DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

GEORGE OTIS SMITH, DIRECTOR

BULLETIN 538

. A GEOLOGIC RECONNAISSANCE

OF THE

CIRCLE QUADRANGLE, ALASKA

BY

‘ L. M. PRINDLE

WASHINGTON
GOVERNMENT PRINTING OFFICE

1913






CONTENTS.

Page.

Preface, by A. H. Brooks....... L e e 7
Introduction.................... e e e i 9
Geography of the Yukon-Tanana region......... .. ..., 12
Geography of the Circle quadrangle. .. ... ... . ...l 13
Location and extent........ .. .o ... 13
Relief. . i 13
Drainage. ... ... i 14

L8] 71170 - 16
Temperature. . ... ....oeouinoini i 16
Precipitation. ........oonii i 16
Vegetation. . ....oooienaianiniiaiiiiaa e ieeeeaeeaaaaaa 19
Population. ..... ... 21
Transportation................ ... el 21
Geology of the Yukon-Tanana region......................... [ 21
Geology of Circle quadrangle........ ... . ... . L 22
General features. ... . ... .. ...l 22
Sedimentary rocks. ... ..oo.oi i 23
Pre-Ordovician TOCKS. . ..., C23

Birch Creek schist...........ooiiniiii i 23

Lithologic character............ ... .. ... ... .. ... 23

Structure. ......oooii i, 25

Distribution. .. ... ... ...l 25

Age. e 25

Paleozoic rocks. . ... ... e 25
Correlation with rocks of the Fairbanks quadrangle............... 25

Lithologic character..... ... ... ... .. ... ... ..ol 26

Structure. oo, 27

7 X T 27

Devonian system. . ... ..ot 27
Carboniferous system............... .. ... ... .. ...l 29

Mes0z0ic TOCKS. . . ..o 31

Lower Cretaceous series. . .............ooiiiiiiiioniiiiaiaaa 31

Upper Cretaceous series. ................ooovoiiioiiiiaaoo 32

Cenozoic ToCKS. . ... oouio it 33
Tertiary SySteID. .. ... ouunerane e ea e aeaaaens 33
DistribUtion . . . . o 33

Lithologic character............. ... ... .ol 33

Deposition. ...ovenenn e 33

Age i e 34

Quaternary SyBtem. .. .. ... ittt 34

Glaciation and glacial deposits................. ... ... .l 34

Alluvial deposits. ....... ..o o i 35

Igneous rocks, by J. B. Mertie, jr.......cooooveiiio i 36
General features........ouvenvevmimie i 36



4  CONTENTS.

Geology of Circle quadrangle—Continued.

Igneous rocks, by J. B. Mertie, jr.—Continued. Page.

Plutonic rocks. . .. oot et 36

Distribution and age. ........................ . 36

Metamorphism. . ... ... .., 37

Unmetamorphosed plutonic rocks.......o.o.oooool... 37

Granitic rocks. ...l 37

Muscovite granite and alaskite.......... ... .......... 37

. Muscovite-biotite granite......... ... ... .. ..o ... 38

" Biotite granite............... oo, 38

Amphibole granite........... i 39

Tourmaline granite............ooooieiiiiieiieoa... 39

Epidote granite................ e 40

Monzonitic rocks........... e e 40

Dioritic rocks. ... .ooouit i L 40

Granodiorite........_..... e 40

Quartz diorite. ......... ...l 40

Diorite. ... i 41

Gabbro. .ooceoi e 41

Peridotite and pyroxenite. ........ ... . ... ... 42

Metamorphosed plutonic rocks...... ... ... ... il 42

Granite gneiss. ... ... i 42

Quartz diorite gneiss (metadiorite).......... ... ... .. ... 43

Volcanic rocks. - . ..oooo i 43

Distribution and age.....................oLl L e 43

Rhyolitic T0CKS. ceeeeeem i 44

Dacitic and andesitic rocks............ i 45

Dacite. oo 45

Andesite ... ..o i - 46

Bagaltic and diabasic rocks. ... ... ... oL iiLiiil.. 46

Bagalt.......oooo P, © 46

Diabase . .« oot i 47

(X700 10 1173 47

Contact metamorphism......... ... .. ..., 48

Mineralization. . ... ...ooeninet ettt 49

[ 1T e 50

Geologic history. ... ... i 51

Events to the close of the Tertiary.............. ... ... ... ... 51

Development of the present surface........................ . 53

The Plateau. - . . oo .o i 53

Step-cut hills. ...l 54

Gold in the Yukon-Tanana region............. ... .. ..o . ool 54

@eneral features...... ... ... L.iiiillL. et 54

Gold in bedroCk. - .. eu oot 55

Birch Creek schist. .. ... ... .. . il 55

Paleozoic rocks. ... .o i 56
TeItiary TOCKS. - .o ettt mn et et ettt et e e et 57

Igneousrocks.... ... ... 57

Primary source of gold....... .. ... .. . .. L.l 57

Placer gold. .. .coonino e 58

Gold in the Circle quadrangle.......... ... .. .. ... ... ...l ce.. B9

Birch COreek district. .. ... ..o oot it 59

General featUres. ccuu ettt e et 59



CONTENTS.

Gold in the Circle quadrangle—Continued.

Birch Creek district—Continued.
Placers..... e e e e e e e et ieeitrarrataeaaaes
) Deadwood Creek. ... .....oo e .-
Boulder Creek. ... ... ..o e
Mammoth Creek....oooo i
Independence Creek...............ooioiee i e iaiaaaanns
Mastodon Creek. .. oooioo i
Miller Creek. ..oeueenn et
Eagle Creek and tributaries...... ... ... ... ... ... ...
Harrison Oreek. . ....oeeiie i
Mining development. .. ..o o o oo
Water supply of the Circle district, by C. E. Ellsworth and G. L. Parker
Gaging stations and measuring points. ... ... ... .. .. . ...
Birch Creek drainage basin...... PRI
North Fork of Birch Creek drainage basin.......................
Crooked Creek drainage basin............o....coiiiiiviniiinnn.
Creeks tributary to the Yukon above Circle................. ... .. ...
General features. .......o.o..oooto e
Placers. e eeiieeaeaaa
Woodchopper CreeK..... ...ttt ia e
C0al Creek. . ..unn e
Washington Creek..... ... . i
GOld. ..o
(07T
"Fourth-of-July Creek..... ... i i
Miscellaneous areas. .« ouueee o iiie et e eaieaiaaaaaa
Seventymile region...... ... ... .
Fortymile region..... ... .. .. ...,
Salcha region. .. ... e .
Chena 1egion. .ooeee oo
Future prospecting. ... ... i



ILLUSTRATIONS.

Page.
Prate I. Topographic map of Circle quadrangle........................ In pocket.
II. Geologic map of Circle quadrangle........................... In pocket.

III. A, Schist ridge between North Fork of Birch Creek and Crooked
Creek; B, Flat-topped ridge of quartzitic schist between Davis and

Pokercreeks. ... .. ..ot i 12
IV. 4, Open valley, tributary of Charley Rlver B, Narrow vallev, head :

of Chena River......c.coenoiiii i e 13
V. 4, Bench in schist 4,000 feet above sea level; B, Bench 500 feet above

Seventymile Creek. . ... o.oion i 14

VI. 4, Canyon of Fortymile Creek 500 feet below the level of the old
valley, B, Artificial cut-off in schist at the “Kink,”’ North Fork of

Fortymlle RAVEL. ¢ et e i 15

VII. A, Ice-filled stream flat, Goodpasture River; B, Gravel flat beneath
ice, tributary of Charley River..... ... ... . .. .. ... . ... ... 16

VIII. 4, Birch Creek schist; B, Augen gneiss intrusive into Birch Creek
schist... ... .. . ... ... ... ..... e 24

*IX. A, Contorted feldspathic quartzite, Salcha River; B, Contorted cal- '

careous shales, Independence Creek. . .......................... 26

X. A4, Cirque, head of Salcha River; B, U-shaped valley, tributary of
Charley RIver. . ... .ot et eeaaaaanaeas 34

XI. A4, Moraine partly damming valley; B, Terminal slope of moraine
from small valley. ... ... .. o .. 35

XII. Moraine nearly filling main valley from small valley headmg in peak
in background... ... ...l 36
XIII. A, View down Mastodon Creek; B, View up Eagle Creek.......... 60
FigureE 1. Index map showing location of Circle quadrangle.................. 9
2. Map showing distribution of timber in the Circle quadrangle...... 20

6



PREFACE.
By Avrrep H. Brooxks.

Systematic geologic surveys and- investigations of the mineral
resources of the Yukon-Tanana region were begun in 1903 and were
carried on in each succeeding year until 1911. For the first five
years the work consisted of geologic exploration without bhase maps
and afforded little opportunity for areal mapping. Meanwhile,
however, topographic surveys of the region were being made, and
during the last four years the geologist has usually had a base map
on which to outline his stratigraphic units and has been able to
make his investigations more detailed. For the most part, however,
the work has been of a reconnaissance character except near Fair-
banks, where a detailed geologic map covering about 436 square
miles was made; elsewhere the results have warranted the prepara-
tion of very general geologic maps only. “While these investigations
were going on many reports covering the subject of mineral resources
at some length and presenting geologic data were being published
(see pp. 10-11), and it seemed best to defer the publication of the
geologic reconnaissance maps until a large part of the field had been
covered, thus permitting the correlation of the results obtained in
the different districts.

The unit of publication for these maps is a quadrangle including
4° of longitude and 2° of latitude. The quadrangles mapped, named
from east to west, are the Fortymile,! Circle, Fairbanks, and Ram-
part, all of which have, for the most part, been both geologically and
topographically surveyed. A topographic base map for each quad-
rangle has been issued, and an account of the geology and mineral
resources of the Fortymile quadrangle ? has been published.

The geologic reconnaissance mapping of the Fairbanks quadrangle
was completed in 1910, and the results are now in course of publi-
cation.® In 1911 the reconnaissance of both the Circle and Rampart *

1 The Fortymile quadrangle, which is adjacent to the boundary, includes only 1° of longitude and 1° of
latitude.

2 The Fortymile quadrangle, Yukon-Tanana region, Alaska, by L. M. Prindle: Bull. U. 8. Geol. Survey
No. 375, 1909.

3 Prindle, L. M., Geologic reconnaissance of the Fairbanks quadrangle: Bull. U. S. Geol. Survey No.
525, 1913.

4 Eakin, H. M., Geologic reconnaissance of a part of the Rampart quadrangle, Alaska: Bull. U. 8. Geol.
Survey No. 535, 1913. .



8 GEOLOGIC RECONNAISSANCE OF THE CIRCLE QUADRANGLE.

quadrangles was completed. None of the quadrangles were entirely
covered by geologic mapping, but as the blank areas could be filled
in only at the expense of much time and money it seemed best to
issue the maps in incomplete form.

No one not familiar with the Yukon-Tanana region can realize
the difficulties that are encountered in its geologic mapping. Though
the region is now well known, much of it is so inaccessible that it can
be investigated geologically only by a well-equipped expedition
organized to work a hundred miles or more from a base of supplies.
Inaccessibility, however, is the least of the difficulties. The com-
plexity of the geology and the absence over large areas of bedrock
exposures have made the geologic work extremely arduous. Most
of the surveys have been made by expeditions moving rapidly and
having little opportunity for exhaustive study of any particular
locality. The geologist has been forced to seek his facts along routes
of travel determined by physical obstacles, shortness of field season,
ete., instead of being able to follow up special problems that might
help to unravel the complexities of stratigraphy. Working under
these conditions Mr. Prindle and his assistants have in less than a
decade outlined the larger stratigraphic units in an area of more than
40,000 square miles and have thus paved the way for the detailed
investigations which must be undertaken before a full knowledge
of the sequence and structure of the rocks can be gained. The
results are of value not only to the science of geology but also to the
prospector and miner, to whom they supply a knowledge of the
distribution and association of the mineral deposits. With the
publication of this series of reports on the Yukon-Tanana region
the first epoch of the geologic survey of the region will be closed.
The completion of the work will be followed, as soon as circumstances
will permit, by more detailed examinations of especially selected
areas. '



A GEOLOGIC RECONNAISSANCE OF THE CIRCLE
QUADRANGLE, ALASKA.

By L. M. PrINDLE.

INTRODUCTION.

The Yukon-Tanana region comprises an area of about 50,000 square
miles lying between Yukon and Tanana rivers west of the international
boundary. For purposes of mapping and description this area has
been divided into the Fortymile, Circle, Fairbanks, and Rampart
quadrangles. '

The Circle quadrangle (fig. 1) contains about 17,000 square miles
and includes several districts that have been productive of placer
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F1aurE 1.—Index map showing location of Circle quadrangle (No. 641).

gold. The most important of these, the Birch Creek district, was the
site of some of the earliest prospecting in the interior of Alaska; and
the abundant results of the discoveries of gold in it in 1893 led to the
exploration of adjacent areas accessible from the Yukon and of small
valleys tributary to the Yukon above Circle, including Woodchopper,
Coal, and Washington creeks. In the eastern part of the quadrangle
some placer ground was discovered in the upper valley of the Seventy-
mile and on the North Fork of Fortymile. The establishment of a
. 9
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Government telegraph line and stations and the construction of a
trail from Eagle by way of North Fork of Fortymile and Goodpaster
rivers to the Tanana rendered the eastern and southern portions more
accessible. The discoveries of gold in the Fairbanks district in 1902
and the subsequent rapid development of that region afforded new
bases of supply for prospectors and made large areas in the western
part of the quadrangle comparatively easy of access.

The rapidly growing importance of the gold-placer districts in
Alaska led to topographic and geologic work by the Government.
Spurr ! visited the Birch Creek district in 1895. Brooks ? explored
Tanana River, which sweeps the southwest corner of the quadrangle,
'in 1898. Collier ? studied the geology of the northeastern portion of
the quadrangle adjacent to Yukon River in 1902. Prindle spent a
portion of the field seasons of 1903, 1904, and 1905 and the whole of
the field season of 1911 in the area of the Circle quadrangle. Stone *
traversed the northwestern portion of the quadrangle in 1905. Brooks
and Kindle® studied the geology of the northeast portion adjacent to
the Yukon in 1906. v

The geologic work in 1903, 1904, and 1905 was done without a map.
Rough foot traverses were made upon which the geologic results were
assembled. The topographic map of the Circle quadrangle, the result
of surveys made in 1903, 1904, 1905, and 1908, was available for the
geologic work of 1911, and upon this map have been assembled for
this report the available geologic data, both published and unpub-
lished. The fact must be emphasized that in comparison with the
size of the area the amount of work done is small and that the results
are in very large degree only preliminary. Some of these results have
already been published, and in this report free use has been made of
these and of all Survey work in this area. In the reconnaissance work
of 1904 the writer was assisted by Frank L. Hess, in 1905 by Adolph
Knopf, and in 1911 by J. B. Mertie, jr. '

The following list of publications of the Geological Survey contains
not only the names of reports bearing upon the area immediately under
discussion but also of those on the adjacent areas in the Yukon basin.
*The coal resources of the Yukon, Alaska, by A. J. Collier. Bulletin 218, 1903, 71 pp.
*The gold placers of the Fortymile, Birch Creek, and Fairbanks regions, by L. M.

