Bulletin No. 335

DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

" GEORGE OTIS SMITH, DIRECTOR

GEOLOGY AND MINERAL RESOURCES

OF THE

CONTROLLER BAY REGION, ALASKA

BY

G. C. MARTIN

WASHINGTON

GOVERNMENT PRINTING OFFICE -
1908






CONTENTS.

Page.

Preface, by Alfred H. Brooks___ . 7
Introduction. e 9
LOCatiON . e 9
History of investigations__.___ . ___ 2
Early explorations and surveys__ 9
Geologic and topographic surveys.._ . ____.___ gmmmmmm e 10
Acknowledgments - _ e 13
Commercial developments.____..______ e 14
General character of the countvy . ______________ S 15
- Lopography - i 15
Glaciers o e 16
Streams 16
Climate _ e 17
Vegetation - e 19
Settlements_ il 20
Tran‘sportatiou ________________________________________ SO, 20
Existing facilities_ . 20
Railway routes - ___ 21
Harbors e 22

Routes_ .. 23

GeologY — L 24
General features_ - 24
Neighboring provinces_ L. 25
Description of the roek$- - 26
Pre-lertiary e e 26
Pertiary 27
Katalla formation - _______________________ _____________ 27
Description e 27

Fossils — ool 28

Stillwater formation ____________________________________ 30
Deséription _________________________________________ 30

Fossils o 31

Kushtaka formation _____________________________________ 31
Description ________________________ L ____ 31

Tossils o _____ PO 34
Tokun formation —___ . o___ 35
Description 35

Possils .. e 36
Undifferentiated - ____ . 36

Age and correlation. . ____ 37
Tgneous rocks e 41,

Structure. - S 42
' 3



4 CONTENTS.

Geology—Continued.
Description of the rocks—Continued.
Quaternary_______ . _________________
Marine silt and elay_______________

Glaciers_ . ____________________

Bering glacier_________________
- Description________________
Moraine___________________
Marginal lakes
Martin River glacier___._______
Description________________

Moraine - ____ .

Marginal lakes________._____

Minor glaciers. . _ .

Glacial deposits______________.____

Moraine - - ___

Lake deposits . ______:__

Stream and beach deposits_________

Description of land forms____.______ e
Adjacent regions . ____ . _______
Shore line -
Drainage -

T Rivers
Lakes .

Relief ___________ [
Distribution of the hills________________
Accordance of elevations_______________

Crest lines —_______________________

.Terraces and benches_______________
Significance of crest and beunch levels

VAlleYS o o
Historical geology . ____
. Mineral resources _..________ e

Stratigraphic position__________________ .

Description of the coal beds____________
Character of the coal_______ e
Physical properties_________________
Combustion
Coking tests
Chemical and calorimetric properties
Analyses and calorimeter tests__
Methods of sampling
Methods of analysis_____.___
Analyses
Classification of the coal________
Scheines of classification____
Variation in character__.__
* Comparison with other coal_________
Prospective mining conditions___________
Position of the coal ________________
Attitude of the poal ________________
Persistence of the coal . ________

.

[, ST R, B, T T S i G, It I ) e |
SAggascda e d

[
-



- CONTENTS. 5

"Mineral resources—Continued. ' Page.
Coal—Continued.
Prospectivé mining conditions—Continued.
Physical condition of the coal________________________.___ 94
Presence of water and gas ________________________________ 94
Shipment _ S 94
Markets e [ 95
Consumption of fuel in Alaskao 95
Amount and sources__ o ______ . _________ 95
DisSPosal oo 96
Prospective increase in use of coal____________________ 97
Competition with petroleum_______________________________ 98
Use of petroleum in Alaska___________________________ 98
Effect of California petroleum on Pacific coast coal trade_ 98
Capability of coal to compete with petroleum __________ 101
Relative adaptability- .. ______________________ 101
Relative efficiency_ 101
Relative prices .. ____ . ... e 104
Available supply o __ 105
Competition with other coal_____..______________.______ - 106
Alaska coal _____ e e - 106
Distribution and area______ . ______________-______ 106
Pacific coast region_____________________________ 107
Interior region. __ ___ .~ 108
Bering Sea and Arectic slope_ - ________ 108
Developments and production_____________________ 108
Character of Alaska coal_________________________ 109
Imported coalo___________________ o ___ 110
Petroleum _____ e 112
Introduction - ______________________ e 112
Location of ‘the oil field__________ . __ 112
Geologic conditions in the oil helt____ . ___________ 112
Developments ________________________________ 113
Occurrence of petroleum..__________________ e ~ 113
SeePABeS e 113
. Geographic distribution ___.__________________________ 113
‘Relations to kinds of roek______________ P 114
Relation to structure____ . ____________________ . _____ 114
Description________________ .. 116
"Wells. - 119
Character of the petroleama__________________________________ 121
Principles governing the occurrence of petroleum_______________ 124
Exploitation___ et 126
Locating pools__ 126
Difficulties of drvilling__ _____________________ ____________ 127
Crooked holes . _____________ o ___. 127
Caving . 127
Water L 127
Remoteness from supplies____________________________ 128
Inexperience with local conditions_____________________ 128
Cost of labor and transportation_.______________ e 128
Shipment and marketS.__ o —___ 128
Conelusions . e 129
Bibliography e I 130

Index oo o 135



ILLUSTRATIONS.

Page.

Prate I. Topographic map of Pacific coast from Yakutat Bay to Prince
William Sound _______________________ . ._.___ 10
IT. Topographic map of Controller Bay region_..___.___ . ______ Pocket.

ITI. Sketch map of Controller Bay region, showing position of tri-
angulation stations _______________________________________ 12

IV. 4, Chugach Mountains and Martin River Glacier from Monu-

ment Mountain; B, Volcanic plug at the south end of Kayak
Island ____ — — . 16
V. Geologic map and sections of the Controller Bay region______ Pocket.

VI. A, First Berg Lake with Bering Glacier in the background, look-
ing south; B, Bering Glacier, showing ice cliffs on edge of
\ Bering River 46
VII. 4, Lower end of Bering River canyon ; B, Headwaters of Bering
River at the upper end of the canyon at the south end of
Carbon Mountain - _.______________________________________ h4
VIII. Map of Bering River coal field, showing coal areas, location of .
coal sections, and localities from which samples were taken_ Pocket.
IX. 4, Valley of Sheep.Creek, showing coal outcrops on the moun- -
tain face; B, Natural coke and diabase sills at the south end

of Carbon Mountain_______________________________________ .92
X. Map of Alaska showing distribution of coal___________________ 106

F1a. 1. Sketch of structure on a creek in the northeast part of the Bering
. River coal field_ 42

2. Map of Controller Bay oil field, showing location of oil wells and
SeepPages oo PR [ . 113

6



PREFACE.
By Avrrep H BROOKS.

This volume presents the results, both geologic and topographic,
of the first detailed survey made of any of the Alaska coal fields.
Most of the other important coal fields have been covered by surveys
of a reconnaissance character (see p. 130, this report), and it is pur-
posed to carry detailed surveys over them as fast as they are likely
to be rendered accessible by transportation facilities, provided the
means permit. '

It is an established policy in the investigation of the mineral re-
sources of Alaska to precede detailed work by that of a reconnaissance
character. This makes it possible to determine not only the areas
of probably greatest commercial importance, which should be sur-
veyed in detail, but also to obtain an insight into the larger geologic
problems and thus pave the way for the more detailed investigations.
The following report is the result of such a policy, a general investi-
gation of the fuel resources and of the geologic problems connected
therewith of the Pacific coastal belt of Alaska,* made in 19034, hav-
ing indicated the Controller Bay region as the part of this province
which gave promise of being of greatest immediate commercial’ im-
portance.

It is considered desirable that areas selected for survey, especially
those for mapping in detail, should be of quadrilateral outline and
bounded by parallels of latitude and meridians of longitude. Un-
fortunately the means at hand are not always sufficient to cover such
quadrangles, and the work is perforce confined to the parts that are
of greatest commercial importance. Such is the case in the accom-
panying map (PL II, pocket) of the Controller Bay region.

The maps and text of this volume present many details of the
geology. If, as is often the case, a tentative rather than a final con-
clusion is presented, it should be regarded as being due both to the
lack of comprehensive knowledge of the whole Alaska-Pacific coast

e Martin, G. C., The petroleum fields of the Pacific coast of Alaska: Bull. U. S. Geol.
Survey No. 250, 1905. Moffit, F. H., and Stone, R. W., Mineral resources .of Kenai
Yeninsula, Alaska: Bull. U. 8. Geol. Survey No. 277, 1906,
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province and to the lack-of bed-rock exposures, which is so character-
istic of much of the 1egi0n, rather than to a lack of refinement in field
methods. The succession of Tertlary rocks in the northwestern
Pacific-coast province of America is but very imperfectly known,
and the included floras and faunas have been but little studied. Mr.
Martin had, therefore, very little except the position of -the beds to
aid him in his interpretation of structure, which is very intricate.
Though the stratigrap}ﬁc sequence, as here presented, leaves much to
be desired, yet it is undoubtedly the best that can be done untﬂ the
Tertiary rocks are studied in adjacent provmces

Though the region lies near the coast yet it is by no means easy
of access. The heavy timber and swamps of the lowlands, the few-
ness of roads and trails, and the excessive rainfall made the work
exceedingly arduous. In view of these facts, Mr. Martin and his
assistants deserve great credit for the results obtained.



GEOLOGY AND MINERAL RESOURCES OF THE
CONTROLLER BAY REGION, ALASKA.

By G. C. Marmin.

INTRODUCTION.

LOCATION.

Controller Bay is a shallow indentation in the Pacific coast of
Alaska, sheltered chiefly by Kayak and Wingham islands. It lies
in latitude 60° north, longitude 144° west, being about 1,250 miles
northwest of Seattle, 400 miles northwest of Sitka, and 15 miles east
.of the mouth of Copper River (Pl. I). The region here to be de-
scribed includes the shores of Controller Bay, the islands in and
around it, and an area extending for about 25 miles inland, includ-
ing the entire drainage basins of Bering River and of the other
streams emptying into Controller Bay, and parts of the headwater
areas of the neighboring streams. This region, which extends for
maximum distances of 37 miles from north to south and 28 miles
from east to west, covers a total land area of about 430 square miles.
It is an isolated region of lowlands and hills of moderate altitude,
hemmed in between the Chugach Mountains and the sea on the north
and south and between Bering Glacier and the Copper Delta on the
east and west. . :

' HISTORY OF INVESTIGATIONS.

