more properly -
termed mica schists. The quartz-mica and mica schists, particularly
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the latter, are incompetent rocks, which have taken up most of the
stresses induced by regional folding and differential compression, and
their textures show to a marked degree the results.of these processes.
Crumpling, crenulation, and flow cleavage are characteristic features
of these rocks, as shown in plate 4, B, and it is apparent that not only
has the original bedding been entirely obliterated, but also at many
places an older cleavage has been intensely deformed to produce the
present cleavage planes. The textures, in short, are those which might
be expected to occur in rocks that have been intensely deformed at
great depth during several periods of diastrophism. In weathering
these micaceous schists disintegrate to form soft, friable rocks, and
where they have been subjected to the action of both air and water,
as in the bedrock under placer deposits, they disintegrate to a soft
clayey material. The quartz-mica and mica schists are found every-
where in the areas of Birch Creek schist and cannot be said to be
specially characteristic of any one locality, though they are well de-
veloped in the Fairbanks, Circle, and Fortymile districts, both in the
vicinity of the placer-mining operations and in the neighboring hills.

Calcareous schist and limestone appear to constitute a relatively
small proportion of the Birch Creek schist and are restricted to the
upper parts of the formation. Where observed, such calcareous rocks
occur as elongated bodies of small thickness and horizontal extent,
which are completely recrystallized, usually schistose, and at some
 localities silicated. The greatest amount of crystalline limestone in
the Birch Creek schist is found along the Fortymile River from the
mouth of Franklin Gulch downstream to the boundary. Here the
limestone is interbedded with a variety of schists and gneisses in beds
from a few inches to 100 feet or more in tluckness, and at places
the associated quartzites are themselves more or less calcareous. Simi-
lar calcareous members crop out as a group of lenses of crystalline
limestone in the Fairbanks district, extending from the head of Pilot
Creek S. 70° W. into the valleys of Dome and Vault Creeiks. Other
localities are in the valley of Goldstream Creek near Fox; at the
mouth of Mastodon Creek, in the Circle district; and at several places
in the headwaters of the Salcha and Chena Rivers, close to the suc-
ceeding pre-Cambrian rocks.

Schists on which the effects of contact metamorphism have been
" superposed are particularly prevalent at or near the borders of the
great instrusive bodies of granitic rocks that characterize the eastern
half of the Yukon-Tanana region; and in this process new minerals,
such as garnet, staurolite, and albite, have been developed. No spe-
cial study has yet been made of these contact-metamorphic phases of
the Birch Creek schist, but garnetiferous schists have been observed
at many places along these border zones, and staurolitic schists are



U. S. GEOLOGICAL SURVEY BULLETIN 872 PLATE 4

A. VALLEY OF FORTYMILE RIVER AT MOUTH OF STEEL CREEK.
Shows well-defined terrace about 500 feet above the river level.

B. CONTORTED SCHIST ON RIDGE NORTH OF MOSQUITO FORK OF FORTYMILE RIVER.
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A. CONTORTED FELDSPATHIC QUARTZITE, SALCHA RIVER.

B. PELLY GNEISS INTRUDED BY MESOZOIC GRANITIC ROCKS.
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known at the heads of Coal and Woodchopper Creeks and at other
localities.

The essential minerals of the rocks composing the Birch Creek
schist are quartz, biotite, and sericite, and the more common acces-
sory minerals are albite or oligoclase, chlorite, calcite, garnet, iron
oxides and hydroxides, apatite, and zircon. The less common ac-
cessory minerals, including those found in the contact-metamorphic
phases and in the associated meta-igneous rocks, consist of epidote,
zoisite, hornblende, diopside, augite, orthoclase, tourmaline, stauro-
lite, andalusite, titanite, rutile, and pyrite. In some of these rocks
certain of these accessory minerals are dominant, particularly the
feldspars and chlorites in the schists and the hornblende among the
igneous derivatives. The quartzites are massive rocks which consist
largely of quartz with a little mica. Under the microscope the
quartz is seen to consist of interlocking grains, usually showing
strain shadows under crossed nicol prisms, though in some of these
rocks the original rounding of detrital grains is still preserved. The
mica occurs in unoriented flakes. The quartzite schists and quartz-
mica schists differ from the quartzites in containing -increasingly
larger amounts of mica, which is oriented in parallel flakes and
gives a resulting foliation. Of the micas, biotite seems to be more
common than sericite, but the presence of both these micas has in
places been utilized to distinguish the Birch Creek schist from highly
altered Paleozoic rocks, which are likely to contain a larger pro-
portion of the brittle micas and chloritic minerals. The increase in
the proportion of mica is also usually accompanied by an increase in
the number and variety of the more common accessory minerals above
enumerated. Some of the quartzite schists contain oligoclase or
andesine, and by an increase in the amount of these minerals there
arises another fairly common rock type, the feldspathic schists.
Some of the schists of this type may perhaps be of igneous origin,
but many of them are believed rather to represent metamorphosed
arkosic sediments. S ,