Prindle. Bulletin 251, 1905, 89 pp.
Yukon placer fields, by L. M. Prindle. In Bulletin 284,71906, pp. 109-131.

Reconnaissance from Circle to Fort Hamlin, by R. W. Stone. In Bulletin 284, 1906,
pp. 128-131.

* Survey stock exhausted; may be purchased from the Superintendent of Documents, Washington,
D. C., or may be seen at most public libraries. -

1 8purr, J. E., Geology of the Yukon gold district: Eighteenth Ann. Rept. U. 8. Geol. Survey, pt. 3,
1898, pp. 87-392. )

2 Brooks, A. H., A reconnaissance in the White and Tanana river basins, Alaska, in 1898: Twentieth
Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 425-494.

8 Collier, A. J., The coal resources of the Yukon, Alaska: Bull. U. 8. Geol. Survey No. 218, 1903.

4 Stone, R. W., Bull. U. 8. Geol. Survey No. 284, 1906, pp. 128-131.

5 Brooks, A. H., and Kindle, E. M., Bull. Geol, Soc. America, vol. 19, 1908, pp. 255-314.
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The Yukon-Tanana region, Alaska; description of the Circle quadrangle, by L. M.
Prindle. Bulletin 295, 1906, 27 pp.

The Bonnifield and Kantishna regions, by L. M. Prindle. In Bulletin 314, 1907,
pp. 205-226.

The Circle precinct, Alaska, by A. H. Brooks. In Bulletin 314, 1907, pp. 187-204.

*The Fairbanks and Rampart quadrangles, Yukon-Tanana region, Alaska, by L. M.
Prindle, F. L. Hess, and C. C. Covert. Bulletin 337, 1908, 102 pp.

*Occurrence of gold in the Yukon-Tanana region, by L. M. Prindle. In Bulletin
345, 1908, pp. 179-186.

*The Fortymile gold-placer district, by L. M. Prindle. In Bulletin 345, 1908, pp.
187-197.

*Water-supply investigations in Alaska, 1906 and 1907, by F. F. Henshaw and C. C.
Covert. Water-Supply Paper 218, 1908, 156 pp.

*Water supply of the Fairbanks district in 1907, by C. C. Covert. In Bulletin 345,
1908, pp. 198-205.

The Fortymile quadrangle, by L. M. Prindle. Bulletin 375, 1909, 52 pp.

" Water-supply - investigations in Yukon-Tanana region, 1906-1908, by C. C. Covert
and C. E. Ellsworth. Water-Supply Paper 228, 1909, 108 pp.

*The Fairbanks gold-placer region, by L. M. Prindle and F. J. Katz. In Bulletin
379, 1909, pp. 181-200.

*Water supply of the Yukon-Tanana region, 1907-8, by C. C. Covert and C. E. Ells-
worth. In Bulletin 379, 1909, pp. 201-228.

*Gold placers of the Ruby Creek district, by A. G. Maddren. In Bulletin 379, 1909,

Pp. 229-233.

*Placers of the Gold Hill district, by A. G. Maddren. In Bulletin 379, 1909, pp. 234~
237.

*Gold placers of the Innoko district, by A. G. Maddren. In Bulletin 379, 1909,
Pp. 238-266.

The Innoko gold-placer district, with accounts of the central Kuskokwim Valley and
the Ruby Creek and Gold Hill placers, by A. G. Maddren. Bulletin 410, 1910,
87 pp.

~ Sketch of the geology of the northeastern part of the Fairbanks quadrangle, by
L. M. Prindle. In Bulletin 442, 1910, pp. 203-209.

The auriferous quartz veins of the Fairbanks district, by L. M. Prindle. In Bulletin
442, 1910, pp. 210-229.

Placer mining in -the Yukon-Tanana region, by C. E. Ellsworth. In Bulletin 442,
1910, pp. 230-245.

Occurrence of wolframite and cassiterite in the gold placers of Deadwood Creek,
Birch Creek district, by B. L. Johnson. In Bulletin 442, 1910, pp. 246-250.

Water supply of the Yukon-Tanana region, by C. E. Ellsworth. In Bulletin 442,
1910, pp. 251-283.

The Koyukuk-Chandalar gold region, by A. G. Maddren. In Bulletin 442, 1910,
pp. 284-315.

*Gold placers between Woodchopper and Fourth of July creeks. In Bulletin 520,
1911, P 2 201-210.

Topographic maps.

Fortymile quadrangle; scale, 1:250,000; by E. C. Barnard. For sale at 10 cents a
copy or $3 for fifty.

Fairbanks quadrangle; scale, 1: 250 000; by T. G. Gerdine, D. C. Witherspoon, and
R. B. Oliver. Forsale at 50 cents a copy or $15 for fifty. -

Rampart quadrangle; scale, 1:250,000; by D. C. Witherspoon and R. B. Oliver.
For sale at 20 cents a copy or $6 for fifty.

* Survey stock exhausted; may be purchased from the Superintendent of Documents, Washington,
D. C., or may be seen at most public libraries.
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Fairbanks special map; scale, 1:62,500; by T. G. Gerdine and R. H. Sargent. For
sale at 20 cents a copy or $6 for fifty. .
*Yukon-Tanana region, reconnaissance map; scale, 1:625,000; by T. G. Gerdine.
Contained in Bulletin 251, 1905. Not published separately.
*Fairbanks and Birch Creek districts, reconnaissance maps; scale, 1: 250,000; by
T. G. Gerdine. Contained in Bulletin 251, 1905. Not issued separately.
Circle quadrangle, Yukon-Tanana region; scale, 1:250,000; by D. C. Witherspoon.
Contained in Bulletin 295. For sale at 50 cents a copy.

GEOGRAPHY OF THE YUKON-TANANA REGION.

The portion of the central plateau province of Alaska included
between Yukon and Tanana rivers is similar in its major features to
the related portions north and south of those streams.” It is an
upland characterized by a general level above which rise many ridges
and isolated domes and below which a minutely ramifying drainage
system has deeply intrenched itself. In the eastern portion the gen-
eral surface attains its greatest elevation, rising to about 4,000 feet
above sea level. The northern edge of the upland overlooking the
Yukon Valley rises to about 3,000 feet and the southern edge overlook-
ing the Tanana Valley to about 2,000 feet. The elevation of the
Yukon Valley is about 800 feet in the extreme eastern portion of the
region and about 400 feet at the mouth of the Tanana, in the extreme
western portion. The highest domes that rise above the general level
attain altitudes of about 5,000 feet and several. mountain groups and
ridges stand from 5,000 feet to over 6,500 feet above sea level.
Among these are the Glacier Mountains in the vicinity of Eagle, the
mountainous country of the Charley River and Goodpaster regions,
the White Mountains in the Beaver Creek region, and the group of
hills of steep relief near Rampart. Most of these areas of high relief are
due to the fact that the rocks composing them are mainly igneous and
are more resistant to weathering than the rocks of adjacent regions.

The drainage of the region belongs entirely to Yukon and Tanana
rivers. The valley of the Yukon in this region is made up of an upper
narrow canyon-like portion, a wide flat lowland known as the Yukon
Flats, and a lower canyon-like portion extending from the lower end
of the flats to the mouth of the Tanana. Tanana River is close
against the southern edge of the upland, and the Tanana Flats,
similar to the Yukon Flats, separate the Yukon-Tanana upland from
the similar upland flanking the northern base of the Alaska Range.
The tributaries of the two rivers in the Yukon-Tanana region are not
separated by any well-defined divide but are most intimately inter-
twined. Ingeneral,the interstream or upland areas predominate over
the stream or lowland areas. The valleys are comparatively narrow
and canyon-like, and the lowlands are not extensively developed except
near Yukon and Tanana rivers and especially near their confluence.
In general, then, the Yukon-Tanana region is a compact body of
upland deeply dissected by comparatively narrow stream systems.

* Survey stock exhausted; may be purchased from the Superintendent of Documents, Washington,
D. C., or may be seen at most public libraries, ’
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A. SCHIST RIDGE BETWEEN NORTH FORK OF BIRCH CREEK AND CROOKED CREEK.
Altitude about 3,400 feet.

B. FLAT-TOPPED RIDGE OF QUARTZITIC SCHIST BETWEEN DAVIS AND POKER CREEKS.

Altitude about 3,800 feet.
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A. OPEN VALLEY, TRIBUTARY OF CHARLEY RIVER.

B. NARROW VALLEY, HEAD OF CHENA RIVER.
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GEOGRAPHY OF THE CIRCLE QUADRANGLE.
LOCATION AND EXTENT.

The Circle quadrangle lies between meridians 142° and 146° west
longitude and parallels 64° and 66° north latitude. It is about 140
miles long from north to south, about 120 miles wide, and has an
area of about 17,000 square miles. The northeast corner of the
quadrangle, including about 3,000 square miles lying north of Yukon
River, is unmapped, has not been traversed by Survey parties, and is
not included in this discussion.

’ RELIEF.

The surface of the Circle quadrangle is the most diversified in the
Yukon-Tanana region. It is separable into two main topographic
subdivisions—the Tanana lowland and the upland, which is bounded
on the north by the Yukon Flats.

The upper end of the Tanana lowland, which comprises a com-
paratively small area in the southwest corner of the Circle quad-
rangle, has an elevation above sea level at the mouth of Delta River
of 940 feet. Delta and Tanana rivers, whose flats constitute most
of the lowland, are distributed in many interlacing channels in which
the water flows swiftly between gravel bars. The valleys of the
tributaries of the Tanana from the north widen sharply as they
approach the main stream and finally merge with the Tanana low-
land. Long ridges from the upland terminate abruptly at Tanana
River.

The Circle quadrangle contains a greater proportion of upland than
any other quadrangle in the Yukon-Tanana region. It also contains
the highest points in the region, among these being two peaks in a
high ridge near the head of Charley River (6,284 and 6,340 feet above
sea level) and a peak at the head of Healy River (6,515 feet, the
highest elevation in the region).

The upland has an extreme elevation of about 4,000 feet in the
central part of the quadrangle near the headwaters of Fortymile,
Charley, and Goodpaster rivers. This general level is strikingly
maintained in the long flat-topped spurs that extend both north
and south from the divide separating Goodpaster and Fortymile
waters, and it is traceable to the vicinity of both Yukon and Tanana
rivers, where its elevation is about 3,000 feet above sea level. The
uniformity of level is shown in Plate III, A. For comparison the
same feature is shown in Plate III, B, from a point more than.100
miles farther east.

In the vicinity of the Yukon in the northeastern part of the quad-
rangle a belt 10 to 25 miles wide, lying 2,500 to 2,000 feet above sea
level, contrasts with the higher, rougher country to the south and is
characterized by more uniform and more even-topped ridges that
continue to the Yukon, :
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The ridges rising above the general level are most conspicuous.
The highest, so far as observed, are composed of igneous rocks and
owe their pronounced relief to their resistance to weathering. As
igneous rocks form one-third or more of the total area of the quad-
rangle, ridges due to their influence predominate.

The ridges have no general trend. They are bulky forms, many
of which are surmounted by narrow, saw-tooth ridge crests culmi-
nating in precipitous peaks. The steep ridge slopes are strewn with
masses of granitic blocks, which in many places assume a more or
less lobelike arrangement. On some ridges the granite has weathered
into grotesque forms, which at a distance resemble monuments and
buildings. Isolated domes are common, rising from & few hundred
to 1,000 feet or more above the general level. Like the ridges, they
owe their existence to the resistance to weathering of the rocks com-

posing them.
DRAINAGE.

The valleys are very uniform. Similar streams head at about the
same level, are intrenched to about the same depth, have approxi-
mately the same grade, and carry about the same amount of water.
These facts have an important bearing on hydraulic development,
limiting the use of the streams for power. Most of the valleys are
narrow, and the total amount of open valley land is small and is
confined to the immediate vicinity of Yukon and Tanana rivers.

The most important tributaries of the Yukon are Birch Creek,
Charley River, and Fortymile River. These streams are all formed
of many large and widely divergent tributaries which drain widely
separated areas, and the main trunk streams which they finally form
by their union are comparatively short. Their upper valleys are
for the most part open and are characterized by flats of consider-
able extent, which are especially well developed in the upper valley
of Charley River. The valleys of the main trunks before the streams
leave the upland and enter the valley of the Yukon are narrow and
canyon-like. (See P1. VI, 4.)

The most 1mportant tributaries of the Tanana are Chena, Salcha,
and Goodpaster rivers. These streams flow in more or less parallel
courses and differ from the tributaries of the Yukon in consisting
each of a long main stream with subordinate branches entering from
either side. Their valleys are comparatively narrow except in the
immediate vicinity of Tanana River, and most of them become
narrower headward, merging into the deeply intrenched, canyon-like
valleys of the headwaters. The head of Salcha River is an excep-
tion; owing to the slow process of cutting across the granite area at
West Point its upper valley has become open. '

In following the very irregular and ill-defined drainage parting
between Yukon and Tanana rivers the contrast between the open
valleys of the head of the Yukon drainage and the canyon-like
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A. BENCH IN SCHIST 4,000 FEET ABOVE SEA LEVEL.

B. BENCH 500 FEET ABOVE SEVENTYMILE CREEK.
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A. CANYON OF FORTYMILE CREEK 500 FEET BELOW THE LEVEL OF THE OLD VALLEY,

B. ARTIFICIAL CUT-OFF IN SCHIST AT THE “KINK,” NORTH FORK OF FORTYMILE RIVER.
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beginnings of the Tanana drainage is found to be very general and
very striking. (See P1. IV.) )

Very many of the smaller valleys are unsymmetrical in cross sec-
tion, having on one side a comparatively steep slope with the stream
flowing close to its base and on the other side a long gentle slope
rising gradually for 1,000 feet or more and merging with a gentle
ridge slope. This feature is in most places independent of the
geologic structure and is most common on the west side of the
valley, where the sun has more influence than on the opposite side.
The western slope is the first to get the influence of the morning sun
and has consequently undergone more rapid weathering.

Benches are conspicuous in some of the valleys, notably in that
of Seventymile River, along which a very prominent bench about a
mile wide lies about 500 feet above the stream levely (Pl. V, B).
Other benches occur at lower levels, and the stream is now flowing
in a bed limited by a sharp rock-cut bench whose height averages
about 15 feet above the stream. Above the level of these benches, °
all of which are definitely related to the present stream system, are
other benchlike flats, which lie on the slopes of the ridges to a height
of about 4,000 feet or more above sea level. (See Pl. V, A4.)