EARLY EXPLORATIONS AND SURVEYS..

When Bering led the first exploratory voyage across the North
Pacific in 1741, Cape St. Elias was his first landfall and either
Kayak or Wingham Island his first landing place. The first explora-
tion of this province thus dates back to the beginning of Alaskan
history. But this beginning, although of historical interest, was of
little importance, for Bering merely sent boats ashore for water, and
then went back across the Pacific without extending his explorations
or even touching on the mainland.”

e Steller, Georg Wilhelm, Beschreibung der See-Reise von Kamschatka néch Amerika,
Frankfurt, 1774. :

9
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10 CONTROLLER BAY REGION, ALASKA.

The Russians probably made other visits to Controller Bay dur-
ing the beginning of settlement and fur trade from 1762 to 1783,
but if so they left no records which are accessible. Other e\plorers
sent out by the Russians, French, and Spaniards sailed past this

. coast, but there is no reco1d of their having landed here.

Vancouver and Puget, returning from Cook Inlet in 1794, entered
Controller Bay, and the latter spent considerable time there while at-
tempting to sail out through the channel between Kayak Island and
Okalee Spit. Puget’s account of this work and his descriptions of
the regions ¢ are especmlly complete.

Controller Bay and the coast eastward were visited in 1837 by Sir
Edward Belcher, who wrote ® some rather elaborate but nonscwntlﬁc
descriptions of Berlno' and Malaspina glaciers.

Lieut. H. W. Seton Karr, after attempting to chmb Mount St.
Elias in 1886, cruised Westward in a small boat, spent some time at
a settlement on the north end of Kayak Island and near Katalla, and
crossed the: Copper Delta. He published a very complete narra-
tive ¢ of his journey, with general descriptions of the country and

“with sketches.

All the charts of Controller Bay and the neighboring coast pub-
lished prior to 1903 were based on early surveys, probably by Teben-
kof. The United States Coast and Geodetic Survey mapped the Cop-
per Delta in 1898 and made detailed surveys of parts of the shore line
and waters of Controller and Katalla' bays in 1903, 1905, and 1906.
The results of this work are embodied in chart No. 8513.

GEOLOGIC AND TOPOGRAPHIC SURVEYS,

The earliest authentic references to the geology and mineral re-
sources of this region were by Oliphant,® Eldridge,s Spurr,’ Kir-
soppy? Stoess,* and others.?

The facts to be presented in this volume have been gathered chiefly
during visits to the region made by the writer during each of the last

e Vancouver, Capt. George, Voyage of discovery to the North Pacific Ocelan etc., in the
years 1790-1795, London, 1798, 3 v. (maps).

? Belcher, Capt. Sir Edward, Narrative of the voyage of H. M. S. Sulphur during the
years 1836-1842, London, 1843.

¢ Seton-Karr, H. W., Shores and Alps of Alaska, London, 1887, pp. 138—168

4 Oliphant, F. H., Petloleum, in Mineral Resources U. S. for 1897; Nineteenth Ann.
Rept. U. S. Geol. Survey, pt. 6 (cont.), 1898, p. 110.

¢ Eldridge, G. H., The coast from- Lynn Canal to Prince William Sound Maps and de-
scriptions of routes of exploration in Alaska in 1898, a special publication of the U.Ss.
Geol. Survey, 1899, pp. 103-104. .

f Spurr, J. B., A reconnaissance in southwestern Alaska in 1898 : Twentieth Ann Rept
U. S. Geol. Survey, pt. 7, 1900, pp. 263-264.

9 Kirsopp, John, jr., The coal flelds of Cook Imlet, Alaska, U. 8. A, and the Ps.ciﬁc
coast : Trans. Inst. Min. Eng. (England), vol, 21, 1901, pp. 556-559.

h Stoess, P. C.,, The Kayak coal and oil field of Alaska: Min. and Sci. Press, vol. 817,
1903, p. 65.

i See bibliography on p, 130,
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SURVEYS. . 11

four years. f& four weeks’ reconnaissance was made in the summer
of 1903, the results of which were published both in abstract ¢ and in
-detail.? In 1904 about ten days were spent in supplementary recon-
naissance,. the results of which were incorporated in the detailed re-
.port? on the preceding season’s work and were also presented more
fully ¢ by themselves.

More detailed surveys and investigations were made during the
field season of 1905, when a combined geologic and topographic
party of ten to twelve men was at work in the region from May 21 to
October 27. The objects were to prepare a demlled topographic map,
to plat the geology upon this base map, and to make the other detailed

. studies of the geology and mineral resources on which this report is
. based. ‘

The topographic mapping, which was carried over an area of
about 430 square miles, included all of the area within which there
are indications of petroleum, and all of those parts of the coal field
within which there have been actual or attempted developments. The
work of the topographers was much aided by the use of the primary
triangulation made by the Coast Survey and by detailed topographic
maps of the coal and oil lands of the Alaska Development Company
and the Pacific Coal and Oil Company made by Mr. J. L. McPher-
son. These maps were thoroughly tested in the field by. both the
topographers and the geologists and were found to be of rare accu-
racy and excellence. Accordingly the areas covered by them were
not resurveyed, and Mr. McPherson’s maps were reduced to the scale
of and incorporated in the topographic map here published. This
map (PL II, pocket) was surveyed on the scale of 1:45000 and is
here published on the scale of 1: 62500, or about 1 mile to the inch,
with a contour interval of 50 feet. Bad weather prevented the exten-
sion of primary triangulation into the northeastern part of the area.
The control of this section was consequently based on secondary plane-
table triangulation and is subject to more or less correction. It is
hoped that the errors will not be appreciable.

The approximate positions of the Coast Survey triangulation sta-
tions are shown on Pl. ITI, and are also stated in the followmg table:

¢ Petroleum fields of Alaska and the Bering River coal fields: Bull. U. S. Geol. Survey
No. 225, 1904, pp. 365-382.

bThe petroleum fields of the Pacific coast of Alaska, with an account of the Bering
River coal deposits: Bull. U. 8. Geol. Survey No. 250, 1905, 64 pp.

¢ Notes on the petroleum fields of Alaska: Bull. T. 8. Geol. Survey No. 259, 1903,
pp. 128-139, Bering River coal field : Bull, U. 8. Geol. Survey No. 259, 19035, pp. 140-150.
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Latitude and longitude of Coast Survey triengulation stations.

Name of station.

Latitude. | Longitude.

Dun

East ane Controller Bay
Easy

End..

Fall ..

Flat..

Fox

Gable House
GIASS....covameennns
Green..

Hump
Hunt...
Isle ....
Jack .
Last..
Late .
Lost....

Weit Base Controller Bay

o
>
£
o
3
.
<]
1]
—
=
s
S
3
=
xR
-
=
15

60 02 59.539 I1«14 23 33.608

B

About 45 miles of precise levels were run in the course,of the de-
tailed topographic work and 11 permanent bench marks; were. left.
The line of levels extends from tide at Katalla to the mouth of Canyon
Creek via Bering River, with branches up Shepherd Creek to Canoe
Landing and up Stillwater Creek to Lake Kushtaka.

The following table gives the position and elevation of bench marks
which were established by this precise leveling.. All are marked by
aluminum tablets set in rock, and the position is also indicated on the

topographic map.
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SKETCH MAP OF CONTROLLER BAY REGION, SHOWING POSITION OF TRIANGULATION STATIONS.

(After Coast and Geodetic Survey.)
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Beneh marks in Controller Bay region:

Elevation ;
. h Adjusted
Location. gingxlgle& - |elevation.a
Feel. Feet.
Katalla, 300 feet west of post-office; tablet set in top of large bowlder (5 by 10

L2302 10 10. 095
Point Hey; tablet set in outcrop of sloping smooth sandstone................. 10 9. 909
Mouth of Bering River; tablet set in base of ¢liff between waterfall and oftice

of Pacific Coal and Oil Co.....ouieiiii ittt 8 8.052
Bering River, west bank, 1 mile southeast of Bering Lake and # mile wcsl.

of mouth of Gandil Rlver tablet set in sandstone........, ... ... ..ol 7 6. 648
Shepherd Creek, west bank, near mouth; tablet set in sandstone 20 feet from

water line, on low grassy "aWale DEtWEEn NillS. .- eoetnesees e eme e 6 6. 067
Shepherd Creek west side, on trail at base of steep hills; tablet set in sand-

stone outcrop 100 feet SOUh OF CADIN AL LUNMEL .« .nnnevnenneenenensnenenanns 47 47,049
Bering River, north bank, 44 miles west of mouth of Stillwater Creek; tablet

set in sandstone ledge at base of 20-foot cliff in first timbered hill above e

Bering LaKe ..ottt et eiiteteieseneeseaeaeienisacreatanassecsannnennann 21 © 21,094
Bering Riverat mouth of Stillwater Creek; tablet set in sandstone at base Ve

of 20-foot cliff, 50 feet south of gully on West 8id€ O CTEEK -..ounerrnrnnn.s 23 © 23,020
Stillwater Creck 2% miles above its mouth; tablet set in sandstone on edge ..

. of trail § mile above Cunningham’s WATENOUSE. - e eeeeemseamaanenanin 49 © 49,160
Lake Kushtaka at outlet; tablet set in sandstone 20 feet from edge of water.. 8 | .. 84.728
Bering River, about 500 feet north of mouth of lower fork of Canyon Creek:

tablet set in black sandstone on wooded point at west side of gravel flat, .

about 500 feet north of point where trail leaves Bering River............... 45 © 45.010

o The determination of mean tide at Katalla is based on observations extending for only
twenty-four hours, and consequently Is only approximate. I'he adjusted elevations of the
bench marks as given in the table are regarded as correct within 0.1 foot with reference
to the Katalla bench, but are subject to a probably greater .correction on more nccumte
determination of mean tide.