A number of types of meta-igneous rocks are associated with the
Birch Creek schist, but the most abundant of these are the intrusives
grouped under the designation Pelly gneiss. This unit consists mainly
- of granitic rocks but locally includes darker varieties of monzonitic,
dioritic, and even gabbroic character. A description of the petro-
graphic features of the Pelly gneiss is given on pages 202-203. In
addition to the Pelly gneiss, chlorite, albite, and sericite schists,
ampbhibolites, and. hornblende schists are also associated with the
Birch Creek schist, and many of these rocks are considered to be
the metamorphic de1 ivatives of ancient igneous rocks. The chlorite,
albite, and sericite schists, like the limestone members, are con-
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fined to the upper part of the Birch Creek schist, but in parts
of the Yukon-Tanana region they constitute a considerable part of
the mapped unit. They are light-colored foliated rocks, ranging
from a dirty cream color to light green, and most of them are soft,
friable, and lustrous. The essential minerals are chlorite, sericite,
quartz, and acidic plagioclase, either albite or oligoclase, and the
common accessory minerals are the same as those of the mica schists.
These rocks have not been studied in any detail, but their general
characteristics suggest that many of them may be igneous phyl-
lonites, comparable with the metarhyolites associated with the To-
tatlanika schist, as described originally by Prindle®* The amphib-
olites consist essentially of hornblende, biotite, albite or oligoclase,
quartz, and calcite, and by a decrease in the content of feldspar they
grade into the hornblende schists. Other minerals found in these
rocks include epidote, zoisite, garnet, titanite, apatite, and iron oxides.

Mention should also be made of the large amount of quartz found
in the Birch Creek schist. Veins of quartz, of course, are present
in nearly all the geologic formations of this region, but the Birch
Creek schist, because of its great age, has been acted upon by vein-
making processes of every period, and consequently contains more
vein quartz than any of the othér rocks. This quartz, as might be
expected from its differences in age and mode of formation, is
diverse in character. Much of it is a white vitreous quartz that
ranges from small seams to veins and lenses several feet thick, but
some of it, particularly in the smaller seams, is colorless and trans-
parent. The quartz that characterizes the gold lodes of the Fair-
banks district is inclined to be porous and to show some crystalline
faces, but this variety occurs in veins that cut transversely across
the cleavage of the schist and is more characteristic of mineralized
areas. Locally any of the quartz veins may be mineralized with
sulphides, such as pyrite, arsenopyrite, and stibnite, and with free
gold, but in general most of the older quartz veins of the Birch
Creek schist are barren. It was the presence of so much quartz
in the Birch Creek schist and the additional fact that the mining
camps first discovered, such as the Klondike, Fortymile, Koyukuk,
Fairbanks, and Nome camps had a bedrock of schist that led min-
ing men to bélieve that the Birch Creek schist was the source of
the gold. It is now believed, however, that the granitic rocks are
the source of most of the gold of the Yukon-Tanana region, and
that the Birch Creek schist is a source rock for gold only where it
has been mineralized by granitic intrusives.

% Brooks, A. H.,, The Mount McKinley region, Alaska, with descriptions of the
igneous rocks, by L. M. Prindle: U. 8. Geol. Survey Prof. Paper 70, pp. 148-150, 1911,
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STRUCTURE AND THICKNESS