Incised meanders are common on some of the streams. A notable
occurrence is on North Fork of Fortymile River near the eastern edge
of the quadrangle, at a place called the Kink. North Fork meanders
in a narrow rock-cut canyon about 600 feet below the benches which
formed the old valley of the Fortymile. The meander forming the
Kink is 2} miles long, but the distance across the neck, which is
formed by a ridge of schist about 100 feet high, is only 100 feet.
The narrowness of the barrier made it possible to blast a cut through
it and to draw off the stream, draining the river bed for the whole
2% miles and facilitating prospecting. The entire stream now flows
through the cut over a fall and rapids about 17 feet high (Pl. VI, B).

Some of the conditions affecting the development of the streams
in the Circle quadrangle are unlike those prevailing in more tem-
perate regions. Normally the ice of lakes and the larger rivers may
freeze in winter to a thickness of 5 or 6 feet, but in spite of the ex-
treme cold much water remains in circulation in the streams, and
the thickness of the ice is often increased at the top by the breaking
out of the water at some point higher upstream and the consequent
flooding of the ice already formed. Repetitions of this process may
result in a considerable thickening of the ice. Areas of ice, acres in
-extent and 10 feet or more in thickness, formed in this manner linger
in the valleys of some of the streams throughout most of the summer.
(P1. VII, A.) The ice exercises a determining influence in the dis-

_tribution of the water as spring begins. Erosion starts first along the
margins of the mass and the water beneath the ice becomes rather
evenly distributed over a more or less flat body of gravel, which in
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some places is packed nearly as smooth as a pavement. (See Pl.
VII, B.) Lateral erosion is accelerated and flats several hundred
feet wide and a mile or more in length may be formed. This process
has been observed tobe effective in many valleys and hasundoubtedly
been active in the production of the flats so characteristic of many
streams.

Another influence that has modified the normal valley develop-
ment has been the local glaciation described in more detail on pages
34-35. Cirques and U-shaped valleys have been formed and morainal
material has been deposited and has to some extent modified the
drainage.

. CLIMATE.
TEMPERATURE.

The climate of the Yukon-Tanana region, though influenced in
part by distance from the coast and altitude above sea level, is
determined mainly by the latitude. Long, cold winters, short sum-
mers, and permanently frozen ground are among the main charac-
teristics. Temperatures of 80° F. below zero and 90° or more above
zero have been reported. The alluvial deposits are for the most
part permanently frozen to great depths, some having been reported
frozen for more than 300 feet below the surface. Ice freezes on deep,
quiet water to a thickness of 5 to 6 feet. '

The Yukon at Circle closes to navigation about the middle of
October and opens again about the middle of May. At the level of
the Yukon killing frosts seldom occur during June and July, but
during the later half of May and early June and the later half of
August they may be frequent.

PRECIPITATION.

The summers vary greatly in character. In some of them long
periods of fine weather occur in June and July, and but little rain
falls throughout the season. In others thunderstorms and rainy
periods are frequent, and the total rainfall is comparatively heavy.
In general, however, the area is semiarid and the total precipitation
during the summer is less than 1 foot.

The following data on precipitation are abstracted from the report
of Ellsworth and Parker.*

Precipitation records for 1910 show that the rainfall at Fairbanks
was about 15 per cent below the average from 1906 to 1910; at Fort
Gibbon it was about 6 per cent below the average from 1904 to 1910;
and at Fort Egbert it was about 2 per cent above the average from
1903 to 1910. At Rampart a precipitation of only 5.32 inches was
recorded, which is lower than that of any other year since the begin-
ning of records at that station, in 1905, and only about one-half the
average for the last 8iX years.

! Ellsworth, C. E., and Parker, G. L., Water supply of the Yukon-Tanana region, 1910: Bull. U. S.
Geol. Survey, No. 480, 1911, pp. 176-178. .
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A. ICE-FILLED STREAM FLAT, GOODPASTURE RIVER.
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B. GRAVEL FLAT BENEATH ICE, TRIBUTARY OF CHARLEY RIVER.
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A comparison of the records of 1910 with those of 1909 shows a
small decrease at Fairbanks and Fort Gibbon and a considerable
increase at Fort Egbert. At Rampart the decrease was nearly 50
per cent from the precipitation of 1909.

Although there is a wide difference from month to month and from
year to year in the rainfall at the several stations in the Yukon-
Tanana region, the mean yearly precipitation at each station for the
period covered by the records is uniformly close to the average of the
means of all the stations. In other words, the records show no uni-
form difference in pre01p1tat,1on throughout this area.

The following table gives the monthly precipitation at all points in
the Yukon-Tanana region where records have been kept subsequent
to 1903. Such scattered records as were kept previous to 1903 have
been compiled by Abbe.!

Monthly precipitation, in inches, at stations in Yukon- Tanana region, 1908-1910.
[Rainfall or melted snow is given in the first 1ine; snowfall in the second line.] ’

Station. | Year.| Jan. | Feb. | Mar. | Apr. | May.| June.| July.| Aug. | Sept.| Oct. [ Nov. | Dec. nl}xgi

(=]

Central........ 1906{
Doennnn 1907{

47 0.36 4.914.82| 1.850.52 (7).70

.35 | 15,95

»o
00

.92 0 .
9.1 . .5 .
1751 . .33 1.15 | 10.63
17.5 . .3 | P PN [T TR I 6.5 |11.5 |44.1
3.30 | .. . 4 .03 35) .59 (18,71
33.0 | 8.6 (24.2 I T P PO PR EPSyRes 3.5 159 |9.9
.42 .21 (L0 .11 52| .96 .73 71 511 . 7.98
4.2 121 [1L.0 308 PR FUTSDN IR ST IR NI R 8.1 |26.2
.90 | .08 05 66 .38)1.641.90]1.73 39 80 521 .80 g gg

.70 | .14 02| .36| .39|2.16| .46]1.69]|1.91| .66| .5 | .76 .
FalthCreek... . . 3 .- .
Fort Egbert...

Do........

co8l 60l .
1 Abbe, Cleveland, jr., Prof. Paper U. 8. Geol. Survey No. 45, 1906, pp. 189-200. o Oct. 7 to 31.
97378°—Bull. 538—18——2
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Monthly precipitation, in inches, at stations in Yukon- Tanana region, 1903-1910—Con.

Station. Year.| Jan. | Feb. | Mar.

Apr.

May. | June.| July.

Aug.

Sept.| Oct. | Nov.| Dec.

Hot Springs...| 1909{[" === [

Miller House. .

Do
North Fork...

SR
B

N8

ek CTY ek
SaRSVS
[

@
a1

a July 16 to 31.

b Sept. 1 to 22.

Precipitation records for June to September, inclusive, at several
points in the Yukon-Tanana region may be summarized as follows:

Swmmary of summer precipitation in Yukon- Tanana region.

Maximum. Minimum, Precipi-
Station Mean | Duration |tation for
' (inches). | of records.| 1910
Inches.| Year. |Inches.| Year. (inches).
7.64 | 1907 4.36 | 1908 6.38 | 1907-1909 |. ........ .
8.37 | 1907 3.97 | 1908 5.97 | 1906-1910 6.22
9.57| 1905 | 5.95| 1909 7.09 {19000 8.0
Fort Gibbon.........eueeueeennenne. 1001 1905 | 4.98| 1908 6.59 {10100 5.36
Kechumstuk. 7.88 | 1906 4,64 | 1904 6.41 | 1904-1908 |..........
Rampart. . 9.83 | 1907 2.74 ] 1910 5.66 | 1905-1910 2.74
D 0721« PR F N P FPPTOUP 6.35 |.ceueennnnn 5.82
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Uniformity of precipitation throughout the Yukon-Tanana region
is also noticeable, though less apparent, in the summer months. In
the above table Fort Egbert has the highest average precipitation
from June to September and is 12 per cent above the mean for all
the stations; Rampart has the lowest average precipitation and is 11
per cent below the mean for all the stations.

The table also shows that a total precipitation as high as 10.01
inches and as low as 2.74 inches has occurred during the mining
season, and it leads to the conclusion that the general scarcity of water
for mining uses during 1910 throughout the Yukon-Tanana region
(with the exception of the Rampart district) was not due to an unusu-
ally small amount of rainfall in the aggregate but rather to its dis-
tribution with respect to time and area. A study of the run-off from
adjoining drainage basins during the four years from 1907 to 1910
indicates that a wide difference in stream flow may be expected even
though geologic and topographic conditions are apparently very
similar. In order to arrive at any definite conclusions regarding the
areal distribution of the rainfall by a comparison of simultaneous
records, it would be necessary to have a greater number of rain gages
more systematically located. Such comparisons as can be made with
the existing data, however, confirm the general opinion that the
precipitation is distributed rather unevenly. This condition is often
noticeable in the summer, when local showers visit one portion of the
drainage basin and do not reach another portion. '

VEGETATION.

The distribution of vegetation is shown on the map (fig. 2).
Timber line is about 2,500 feet above sea level. There is a minimum
of vegetation on the high ridges and their rock-strewn slopes, and a
maximum in some of the larger valleys of tributaries to Tanana
River. The upper zone of vegetation is characterized by more or
less grass, lichens, moss, low bushes, and particularly by dwarf birch
and alder. On many ridges of intermediate height the growth of
dwarf birch is very dense. Most of the lower ridges and spurs near
the main drainage lines are covered with a dense growth of small
spruce. In the larger valleys timber is more or less abundant,
especially on the sunward-facing slopes of the valleys near the main
drainage lines and over portions of the valley floors. Considerable
timber is more than a foot in diameter; spruce predominates, but
poplar and birch are abundant in places,. especially in the vicinity
of the Tanana, where tamarack also is common. The most striking
feature of the distribution is the contrast between the upper valleys
of tributaries of the Yukon and those of the Tanana. Most of those
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of the Yukon are comparatively bare or are dotted only with scatter-
ing groups of spruce, and those of the Tanana are thickly timbered
from their heads. - Willow and alder grow profusely along the smaller
stream beds throughout the area. Grass for horse feed is abundant
in many of the valleys, particularly near Yukon and Tanana rivers.

S —————r v —
144° 143° 142° :
I T—e6
T
‘LEGEND

D Above timberline

Small spruce, birch, and
poplar forest on slopes

Lowland,swamp, and mea-|
dow with heavy growths off
large trees,chiefly spruce,
along banks of streams

145° 143°

10 0 10 20 30 40 50 Mlles
CEHEHEE e 2

FIGURE 2.—Map showing distribution of timber in the Circle quadrangle.

Blueberries are abundant throughout a large part of the area.
Currants and red raspberries grow in the vicinity of both the Yukon
and the Tanana. All the hardy vegetables are grown in abundance:
in fine gardens in the Circle district.
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POPULATION.

Most of the residents live in the northern part of the quadrangle,
in the Circle district and on tributaries of the Yukon above Circle.
A few 'prospectors are at work in the eastern, western, and south-
western portions of the area, and a few Indians spend part of the
year at Kechumstuk and the mouth of the Goodpaster. The total
permanent population does not exceed a few hundred.

In the Birch Creek district most of the population dwells on Mam-
moth, Mastodon, Miller, Eagle, and Deadwood creeks, 40-to 60 mﬂes
from Clrcle

TRANSPORTATION.

The town of Circle, near the upper limit of the Yukon Flats,
is the general supply point for the district and is connected
with the creeks by a Government wagon road. Most of the heavy
freighting is done in the winter at a cost of 3 to 6 cents a pound, but
the construction of the wagon road has made it possible to obtain
many kinds of supplies during the summer at only a slight advance
over the winter rates, instead of, as formerly, only by pack trains at a
cost of 20 to 25 cents a pound. Good road houses are located at
intervals of about 12 miles along the wagon road from Circle to the
creeks and others have been built upon the creeks. The trail from
Circle to Fairbanks is traveled more or less every summer. The in-
stallation of a Government wireless station at Circle; connecting with
other stations at Eagle, Fairbanks, and Rampart has been of great
advantage to the district.

The route for transportation from Pacific coast points to Circle ig
by way of either Dawson or St. Michael. The first-class passenger
rate from Seattle to Circle by Dawson and the upper river in 1911
was $85. Freight rates have a great range, depending on the freight
classification; on general merchandise the rate is about $60 a ton.

GEOLOGY OF THE YUKON-TANANA REGION.

The Yukon-Tanana region comprises many formations and has been
affected by extensive metamorphism, great igneous activity, and
close folding with two dominant trends—southeast-northwest and
northeast-southwest.

One of the most extensive groups of rocks is made up of crystalline
schists which are mostly of sedimentary origin and are regarded as
pre-Ordovician. The presence of Ordovician, Silurian, Devonian,
Carboniferous, Cretaceous, and Tertiary rocks has been estabhshed
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A few small areas of glacial material show that some glaciation has
occurred. The alluvial materials include silt, sand, and gravel de-
posited either on benches or in the valleys of the present streams.

Igneousrocks are abundant. Basaltic and diabasic material, in part
volcanic and in part intrusive, is plentiful, particularly in the Paleo-
zoic sediments. Granitic and related rocks occur in many places and
become increasingly abundant toward the east. They are in part
metamorphosed to granitic gneisses but are mostly unmetamorphosed,
and they are all, so far as observed, in intrusive relation to the rocks
with which they are in contact. The period of their maximum in-
trusion was the Mesozoic. The evidence available points to the
igneous rocks as the cause of the widespread mineralization.

The present surface is mainly the product of fluviatile action and
subaerial erosion acting on a surface that has changed in elevation
with reference to the sea level.

GEOLOGY OF THE CIRCLE QUADRANGLE.
GENERAL FEATURES;

The mapping of the geology of the Circle quadrangle by means of a
few rapid traverses has necessarily been incomplete. It has been
impossible to cover the entire area, and those areas about which no
information was available have been left blank. The formational
boundaries indicated have not been traversed in detail and, except at
a few points, must be regarded as only approximate. It is believed,
however, that practically all the different formations have been
observed and that the map indicates somewhat accurately their
distributien.

Practically all the formations in the Fairbanks quadrangle occur
in the Circle quadrangle. Some of them enter it from the western
edge and extend across it into the Fortymile quadrangle. The main
geologic feature in which the Circle quadrangle differs from the others
is in containing large areas of igneous rocks, which occupy about one-
third of the quadrangle and which, by disturbance or by contact
metamorphism, have obscured the preexisting contacts between the
other formations. They have intensified the metamorphism already
present in the schists and have in places rendered schistose some of
the Paleozoic sediments.

The following table shows the stratigraphic succession:
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Stratigraphy of the Circle quadrangle.