Reconnaissance surveys were also made in 1905 to connect with the
maps of the Copper River region. During the following season the
reconnaissance topography was extended to the north and east. The
data thus obtained were used in the preparation of PL I, in compiling
which earlier maps by the Geological Survey in neighboring regions
and by the coast and boundary surveys were also employed.

The geologic- work of 1905 was carried over the same area as the
topography, and -a geologic map showing the distribution of the
séveral formations was prepared (PL V, pocket). Numerous sections
were measured and coal samples were collected at most of the more
important openings. The results of this work have already been
published in abstract,® but are given more completely on subsequent
pages. Part of the season of 1906 was spent in completing the
geolovic work begun in the precedino' year. The results of that
year’s work were also incorporated in an abstract report © whlch has

already appe‘mred
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~ COMMERCIAL DEVELOPMENTS.

The first white men who settled in this region were traders who
were attracted by the sea otters which the natives had for a long
time been catching around the rocks off Kayak and Wingham islands.
Trading posts were established during the Russian'occupation and
soon after the transfer the Alaska Commerc1al Company is said to
have had a station here. After the decline of the sea-otter industry
attempts were made to establish salmon canneries, but they were
not successful, although a cannery on Prince Willlam Sound still
finds it profitable to send steamers to Bering River for fish.

The existence of coal and petroleum was probably learned from:
the natives. However that may be, these materials began to attract
attention in 1896 and soon brought in large numbers of prospectors.
The first oil well was begun in 1901, and drilling has been in progress
more or less actively ever since. (See p. 113.) A producing well was
obtained in 1902 and- an oil boom resulted. Companies were floated
on cheap stock and promises, large areas of mud and ice were staked
and sold, and drilling was begun wherever any kind of rig could be
procured and landed. A large number of the oil companies never
progressed beyond the sale of stock, and some possibly never intended
to do so. Others began operations without obtaining competent ad-
vice and with no idea of the problems before them. A few started
in a conservative, intelligent way to thoroughly test the field. None
have thus far secured any return. It is now realized that bil drilling
in a new field is uncertain, and at best requires time and thoney, and
that' Alaska oil fields are at a greater disadvantage than more access-
ible localities. It is still doubtful how and where producing wells
.are to be obtained and uncertain whether even successful wells will -
justify the present high cost of drilling and operating-in this region.

The coal was discovered at about the same time as the petroleum.
Probably all of the coal land within easy reach has now been located.
The lands have been for the most part surveyed for patent applica-
tion by deputy mineral surveyors. A large number (probably several
hundred) of surface prospect openings have been made, and about 20
tunnels have been begun,
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. Complete title ¢ has not, so far as is known to the writer (1907),
been obtained by any of the locators, either here or elsewhere in
Alaska.

The importance of transportation has been realized from the
beginning of the development of the region. The building of trails
and ‘roads has gone on from year to year until foot travel is now
easy. Railroad preliminaries have been in progress at intervals for
several years, the following routes having been surveyed: From the
east shore of Controller Bay to the valley of Shepherd Creek; from
Point Hey to Shepherd Creek via Katalla Valley; from Whale
Island, via Katalla Valley, to Lake Charlotte and thence to Copper
River and into the interior; from Katalla Bay to Copper River and
thence up Copper River; and from Canyon Creek to Controller Bay.

Construction of wharves and breakwaters at Katalla Bay and at
Whale Island and of two railroads was begun in 1907.

~
GENERAL CHARACTER OF THE COUNTRY.
TOPOGRAPHY.

The Controller Bay region constitutes an area of lowlands and of
hills of moderate height, lying between the Chugach Mountains and |
the sea on the north and south and between Bering Glacier and the
Copper Delta on the east and west. ‘

The Chugach Mountains are high and rugged (see PL IV, 4),
most of the prominent peaks having elevations of from 6,000 to
12,000 feet, and send out long spurs toward the southwest, which
gradually decrease in height as they approach the sea. The hills
and mountains of the northern and western parts of this region are
such spurs. Most of the other hills stand as isolated peaks and
ridges or as isolated groups, which are either surrounded by water,
as the ridges on Kayak and Wingham islands, or by mud and gravel
flats, as-Mqunt Campbell, Nichawak Mountain, Gandil Mountain,
and the group of hills south of Bering Lake. The elevation of the
mountains ;ithin the area described in this report is in general less
than 2,000 feet, and does not exceed 2,500 feet, except in the western
and northern parts of the region, where numerous peaks rise to
heights of from 2,500 to 4,150 feet. The highest of the summits are
in the extrenie northeastern part of the region, close to the Chugach
Mountains. The hills are in general characterized by steep, canyon-
gashed slopes below timber line, rounded peaks and flattish areas
between timber line and an elevation of 1,800 to 2,000 feet, and sharp
peaks and ridges above 2,000 feet.

=

®See Coal-land laws and regulations thereunder (a pamphlet issued by the General
Land Office April 12, 1907), pp. 12-19,

0
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GLACIERS.

Bering Glacier, which borders the reglon on the east, is 'a huge,

even-surfaced, stagnant mass of .glacial ice, which is fed by nlany"
valley glac1els coming from the high mountains north of it. It is a

p‘iedmont glacier of the same general character and of about the
same size as Malaspina Glacier. Portions of its surface form a good
highway to some of the coal camps in the east end of the Bering
River coal field, but most of it is so covered by irregular masses of
rock and gravel and so much crevassed that travel over its surface
1s difficult and dangerous.

Martin River Glacier, which lies north of the coal field, is inter-
mediate in size and character between Bering‘ Glacier and the typical
valley glaciers. It is formed by the union of several valley glaciers, -
which come out from the high mountains (see PL IV, 4), and ex-

pand into a bulb-shaped terminus on reaching low ground. Much
of its surface is deeply buried by moraine and is flat, but most of it
is deeply crevassed. Two lobes of this glacier extend into the val-
leys occupied by Kushtaka Lake and Lake Charlotte. The former is
known as Kushtaka Glacier.

Several small glaciers occupy posmons on the colder slopes of
hlgher mountains within the area here described. The largest of
these is in the east end of the coal field and is known as Slope Gla-
cier. Three very small ones are near it, and an unknown number of
small glaciers of various sizes occupy the high valleys on the west
slopes of Ragged Mountain.

STREAMS.

The streams of this region have their supply partly from local
rainfall and partly from the melting of the glaciers. Both sources
are large, and the streams are all of great volume in proportion to
their length and are subject to severe floods.

Bering River drains the greater part of the region. This stream
has its source in lakes on the margin of Bering Glacier. (See PL
VI, 4, p. 46.) It flows southwestward for about 12 miles until it
approaches Bering Lake, where it spreads into a broad delta. The
water passes in part through the delta without entering the lake,
and in part into the lake and out again at its southeast corner, where
the river is reunited and flows southward for 8 miles to the north-
east corner of Controller Bay. The lower course of Bering River
is tidal, the current running in both directions at rates of 3 to 5 miles
per hour with the tide. The water of Bering Lake has a rise and
fall of 1 to 3 feet. Bering River above the lake is nontidal, the cur-
rent running from 8 to 10 miles per hour in the upper part and about
3 miles per hour in the vicinity of the lake. The tributaries of
Bering River above the lake include Canyon Creek, which has- its
source on the southern margin of Martin River Glacier; Stillwater
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Creek, which drains Lake Kushtaka and receives a large part of its
supply from the Kushtaka lobe of Martin River Glacier; and Shep-
‘herd Creek, which drains Lake Charlotte and several other small
lakes on the margin of the same glacier. The chief tributaries below
the lake are Gandil and Nichawak rivers, which drain parts of the
margin of Beiing Glacier. '

The other streams include Campbell and Edwardes rivers, which
rise on the southwest margin of Bering Glacier and enter the east
shore of Controller Bay; Katalla River, which rises in the hills west
-of Bering Lake and flows into Katalla Bay; and several of the head-
water tributaries of Martin River. The latter rises on the western
margin of Martin River Glacier and in Tokun Lake, and flows west-
ward until it reaches the east edge of the Copper Delta. The waters
there divide, part entering the delta of the Copper, and part flowing
along the edge of the mountains close to the delta and entenng the
tidal sloughs behind Softul Bar.

CLIMATE.

Few meteorologic observations have been made at points within
the region here described, and so the following discussion is partly
based on the records at neighboring stations, supplemented by the
writer’s general knowledge of weather condltlons during the sum-
mers of 1903 to 1906, inclusive.

The following IOC‘ll meteorologic records were made and have been
furnished by the Katalla Company:

Temperature, cloudiness, and precipitation ot, Katalle, 1907.

Temperature (°F.). Cloudiness (number of days). | Precipitation (inches).
I;]I]‘l‘;l(]: ﬁﬂ]n'l] Mean. | Clear. 011)3:1‘313 Cloudy.| Rain. | Rain. | Snow. | Total.

January-_.._...._. 42 4 19.0 24 2 5 7 No reeord.
February_ 36 2 23.5 13 2 13 13 No record.
March...__ b 3B 4 23.1 14 9 8 11 No record.
April.. 50 23 35.8 8 10 12 12 7.5 2.0 oo
May._- 67 30 44.2 11 6 14 17 4.85 N5
June. 80 41 50.0 6 9 15 16 8.20
July-. 78 421 55.0 1 8 22 23 4.9
Augus 8t 44 59.4 5 11 15 17 L4l
September. 76 37 52.0 8 11 11 19
October_._.. 54 22 41.7 1 7 23 29
November 52 20 34.4 3 9 18 23
December. oo 44 4 32.0 5 7 19 23

The year..___| 84 2 39.2 99 91 175 210 —-—--| 0101.38

& Eight months.

The nearest stations at which meteorologic records have been
made are Orca, 45 miles to the northwest; Nuchek, 70 miles to the
west; Fort Liscum, 90 miles to the northwest, and Sitka, 400 m1les
to the southeast of Katalla. . ‘

JAll of these stations, as well as the region here described, are in-
cluded in what Brooks and Abbe « have designated the “ Pacific coast

e Brooks, A. H., and Abbe, C., jr., General climatology of Alaska: L'rof. Paper U. S.
Geol. Survey No. 45, 1906, pp. 148-149.