The structure of the Birch Creek schist is known to be very
complex, but the reconnaissance studies so far made do not justify
any finality of opinion regarding either the details of the structure
or the processes by which the structure has been produced. In gen-
eral, where the Birch Creek schist contains no large bodies of later
Intrusives, its cleavage tends to strike N. 60° E., or roughly parallel
with one of the major structural directions of the region. Even
where the structure is least irregular, however, considerable di-
versity of strike may be observed, particularly in the less competent
rocks. In areas where the great Mesozoic granitic batholiths are
found, the cleavage close to these intrusives tends to follow contact
lines, but farther away it tends to be decidedly aberrant. The dip
of the cleavage is even more irregular, for close folding is com-
mon, and many of the minor folds are closely appressed, with axial
planes ranging from high angles to verticality. Shearing has also
been a process of marked effect, and at places lenticular fragments
of competent beds, such as quartzite and old vein quartz, are found
as elongated inclusions in the less competent schists, sometimes
closely simulating a detrital or conglomeratic fabric. The struc-
ture is further ‘complicated, particularly in the Fortymile district,
by the presence of many ancient intrusives, chiefly though not
wholly of granitic character, that have ruptured and deformed the
schists during their intrusion, have soaked them with magmatic
juices so as to alter their chemical composition, and have subse-
quently been deformed and sheared along with the ancient country
rock, in such a way that they are now welded into the schists and
form with them a complex of metamorphic rocks that almost defies
analysis.

The area of Birch Creek schist lying between Fairbanks and Circle
. includes less granitic rocks than any of the other areas of these
rocks in the Yukon-Tanana region and may therefore be expected
to yield the best information regarding the ancient metamorphism
of these rocks. This block of schist is bounded both on the north-
west and southeast by the younger rocks of the undifferentiated
pre-Middle Ordovician assemblage and in a broad way the structure
may be regarded as anticlinal. The accompanying geologic map
shows that the younger pre-Cambrian rocks converge toward the
southwest, suggesting a closure around the end of the Birch Creek
schist in that direction; and it may therefore be inferred not only
that the general structure of the Blirch Creek schist is anticlinal,
but that the axial planes of the folds plunge southwestward. The
general structure is also indicated by the fact that in the central zone
of this area, along the ridges between Fairbanks and Circle, occur
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many quartzite schists of the type which is believed to represent the
basal part of this metamorphic complex. That the structure is far
from simple, however, is plainly indicated by highly appressed and '
in places recumbent folds, which appear to be characteristic struc-
tural features. (See pl. 5, A.) As a result, massive beds of quartzite
and quartzite schist are found at some localities in a nearly hori-
zontal position. In general, however, the axial planes of the ap-
pressed folds dip 30°—45° SE., and the impression is gained that a
considerable part of this deformation is due to lateral thrusting from
the southwest.

The Fairbanks district lies in the central zone of this area of Birch
Creek schist, and the detailed studies by Prindle®* in that district
have thrown additional light upon the structure of these older rocks.
Prindle found two belts of crystalline limestone in the Fairbanks
district, one in the valley of Goldstream Creek and the other about
3 miles south of and parallel with the Chatanika River; and he re-
garded these zonal croppings as evidence of closely appressed syn-
clines, in which the limestones, which occur in the upper part of the
Birch Creek schist, have been infolded with older rocks of the se-
quence. Carbonaceous schists are also associated with both of these
belts of crystalline limestone, and these likewise indicate that higher
horizons of the schists are here represented in the synclines. More-
over, if, as above inferred, the folds of the Birch Creek schist plunge
southwestward, it would be expected, in synclines of this sort, that
the higher .rocks of the sequence would begin to appear at the
Fairbanks end of this Fairbanks-Circle block, and that the very
oldest rocks of the sequence would be found at the northeast end,
in the vicinity of Circle. The lithology appears to bear out this
interpretation. .

In the eastern part of the Yukon-Tanana region the structure of
the Birch Creek schist is complicated, not only by the presence of
intrusives but also by the fact that the ancient granitic intrusives,
here called the Pelly gneiss, and other ancient igneous rocks become
increasingly prominent. The regional trend of the cleavage in the
vicinity of Dennison and Mosquito Forks of the Fortymile River
appears to be about the same as the general direction of these two
streams—that is, about N. 15° E.—and the prevailing dip of the
cleavage is 15°-20° E., although this attitude is by no means uni-
form. In fact, at some localities, as along the ridges south of Liberty
Creek, the cleavage of the Pelly gneiss appears to be nearly hori-
zontal. This regional trend of the cleavage may be due to the
proximity of the Mesozoic granitic rocks, but it certainly extends
for some distance east of them. Still farther east, however, in Yukon