Era. System. Series. Description.
Recent. Silt, sand, and gravel.
Quaternary. M 1d ! lisolated
: orainal deposits in small isolated areas,
Cenozoic, Pleistocene. Up to about 400 feet thick.
Unconformity—————
. Conglomerate, sandstone, shale, and
Tertiary. Eocene. lignitic beds. Probably about 3,000
feet thick.
........................................... peeeeaggeenorasaetaan Unconformity
Conglomi::rate il'?n(%l .arkosic tsz(tlndstone,
? oceurrin, isconnected areas,
Upper Cretaceous (7). | G0 IS about 1,000 fest thick.
Mesozoic, Cretaceous.
Lower Cretaceous. Slate, slaty sandstone, and quartzite.
Unconformity:
White crystalline limestone. About
Carboniferous. 200 feet%ick.
Unconformity
Devonian. Middle Devonian. Limestone and greenstone.

Probably mostly De-
vonian but in part
older,

Undifferentiated  greenstones. Dia-
basic and basaltic flows, tuffs, and
breccias, and serpentine. Up to
1,000 feet thick.

Paleozoic.

Probably including
Ordovician, Silurian,
and Devonian,

Undifferentiated quartz-feldspar sand-
stone, in part schistose; quartzite,
green and black shale; slate; purple
and green phyllite; chert; chert con-
glomerate; and limestone. Probably
several thousand feet thick.

Unconformity

Pre-Ordovician.

Birch Creek schist; quartzitic schist;
quartz-mica  schist; garnetiferous,
staurolitic, hornblendic, and carbo-
naceous schist; and crystalline lime-
stone. Probably several thousand

- feet thick.

SEDIMENTARY ROCKS.

PRE-ORDOVICIAN ROCKS,

BIRCH CREEK SCHIST.

Lithologic character—One of the most widespread formations in

the quadrangle is the Birch Creek schist, which includes quartzite
schist, quartz-mica schist, garnetiferous, and staurolitic schist, car-
bonaceous schist, hornblende schist, and crystalline limestone. Its
most common type is a rather blocky quartzite schist in beds which
have a maximum thickness of several feet and which alternate with
thin-bedded micaceous schist that is locally garnetiferous. (See
Pl VIII, A)) Mica, both muscovite and biotite, is the most widely
distributed metamorphic mineral and by its abundance distinguishes
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the Birch Creek schist from the Paleozoic formations, in which mica
has been developed but rarely, except in close contact with igneous
rocks. Garnets are generally found throughout the area where the
schists form the bedrock, and near some of the granitic contacts they
are especially abundant. In some places, notably about the heads
of Coal and Woodchopper creeks, the garnets are accompanied by
staurolite, which is abunidant in crystals half an inch or less in
length. The crystalline limestones interbedded with the schists are
also schistose in part, containing considerable mica and in some
places much garnet. The distribution of metamorphism is not
uniform. In some localities the rocks are comparatively massive
quartzites, with but a small amount of mica and but slight schis-
tosity, and there are all gradations between such rocks and quartz-
mica schists that show little evidence of their origin. At many
localities in the vicinity of granitic intrusives the schists are feld-
spathic and, close to the contact, are essentially augen gneisses.

The formation apparently becomes increasingly gneissoid with
depth, and the observed facts indicate that at the base it is closely
welded to ancient granitic intrusives that have been metamorphosed
to gneisses by the same process that metamorphosed the quartzites
and interbedded slates to schists. The gneisses are in part more or
less even and medium grained and in part coarse augen gneisses with
feldspars 2 inches or more in diameter. (See Pl. VIII, B.) Most of
them occur in bands from a few inches to several hundred feet in
thickness, lying parallel to the structure of the schists.

The contact-metamorphic action on the schists has apparently
increased the schistosity, developed garnet, staurolite, feldspar,
additional mica, especially biotite, and in some places andalusite.
The prevailing contact metamorphism in the Paleozoic rocks, on the

“other hand, consisted in the production of hornfels with more or less
andalusite or cordierite. .

The original succession of the schists is obscured by the complex
structure resulting from several periods of folding. The succession
from bottom to top is apparently fine-grained quartzitic and quartz-
mica schists; garnetiferous quartz-mica and hornblende schist with
thin interbedded quartzitic beds; quartz-mica schist, very micaceous;
and carbonaceous schists.

Limestone occurs sparingly at different portions of the section and
apparently becomes more abundant toward the top. It appears not
to be persistent, but to occur in more or less lenticular form. The
fact that it i particularly abundant in the Fortymile quadrangle
caused Spurr!® to name it the Fortymile series. In the other quad-
rangles, however, it seems to be but a subordinate nonpersistent phase
of the formation.

1 Spurr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. 8. Geol. Survey,
pt. 3, 1898, pp. 145-155.
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A. BIRCH CREEK SCHIST.

B. AUGEN GNEISS INTRUSIVE INTO BIRCH CREEK SCHIST,
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The upper limit of the formation is not everywhere distinctly
separated from the succeeding unconformable Paleozoic rocks. In
most places, however, the coarser detrital material of the lowest
Paleozoic and its prevailingly lesser degree of metamorphism serve
to differentiate it. In different areas, too, different members of the
Paleozoic rest upon the schist, and in some localities there is a distinct,
lithologic change from the schists to the overlying rocks.

Structure.—The schists have a very complex structure. They have
been closely folded, and most of the folds have been closely appressed
and overfolded to a nearly horizontal position. The planes of
schistosity thus correspond to a certain extent with the planes of the
axes of the minor folds and the structure simulates the horizontal.

Distribution.—The fact that most of the occurrences of gold in the
Yukon-Tanana region, including those of the Fairbanks and Circle
districts, are within areas of Birch Creek schist renders the distribu-
tion of these rocks a matter of economic importance. The main
body of schist that includes the Circle district is continuous to the
southwest with that of the Fairbanks district, and is flanked on both
the northwest and the southeast by belts of Paleozoic rocks. It
extends eastward, round the heads of Woodchopper and Coal creeks,
flanking the large mass of granite on Charley River, and terminates
i the Seventymile region. Another belt extends northwest and
southeast just north of the Tanana. A part of it forms apparently
but a narrow strip of schist flanking the large area of granite that lies
southeast of the Circle quadrangle, and another part extends more or
less uninterruptedly to the area in the Fortymile region between
Middle Fork of Fortymile River and Mosquito Fork.

Age—The age of the Birch Creek schist is not definitely known.
The oldest fossils that have been found in the Paleozoic rocks of the
Yukon-Tanana region are Ordovician. These, however, occur at a
considerable distance above the base of the Paleozoic, and in the
absence of more definite information and in view of the possibility
that some of the schists may be of Cambrian age it has seemed desirable
to call them pre-Ordovician.

PALEOZOIC ROCKS.
CORRELATION WITH ROCKS OF THE FAIRBANKS QUADRANGLE,

Paleozoic rocks occur extensively in the western portion of the
Yukon-Tanana region and in the Yukon Valley between the mouth
of the Tanana and the international boundary. The Paleozoic rocks
in the Circle quadrangle are extensions of those in the Fairbanks
quadrangle. The same lithologic types are present and detailed
work would probably reveal the same formations. From reconnais-
sance work, however, the fact seems fairly well established that except
in the area along the Yukon, the Paleozoic section in the Circle
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quadrangle is thinner than that in the Fairbanks quadrangle and that
the strata composing it are less persistent, less individualized, and
. represent the peripheral rather than the main portions of the forma-
tions. For example, the conspicuous limestones so characteristic
of the Fairbanks quadrangle are represented in the Circle quadrangle
by more or less lenticular beds not much exceeding 100 feet in thick-
ness. The same is true of the greenstones, which form a considerable
proportion of the Paleozoic rocks and in some localities attain topo-
graphic prominence but which, in general, are less abundant and less
conspicuous than in the western portion of the Yukon-Tanana region.
Therefore, although the available facts indicate the stratigraphic
equivalence of the Paleozoic of the Circle quadrangle with that of
areas farther west, they further indicate that it is less differentiated
into formations.
LITHOLOGIC CHARACTER.

The principal Paleozoic rocks of the Circle quadrangle are coarse
‘quartz-feldspar sandstones, metamorphosed and more or less schist-
ose, quartzite, shale, slate, phyllite, chert, chert conglomerate,
greenstone, and limestone. The dominant lithologic types have been
derived from sandy and argillaceous sediments.

The quartz-feldspar sandstone is like that which forms so large a
part of the Tatalina group in the Fairbanks quadrangle and is regarded
as being of the same age. The most common type is composed of
about equal proportions of rather coarse quartz and feldspar grains
in a finely granular matrix of the same materials admixed with con-
siderable argillaceous matter. In the coarsest varieties the grains
are half an inch or more in diameter. The rocks are in general
considerably metamorphosed. The quartz and feldspar grains are
reduced more or less to augen, and considerable sericite mica has
been developed. These rocks are interbedded in some places with
fine-grained quartzitic beds, purple, drab, or green shaly slates, and
limestones. In some areas the fine-grained beds have become typical
phyllites. Where these rocks have become schistose some of them
resemble the Birch Creek schist, but in general they may be distin-
guished from the Birch Creek by their composition.

The most common colors of the shale are gray, green, and black.
Black carbonaceous shales are abundant and in some areas are inter-
bedded with cherts. Green shales also are widely .distributed and
oceur in very many places in close association with the greenstones.

The greenstones are mostly altered diabasic and basaltic flows and .
tuffs, but they include also some reddish-weathering serpentine
derived from more basic rocks. The serpentine is described in more
detail in connection with the igneous rocks (p. 42). The greenstones
are characteristic of the Paleozoic section in the Yukon-Tanana
region, and wherever they appear they accentuate the relief, forming
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A. CONTORTED FELDSPATHIC QUARTZITE, SALCHA RIVER.

B. CONTORTED CALCAREOUS SHALES, INDEPENDENCE CREEK.



SEDIMENTARY ROCKS. 27

steep, pointed, jagged ridges, or being cut by streams into steep-
walled narrow canyons. Their distribution, so far as known, is
shown on the map (Pl II), but the fact must be emphasized that
only some of them are shown and that they may be found in any of
the Paleozoic areas.

Owing to the fact that the Paleozoic limestones occur chiefly as
interbedded members of little thickness, it has not been practicable
to show them on the map. They are prevailingly gray or bluish,
are more or less massive, and have been so closely folded that in
most places their primary structures have been practically obliter-
ated. At one locality on the Yukon west of Coal Creek a white lime-
stone of Carboniferous age outcrops.

STRUCTURE.

The close folding (Pl. IX) has rendered the succession difficult to
interpret. 'The lower part of the section seems to be composed
mainly of coarse and fine sediments, largely feldspathic, succeeded
by shales, chert, and chert conglomerates. The top seems to be
mainly greenstone and limestone, the limestone being thicker and
more massive than that in the lower portion. At some localities
greenstones were observed to underlie the limestone and at others to
overlie it.

AGE.

Apart from the Devonian localities and the locality of Carbon-
iferous limestone, the relation of which to the rocks above described
is not known, the only locality where paleontologic evidence of the
age of the Paleozoic rocks has been obtained is near the eastern edge
of the quadrangle, west of North Fork of the Fortymile, where a few
poorly preserved fossil corals were found. These fossils, however,
are too indefinite to be of value in correlation.

In the lack of definite evidence in the rest of the quadrangle it seems
very probable, on lithologic grounds alone, that the same periods are
represented as in the western part of the Yukon-Tanana region and
that the Ordovician, Silurian, and Devonian and possibly other areas
of Carboniferous are all present.

DEVONIAN SYSTEM.

The Paleozoic rocks along the Yukon within the Circle quadrangle
have been studied by Brooks and Kindle,! who found them to- be
mainly Devonian. The following fossils obtained by them were
referred by Kindle to the Middle Devonian:

Fossils were found at a number of localities in the limestones. At some exposures

opposite the mouth of Woodchopper Creek and about 1 mile farther up the Yukon
the fauna following occurs in limestones interbedded with tuffs.

1 Brooks, A. H., and Kindle, E. M., Bull. Geol. Soc. America, vol. 19, 1908, pp. 277-291.
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Cyathophyllum sp.

Crinoid stems.

Stropheodonta cf. calvini Miller.
Camarotcechia, small sp.

Atrypa reticularis Linn.

Atrypa cf. flabellata Goldf.

Schizophoria striatula (Schlotheim).

Amboccelia cf. umbonata (Conrad).

Anoplotheca? concava (Hall).
Dalmanella sp.

Spirifer sp.

Rensselaeria? sp.

Cypricardinia sp.

Conocardium sp.

Actinopteria near perstrialis Hall.
Pleurotomaria sp.

Sigaretus? n. sp.

This is the same fauna and horizon as that occurring at the mouth of Salmontrout
River on the Porcupine. Atrypa ci. flabellata is one of the most abundant species in
both faunas. The very peculiar gastropod here referred doubtfully to Sigaretus and
Stropheodonta cf. calving are also common to both.

About 2 miles below Woodchopper Creek the igneous beds, which are there the pre-
dominant rocks, are interrupted by a cliff of bluish-gray Devonian limestone rising 200
feet above the river. 'Fossils are very scarce here. The following species were ob-
tained:

Crinoid stems.
Atrypa reticularis.
Camaroteechia sp.

Stropheodonta sp.
Conocardium sp.

The section in this area has been summarized by Brooks and Kindle
as follows:

If one were to venture on a subdivision of this great series on the facts in hand, it
would be to recognize three general groups. The lowest group would comprise the
heavy cherty bluish-white limestones and associated argillites, quartzites, and thin-
bedded limestones occurring below Woodchopper Creek, which may be Silurian and
are characterized by a relatively small amount of igneous material. The cherts,
quartzites, and limestones of the Washington Creek area are provisionally included
with the formation. The lowest member of the Devonian or upper Silurian described
by Prindle in the Rampart region, and probably also the rocks of the Stewart River,
assigned to the Devonian by Keele, can be provisionally correlated with this general
horizon.

A second group would include limestones and the associated igneous rocks, argillites,
and cherts. The igneousrocks of thisgroup would appear to be identical with Spurr’s
Rampart series; but it must be remembered that it is only for the limestone member
of this group that the age has been determined and that the igneous rocks may be
somewhat younger. In its typical occurrence this igneous group is undoubtedly the
best defined of the stratigraphic subdivisions here proposed for the Devonian. Asa
cartographic unit, however, it is not serviceable, because including, as it does, some
intrusives, these are likely to be found as dikes crosscutting various older formations.
Moreover, the equivalent of this igneous complex in adjacent areas may be found
among the purely sedimentary rocks. The stratigraphic relations of Middle Devonian
horizon to the older rocks here assigned to the Devonian is not known, but may very
likely be one of unconformity.

The third group includes the argillites and subordinate sandstones and siliceous
slates, which occurimmediately underneath and conformable to Mississippian terranes.
These rocks are but sparingly fossiliferous, and may be found to be in part of synchro-
nous age with the igneous complex of the second group. If the argillite group is dis-
tinct from the igneous group, there may be an unconformity between the two, and the
apparent absence of the latter in many localities may be due to erosion, which removed
the igneous rocks before the sediments were laid down.