21803—Bull, 335—08——=2
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climatic province,” which is characterized by heavy rainfall and
cloudy weather and by moderate winter and low summer tempera-
tures. General conditions throughout the province are well illus-
trated in the following tables,® giving the temperatures and rainfall
at Orca,; Nuchek, I‘ort Liscum, and Sltka

Tempemture (°F.) at stations nearest Controller Bay.

Maximum, Minimum. Mean,

= K k3

g :

o E N 2 g

sy Sl |3l |2l |a]|2]= |3

-2 =T - R - < A e I (R

] =] 2 5 | = 3 2 5 | 2 J=4 )

7] z o 4 @ % o [ 7] o |1
January ........ooiiiiiiiiiiiiaa. 51 48 49 45| — 2 20 5| —14|84.2|2.9| 23.8
February . . 54 47 45 42 3 16 8| —12{33.0}30.1| 15.5
March.. 65 45 61 21 —1 27 2| —8187.2184.5} 30.8
. April . 70 54 70 52 19 27 25 2141.9140.0| 3L.6
May .. 80 54 72 62 28 30 28 25 146.9 | 44.8 | 89.4
June .. 80 70 83 79 33 39 35 32 | 61.6 ] 62.4 | 49.06
July... 87 69 90 77 35 47 33 32 154.4|567.6  50.5
August . 82 70 80 70 39 46 40 30 [56.6]55.8 46.6
September (L3 T 84 64 32 |...... 30 25 | 2.3 162.21.. ...
QOctober .. 67 65 64 53 25 22 25 18 | 45.7 1 40.8 |....-.
November | 59 45 48 45 5 10 11 0]30.8131..8] 22.4
December .......... J 59 41 47 41 7 18 71 -13386.0|29.4 21.6
The Fear «..eeeecieaeannann. s7| 70| 9| 79| —38| 10 2| —14 [ 44.5 | 412 [......

e« November, 1867, to May, 1877 Ap1 il, 1881 to September,.1887 ; July, 1898, to Febru-
ary, 1899; May, 1899, to Decembel 1902
°Octobe1 1883, to August 31, 1884
cBloken "record from June, 189‘) to Octobel 1905.
4 January, 1901, to December, 1902.

Precipitation et stations nearest Controller Bay.

Number of days with rain ex- | Rainfall (inciuding melted

ceeding 0.01 inch. snow), inches per month.,

\). ‘.).

. : g g

R - T I - B o - B R -

3 5 ] - £ K3 @ S

= = = 8 = = 2 5

9] z D, 5 » 4 ] =
January... ..o 16.8 23.0 14.0 17.5) 12.17 | 27.07 | 12.58 | - 9.67
February ..........oooooiiiiiiiia 15.9 8.0 Q.7 5.0 7.47 9.15 7.49 1.0t
March ..ol 18.0 21.0 16.7 14.5 6.70 | 18.02 | 18.69 H.54
April.... 12.6 18.0 14.7 9.0 561 [ 16.92| 12.70 4.50
May.. 16.1 18.5 18.0 9.0 4.17 1 18.92| 12.06 2.26
June. 13.6 10.5 10.7 8.0 3.31 4.17 5.55 0.68
July .. 14.9 18.5 10.8 14.5 3.55 9.93 4,65 4.21
August. 16.8 13.0 14.8 28.5 5.84 | 14.13 | 14.35 12.38
September .. 19.5 19.0 14.5 22.5 9.67 | 22.96 | 15.26 14.22
[O161753 o) Y 21.7 22.0 21.2 22,0 | 11.96| 21.50 [ 21.58 14.25
November .......oooenenn. .. - 19.6] .17.0 13.0 115 9.80 | 10.51 9.97 6.63
December...ooveeieinenneaiia.. 18.9 1y.0 ‘14.7 13.0 7.84 | 16.81 | 14.52 5.95
The year............... S 207.9 | 203.5| 172.8| 175.0] 8.10 | 190.09 149.33 | 8133

¢ Compiled from reports of voluntary observers of the weather bureau of Alaska as
g\]lbllkshed in the reports of Prof. C. C. Geoxgeson on agricuitural investigations in

aska

b November, 1867, to May, 1877 ; April, 1881 to September, 1887 ; July, 1898, to l<eb1u-
ary, 1899 ; May, 1899 to December 1902.

"O(_tobel 188‘-} to August 31, 1884.

4 Broken record from Tune, 1899, to Octobel, 1905.

¢ January, 1901, to Decembe1 1902
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Momhly temperature and pmcunt(btwn at Orce from June, 1899, to October,

1905. .
Temperature (° F.). Precipitation.
tg’fﬁrgﬁ%scg%‘ Averages by months,
. ot . i Days .
Maxi- | Mini- | Maxi- | Mini- $ ;| Amount
Mean. h f
mum. | mum. | mum. | ;num. can ‘glrtsnl(‘f::vl.l (inches).
JONUALY, 6 YeArs......... e 49 5| 44.0 .| 12| 2.9 14.0 12.58
February,6 years........coveeviinnennnn. 45 8] 41.3 16.3 { 30.07 9.7 7.49
March, D Years....ceoeeeniiiennarennaneas 61 2| 53.0 12.0 | 34.47 16.7- 18. 69
April, 8 yems ........... 70 251 64.0 27.3 | 40.04 14.7 12.70
May, 2 years...c..ceuvenannnnn el 72 28 | 68.0 29.0 | 44.81 18.0. 12.06
June, 2 YEATS ... eeieiaaa., 83 35 80.0 36.0 [ 52.35 10.7 5.55
JUlY, BYEarS. o eeiie it 90 33| 83.0 40.7 | 67.63 10.8 4.65
August, dyears.........ooiiiiiiiiiaan, 80 40 | 76.25 41.5 | 55.83 14.8 14.35
September, 5 years e reeaaaee. 8| - 30| 7.0 34.8 | 52.23 14.5 15.26
October, 6 years. 64 25| 56.3 28.8 | 40.30 21.2 21,53
November, 6 years 48 11| 46.0 20.0 31.78 13.0 9.97
Dccembcr, 6 years.. 47 7| 45.2 13.0 | 29.43 14.7 14,52
Termof recor@....................
Average for year ..
Total for year ....... 172.8 | 149.33

These tables show a maximum of precipitation and of winter tem-
perature and .2 minimum of summer temperature on the seaward
border of Prince William Sound in the vicinity of Nuchek and Orca.

The precipitation becomes gradually less and the range of tempera-

ture greater away from the open sea, as is shown by the very much
decreased rainfall and the slightly cooler summer and much colder
‘winter temperatures at Fort Liscum. In the direction of Sitka the
change consists of a decrease in rainfall; with higher summer and
lower winter temperatures.

~ The climatic conditions on Controller Bay probably differ little if
any from those at Orca and Nuchek. The rainfall is enormous, possi-
bly even rivaling that at Nuchek and Orca, where there are records
of 198 and 143 inches of precipitation in single years. May and June
are sometimes, but not always, somewhat drier than the rest of the
summer. - There is almost invariably clear weather with and follow-
ing a west or southwest wind, and rainy weather with an east wind.
The severe storms all blow from the east and northeast.

VEGETATION.

The vegetation of this region is closely related to its topographic
features. The three followmtr types may be recognized: .

Swamps and meadows: These are developed upon the alluvial flats
and their growth consists predominately of grass and small bushes.
Trees are 1estr1cted to willow and cottonwood on the borders of the

watercourses, and spruce and hemlock on the drier sandy places, such

as abandoned beaches and watercourses. )
Evergreen forests: Spruce and hemlock predominate in the denser
forests, which are located on the lower slopes of the hills and moun-

v
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tains. They extend from the edges of the alluvial flats to an eleva-
_tion of 800 to 1,000 feet, where they begin to gradually thin out. The °
interspaces between the groups and areas of trees, which widen toward
the higher altitudes, are filled with grass and with dense thickets of
alder and willow. The general upper limit of the forests is at an
altitude of about 1,200 feet, and the extreme upper limit of good
trees is 1,700 feet. The trees on the lower slopes are very large and
densely spaced, and the quality of the lumber is fair. -

Mountain-top vegetation: The upper slopes and summit of the
hills and mountains above the tree line, as. defined above, are partly
bare (see PL. IV, 4, p. 16) and partly covered with grass, small herbs
and bushes; and stunted alders and spruce. It is worthy of note that
vegetation of this type descends far lower in this region than is usual
in this latitude. The importance of this characteristic lies in the

_fact that it restricts the area of valuable timber and affords easy
travel in considerable areas above timber line.

SETTLEMENTS.

The post-office and chief trading center for the entire Controller
Bay region is Katalla, which is situated on the shore of Katalla
Bay and is now the landing place of the steamers. Chilkat, near the
mouth of Bering River, is a mixed settlement of whites and natives
and is a stopping place on the way up the river to the coal field. The
“town of Kayak, on Wingham Island, which was formerly a post-office
and steamer landing, is now practically abandoned. There are no
other settlements except the camps of the various coal and oil com-
- panies, which are scattered throughout all parts of the region.

TRANSPORTATION.
EXISTING FACILITIES.

The only communication with other regions is by water. Katalla
is a regular stopping place for steamers from Seattle to Valdez and
Seward, there being five or six boats a month. The voyage from
Seattle to Katalla requires three and a half to four days “ outside
route ” or seven to eight days “inside route” via Juneau. The
nearest large towns are Juneau, which is from two to three days’
journey to the east, and Valdez and Seward, which are from ten to
eighteen hours and from twenty-four to thirty-six hours, respectively,
to the west. There are telegraph and cable offices ¢ at these towns.
Valdez and the other Prince William Sound ports can also be reached
by crossing the Copper Delta in a small boat to Orca, a two- d‘my
journey, f1 om which place there is regular and frequent communica-

¢ Plans are also under way to connect Katalla with the existing cable.
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tion with Valdez and the other Prince William Sound towns by
launches, in addition to the ocean-steamer service.