. 9 Prindle, L. M., A geologic' reconnaissance of the Fairbanks quadrangle, Alaska, with a
detailed description of the Fairbanks district, by L. M. Prindle and F. J. Katz: U. 8. Geol.
Survey Bull. 525, pp. 74-75, 1913.
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Territory, according to Cockfield,® the regional trend of the igneous
schists, and presumably also the Birch Creek schist, is northwest with
prevailing dips to the southwest. It should also be emphasized
that both the intrusive Pelly gneiss and the igneous schists which
are associated with the Birch Creek schist in this area partake of
the same regional structure as the schist itself. When these facts
are considered in conjunction with the belief that the present cleav-
age of this schist in this area is superposed upon an older cleavage,
whose general trend is unknown, it will be apparent that the present
state of knowledge regarding the structural history of the Birch
Creek schist in this part of the Yukon-Tanana region is based more
upon vague conjecture than upon accurate analysis, and much more
work, of a very detailed nature, will be required to acquire any
adequate understanding of that history. In fact, considering the
geology of the Birch Creek schist in Alaska alone, without refer-
ence to Yukon Territory, the Fairbanks-Circle area is much the
best district in which to begin any such detailed studies.

As the Birch Creek schist comprises the oldest rocks in this region,
the base of this formation has not been observed, and the upper limit
is also more or less indeterminate. - The complex structure has al-

"ready been outlined, and it need hardly be stated that the strati-
‘graphic ‘section has not.yet been deciphered. These facts make ‘it
impossible to hazard any exact estimate of the thickness ‘of -these
rocks. It is probable, however, from the width across the regional
strike at Circle and the absence along that section of infolded beds
of later age, that a thickness of many thousands of feet 1s repre-
'sented by this metamorphic complex

AGE AND CORRELATION

The age of the Birch Creek schist is now considered to be not only
pre-Cambrian but early pre-Cambrian. McConnell,** who first ex-
amined these ancient crystalline schists along the Yukon River, cor-
related them by lithology with the tArchean rocks of Canada; but
subsequent workers, attempting to utilize a classification based upon
the fossil records, designated them first as pre-Devonian and sub-
sequently as pre-Silurian-and pre-Ordovician. - Cairnes,* in:1912,
discovered Upper Cambrian fossils in the rocks that lie above the
crystalline ‘schists, and on the basis of these fossils, together “with
the stratigraphy and structure of the underlying rocks, he was led
to the conclusmn that the crystalline schists are of pre- Cambl ian age

88 Cockfleld, W. E., Sixtymile and Ladue Rivers meu, Yukon Territory:_ Canada Geol
Survey Mem. 123, pp. 14-26, 1921, . .

8¢ McConnell, R. G., Report on an exploration in the Yukon and M.lcken/ie Basins North
west Territory : Cauada Geol. Survey Ann. Rept., new ser., vol. 74, pp. 13-14 D, 1890.

% Cairnes, D. D., The Yukon-Alaska international boundary between Poncupine and
Yukon Rivers: Canada Geol, Survey Mem. 67, pp. 61-65, 1914, L
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The facts upon which are based the asmgnment of the Birch Creek
schist to the early pre-Cambrian are given herewith. North of
Eagle and both east and west of the international boundary is a
group of rocks, predominantly limestone, in which Cairnes found
Upper Cambrian fossils and in which the writer ** subsequently col-
lected early Middle Cambrian fossils. Below these fossiliferous beds
is a great thickness of noncrystalline, nonfossiliferous rocks, aggre-
gating between 20,000 and 25,000 feet, which are considered on struc-
tural and lithologic grounds to be pre-Cambrian. These are known
as the Tindir group. The Tindir group has not yet been observed
in contact with the Birch Creek schist, but all the evidence indicates
that the Tindir is younger than the Blrch Creek: This conclusion is
not based primarily upon the relative degrees of metamorphism of
these two groups of rocks, although it is a striking fact that the
rocks of the Birch Creek schist are completely recrystallized, whereas
those of the Tindir group are little metamorphosed. The principal
evidence is the fact that there are two groups of rocks which, though
almost in contact along the Yukon, are totally different in their lithol-
ogy, the Tindir group. consisting of dolomite, limestone, shale, slate,
quartzite, réd-beds, and:basic:lavas, . whereas:the. Birch Creek schist
contains few calcareous rocks and no red beds. It would be impos-
sible by metamorphism to transform the rocks of the Tindir group
into rocks similar to those which constitute the Birch Creek schist.
The Birch Creek schist is therefore considered to be older than the
Tindir group, and as the Tindir group is classified as pre-Cambrian
and Lower Cambrian(?) the Birch Creek schist is considered to be
early pre-Cambrian. The use of the terms t*Algonkian” and
t“Archean” for subdivisions of the pre-Cambrian has been dlSCOIl-
tinued by the United Sta<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>