Little can be said of the thickness of the Devonian in this Province. The heavy
limestones and associated rocks of the lowest group may measure several thousand feet.
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It.ds probably safe to estimate that the exposures along the upper Yukon of Middle
Devonian limestones and associated greenstones indicate a thickness of from 5,000 to
8,000 feet, much the larger part of which is made up of igneous rocks. The upper
argillites and associated sandstones are roughly estimated to have a thickness of about

1,000 feet.
CARBONIFEROUS SYSTEM.

The Carboniferous limestone on the Yukon near Coal Creek has
been described by Brooks and Kindle ! as follows:

The upper Carboniferous limestone is typically exposed in some large open folds,
accompanied by more or less faulting, along the north side of the Yukon for some 3 or 4
miles above Nation River. The same horizon was identified about 30 miles below, on
the south side of the river and just west of the mouth of Coal Creek. Here it is exposed
in a small area closely associated with some pyroclastic material similar in every way
to that occurring with the Devonian rock. Were not the paleontologic evidence in
regard to this occurrence conclusive, this limestone would have been placed with the
Devonian. The occurrence, however, goes to prove that there was some igneous
activity during late Carboniferous time. It also suggests the possibility that some of
the igneous rocks which have been mapped as Devonian may eventually prove to
belong to the Carboniferous.

The fauna characterizing this highest Carboniferous limestone is shown in the follow-
ing list of fossils determined by Dr. Girty:

Lot 14: Fossils from west bank of Yukon, 1% miles above Nation River.

Zaphrentis sp.

Stenopora sp.

Streptorhynchus aff. S. pelargonatus
Schlot.

Chonetes aff. morahensis Waagen.

Productus aff. horridus Sowerby.

Productus aff. aagardi Toula.

Productus aff. P. porréctus Kut.?

Productus aff. mammatus Keys.

Productus aff. irgine Kut.

Productus aff. koninckianus Vern.

Productus sp.

Aulosteges sp.

Marginifera aff. splendens Norwood and
Pratten.

Spirifer aff. marcoui Waagen.

Squamularia aff. perplexa McChesney.

Spiriferella arctica Houghton.

Cleiothyrodina n. sp.

Rbynchopora aff. nikitini Tschern.

Schizodus sp.

Aviculipecten sp.

Omphalotrochus sp.

Lot 15: Fossils from limestone 1% miles southeast of mouth of Nation River.

Streptorhynchus aff. S. pelargonatus
Schlotheim. .

Productus aff. aagardi Toula.

Productus aff. koninckianus Vern.

Lot 22: Fossils from south bank

Polypora sp.

Rhombopora sp.

Streptorhynchus aff. pelargonatus Schlot-
heim. :

Productus aff. transversalis Tscherny. -

Productus aff. aagardi Toula. :

Productus aff. koninckianus Vern.

Productus aff. porrectus Kut.?

Marginifera? aff. splendens Norwood and
Pratten.

Aulosteges sp.

Marginifera ? aff. splendens Norwood and
Pratten.

Spiriferella arctica Houghton.

of the Yukon below Glenn Creek.

Spirifer aff. cameratus Tscherny. non
Morton.

Spiriferella aff. artiensis Stuckenberg.

Spiriferella arctica Houghton.

Squamularia aff. perplexa McChesney.

Camarophoria margaritovi Tschern.

Aviculipecten 2 sp. '

Fish tooth.

1 Brooks, A. H., and Kindle, E, M., op. cit., pp. 205-297.

v
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‘This fauna is unlike anything known in central and eastern North America, and
appears to be rather closely allied to that of the Gschelstufe of the Ural Mountains.
Probably the fauna of the Hueco, Weber, and Aubrey formations of western United
States will be found more or less closely related. In Alaska it has been collected
also in Pybus Bay and on Kuiu Island.”

Lots 14 and 15 represent the limestone in its typical development, while the lime-
stone which furnished lot 22 is associated with beds of igneous origin. The limestone,
which is of upper Carboniferous age, terminates the Paleozoic section in the upper
Yukon region. The succeeding strata in the section were not observed in direct
superposition, but a series of argillites, with one or more limestone beds, is believed
to hold this position. A collection of fossils was made in this series half a mile above
the mouth of Nation River, from a limestone about 15 feet in thickness. A species
of Halobia is the most abundant fossil in this collection. Dr. T. W. Stanton refers
the fauna provisionally to the Triassic. If this provisional determination is correct,
the upper Carboniferous limestone of the Yukon section is limited above by rocks of
Triassic age. _

The Carboniferous rocks above described show practically no metamorphism, and
are in strong contrast in this respect to all the older rocks of the Yukon except the
uppermost member of the Devonian. It is also noteworthy that, with the single
exception of the pyroclastics found with the upper Carboniferous limestone at Glenn
Creek, there is no evidence of igneous activity during the deposition of the Carbon-
iferous sediments of the upper Yukon.

Near the mouth of Michigan Creek, on the south side of the Yukon,
nearly opposite the mouth of Nation River and east of the Circle
quadrangle, Mr. Mertie obtained in 1911 additional paleontologic
material, on which Mr. Girty made the following report:

The species which these collections contain are as follows:

A(JBM)40. Michigan Creek, about 6 miles from mouth (south of Yukon).

Stenopora? sp. Productus aff. wallacianus Derby.
Streptorhynchus? sp. Dielasma n. sp. aff. elongatum Schlot-
Chonetes aff. morahensis Waagen. heim.

Productus aff. horridus Sowerby. - Rhynchopora aff.nikitini Tschernyschew.
Productus aff. aagardi Toula. Squamularia aff. perplexa McChesney.

A(JBM)41. Michigan Creek, about 3 miles from mouth.

Derbya? sp. Productus aff. wallacianus Derby.
Productus aff. horridus Sowerby. Rhynchopora aff.nikitini Tschernyschew.
Productus aff. mammatus Keyserling. Spirifer aff. marcoui Waagen.

Productus aff. aagardi Toula. Spiriferella artica Houghton.

The fauna of the two lots is essentially the same and clearly corresponds to that
obtained by Brooks and Kindle on the Yukon near the mouth of Nation River. [See
p- 29.] From its resemblance to the fauna of the Russian Gschelstufe, as described
by Tschernyschew, I take the geologic age to be ‘“‘upper” Carboniferous rather than
Permian. The facies is, of course, widely different from either the Pennsylvanian
or the Permian of the Mississippi Valley and Appalachian regions.
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MESOZOIC ROCKS.

LOWER CRETACEOUS SERIES.

The only rocks of known Mesozoic age in the Circle quadrangle are
the Lower Cretaceous rocks on the south side of the Yukon. These
rocks were studied in 1906 by Brooks and Kindle, from whose report
the following statement is quoted:

The Lower Cretaceous of the upper Yukon comprises a series of closely folded rocks
characterized by a large amount of silica. They included primarily siliceous slates,
slaty sandstones, and quartzites, with which are associated some argillites and pyro-
clastics. One heavy bed (50-75 feet thick) of massive tufaceous conglomerate was
observed within the Mesozoic area about 5 miles below Washington Creek, but may
be an infolded older or younger terrane. The pebbles of this conglomerate, which
are chiefly limestone, are well rounded, and some are 2 feet in diameter. The domi-
nating rock type of the Lower Cretaceous is a siliceous slate or quartzite, sometimes
interbedded with a clay slate. These rocks are usually pyritiferous and iron-stained
when weathered. Three miles below Washington Creek there is a series of beautifully
banded slates and quartzites. Here the brittle quartzite is broken by a series of
fractures at right angles to bedding, while the same movement has in large measure
been taken up in the cleavage of the slate. A quartz filling, sometimes carrying
pyrite, is not uncommon along these fractures. In at least one instance it appears to
be established that quartz veins cutting these Cretaceous rocks are auriferous. This
conclusion is not without importance in its bearing on the age of the mineralization
which produced the auriferous deposits of the Yukon.

These rocks in a general way strike easterly and northeasterly, but there are many
local variations. They are usually closely folded, and no determination of thickness,
which probably does not exceed a few thousand feet, could be made. On Washington
Creek they appear to rest unconformably on the Devonian and in turn are unconform-
ably overlaid by the Tertiary beds. Near Coal Creek the Aucella-bearing beds seem
to underlie the upper Carboniferous limestone, which has apparently been thrust
over them.

Fossils were collected from three localities in this formation, which were reported
upon by Dr. T. W. Stanton as follows:

Lot 18. South bank of Yukon River, 400 yards below Glenn Creek. Thislotincludes
many fragmentary specimens and impressions of an Inoceramus, with a few imperfect
specimens of Pecten, Pinna, two small specimens doubtfully referred to Aucella,
and a few other small undetermined bivalve shells, together with very imperfect
fragments of an ammonite possibly belonging to the genus Perisphinectes, or some
other genus with a similar sculpture. The horizon of this lot is evidently either
Jurassic or Lower Cretaceous, but the nature of the material does not permit a dis-
crimination between these two periods. I judge that these fossils came from the
same series as the Aucella mentioned below.

‘Lot 19. North bank of Yukon River, 6 miles above Charlie village. This col-
lection contains numerous specimens of Aucella cf. crassicollis Keyserling. This is
provmonally referred to the Lower Cretaceous, although the possibility that 1t may
be Jurassic should not be forgotten.

“Lot 21. South bank of the Yukon River, 13 miles below Sams Creek. This small
lot contains two imperfect specimens of Aucella and afew small fragmentary imprints
of Inoceramus. The horizon is probably the same as that of lot 19.

1 Brooks, A, H., and Kindle, E. M., op. cit., pp. 306-307.
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“The reference of these three lots of fossils provisionally to the Lower Cretaceous
is made with the same reservation that has so often been expressed when similar
collections containing Aucella and only a few associated forms have been submitted
from this and other areas in Alaska—that is, while the Aucella itself is indicative
of probable Cretaceous age, closely related species are known in the J urassic, and it
may be that all of the Aucella beds of Alaska are Jurassic.”’

TUPPER CRETACEQUS (1) SERIES.

A few areas of conglomerate and arkosic sandstones were found in
1911 near the main divide between the drainage areas of Charley
River, Goodpaster River, and Salcha River. The areas, so far as
observed, are comparatively small and occur in different valleys at
elevations between 3,000 and 4,000 feet above sea level.

The material varies greatly in coarseness. The coarsest varieties
contain a large proportion of granitic bowlders, some of them nearly
6 feet in diameter, locally embedded in fine sandy beds. The next
commonest type is made up of beds of cobbles not exceeding 6 inches
in diameter alternating with shaly beds that in places carry. poorly
preserved plant remains. A common type is a medium-grained
even-bedded arkosic sandstone that splits readily along the planes
of sedimentation into slabs, many of whose surfaces are more or less
colored with carbonaceous matter derived from plants. These rocks
are composed of about equal quantities of quartz and feldspar grains,
with some mica. They are gray in color, well consolidated, and
gritty. The material has apparently traveled but a short distance
from the granitic rocks from which it has been derived and it is
apparently coarsest where closest to its source. The rocks where
observed are but slightly tilted and their thickness probably does not
exceed 1,000 feet.

No similar rocks have been observed in other areas of the Yukon-
Tanana region. Conglomerates and gritty carbonaceous sandstones,
found by the writer in the Rampart region,! contain Upper Cretaceous
fossils and have at their base a conglomerate thatin degree of coarse-
ness resembles the medium coarse type of those under discussion.

The Upper Cretaceous rocks of the Rampart region have been
intruded by granitic bodies, and the fact that the similar rocks of the
Charley River country are composed largely of granitic material
shows that they were deposited subsequent to some granitic intru-
sions, and in the lack of definite evidence they are referred provision-
ally to the Upper Cretaceous.

1 Prmdle L. M., The Fairbanks and Rampart quadrangles, Yukon Tanana region, Alaska Bull. U. 8.
Geol. Survey No. 337 1908, pp. 23-24.
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CENOZOIC ROCKS.
TERTIARY SYSTEM.

Distribution.—Rocks of Tertiary age occupy an area of considerable
extent in the vicinity of Yukon River. They enter the area from
the Fortymile quadrangle and extend in a probably continuous belt,
with a maximum width of about 10 miles, to Woodchopper Creek
and beyond toward Circle. It is probable that Tertiary rocks occur
. also in the upper Charley River valley, as lignite has been reported
from that locality, but if they do they probably form an isolated
occurrence in the large mass of granitic intrusive rock.

Lathologic character.—The Tertiary rocks include clay, sandstone,
shale, lignite, and conglomerate of very different degrees of consoli-
dation, some of the sandstone and conglomerate being but loosely
cemented, some of the clays having become shales, and some of the-
conglomerates having been thoroughly cemented. Clay and sand-
stone and interbedded lignite apparently constitute the basal for-
mation.

The most conspicuous portion of the Tertiary is the conglomerate
which forms the upper part of the section. This rock makes rugged
topography. Most of the valleys cut into it by the main streams
are narrow canyons with somewhat wider upper portions bordered
by spurs that are in general precipitous or comparatively steep
sided. .

The conglomerate is composed mostly of fragments of black, gray,
green, and red chert, quartzite, and vein quartz but includes numerous
fragments of Birch Creek schist and a few pebbles of granite, found
mostly near the southern edge of the formation. The pebbles of the
conglomerate are well worn and commonly range from about 1 to 3
inches in size, though the maximum is about 5 inches. Bowlders 2
feet or more in diameter occur sparingly. The conglomerate merges
into a coarse whitish sandstone resembling mortar. Ferruginous
material is & common cement not only of the conglomerate but also
of the brownish Tertiary sandstones. On the ridges the conglomerate
is for the most part weathered to heaps of gravel resembling ordinary
stream gravels.

The thickness of the Tertiary is perhaps 3,000 feet, about equally
divided between the argillaceous, sandy, and lignitic lower portion
and the conglomeratic upper portion. The rocks have been in places
closely folded, and at many localities along Seventymile River are
nearly vertical.

Deposition.—The origin of the Tertiary deposits has been a subject.
of much discussion among the miners.. The conglomerates are
regarded by them ordinarily as old channel gravels of river origin.

97378°-—Bull. 538—13——3 :
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The underlying fine materials—clays, sandstones, and lignites—
contain the same fossils as the conglomerates. The lower deposits
are the product of conditions under which predominantly fine material
was deposited. The conglomerates, on the other hand, are the
product of conditions under which predominantly coarse but well-
worn material was deposited. It would appear that the finer
material was deposited in a lowland area where the streams were
sluggish, where lakes could form, and where in swampy areas material
for lignite beds could accumulate. The conglomerate, on the other
hand, was probably deposited where more active erosion was in
progress and is probably in larger part the product of fluviatile

action. It must be borne in mind, however, that the Tertiary .

deposits could not have been laid down by any river system that
was not much older than the present valleys; that they are in no wise
related to the White Channel gravel of the Klondike or to any other
high gravels that are referable to the present drainage systems; that
since their deposition they have undergone not only consolidation
but folding, until many of their beds are vertical; and that their
history, therefore, is entirely discontinuous with that of the present
drainage systems.