There is regular transportation of passengers and freight from
Katalla to all parts of Controller Ba,y and to Bering Lake by hunchcs,
and much of the rest of the region is accessible by means of canoes.
Bering River as far as the mouth of Canyon Creek, Stillwater Creel,
Shepherd Creek, Gandil, Nichawalk, and Katalla rivers, and .others
of the larger streams are navigable for canoes and poling boats.
Most of the local transportation is consequently effected in this way.

Land travel is not practicable except where trails have been built,
because of the dense vegetation, the swampy character of the flats,
and the large number of streams. Most of the trails are indicated on
the maps (Pls II, V, VIII). The most important of these trails
include those from Kfltqlh to Mirror Slough, from Katalla along
the beach to Strawberry Harbor and to the head of Katalla Slough,

from the mouth of Bering River to the head of Katalla Slough
" (which is practically a well-built wagon road), from the mouth of
Dick Creek to Lake T'ékun, from Canoe Landing up Shepherd Creek
to Lake Charlotte with a branch from Carbon Creck across Kush-
taka Ridge to Kushtaka Lake, from Canoe Landing direct to Kush-
taka Lake,; from the mouth of Stillwater Creek to Lake Kushtaka
with branches up Clear and Trout creeks, from the mouth of Still-
water Creek up Canyon Creek, and across Carbon Mountain to First
Berg Lake. From this last point the shores of Berg Lakes (see Pl
VI, 4, p. 46) and a portion of the surface of Bering Glacier affords :
highway into all the valleys opening on the lobe of Bering Glacier,
which borders the five Berg Lakes. Other shorter trails 1'e‘LCh prac-
tically all the camps which are not accessible by water. Short tram-
roads have been built from the head of Katalla Slough and from the
mouth of Redwood Creek to neighboring oil wells and from Canoe
Landing to a coal opening.

RAILWAY ROUTES.

Reference has already been made (p. 15) to the railway surveys
which have hitherto been made or which are in progress. The object

of these proposed roads is.to make the Bering River coal accessible .

for shipment, or to provide a route ¢ to the copper deposits and other
resources of the Copper River region, or both. The conditions which

i

will govern the selection ‘of the route include the character of the

harbor at the terminus, the cost of construction and operation of the
‘road, and the prospective freight tonnage.

a Brooks, Alfred H., Railway routes: Bull. U, 8. Geol. Survey No. 284, 1906, pp. 10-17 ;
Railway routes in Alaska: Nat. Geog. Mag., 1907, pp. 16-190.
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HARBORS.

The harbors which have been considered by the various interests
purposing to build a railroad include Controller Bay, Katalla Bay,
~ the shelter afforded by TFox and Whale islands, and Orca Bay.

Controller' Bay gives good shelter for large vessels, but is often
‘too rough for small boats The anchorage is good and the channel
deep, but the deep water is a long distance froni shore. The broad
shoals which border the bay on the north and east sides, the lack of
shelter for small boats in the steamer anchorage, and the fact that
the bay is more or less filled with ice in severe winters all count
against Controller Bay as a ra1lwmy terminus, although 1its use is
admitted to be possible. :

- Katalla Bay has sufficient depth of water, good a'nchorage, and is
entirely free from ice in all seasons. It is open between the south and
southwest, but has good shelter from the north and east. Inasmuch
as all severe storms come locally from the east and northeast, it is
claimed by many that Katalla Bay in its present condition is a good
harbor and that steamers could tie to wharves in it under all condi-
tions. The deep-water anchorage is not safe for small boats in bad
weather, but Katalla River and Slough give perfect shelter and can
usually be entered at high tide by anything drawing less than 10 feet,
although the bar is often dangerous for open boats except at flood
tide. Plans have been made to build breakwaters which will give
shelter from all directions at the proposed wharves.c Katalla Bay is
perfectly practicable as a harbor, provided that severe storms do not
come from the southwest or west, or that breakwaters can be built at
reasonable cost.’ '

Fox and Whale islands give good sheltel except from the southwest
and west, and have deep water close to the islands. The proposed
plan e is to connect Whale Island with the mainland by a causeway
(this intervalis dry at half tide) and to build wharves from the west
shore of Whale Island. A further suggestion is to build breakwaters
connecting Whale and Fox islands and westward from the latter.
This proposition is similar to that at Katalla Bay, except that deep
water is nearer shore at the islands, but the area of natural shelter is
smaller. Here, as at Katalla Bay, itis a question of safety ﬁ om possi-
" ble southwest storms and of cost of breakwaters.

Orca Bay is a good harbor, being large, deep, and perfectly shel-
tered. No harbor improvements would be necessary, except buoys and
wharves. Its disadvantage as a harbor lies in its distance from the
open sea, the entrance being around Cape Hinchinbrook (see Pl I).
As far as its possible use as port for the Controller region is con-
cerned, it has the further disadvantage of distance by rail. This
point will be discussed later (pp. 23-24). : ’

a Work was begun on this project in 1907,
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ROUTES.

.The possibilities of railway construction from any of the above-’
mentioned local harbors to the Bering River coal fields are well shown
on the accompanying topographic map (PL II, pocket), and are also
indicated by the lines of levels represented by the list of bench marks
on page 13.

It can readily be seen from the map that grades are insignificant
and that the only problems will be those connected with ballasting
and bridges. The broad alluvial flats are swampy and are underlain
by muck, consequently much ballast and ditching will be necessary.

A road from either harbor ¢ in the vicinity of Katalla to the coal
field will naturally follow the broad valley of Katalla Rivér, cross the
65-foot (more or less) divide to Bering Lalke, and trestle or fill across
Bering Lake (which barely exceeds 5 feet in greatest depth and is for
the most part much shallower). The bud(fes over Shepherd, Still-
water, and Canyon creeks will be small, but severe floods must be al-
lowed for in building abutments.’

If Controller Bay is used as the harbor the Wharves might be built
either from the soith end of Kanak Island or from the east shore of
the bay. In the former case a long bridge must be built to the main-"
land. The road could then go by the Katalla River route already de-
scribed. From wharves on the east shore of the bay the road would
naturally cross the flats on the east side of Bering River to a point
opposite Shockum Mountains. A large amount of ballasting would
be necessary on these swampy flats unless the-road is located well to
the east, where the flats are made up in part of sand and gravel
1\’Lmy bud ges, most of them small, wou]d be required, the largest be-
ing over Bering River.

A railway flom this region into the interior would either go west
from Katalla along the ocean shore and up the east side of the Cop-
per delta, or would go up Shepherd Creek (see Pls. I and II),
over the 350-foot pass northwest of Lake Charlotte, and down the
valley of Martin River to the Copper. Neither will encounter
‘great difficulties until the site of the proposed ® Copper River bridges,
at Miles and Childs glaciers, is reached. The construction of bridges
over glacial streams must always be a problem. ,

The route from Orcac to the coal field follows the foot of the
mountains on the west side of Copper Delta until the bridge site,
mentioned above, is reached. It would then follow the route, de-
scribed above, from Copper River to the coal field. The disad-
vantages of this route consist in its length and its crossing Copper

o A railroad from each of these harbors was hegun in 1907.
b Brooks, Alfred H., Railway routes: Bull. U. S. Geol. Survey No. 284, 1906, pp. 13-15;
" Railway routes in Al‘lé.l\l Nat. Geog. Mag., 1907, pp. 182, 190.

¢ Construction was begun on a 11ihoad ﬂom Cordova, a new town situated near
Orea, in 1906.
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River. A road from Orea to the interior * would cross Copper River
twice, while one from a local harbor would cross it but once to reach
the interior.

All the plans considered above are pos‘sible, and the choice must
depend on questions of cost, including both the actual cost of operat-
ing the road and the interest on the original investment.. There
are no difficulties connected with building a railroad from any point
on Controller Bay or Katalla Bay to the coal field, and the projects
for a road from Orca to the coal field or from either terminus into
the interior present no greater difficulties than have been overcome
elsewhere. The important factors in the problem are, on one hand,
the relative merits of a local harbor, questions of depth of water,
holding ground, shelter from storms and from ice, and cost of im-
provements being considered; and, on the other hand, the cost of a
longer road to a possibly better harbor farther west.

GEOLOGY.

GENERAL FEATURES.

The general succession of rocks in this region is shown in the fol-
lowing table:

General section of rocks of the Controller Bay region.

Age. " Formation name. Character of rocks. Thickness.
) Fect.
Stream deposits, probably in part un- 0-5004-
derlain by marine sediments.
i Sediments and abandoned beaches of 0200+
Quaternary. glacial lakes.

Morainal deposits. 0-100:

‘Marine silt and clay. 100

Tertiary or later. Diabase and basalt dikes.
m . . Sandstone. : 500
Tokun f(l)nnutwn. Shale, 2,000+
Kushtaka formation. | Arkose with many coal beds. 2,500
Stillwater formation. | Shale and sandstone. 1,000+

Tertiary N
. Conglomerates, and sandstones and
shales, some of which are (,onglomer

S Mclict 2’238
- - andstone. .
Katalla formation.? Shale, conecretionary and with a glau- ’
’ ~conitic bed at the base. 2,000
Sandstone. 1,000
Shale. 500+
Pre-Tertinry. ’ : Graywacke, slates, and igneous rocks.

* @ Brooks, Alfred H., loc. cit.
bThe position of the Katalla formation with reference to the other Wertiary formations
is not definitely established. See discussion on pp. 37-41.
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As thesurface of the country is about equally divided between flat
lowlands and hilly districts, so also the area of rock is equally divided
between unconsolidated alluvial deposits and indurated complexly
folded rocks. The geologic features in this respect exactly- coincide
with the topographic features, the hard rocks being entirely re-
stricted to the hilly areas and the alluvium to tlie flats. ‘

The hard rocks, except two areas:of metamorphosed pre-Tertiary
dep051ts and the dikes, are Tertiary sediments largely of marine or-
igin. They have been completely indurated, and involved in com-
plex structural diSturbances in which close folding and faulting of
diverse character have taken part. Igneous intrusion has taken place,
but has played a small part. Both-the intensity of the folding and
the abundance of dikes are greatest in the northeast part of the dis-
trict toward ‘the high mountains.

NEIGHBORING PROVINCES.