Age.—By means of the fossil plants, which are in places very
common, the age of the rocks has been determined to be Eocene
(Kenai). A few miles east of the quadrangle, in the Seventymile
Valley, fossil leaves occur in ferruginous nodules in the lower shales,
in sandstones interbedded with the shales, and in shales interbedded
with the conglomerates.!

‘QUATERNARY SYSTEM.

Glaciation and glacial deposits.—Evidence was obtained during 1911
that glaciation formerly occurred to a minor extent in some of the
highest portions of the quadrangle and that the normal drainage
had been somewhat modified thereby. Only the heads of valleys
and the valleys of minor tributaries were affected. Cirques, U-shaped
valleys, and morainal deposits were observed. Some of the cirques
are firmly developed (Pl X, A4) and form hanging valleys, the pres-
ent dramaoe having cut only narrow V-shaped gashes in their mouths.
Some of the U-shaped valleys (PlL. X, B) are also clearly shown.
They are flat floored and are practica,lly bare of deposits except at
their very heads. The morainal material begins near their opening
on the larger valleys and extends into these valleys more or less
irregularly. (See Pl. XI, A and B.)

The distribution of the glacial deposits as far as known is shown
on the map (Pl. II), but more detailed investigations would undoubt-
edly reveal their presence in many other localities. Their occurrence
is governed largely by the intrusive rocks and their immediate con-

1 Prindle, L. M., The Fortymile quadrangle: Bull. U. S. Geol. Survey No. 375, 1309, p. 26.

-
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4. CIRQUE, HEAD OF SALCHA RIVER.

B. U-SHAPED VALLEY, TRIBUTARY OF CHARLEY RIVER.
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4. MORAINE PARTLY DAMMING VALLEY.

B. TERMINAL SLOPE OF MORAINE FROM SMALL VALLEY.
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tacts, because these are the only areas that attained sufficient altitude
to furnish conditions favorable for the development of glaciers.
They are most common on the headwaters of Charley River.

One of the most conspicuous glacial deposits in the quadrangle is
a moraine about 1} miles long and half a mile wide occurring in a
small valley trending N. 15° W. from a peak 6,284 feet high. (See
PL XII.) The valley is U-shaped and has a floor about 500 feet’
wide. The morainal material begins near the mouth, where it has a
thickness of about 400 feet. At the lower end of the moraine, 1}
miles distant in the main valley of Charley River, the thickness is
about 100 feet. The material is arranged in three more or less con-
centric ridges, the outermost being the largest. The innermost ridge
is confined to the immediate vicinity of the mouth of the valley.

These deposits constitute an unconformable feature among the
normal alluvial deposits. Nothing very definite is known regarding
their age. They have been somewhat reworked by the present
streams but are younger than the main valleys. It is probable that
they were more or less contemporaneous with the benches of inter-
mediate height (p. 15). The conditions favoring their development
may have prevailed from late Pleistocene to comparatively recent
time in only a small area where the altitude was favorable, but later
these conditions shifted northward and at present prevail in the
mountains north of the Yukon, as shown by small existing glaciers.

Allumal deposits—The alluvial deposits include gravel, sand, and
silt that have been deposited either on benches at various levels or
on the flood plains of the present streams. The high bench gravels
so common in the Fortymile and Rampart quadrangles, where they
occur at various levels not exceeding 500 feet above the present
streams, have been observed at but a few localities in the Circle
quadrangle. High benches are well developed in places, notably in
the valley of the Seventymile (Pl. V, B, p. 14), where a bench 500
feet above the stream seems so closely related to the present valley of
the Seventymile that it is probably a part of the old valley in which
the river has cut its present canyon-like valley. No gravels, how-
ever, were observed on this bench, though they occur on the lower
rock-cut benches, especially on a sharply defined bench about 20 feet
above the present stream.

The gravels have been derived from the bedrock of the valleys in
which they occur, and with the exception of the small aggregations
of morainal material above described are of fluviatile origin. They
are described in more detail in connection with the gold placers.

The silts are characteristic deposits along Yukon and Tanana rivers
and occur in places in the lower valleys of their tributaries. They
have been deposited at various levels at and above that of the present
streams. '
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IGNEOUS ROCKS.

By J. B. MERTIE, JR,

GENERAL FEATURES.

Roughly, probably one-third of the Circle quadrangle is occupied
by eruptive rocks and the greater part of the remainder by crystalline
schists and gneisses. Many of the gneisses and some of the schists
are closely connected in origin with the eruptive rocks, and igneous
activity has therefore played a very important part in the history of
the region..

For purposes of discussion the igneous rocks may be divided into
plutonic rocks, such as granites and diorites, and volcanic vocks,
such as rhyolites and basalts, although these classes, strictly speak-
ing, are not mutually exclusive. In the class of plutonic rocks are
included all the intrusive rocks that crystallized at considerable
depths beneath the surface or under conditions similar to those that
exist at considerable depths. All such rocks appear wholly crystal-
line to the naked eye. In the class of volcanic rocks are included all
the rocks that crystallized at the surface or under conditions simula-
ting those at the surface, as, for instance, in many dikes and volcanic
plugs. The volcanic rocks thus include all the extrusive and some
of the intrusive rocks. Such rocks are either microcrystalline or
partly glassy.

PLUTONIC ROCKS.

DISTRIBUTION AND AGE.

The plutonic rocks, both geographically and geologically, are the
most important igneous rocks of the Circle quadrangle. They occur -
as dikes and irregular intrusive bodies and the areas covered by them
vary greatly in size. In the east-central part of the Circle quadrangle
there is an area of granitodioritic rock approximately 70 miles long
and 50 miles wide, which connects on the east with the intrusive mass
that forms Glacier Mountain in the Fortymile quadrangle. As pros-
pectors have reported coal from the center of this mass it is probable
that it contains a small basin of younger unaltered sedimentary rocks.
Nevertheless, its extent gives some idea of the large scale on which
the intrusive action has occurred.

It is probable that all the plutonic rocks were not intruded simulta-
neously, for in several localities acidic granites cut basic granites and
diorites. A conglomerate which is regarded as Cretaceous in age has
been found to contain bowlders of basic granite and diorite, and for
this reason it is likely that some of the more basic granodioritic rocks
were intruded previous to a part at least of the Cretaceous. The
intrusions probably took place at several periods during the Mesozoic
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MORAINE NEARLY FILLING MAIN VALLEY FROM SMALL VALLEY HEADING IN PEAK IN BACKGROUND.
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era. In the Rampart region, farther west, Upper Cretaceous rocks
have been intruded.

The regional strike of the crystalline schists is northwest and south-
east, and many of the intrusive bodies lie in conformity with this
major structural direction. For instance, the large intrusive mass
50 miles wide, previously mentioned, narrows toward the southeast to
12 miles and toward the northwest, along the ridge at the heads of
Coal, Woodchopper, Webber, and Thanksgiving creeks, to but 2 or 3
miles.

METAMORPHISM.

In general, the plutonic rocks have not suffered extensive regional
metamorphism. The KEocene conglomerate, however, which is
younger than the plutonic rocks of the region, has been closely folded,
the strata at some localities being vertical. This Tertiary movement
should have had some effect on the plutonic rocks, and possibly the
gneisses that occur on the periphery of the large granite and diorite
masses were largely due to it. The later metamorphism was probably
insufficient to leave traces in the interior of the large intrusive bodies,
but was able to affect them along their contacts, where the movement
- was locally intensified. On the other hand, some of the gneissoid
structure seems to be primary.

UNMETAMORPHOSED PLUTONIC ROCKS.

GRANITIC ROCKS.

Granitic rocks are the most common igneous rocks in the Circle
quadrangle, occurring in many varieties depending on the character
and amount of the femic minerals. The common femic minerals
observed were muscovite, biotite, hornblende, tourmaline, and epi-
dote, and the rocks have been so named as to indicate the dominant
one of these minerals present.

Muscovite granite and alaskite—In the hand specimens the musco-
vite granite and alaskite range from fine to coarse grained varieties
and are invariably light in color. In composition they range from
the muscovite granite proper, in which muscovite is abundant, to
alaskite, which consists essentially of quartz and feldspar, with mus-
covite or biotite developed only in subordinate amount. As acces-
sory minerals garnet, apatite, zircon, and oxides of iron commonly
occur. The feldspars are chiefly orthoclase and microcline, with
subordinate amounts of plagioclase, ranging in composition from
albite to basic oligoclase. In some specimens the orthoclase and
microcline are graphically intergrown with the quartz, giving rise to
a graphic granite.

The muscovite granite and alaskite occur in small amount com-
pared with the biotite and hornblende granite, and it is evident that
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they are relatively unimportant. Good-sized bodies of muscovite
granite are present in a few localities, as for instance along the divide
at the head of Coal Creek, but for the most part it occurs as dikes
cutting the other granitic rocks and the metamorphosed sedimentary
rocks.

Muscovite-biotite granmite.—Muscovite-biotite granites or granites
which carry muscovite and biotite in approximately equal amounts
represent the true granite type, or granite as the term is used in the
narrow sense. They do not differ greatly in appearance or in general
character from the muscovite granite and alaskite group. In the
field some of them appear slightly darker by reason of their content
of biotite, but in others the biotite has been leached and can be told
from muscovite only by the aid of the microscope. In the specimens
examined the potash feldspar is chiefly orthoclase and the plagioclase
is oligoclase. The accessory constituents are apatite, zircon, and
garnet. In places epidote is developed as a secondary product.

In mode of occurrence and relative importance the true graunites
do not differ materially from the muscovite granite and alaskite.
They occur both in dikes and in larger bodies and are probably more
closely related in age to the acidic granites than to the basic types. In
general they appear to grade into muscovite granite and alaskite on
one hand and into biotite granite on the other.

Biotite granite.—Biotite granite seems to be the dominant rockin
the Circle quadrangle. It is composed largely of quartz, feldspar,
and biotite, all three of which are as a rule visible in hand specimens.
Orthoclase and microcline are both developed, although the former is
. the more common. The plagioclase varies in composition and in
many specimens shows zonal growths with acidic rims. One section
of a zonal growth cut parallel to 010 gave extinctions of +6° to —23°
measured against the 001 cleavage, indicating a variation from oligo-
clase to acidic labradorite. In general, however, the variation is not
quite so great as this.

Biotite is evenly distributed throughout the rock, but much of it is
altered, chiefly to chlorite, though in some degree also to epidote and
muscovite. A specimen taken along Goodpaster River, just above
the mouth of Indian Creek, illustrates well the formation of musco-
vite from biotite. The common accessory minerals are apatite,
zircon, titanite, garnet, magnetite, and other oxides of iron. Sec-
ondary products in addition to chlorite, epidote, and sericite are
calcite, pyrite, and hematite.

Any large mass of granitic or dioritic material in this area com-
monly contains a biotite granite facies. Biotite granite is found
along the ridge between Coal Creek and Charley River, on the ridge
between Birch Creek and North Fork of Birch Creek, on the ridge at
the head of Buckskin Creek, on Hutchinson Creek, on a stream enter-
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ing Salcha River from the south just below The Splits, and at many
other localitics. Much of the granite along Goodpaster River is also
of this kind. Biotite granite occurs likewise in some of the larger
dikes of the district.

Amphibole granite—Through a decrease in the amount of biotite
and an increase in the amount of hornblende, the biotite granite
grades imperceptibly into hornblende granite. Hence many speci-
mens show both biotite and hornblende. The biotite-hornblende
granites are darker than the purc biotite varieties, mainly because
they contain a larger proportion of femic minerals. As a rule it is not
possible- in the field to separate them from quartz diorites. In
granularity they do not differ greatly from the other granites de-
scribed, although those in which hornblende is the chief femic mineral
may be a little coarser. As in the biotite granites, the feldspar is
seen under the microscope to be largely orthoclase, with subordinate
plagioclase having an average composition of basic oligoclase.
Where hornblende is present titanite appears to be the most important
accessory constituent. The other accessory minerals are apatite,
magnetite, and zircon, and the secondary minerals epidote, calcite,
and sericite. A specimen from a point 24 miles west of the junction of
Manila Creek with Middle Fork of Fortymile River shows evidence of
considerable metamorphism, which has resulted in the development
of undulatory extinction in the quartz crystals and in the formation
of myrmekite or secondary quartz and feldspar within the feldspars.
Another specimen of particular interest, collected from the north
side of Slate Creek where it joins the Fortymile, is a basic differentiate
of the granitic magma, consisting largely of hornblende and biotite
with subordinate quartz, orthoclase, and albite that show strain
phenomena. The hornblende is zonally grown, being brown in the
center and grading outward into the ordinary green variety.

Hornblende granite forms much of Veta Mountain and is found also
on the spur between Ole and Independence creeks, on the spur
between Pittsburg and Portage creeks, and at numerous other locali-
ties. It is not nearly so plentiful, however, as biotite granite.

One specimen—the only one found in the quadrangle—of a granite
carrying pyroxene was obtained on the spur between Ole and Inde-
pendence creeks about half a mile north and 2% miles east of the
junction of the two creeks. This specimen, however, is not a true
pyroxene granite, for the diopside which it contained was subordinate
in amount to the hornblende and biotite. It is better described as
a pyroxéne-bearing hornblende granite.

Tourmaline granite—At several localities in the area tourmaline-
bearing granite has been noted. It does not differ in general appear-
ance from the hornblende granite, but in thin section it is seen to con-
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sist of quartz, orthoclase, oligoclase, and tourmaline, accompanied in
many specimens by muscovite, apatite, garnet, and zircon.

Epidote granite.—At one or two localities, notably on the spur
northwest of the mouths of Comet and Champion creeks, granites
containing considerable amounts of epidote have been found. The
epidote is fresh looking, but the presence of calcite and chloritized
biotite indicates that it is of secondary origin. Microcline and albite
are the feldspars commonly developed.

MONZONITIC ROCKS.

A monzonitic type of granitodioritic rock occurs on the ridge be-
tween Mosquito Fork and Buckskin Creek, close to the east edge of
the quadrangle. At this point rocks that consist of quartz, ortho-
clase, plagioclase, hornblende, biotite, titanite, apatite, and magne-
tite were found. The plagioclase varies from andesine to acidic labra-
dorite, and is present in about the same proportion as the orthoclase.
In the Fortymile quadrangle, just across the border, another specimen
of the same type was found. These rocks are of interest chiefly on
account of the fine examples of myrmekite which they afford.

DIORITIC ROCKS, ~

Granodiorite—In association with the granitic and dioritic intru-
sives granodiorite has been found. Like the monzonite, however, it
has been noted at only a few localities and is relatively unimportant.
It contains less orthoclase than the monzonite and more than the
quartz diorite, and thus, with the monzonite, it constitutes a tran-
sition from the granites to the quartz diorites. The plagioclase
ranges from oligoclase to acidic labradorite. In other respects the
granodiorite does not differ materially from many of the hornblende
and biotite granites.

Quartz diorite—In most hand specimens the quartz diorite and
related rocks are darker than the granitic and monzonitic rocks,
this being due to the larger amounts of femic minerals which the
diorites as a rule possess. Several varieties of quartz diorite, depend-
ing on the character of the dominant femic minerals, have been noted,
among them quartz-mica diorite, quartz-mica-hornblende diorite,
and quartz-hornblende diorite. Quartz diorite porphyry has also
been found. The primary minerals are quartz, plagioclase, ortho-
clase, biotite, hornblende, apatite, augite, titanite, magnetite, ilmen-
ite, and zircon, and the secondary minerals sericite, epidote, zoisite,
chlorite, calcite, pyrite, and quartz. Quartz and feldspar are the
most plentiful, although biotite and hornblende commonly form an
important part of the rocks. In general the fabric of these rocks is
hypidiomorphic granular, but in some occurrences the feldspar and
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locally both the feldspar and the quartz have developed in part as
phenocrysts, giving rise to a porphyritic fabric. Augite is an acces-
sory femic mineral and does not occur in quantxtles sufficient to
form quartz-augite diorite. The plagioclase is characterized by
well-developed zonal growths, most of which have basic centers and
acidic rims. Extinction angles on 010 sections measured against the
‘001 cleavage gave from +5° to —25°, indicating compositions vary-
ing from oligoclase to labradorite. Where alteration has taken
place, the zonal growths are usually more changed than the outer
rims. The chlorite and sericite are derived largely from the biotite,
and the epidote and zoisite are formed for the most part as alteration
products of hornblende.

Quartz diorite occurs at many localities in the Circle quadrangle,
both in association with more acidic intrusives and in large masses
separated from the granitic rocks. With the more acidic intrusives,
it is found along Goodpaster River, on the ridge at the head of
Miller Creek, on the ridge at the head of Coal Creek, on the ridge east
of Granite Creek, at the head of Shaw Creek, and elsewhere. More
extensive occurrences are at Twin Mountain and West Point.

Diorite—Two main types of diorite are developed in the region.
The more plentiful is hornblende diorite, which consists essentially
of feldspar and hornblende with a few crystals of apatite and pyrite.
The feldspar is largely plagioclase with an average composition of
andesine, although the zonal growths that characterize the rocks
vary in composition from oligoclase to labradorite. Orthoclase is
relatively unimportant.

The other type is the augite diorite, which differs from hornblende
diorite in having augite and biotite in place of hornblende. Ortho-
clase is commonly present, although subordinate in amount to the
plagioclase. The accessory constituents are apatite, magnetite, and
titanite, with small amounts of secondary epidote.

No large bodies of true diorite have been found, but the occurrences
noted are associated with larger bodies of dioritic and granitic rock.
In the Circle quadrangle: hornblende and augite diorites, like the
monzonites and granodiorites, are doubtless to be regarded as facies
of the granodioritic magma rather than as characteristic rock types.

GABBRO.

As a rock type gabbro is of little importance in the area under
consideration. It isfound in two or three places only, and is probably
a differentiated facies of a more acidic magma. Specimens have been
collected on the ridge at the head of Fisher Creek and at the junction
of Shaw Creek with North Fork of Birch Creek. The specimens
examined consist largely of feldspar and augite, with accessory mag-
netite and apatite. The feldspar is exclusively plagioclase, varying
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somewhat in composition but averaging about the composition of
labradorite. Chlorite is commonly present and is probably derived
from biotite. In the specimen from Shaw Creek quartz was also
found to be present, so that the rock from this locality is really a
quartz gabbro. The gabbros differ from the augite diorites mainly
in their total lack of orthoclase.

PERIDOTITE AND PYROXENITE.

Along the ridge at the head of Fisher Creek there is a body of peri-
dotite of considerable size. The rock is a dunite and consists entirely
of olivine, much of which-is altered in part or wholly to serpentine.

Pyroxenites have been noted at several localities. At the junction
of the two large streams which make up South Fork of Salcha River
is an altered pyroxenite that consists entirely of pyroxene, probably
augite, which has been altered subsequently to tremolite and tremo-
lite asbestos.

On Joseph Creek, about 14 miles above Joseph vﬂlage specimens
of pyroxenite were collected which in thin section are seen to consist
largely of augite, with small amounts of hornblende, apatite, basic
labradorite, and oxide of iron, probably magnetite. Some of the
hornblende is probably of secondary origin, and calcite also occurs as
a secondary product. One specimen was considerably mineralized
by pyrite, which occurs along cracks, replacing augite. In this speci-
men the apatite was very noticeably biaxial.

Along the divide between Salcha River and Shaw Creek, about 10
miles south and 24 miles east of The Splits, a diallagite was col-
lected, which consists essentially of diallage, with small amounts of
olivine, tremolite, feldspar altered to chlorite, and magnetite.

Peridotites and pyroxenites have also been found at several locali-
ties in this region outside of the Circle quadrangle. About 20 miles
southeast of the quadrangle, in the valley of Dennison Fork of Forty-
mile River, lherzolite and websterite occur as inclusions in the basal-
tic lava of a small extinet volcano near the east branch of Dennison
Fork.

METAMORPHOSED PLUTONIC ROCKS.

Granite gneiss.—Along the periphery of some of the larger granite
masses granite gneiss is found. The gneissoid character can not well
be attributed to regional metamorphism, for the main intrusive mass
shows no evidence of such alteration. It is therefore probably the
result of local metamorphism along the contacts. A few of the
gneisses, however, show no signs of strain phenomena in “thin sec-
tion and are pos31bly of primary orlgm

In composition the granite gneisses do not differ materially from
the granite. Quartz, orthoclase and microcline, acidic plagioclase,
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biotite, and hornblende form the essential constituents. Augite also
occurs in some specimens. As accessory constituents garnet, apa-
tite, tourmaline, magnetite, zircon, and titanite are developed. The
secondary products are sericite, chlorite, epidote, and calcite. In
general the quartz and feldspar show undulatory extinction caused
by the strain which the rocks have suffered. The banded character
of the gneisses is very apparent in all hand specimens and in many
thin sections.

In addition to the granite gneisses along the edges of the large
intrusive masses still older gneisses have been found. Augen gneiss
occurs in considerable amounts at certain localities in the Birch Creek
schist. It is granitic in character but differs from the gneisses previ-
ously mentioned in the amount of metamorphism it has suffered.
The feldspars, as a rule, are drawn out in elongated ‘‘augen’ and are
more commonly microcline than orthoclase. In many occurrences
the gneissoid banding closely approaches schistosity. These rocks
are doubtless the metamorphosed representatives of earlier plutonic
rocks.

Quartz diorite gneiss (metadiorite).—The dioritic rocks, like the
granites, have undergone metamorphism in many places along the
contacts of the large intrusive bodies. Different varieties occur
among the gneissoid representatives as they do among the quartz dio-
rites proper. In general, the gneisses differ from the quartz diorites
chiefly in the strain phenomena exhibited by the quartz and feldspar
and in the banded character of the rock. In addition, some of their
plagioclase shows an inclination toward the combination of albite
and pericline twinning. Some of the quartz diorite gneisses show
evidences of primary gneissoid character.

VOLCANIC ROCKS.
DISTRIBUTION AND AGE.

The volcanic rocks of the region, as here grouped, include all the
lava rocks resulting from volcanic or fissure eruptions, together with
the apbanitic intrusive rocks of related origin. Like the plutonic
rocks, these fine-grained rocks show acidic, basic, and intermediate
varieties, but the acidic and basic rocks are more sharply separated
and are of about the same relative importance.

Geographically, the unmetamorphosed volcanic rocks are of less
importance than the plutonic rocks and show less variation in compo-
sition. Surface lava occurs in many localities in the region and it is
possible that a great deal more of it was poured out and later removed
by erosion. The large number of acidic and basic dikes in the quad-
rangle tend to corroborate this view. In atleast one place around the
head of Charley River it can be shown that the rhyolite porphyry
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flows were connected with one or more underlying dikes. On the
_other hand, at the basaltic Dennison Fork volcano, outside of the
quadrangle, the eruption was of the central type. It is therefore
probable that both kinds of eruptive action were important in the
volcanic history of the region.

The general strike of many of the dikes is north-south to northeast-
southwest, and at the head of Charley River the surface flows also
conform to this direction. This trend is almost at right angles to that
assumed by the crystalline schists and plutonic rocks.

The volcanic rocks, as might be inferred from what has been said,
differ in age from the plutonic rocks. In general, the dike rocks and
surface flows are to be regarded as Tertiary or later, although, like the
deep-seated rocks, they are not to be ascribed altogether to one time.
They comprise both acidic and basic rocks, and it is probable that the
two types are of different age. The basic rocks are so fresh and
unaltered that it has seemed best to regard them as younger than
the acidic rocks, which, further, appear in one or two places to have
been cut by basic dikes, although this relation has not been definitely
established. Both acidic and basic dikes, however, cut conglomerate
regarded as of Cretaceous age, and it seems safe, therefore, to regard
most of the volcanic rocks as subsequent to a portion of the Creta-
ceous at least and as probably belonging to the Tertiary period.

RHYOLITIC ROCKS.

The rhyolitic rocks are light colored and commonly porphyritic,
with phenocrysts of quartz and feldspar. In hand specimens the
groundmass is generally aphanitic, although it is often possible to tell
the character of the dominant femic mineral. Many rocks of rhyo-
litic composition occur throughout the region.

The rhyolite and rhyolite porphyry of the region consist essentially
of quartz, orthoclase, and acidic plagioclase, together with some dom-
inant femic mineral and accessory minerals. The plagioclase varies
in composition from albite to andesine, but has an average composi-
tion corresponding approximately to basic oligoclase. Some micro-
cline occurs along with the orthoclase. The three essential constit-
uents—quartz, orthoclase, and plagioclase—occur both as phenocrysts
and as components of the groundmass, although not uncommonly the
plagioclase occurs only in the groundmass. Many of the phenocrysts
are corroded, showing the effects of magmatic resorption.

Biotite and muscovite are the commonest rock-forming femic min-
erals, occurring singly in some rhyolites but generally in combination.
Two specimensshow an altered pyroxene as the chief femicconstituent,
but alteration has proceeded too far to permit the original character
of the pyroxene to be determined. As accessory constituents, apatite,
zircon, garnet, magnetite, ilmenite, and titanite are developed.
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Chlorite, sericite, epidote, calcite, and pyrite are the common second-
ary minerals.

The fabric of the rhyolitic rocks is somewhat variable, depending
chiefly on the content of glass. A complete range of fabrics from holo-
crystalline-porphyritic to vitrophyric has been found, but the per-
crystalline porphyritic type is the most common. Where much glass
is present many ‘‘Sphaerocrystallen’ (circular areas showing aggre-
* gate polarization) occur in the glassy base. One or two of the more
crystalline specimens show the development of typical flow struec-
tures.

As a rule the rhyolitic rocks are very little metamorphosed, although
in many places they are much altered by general aerial and aqueous
agencies. Only one specimen among those examined showed any
considerable amount of metamorphism. In this rock, collected along
the telegraph line about 6 miles west of the mouth of Liscum Slough,
the phenocrysts of orthoclase have been much strained and drawn
out, although they still retain the outlines of their crystal form. In
addition, a decided schistose fabric has been developed. The phe-
nomena of dynamic metamorphism in these rhyolites, however, are
of purely local significance.

The rhyolites occur as flows, dikes, and tuffs. The sheets around
the head of Charley and Goodpaster rivers are the best examples of
the flows. The dikes occur in many localities throughout the field,
but mostly in the vicinity of larger granitic bodies. One or two
occurrences of true rhyolite tuffs have been found in the quadrangle,
but except for their tuffaceous fabric and altered character they differ
in no way from the other rhyolites. .

DACITIC AND ANDESITIC ROCKS.

Dacites and andesites constitute the fine-grained rocks of inter-
mediate composition. Like the rhyolites, they are commonly found
in association with deep-seated rocks of the granodioritic magma,
and they may well be regarded as the surface equivalents of the
‘quartz diorites and diorites. In general the dacites and andesites are
likely to be darker than the rhyolitic rocks, but in many occurrences
they can not be discriminated except by microscopic examination.

Dacite—Rocks of the dacite type consist essentially of plagioclase,
orthoclase, quartz, and some dominant femic mineral, together with
accessory minerals. Orthoclase is not always present in the mode,
but many of the rocks are somewhat glassy, so that it can not always
be said that potash is low when it does not appear in one of the rock-
forming minerals. Dacite is generally porphyritic, most of the pheno-
crysts being plagioclase, orthoclase (if present), and quartz. These
minerals also occur in the groundmass.
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The plagioclase varies considerably in composition; as in the quartz
diorites. Sections parallel to 010 show extinctions varying in char-
acter from parallel to —18° on the 001 cleavage, indicating a compo-
sition from basic oligoclase to acidic labradorite. Most of the zonally
grown feldspars which exhibit these variations have acidic rims and
basic centers, and the rims commonly withstand alteration better
than the centers. The chief femic mineral is biotite, though horn-
blende may be more conspicuous in the mode. Where it is, orthoclase
is not likely to be present and the plagioclase is likely to be more
basic. Apatite, augite, magnetite, zircon, and garnet occur as acces-
sory minerals. Sericite, chlorite, epidote, and calcite are the chief
secondary minerals. The sericite is derived both from feldspars and
from biotite. Chlorite, however, occurs for the most part as an
alteration product of biotite. Epidote results from the decomposi-
tion of both biotite and hornblende, but in one or two specimens it is
accompanied by calcite as the alteration product of garnet.

The fabric of the dacitic rocks is rather diverse, depending on the’
physical conditions under which the rock solidified. Almost all these
rocks are porphyritic, but they vary from holocrystalline to vitro-
phyric. A specimen 6f hornblende dacite showed under the micro-
scope a poikilitic fabric, with hornblende as the oikocrysts. Flow
structures may also be seen here and there.

Dacitic rocks occur chiefly as dikes, which are distributed through-
out the region, although they are not so plentiful as either the rhyolitic
or the basaltic rocks. They seem to be more closely related to the
rhyolites than to the basalts and diabases.

Andesite.—In general character and mode of occurrence the ande-
sites do not differ materially from the dacites except in containing no
quartz. They are rather scarce and do not merit any further mention.

BASALTIC AND DIABASIC ROCKS.