As this province is topographically a foothill region on the edge of
the Chugach Mountains, so in its stratigraphy and structure it par-
takes of the general geologic conditions bordering that mountam
range.

The Chugach Mountains ¢ consist of closely . folded slates, schists,
and gneisses, with large intrusive masses of granitic rocks. The de-
tailed structure and stratigraphic succession are not known. In the
Prince William Sound region the rocks consist of two metamorphosed
sedimentary groups, the Valdez “ series ” and the Orca “series,” of
undetermined but probably Paleozoic age. The latter is associated
with greenstones derived from basic lava flows. Granitic masses and
other intrusives are represented. In the Mount St. Elias-Yakutat
Bay region ¢ the rocks composing the high mountains comprise crys-

talline 1ocks, including schists and gneisses of undetermined but prob-

ably early Paleozoic age, granitic intrusives, slightly altered sedimen-
tary rocks (Russell’s “ Yakutat system ”) of dlsputed age, but prob-
ably Mesozoic or late Paleozoic, and late Tertiary or post-Tertiary
sediments (Russell’s “ Pinnacle system ”). -

@ Brooks, Alfred H., The geography and geology of Alaska: Prof. Paper U. 8. Geol.
Survey No. 45, 1906, pp. 29-32, 227-228, 253-256. Schrader, F. C., and Spencer, Arthur C.,
The geology and mineral resources of a portion of the Copper River District, Alaska. A

- special publication of the U. S. Geol. Survey, 1901,.pp. 32-39.

v Schrader and Spencer, op. cit. Grant, U. 8., Copper and other mineral resources of
Prince Willlam Sound : Bull. U. 8. Geol. Survey No. 284, 1906, pp. 79-80.
~ °Russell, I. C., Nat. Geog. Mag. vol. 3, 1890, pp. 130-131, 140, 167, 170; Twentieth
Ann. Rept. U..8. Geol. Survey, pt. 2, 1893, pp. 24-26, 34, 52, 0. Novarese, Inge Vittorio,
Rocks and minerals of south Alaska: The ascent of Mount St. Elias, Appendix I, 1900,
pp. 232-239. Targ R. 8., The Yakutat Bay region: Bull. U. 8. Geol. Survey No. 284,
1906, pp. 61-63; Glacial geology and physiography of the Yakutat Bay region with a
chupter on the bed-rock geology (in press). DBlackwelder, Kliot, Reconnaissance on the
Pacific const from Yakutat to Alsek River: Bull, U. 8. Geol. Survey No, 314, 1907, pp.

- 82-87.
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The nature of the rocks in that part of the mountain belt which
lies immediately behind the Controller Bay region is not known, ex-
cept as the glaciers bring out fragments of a variety of granitic rocks,
schists, gneisses, and greenstone. -

The character of the contact of the rocks of the high mountains
with those of the lower coastal belt is known only in Yakutat Bay
region, where Russell and Tarr report the coarse crystallines as sepa-
rated from the sedimentary rocks south of them by a fault. At the
base of Mount St. Elias the crystallines are overthrust upon the
younger rocks. The contact has not been studied between Mount St.
Elias and Copper River, as most of the region has not been visited,
while in the vicinity of Controller Bay the contact lies beneath gla-
ciers. On Prince William Sound the high mountains run out into
the sea and the coastal foothills are absent.

The Tertiary rocks of the Controller Bay region extend eastward
beneath Bering glacier, and similar beds appear on the coast half
way between Controller and Yakutat bays at Cape Yaktag, where
gently folded shales and sandstones have been described * as outcrop-
ping in an anticline near and parallel to the coast.

DESCRIPTION OF THE ROCKS.
PRE-TERTIARY.

The metamorphic.rocks of the Controller Bay region outcrop in
two areas. One of these covers all of Wingham Island except the
narrow southeast point. The other is west of Katalla in” Ragged
Mountain-and in the low hills between it and the Copper Delta. The
rocks consist of black slates having well-developed cleavage, gray-
wacke, chert, a variety of highly colored fine-grained rocks of un-
certain origin, and greenstone and other igneous rocks which probably
include both bedded and intrusive masses. The observed contacts
with the Tertiary rocks are faults, and these rocks are probably in
both areas overthrust upon the Tertiary sediments. ‘

The amount of metamorphism which these rocks have undergone
as compared with the Tertiary rocks, which though in direct contact
with them are entirely unmetamorphosed, proves a much greater age
for the former and a great unconformity between them and the Terti-
~ary rocks. The only fossils which have been discovered are numerous
“but poorly preserved Globigerina.indeterminate species. The occur-
rence of Globigering (assuming that the lower range of Globigerina
has been finally determined) shows the rocks to be post-Carboniferous,

a Spurr, J. B., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept.
U. 8. Geol. Survey, pt. 7, 1900, p. 264. Martin, G. C., The petroleum fields of the Pacific
coast of Alaska, with an account of the-Bering River coal deposits: Bull. -U. 8. Geol.
Survey No. 250, 1905, pp. 26-27; The Cape Yaktag placers; Bull. U. 8. Geol. Survey No.
259, 1905, pp. 88-89. .
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while the degree of metamorphism shows them to be pre-Miocene.
. More definite evidence of their age is lacking.

The lithologic similarity of these older rocks to certain rocks at
Orca, I\odmk, and Yahutat Bay, is suggestive of a possibly corre-
sponding age.

The correlation ¢ of the rocks at Orca, Kodmk, and Yakutat is, in
" the writer’s opinion, not positively established, while their reference®
to the Lower Jurassic is based upon evidence which he regards as
both insufficient and open to a different interpretation from that
which has been drawn from it. The weight of the existing evidence
concerning the age of the slaty rocks of the coast of the Gulf of
Alaska from Yakutat to Kodiak is, in the writer’s opinion, that they
are almost certainly older than the Upper Triassic, and are probably,
in part at least, late Paleozoic. The fragmentary evidence on the age
of the slate and graywacke of the Controller Bay region suggests that
these, too, may belong in the same general stratigraphic position.

TERTIARY.
' EATALLA FORMATION,
DESCRIPTION.

The Katalla formation occupies thé hilly area south of Bering
Lake between Bering and Katalla rivers and the low hills between
the base of the steep eastern slope of Ragged Mountain and Katalla
River. Rocks which are probably, in part at least, equivalent to
these outcrop in Gandil Mountain, Nichawak Mountain, Mount
Campbell, and the neighboring small hills of the Nichawak region,
on Kayak Island and on the southeast point of Wingham Tsland,
in the low hills west of Bering Lake, and possibly in parts of the
region north and northeast of Bering Lake.

The-bulk of the formation is composed of soft, dark, argillaceous
- shales, in places with many limestone, concretions and with at least
- one bed of glauconitic sand. :

@ Schrader, F. C., and Spencer, Arthur C., The geology and mineral resources of a por-
tion of the Copper River district, Alaska, a special publication of the U. S. Geol. Survey,
1901, pp. 33-40. Brooks, Alfred Fl., The geography and geology of Alaska: Prof. Paper
U. 8. Geol. Survey No. 45, 1906, pp. 225-230. Grant, U. 8., Copper and other mineral
resources of Prince William Sound: Bull. U. 8. Geol. Survey No. 284, 1906, pp. 79-80.

% Brooks, Alfred H., loc. cit. Ulrich, B. 0., Fossils and age of the Yakutat formation :
Harriman Alaska Bxpedition, vol. 4, 1904, pp. 125-146.

¢ Ulrich, B. 0., loc. cit. Brooks, Alfred H., loc. cit. Tarr, R. 8., The Yakutat Bay
region: Bull, U. 8. Geol. Survey No. 284, 1906, pp. 61-63; Glacial geology and physiog-
raphy of the Yakutat Bay region, with a chapter on the bed-rock geology (in préss).
Blackwelder, Eliot, Reconnaissance on the Pacific coast from Yakutat to Alsek River:
Bull. U. S. Geol. Suwcy‘\lo 314, 1907, pp. 82-87.

dDmelson B. K., Harriman Alaska Expedition, vol. 4, 1904, pp 11-54.

¢ Ulrich, B. 0., loc cit. .
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Two ® massive and prominent sandstones are present. One of these
is at the top of the thickest and most prominent bed of shale. The
other ¢ is below the same shale, and is underlain by a bed of shale of
the same character as the thicker shale above it.

The upper sandstone is overlain by conglomerates, sandstones, and
shales, apparently of great thickness. Theconglomerates, though
massive, are of irregular extent and pesition, and grade locally into -
pebbly sandstone or shale, or lose their pebbles entirely. The more
typical of the conglomerates contain usually well-rounded but un-
sorted pebbles of granite, greenstone, gneiss, and a variety of other
rocks and minerals. The material ranges in size from that of very
coarse sand up to a diameter of several feet, but.is usually less.than 6
inches in diameter. No glacial facets or scratches have been seen.
- The matrix consists of fine shale, sandstone, and arkose.

FOSSILS.

The following molluscan forms, obtained from the lower sandstone
member, were determined by W. H. Dall:

Trom a prominent exposed rock just above the Chilkat Indian village on the
west bank of Bering River: (4313) Chionella, Cardium, Glycymeris, Macoma,
Mya, Litorina, and Purpure, too badly preserved to be specifically identified, but
doubtless of Miocene age.

West shore of Bering River, just above Chﬂkat village: (4317) Chionella,
Macoma, and Acile.

West shore of Bering Rlver, one-half mile below Greene's cabin,.or 1} miles
above Chilkat: (4311) Young Lunatia (7). o

West shore of Bering River, one-fourth mile below Greene’s cabin, or 14 miles
above Chilkat: (4318) Fragments of extinct crab, starfish, echinoid, and
ophiuran, and species of Twrbo (7), Isepis (?), Lunatic (?), Fusus (?), a
ribbed Dentalium, Marciea (?), Chionella, Solen, Thracia, Mya, Periploma,
Macoma, Acile, and Nucula. ) . .

Rering River, west bank, 2 miles north of Chilkat: (4435) Spisula near
albariea Conr., Yoldia, Leda, Dentalinm, Macoma (?), Angulus (?), Lunatice
sp., and indeterminable gastropods.