Basalt.—The basalts are dark gray to black fine-grained to apha-
nitic rocks. Some of them are megaporphyritic, though much less so
than the more acidic volcanic rocks. Through extensive alteration
they have been altered in some places to dark-green rocks that con-
stitute a part of the so-called greenstones. ’

Under the microscope the basalts are seen to consist essentially of
plagioclase and augite. Other minerals, such as olivine, quartz,
hypersthene, biotite, and basaltic hornblende, appear here and there
in considerable amounts, giving rise to different varieties of the rock.
Magnetite and apatite are the accessory constituents. In addition,
considerable amounts of glass are common. The chief varieties of the
rock are feldspar basalt (the common variety), olivine basalt, and
quartz basalt.
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The plagioclase ranges from andesine to bytownite. Zonal growths
measured on 010 sections have extinction angles of —7° to —34° on
the 001 cleavage. It occurs usually in subbedral lath-shaped indi-
viduals. The augite occurs in angular grains between the feldspar.
Not uncommonly weakly pleochroic crystals of hypersthene take the
place of the augite, either in part or altogether. Biotite and basaltic
hornblende occur less commonly. Quartz is abundant as anhedral
grains in the groundmass or as phenocrysts showing resorption.
Where resorption has taken place, the quartz is generally surrounded
by a rim of glass, which is in turn surrounded by a rim of radiating
monoclinic pyroxene needles. Where quartz has been observed,
olivine is usually lacking. Considerable glass is generally present,
and ““Sphaerocrystallen’” occur in the glassy base.

The fabric of the basaltic rocks varies considerably, depending
largely on the amount of glass. One or two specimens are holocrys-
talline and show a true doleritic fabric. Others are dominantly
glassy, with resulting vitrophyritic fabrics. Between these extremes
intersertal and hypocrystalline porphyritic fabrics occur. Where
the rock is porphyritic, olivine, augite, and feldspar may occur as
phenocrysts. )

The basalt ocrurs both as flows and as intrusive bodies. The Den-
nison Fork volcano is the best example of extrusive lava. The
intrusive dikes and plugs occur at many localities throughout the
quadrangle.

Diabase.—Diabase occurs in part as an intrusive rock of Paleozoic
age and in part as an intrusive rock of probable Tertiary age, asso-
ciated with the basalts. The older diabases occur mostly as sills and
larger intrusive bodies, which by metamorphic processes have been
altered largely to greenstones and serpentine. Rocks of this type
outcrop at numerous localities on both sides of the Yukon above
Circle. A diabase butte rises at the headwaters of Salcha River.

The younger diabase rocks occur for the most part as dikes and do
not differ materially from the basalts in mineral constituents. True
diabase, quartz diabase, and olivine diabase occur, but as a rule the
rocks are holocrystalline or very nearly so. In many dikes the plagio-
clase and augite are poikilitically intergrown, giving rise to the ophitic
fabric. In others, however, the augite is less plentiful and a little
glass occurs, causing the intersertal fabric. Like the basalts, the
younger diabase rocks are fresh and but little altered. They have
been found on Sheep Creek, Hutchinson Creek, Granite Creek, North
Fork of Fortymile River, and elsewhere.

SUMMARY.

‘In the Circle quadrangle a considerable variety of igneous rock
types havebeen found. They vary on the one hand from granites and
quartz monzonites through granodiorites and diorites to gabbros,
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peridotites, and pyroxenites; and, on the other hand, from rhyolites
and dacites to andesites and basalts. In none of these rocks, how-
ever, have any minerals rich in alkalies been found, other than the
ordinary feldspars. The rocks of the region then are predominantly
derivatives of a granitodioritic magma.

The uniform presence of quartz is worthy of mention. In almost
all the rocks examined quartz enters as one of the components of the
mode, and rock types lacking in quartz are very sparsely represented.
Monzonites and syenites have nowhere been found and diorites and
andesites are very subordinate. Even many of the basalts, which
in other regions ordinarily have no quartz, in the Circle quadrangle
contain considerable amounts of it. This abundance of quartz fits
in naturally with the absence of alkali minerals.

Another striking feature is the absence of the basic dikes that are
so common in regions of similar intrusive rocks. Differentiation
resulting in the production of such rocks does not seem to have taken
place. The proportion of femic minerals in the plutonic rocks differs
in different localities, resulting locally in the production of a rock
wherein one of the femic minerals is the dominant rock-forming com-
ponent. Some of the hornblende-rich granites and diorites illustrate
this condition, but the relation of these rocks to the granitodioritic
magma is plain, some one mineral being merely accentuated without
any marked modification in fabric or mode of occurrence. On the
other hand, differentiated acidic rocks, such as pegmatite and aplite,
are common.

Regarded as a whole, the igneous rocks of the Circle quadrangle are
of importance chiefly on account of their wide distribution. Although
many varieties occur, yet no specialized rock types have been noted.
The rocks in their general character resemble the igneous rocks in
southeastern Alaska and in the Alaska Range. '

CONTACT METAMORPHISM.

The intrusive rocks have complicated the structures of the intruded
rocks, have indurated them, and have developed new minerals in
them. The zone of influence, however, except around the deep-
lying intrusions, has been comparatively narrow and has probably
nowhere much exceeded 1,000 to 2,000 feet.

Where the deeper rocks have been intruded, new minerals, princi-
pally quartz, feldspar, garnet, staurolite, and biotite, have been
developed, and generally a considerable amount of pegmatitic
material has been formed in the shape of many small apophyses
crosscutting the schists and lying parallel to their structure. Through
this process the schists lose their identity and become granitized.
‘Where the limestones have been metamorphosed they have become



MINERALIZATION. 49

in places garnetiferous. At one locality a large amount of diopside
and some scapolite were developed.

Where the Paleozoic carbonaceous rocks have been intruded
andalusite is the most common contact mineral. The greenstones
and limestones appear to have undergone but little alteration, though
the limestones in some places contain considerable colorless amphibole.
The pegmatitic intrusions are apparently rare in the Paleozoic rocks.
Numerous dikes, however, are typical of the contacts and many of
them are parallel to the structure of the intruded rocks. In com-
position they resemble the main intrusive mass or form a somewhat
more basic rock related to it. About the only effects noticed in their
vicinity are fracturing and induration. In comparison with the large
areas of intrusive rocks the amount of contact metamorphism observed
is relatively small.

MINERALIZATION.

In some places considerable pyrite occurs in the rocks adjacent to
the igneous masses, and in the Circle district both cassiterite and
wolframite have been obtained in the Birch Creek schist close to the
biotite granite. '

It seems highly probable that the gold also in the Circle district is
more or less closely related in its origin to the intrusive rocks. On
Homestake Creek, just beyond the western edge of the quadrangle,
gold has been found in highly mineralized schist next to the contact
with a dike of granite porphyry. On Mosquito Fork, in the south-
eastern part of the quadrangle near the boundary, gold and consider-
able iron pyrites occur in & mineralized zone, with many small quartz
stringers in quartz diorite. Fine flour gold is readily panned from
the weathered material. The occurrence is apparently a silicified
shear zone in the igneous rock. Assays of two specimens gave for
one 0.58 ounce gold and 0.1 ounce silver and for the other 0.36 ounce
gold and 0.1 ounce silver to the ton. At another locality on Mosquito
Fork, near the mouth of Gold Creek, gold has been found in veins in
close association with igneous rock. Adjacent to both eastern and
western boundaries of the quadrangle, then, gold has been found in
close association with igneous rocks, and it seems highly probable
that these rocks were active agents in the mineralization and that
the contacts of the intrusive rocks and the adjacent portions of the
intruded rocks are the most favorable localities for prospecting.

That the granitic intrusive.rocks caused the formation of many of
the quartz veins in the schists and later rocks is shown by the fact
that good exposures around intrusive masses (as on canyon walls)
show the main intrusive body to be fringed with apophyses of more
or less related composition which farther away give place to abundant
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quartz veins, which in turn, still farther away, become less abundant
and finally disappear, indicating that they bear a definite relation to
the intrusive mass. For half a mile or more around many if not
most of the intrusive bodies abundant quartz is present, and the facts
seem to indicate clearly that it has resulted from the intrusion. The
fact that intrusive masses occur within all the placer-mining districts
and that auriferous quartz veins have bten found most commonly in
the vicinity of these masses suggests that the gold as well as the
quartz had its origin in the process and products of intrusion.

STRUCTURE.

"The complex structures characteristic of the sedimentary forma-
tions of the quadrangle have been rendered more complex by the
extensive intrusions. The rocks have the two great prevailing
structural trends so characteristic of much of Alaska—the southeast-
northwest trend and the southwest-northeast trend. In the Circle
quadra,ngle the southeast-northwest trend is the more apparent, but
in places, especially toward the western margin of the quadrangle,
the other trend, which is characteristic of the Fairbanks quadrangle,
begins to assert itself.

In some places the sedimentary rocks have adapted themselves to
the outlines of the igneous bodies and have bent round more or less
in conformity to them. In other places they have been crumpled
upon themselves or cut across by the igneous bodies.

The characteristic structure of the Birch Creek schist is one of
closely appressed recumbent folds, the planes of whose axes are nearly
horizontal. The rocks are much jointed and contain much lenticular
quartz. The Paleozoic rocks also have been closely folded and in
some places possess structures practically as complicated as those
of the Birch Creek schist, though their original structures have not
everywhere been so thoroughly obliterated. Cleavage is a rather
* characteristic structure.

The Mesozoic and in places the Tertiary rocks along the Yukon have
also been closely folded. The Tertiary deposits, however, have not
been so uniformly affected and in places are nearly horizontal.

A line connecting the Fairbanks and Circle districts apparently
coincides with the axis of a large anticlinal area of the Birch Creek
schist, flanked on both the northwest and southeast by Paleozoic
rocks. The rocks flanking the northwest side bend round toward
the southeast in the Crazy Mountains and extend across the northern
edge of the quadrangle. The rocks flanking the southeast side
parallel to some extent the belt on the northwest but are more com-
plicated by the presence of intrusive masses. This second belt of
Paleozoic rocks is bounded on the south by another area of schist that
continues toward the southeast, flanking the large masses of igneous
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rock that occur in that direction. This belt of schist narrows to
about 6 miles between the igneous rock and Tanana River a few
miles southeast of the quadrangle.

In general, then, the two Paleozoic synclinal areas, separated by
an anticlinal area of schist, bend round from the northeast trend to
take on the northwest trend. This deflection, which is one of the
most striking facts in the geology of Alaska, is shown also in the
Alaska Range, in the southern coast line of Alaska, and in the course
of Yukon River.

GEOLOGIC HISTORY.'
EVENTS TO THE CLOSE OF THE TERTIARY.

The material available for constructing a geologic history of the
region is scanty and it is only possible to summarize what appear to
be the most important geologic events.

The evidence indicates that the area is one of sedimentary rocks,
thousands of feet in thickness perhaps but thin in comparison with
those of the Yukon-Tanana region as a whole, overlying batholithic
masses of granitic rocks that form an intrusive foundation.

The lithologic character of the oldest rocks, the Birch Creek schist,
indicates uniformity of conditions over wide areas. The inter-
bedding of arenaceous, argillaceous, and some calcareous material
is common wherever these schists occur. The formation becomes
apparently more calcareous toward the top, where both limestone
and carbonaceous schists are likely to be found. The. apparent
thickness of these deposits indicates a long continuance of con-
ditions favorable for their deposition. The presence of gneissoid
granites in intrusive relation to these schists indicates that the con-
solidation and folding were accompanied by the intrusion of granitic
material which later underwent metamorphism along with the in-
truded rocks. The rocks become gneissoid with increasing depth,
toward the intrusive contact. The top of the schists is regarded as
unconformable to the Paleozoic on account of their prevailing greater
metamorphism and their greater complexity of folding. The rela-
tions of the two, however, are nowhere clearly shown, being appar-
ently obscured by welding and by metamorphism in the lower portion
of the Paleozoic.

The Paleozoic was an era of great. variation in conditions within
somewhat narrow limits. Quartz feldspar and other siliceous sedi-
ments form an important part of the geologic section, but the pre-
vailing sedimentary rocks are argillaceous, with abundant limestone
and greenstone. The dominant characteristic of the Paleozoic is its
abundant volcanic material. In some areas volcanic action com-
menced apparently near the beginning of Paleozoic time and con-
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tinued at intervals until it reached a maximum, perhaps in the Middle
Devonian. Diabasic and basaltic flows, tuffs, and breccias in close
association with limestones of the Devonian are particularly abundant
and indicate widespread volcanic activity during that part of the
Paleozoic era. The Paleozoic areas in the Fairbanks quadrangle
indicate that although the variation in sedimentation was great there
was no appreciable stratigraphic discontinuity between the Ordo-
vician, Silurian, and Devonian. Ordovician fossils occur in con-
glomerates underlying limestone and in the limestone itself near the
base; farther up in the same body of limestone Silurian fossils occur;
and still higher up fossils that have been determined as Devonian
are found.

The Carboniferous is characterized by a large amount of limestone.
So far as known only the upper Carbomferous appears within the
Circle quadrangle, but further work may reveal the extension into
it of other Carboniferous formations that lie just beyond its eastern
limit. Deep-sea conditions prevailed during the deposition of the
upper Carboniferous. and fossils are abundant in its limestones.

The Lower Cretaceous was an epoch of shale and sand deposmon,
which was closed by extensive mountain making and abundant in-
trusion of granitic rocks that continued till the end of the Mesozoic.
In the Rampart country the Upper Cretaceous has at its base a
conglomerate composed of fragments of the underlying rocks which
are regarded as in part Paleozoic and in part Lower Cretaceous.
The Upper Cretaceous, therefore, is in part at least unconformable
to the underlying rocks. Shore conditions are indicated in the
Charley River region by the coarse conglomeratic rocks regarded as
Upper Cretaceous, and also in the Rampart country, where dicoty-
ledonous leaves and ammonites occur in close association in the
Upper Cretaceous.

The Tertiary rocks include clay, sand, and lignites with abundant
plant-bearing beds and indicate that Tertiary deposition began in an
area of low relief where sluggish streams, lakes, and swamps prevailed.
The later conglomeratic deposits, which are probably in the main of
fluviatile origin, indicate a change of conditions that resulted finally
in the rather close folding of many areas of Tertiary rocks.

The main events to the close of the Tertiary may be summarized
as follows: Deposition of arenaceous, argillaceous, and some cal-
careous beds. over wide areas; consolidation, elevation, folding, in-
trusion of granitic rocks; metamorphism; erosion; Ordovician, Silu-
rian, Devonian, and Carboniferous deposition during which much
basic material became interbedded with the sediments through the
agency of the volcanic phenomena so characteristic of the Paleozoic;
Lower Cretaceous deposition ; abundant granitic intrusion throughout
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a large part of the Mesozoic continuing till the close of the Upper
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