West bank of Bering River, opposite lower end of first island going upstream :
(4320) Macoma, Nucula, Leda, and Yoldie sp. badly preserved; (4327) Cli-
onelle (?) in concretion; Miocene (?); (4314) Phacoides sp. and indeter-
minable gastropods.

Bluff on west bank of Bering River where the river flows from Bering Lake:
(4315) Scaela, Neverita, Fusus, Chione (?), Phacoides, Spisula, Macoma, and
Yoldia. '

Beach on south shore of Bering Lake, on first point west of its outlet: (4316)
Macoma, Neverita (?); probably Miocene. .

Split Creek, 100-200 yards above branch that heads against the Redwood

" Creek divide: (4323) Pecten.

e There is a possibility that the writer is in error in regard to the existence of two
sandstones and that there is but one, which is on top of the shale, the apparent lower
one, with its underlying shales, being a repetition of the upper sandstone aud shale by
faulting. 'The evidence on this point will be discussed under Age and correlation (pp.
-37-41) and Structure (p. 44).
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The following echinoderms were determined by W. B. Clark:

Gulch back of Greene’s cabin, Bering River: (4119) Asterias sp. This speci-
men is evidently a species of Asteries, although some ‘of the finer diagnostic
characters are lacking. In general outline and other characters it closely
resembles the species which ranges from the middle Mesozoic to the Recent
and is a common form throughout the Tertiary.

West shore of Bering River, 1# miles above Chilkat: (4318) Schizaster sp.
There are many specimens of this form, and although again some of the finer
diagnostic characters are absent I know of no other genus to which I could as
satisfactorily refer it. I am inclined to think it belongs here. The range of
this genus is from the Eocene to the present, and it is a common form through-
out -the Tertiary. It is very similar to a common undetermined species of
Schizaster from the upper Eocene of the Gulf, of which I have a googl number
of specimens from localities in Mississippi. It is hardly probable that it is
actually the same species, although it is closely related. - '

1 should be inclined to regard the beds as Tertiary, possibly later Eocene or
early Miocene in case there is other corroborative paleontologic evidence. I
am sorry that the Echinoderm forms -lack some of the essential features to
make their determination sure. ‘I'bere is a bare possibility that the supposed
Schizaster might be a rather unusual form of a simpler Spantangoid, either
Hemiaster or a related genus, in which case the deposits might be pre-Tertiary
as far as the Echinoderm evidence is concerned. - The fasciole, which is an
external character of the test, is so poorly preserved that I can not determine
with certainty all of its characters, and for that reason there must be some
doubt in the matter.

The following plants obtained from the lower sandstone were 1den—
tified by F. H. Ixnowlton

South shore of Bering Lake, 1 mile east of Sinclair’s cabin: Aside from a
few fragments of dicotyledons there is but a single complete leaf. This
appears to be Liriodendron Mleekii Heer, at least so far as size and shape go,
but as there is no nervation preserved it’'is impossible to identify it positively.
If it is this species, the age should be Upper Cretaceous, but if not, it is impos-
sible to state. . '

Bering River, 1 mile above Chilkat Village: A singfe specimen representing
the base only of a leaf. Apparently Daphnogene Kanii Heer. Age Kenai.

Gulch back of Greene’s cabin, Bering River: A number of dicotyledonous
leaves but poorly preserved. Seem to represent species of Quei‘cus, Betula,
etc., but impossible to be positive. The age is presumably Kenai.

Mollrsks from the upper concretionary shale were 1d(,11t1hed as
follows by W, H. Dall:

Mouth of Bering River, west bank, 100 feet east of waterfall: (4312) Mio-
cene shales much crushed, containing species of Chionelle (?), Petricola, Thra-
cia, .Phacoides, Macoma, Thyusire, Yoldia, Acile, Neverita (?), and Buccinuwimn.
(4436) Phacoides, probably mawltilineate Conrad, a large Lede, Solemya, Lim-
opsis, Dentelium, some indeterminable gastropods, Thracie ?, Petricole #, Bela ?,
Sazicave ?, Leda 9.

Creek 1 mile below Greene’s cabin, west bank of Bering River; elevation, 150
feet: (4328) Miocene shale with Venericardie near ventricose Gould; a smooth
Dentalium and species of Bullarie, Lunatie, Mulinia (?), and Acile, with frag-
ments of crab.
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West bank of Chilkat Creek, 2 miles. above road: (4322) Chrysodomus (?),
Lunatie, Macomae; probably Miocene.

Left bank of Burls Creek, 4 mile south of a bare knoll and just opposxte
the mouth of two small streams that join as a fork just before emptymg
into Burls Creek: (4321) Pseudamusium, numerous but crushed so as to be -
indeterminable, and fragraments of Yoldia (?) Miocene (7).

Mitcher Creek, a tributary of Red\vood Creek ; elevatlon, 700 feet: (4326)
Extinct crab in concretion. '

Head of west fork of Arvesta Creek: (4325) Pecten, Spondylus (?), Den-
talium, Hemithyris, and indeterminable coral recalling Astrangia.

The following mollusks from the upper sandstone and conglom-
~eratic beds were determined by W. H. Dall: g

Crest of ridge, 4 miles north of Point Hey: (4437) Yoldie sp. near monte-
reyensis Dall,

Three-fourths of a nnle northwest of l’omt Hey: (4324) Hard shale with
fragments of Neverite, probably Miocene. . = .

Near end of Point Hey: Phacoides (?) sp., Calliste (?) sp., Conus sp.,
F/lgsus sp., A (medium), Fusus 2 sp. (small), Twrritelle sp., Dentaliuny sp.
“ Poor material, but the Conus, Fusus, and Dentalium look like Eocene forms.”

Betwcen Point Hey and Straw beny Point: Astr odams (?) sp., Semele (?)

, Dentalium sp.

South shore of Wingham Island: (4310) Small crab, of extinct species, and
indeterminable species of Solen, Macoma, Thraecie, Lede, Yoldie, and Luna-
tic (?). Probably Miocene. ‘

Beach on northwest shore of Kayak Island. The signal station at south end
of Wingham Island bears N. 8 B. (mag.) : (4390 Marcie like subdiaphane (not
in place).

Near cabin on Kaydk lagoon, Kayak Island: (4391) Crushed specimen of
elongated Unio.

The rocks exposed on the northwest shore of Kayak Island consist
of beds of conglomerate, sandstone, and shale, with a marine fauna, in
which W. H. Dall and Ralph Arnold have 1dent1ﬁed the following
species: Leda sp. A. (smooth), Yoldia aff. scissurata Dall, Yoldia
aff. thraciaformis Dall, Macoma cf. calcarea Gmel., Callista sp.,
Natica sp., Ohrysodomus sp. A , Chrysodomus sp. B., Rostelhtes cf.
indurata Conrad. .

. STILLWATER FORMATION.

DESCRIPTION.

The Stillwater formation occupies the entire valley of Stillwater
Creelk and extends for some distance up the valleys of Trout and
Clear creeks, eastward to Canyon Creek, and westward probably
throughout the entire area of Shockum Mountains. Other areas
are on the northern and western shores of Berg Lakes, on the west
shore of Kushtaka Lake, and in the mountain north of Bering Lake.

The formation consists of shale and sandstone without character-
istic beds so far as is now known. No detailed sections have been
measured, but the thickness apparently exceeds 1,000 feet.” The base
of the formation has not been recognized.
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TFOSSILS.

The-following fossils were determined by W. H. Dall:

Maxwell Creek, east of Grade Trail and oné-half mile south of Lake Char-
lotte: (4380) Fragment.of a smooth Dentelium; apparently the same species
as is found in the rocks above the coal. ‘

Tributary of Clear Creek, about 1 mile northeast of Cunningham's ware-
house; elevation, 275 feet: (4384) Same as 4377.

Stillwater Creek, east bank, one-half mile below Clear Cleel\. (4434) Cras-
satellites? Spisula? )

Float in bed of Maxwell Creek, one-half mile below ILake Chaxlottc (4385)
Mactra? Cardium? Lunatic? (Same fossils as found above the coal, marine.)

East side of moraine at head of Lake Charlotte, one-fourth mile from lake;
elevation, 510 feet: (4381) Cyrene? and Anodonta? (freshwater), Fusus? Arca?
Macoma? Mactra? Sexidomus? and Dosinie? (marine), shark tooth.

Eastern edge of glacier moraine, 200 feet above the level of Lake Charlotte:
(4379) Single valve, recalling Clementia. '

Lower eastern tributary of Sheep Creek, 200 yards below waterfall, and 1
mile from Sheep Creek: (4393) Fusus? Leda, Yoldia, Macomae? Mactre?

Lower eastern tributary of Sheep Cieek, one-half mile above the mouth of
the creek (float specimens): (4387) Dentalium, Lunatia? Iusus? Yoldia,
Solen, Spisula? Dosinia? (4392) Dentalium, Buccinum? Fusus? Leda, Mactra,

Head of Bering River,-just below upper falls: (4397) Fusus'? Lunatic? Spi-
sula?

Bering River, one-fourth mile helow gorge: (4394) IFusus? lllacua?

KUSHTAKA FORMATION,
DESCRIPTION.

The Kushtaka formation occupies part of the crest and much of
the eastern slope of Kushtaka Ridge, and extends westward through-
out the valley of Carbon Creek and up the east side of.Shepherd
Creek to Lake Charlotte. The largest-known area extends in a broad
belt from the eastern edge of Kushtaka Glacier to the northeast
corner of the area mapped. There are two or more small areas in
the southern part of Carbon Mountain. A large area lies on the

"north shore of Bering Lake and extends across the mountain from
Shepherd Creek to Dick Creek. Another large area reaches from
near the south end of Lake Charlotte to the east end of Lake Tokun
and extends south on the mountain side for about 2 miles.’

The Kushtaka formation overlies the Stillwater formation, prob-
ably conformably, although as the contacts are in many places ‘mu]ts
the exact relations are none too well known.

It consists predominantly of coarse arkose, although some sand-
stone and much shale are present. It contains a large but unknown
number of coal beds. Marine conditions are not known to be repre-
sented. o ' ,

The thickness exceeds 2,000 feet, the exact total not being known.
The following sections represent the upper part of the formation
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and are probably characteristic in a general way of the entire thick-
ness.

Section of wupper part of Kushtake formation in velley of C(u'bon Creek.

© Black shale (overlain¢ by Tokun folmatlon) Tt in.
O 4
Dark blackish shale _______________________________ . _____ 9
L Coal . e S S 19
Dark blackish shale . ______________________ ‘ 15
COWl e e 4
Dark blackish shales with several more or less carbonaceous :
layers 26
Thin-bedded arkose tith shale_________________________________ 26
Sandy shale__.___ 86
Arkose e 535
Sandy shale . ___________ . 141
Arkose e L2T
Sandy shale ___________-______________ JE U . 35
Flaggy and thin-bedded arkosic sandstone w ith thin calc‘neoub
beds e 398
Thin-bedded arkose sandstone 44
Thin-bedded sandy shale with calcareous concretions_____________ 167
Coel with shale; outcrop obscured, about 6 feet of clean coal
estimated __________________ o _____ 14 2
Shale _ e P 25
Carbonaceous shale_____________________________________ _____ 1
Coal 2 8
SNAe e e — 4
COOY e 111
Shale 1
Sandy shale with ‘concretions_ . ________________________________ 84
Carbonaceous shale, somewhat crumpled________________________ 2
Sandy shale._____________________ e 20
Carbonaceous shale______ L ____ 1
Sandy shale -(blwish) _______._____________ . __ 34
Coaly beds or carbonaceous shale_____________ e 4 11
Sandy shale with caleareous concretions_.______________________ -39
Base of section in bottom of Carbon Creek at an elevation of 1,250
feet, but the coal series continues on downward.
1,741 6
Section of Kushteke formation on crest of Kushtake Ridgeb
. Ft. in,
Shale, carbonaceous (overlain by Tokun founatlon)_____________'_ 2
Shale - 6
Coal (shaly at bottom for 1 foot) . ___________ 3 2
Shale (dark, but weathers brownish red) . _____________________ 9
Coal 4 8
Shale (dark, with some coal) ________________ o ____ 9 4

e See footnote, p. 35.
b The uppermost bed is 80 feet below U. 8. L. M., Kayak No. 4.



TERTIARY ROCKS.

Shale, blue, sandy -
ArKOSe e
Shale, davk . ________________ . R ST
Shale, carbonaceous (with bands of coul 6 to 12 inches thick—ex-

Shale, carbonaceous ______________ e
Arkose, flaggy and fine-graived _________________________________
Fine-grained blue shale____________________ o ___
Coal (exposure not good, estimated with shale) ______________
SBATE e e
Arkose, flaggy ________________ e
Shale e
Carbonaceous shale with coal (exposute obscure) _____________ S
Arkose, flagey
. Shale, dark (\vilth thin coal streaks ¥-inch thick)y_____ P,
Coal oo __ S SO U -

SRA€ o
Arkose, flaggy -, S, .
Shale _ e P,
Shale, carbonaceous e
Arkose, flaggy
Shale o e :

Shale e
Arkose, flaggy e
Shale e
Arkose, flaggy
Shale, davk -

“Coal, clean_______ S
Shale, carbonaceous ... _________________ e
Shale e

Arkose, flaggy e
Shale, sandy__ . __________ .,
Arkose, Aa88Y oo
Shale, . with coal streaks-—— . _____ o ____

Coal, clean __ e
21803—Bull. 335—08——3

-

o
W= ot= ;i

o ==
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. ) Tt in.
Shale ________ S 287
Arkose ____________l S 130
Shale __..____ O — 87
Base of section at anticlinal axis on divide at head of Carbon
Creek.
2,041

Section of upper purt of Kushtelae formaetion on southern end of Cunninghem

Ridge.
It in.
Arkose, possibly with thin beds of coal____ . _____-___________+___ 60
Coal (5 to 6 feet thick with shale) . ______________ 10
Arkose 37
'Thin-bedded arkose_______ __ 46
' Coal o ______ S 1
Thin-bedded shaly arkose - _________________ _____ __________________ 92
Dark shale___ . 29
Coaly shale . _______________ e 5
Coal _________ . __ e e 1
Dark shale with calcareous concretions_____________________________ 50
Shale o e 1
Cowl e 4
Shale ______________________ el S 4
Coal ___ e 10
Shale o 1
Coal - _______ S e 2. 4
SBale e 2
Dark shale with concretions, several thin beds of arkose, and several
beds of coal whose.thickness could not be determined______________ 153
Thin-bedded arkose_ 33
Dark shale..__._____________ __ _________________ _ 12
Measurement btopped becauke of irregularity of the beds
541 5

FOSSILS,

The following molluscan forms were identified by W. H. Dall:

Coal opening @ near Grade Trail Cabin, 15 feet west of coal. (4386) Mac-

tra or Spisula? Nassa?

The following plants were identified by F. H. Knowlton :

Grade Trail. Cabin coal opening, along west contact of shale with coal:

Aralia sp. cf. A. Jorgensi Heer, dicotyledonous leaves,” fragments of large
leaves, stems. Aralie Jorgensi Heer is of Miocene age, and while the Aralia
in this collection is not quite the same it is pretty close, and for this reason I
should incline to regard the age as Miocene.

About 150 feet southwest of U. §. L. M., Kayak No. 4. One specimen with
good outline but no nervation. Probably a Sepindus, or something of the kind.
Not sufficient to determine age.

About 100 yards southeast of group of four small lakes, about 1} miles north- -
east of Lake Charlotte: Two specimens with fairly good outline, but no nerva-

o See section No. 66, p. 78, and Pl. VIIIL
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tion. Probably leaflets of some leguminous plant, but not suﬁicient to settle
age.

Bed of creek flowing into head of Canyon Creek from Mount Chezum, at an
elevation of 2,000 feet: Dryopteris sp. cf.” Pteris frigide Heer, Cornus sp.,
Juglans sp. “Pteris frigide” is normally a Cretaceous species, but the par-
ticular specimen with which this is compared was from a Tertiary (Miocene?)
horizon. The generic reference is undoubtedly wrong, The two dicotyledons
mentioned are very modern in appearance, and on this insecure basis I should
incline to regard the age as Miocene.

Lower eastern tributary of Sheep Creek, one- ha]f mile above its mouth:
single broken specimen. Suggests Andromede grayene Heer. 'The age is un-
certain, but if this species is correctly identified it should be Kenai.

Elevation of 1,000 feet on creek emptying into Iirst Berg Lake, where t1a11
from Happy Hollow passes avound the shore. Dryopteris sp., Quercus sp., licus
sp., Ulmus sp., Juglens sp., Cornus sp. This material is ample in amount and
beautifully preserved. The fern is a splendid species and/appears to be new, as,
* indeed, do all the other forms. So far as I am able to determine, this is not
Kenai in age, but just what the age is I am uncertain. I should think it ought
to be Miocene, but without an extensive comparison with known Miocene floras
its exact position is in doubt.

Lower eastern tributary of Sheep Creek, one-half mile above its mouth:
Quercus? sp., I'icus? sp.  Age unknown, possibly Kenai.

Near head of Bering River (float specimens collected by Prof. W. O. Croshy).
Saliz sp. cf. S. varions Heer, Corylus Macquarrii (Forbes) Heer, Betule prisca
Ett., Betule grandifolic Ett.: These are well-known forms found in the so-
called Arctic Miocene, and indicate this age for the beds whence they came,.

TOKUN FORMATION.
DESCRIPTION,

The Tokun formation outcrops on both shores of Lake Tokun and
extends thence north and northeast to the edge of the flats bordering
Martin River Glacier and to Lake Charlotte. It also covers large
areas on the crests and northwest slopes of Carbon and Charlotte
ridges, on the west slope of Kushtaka Ridge, on the ridge north of
Mount Hamilton, and on the northwest slope of Cunningham Ridge.

These beds overlie the Kushtaka formation conformably, the transi-
tion apparently representing a change from fresh-water to marine
conditions. The formation is at least 2,500 feet thick, the lower 2,000
feet consisting chiefly of sandy shales, which are wcll shown in the
following section: ;

Section of the T'okun formation © on the crest of Carbon Ridge.

Ft. In.
Sandy shale, poorly exposed, possibly more above______________ . 248 8
Sandy shale (top of this makes highest point of Carbon Ridge) .. 46 5
Fine shaly sandstone ________________________________________. 17 5
-Fine sandy shale-__ - __ . 72 1
Sandy shale ____ e 139 5
Fine-grained shaly sandstone________________ _________________ 40 4

@ The section of the Kushtaka formation on pp. 32-34 underlies this without a break.
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) Ft. in.
Dark-gray fine-grained shales__________________________________ 135 11
Gray fine-grained shale with some thin sandstone and beds of cal- 3
careous coneretions____________ e e 163 2
Gray sandy shale_._____________ . R 421 6
Fine sandy shale with sowe limestone beds_.____________________ 278 3
-Arkose _______ — e e 285 ()
Fine, gray, andy sh‘l]e ________________________________________ 13 7
Arkose (coarse at base, fine-bedded at top) _____________________ 150 10
Black shale, somewhat crumpled (underiain by the Kushtaks
formation ___ — — e 5
2,018 1.

The shales (not all of which are represcnted in the section) are
“overlain by a bed of sandstone several hundred (possibly 500) feet
thick. This sandstone is well exposed on the hills northeast of Lake
Tokun and west of Lake Charlotte. The beds overlying this sand-
stone contain some shale, but are not well exposed.

. FOSSILS, .

The following mollusks were identified by W. H. Dall:

One-half mile northeast of Summit Cabin, IKushtaka Ridgé, 250 feet above
large coal seam on Queen Creek and near the base of the Tokun formation:
(4440) Spisule, Musus, Lunatie, Leda, Solen, Lucine probably multilineata
Conrad, Molopophorus sp.? (4378) Same as 4377, ‘with the addition of the
print of a large Semecle? '
~ Tine-grained flaggy sandstone w1th thin calcamous beds, 1,000 feet S. 60° E.
of Queen coal opening; elevation, 1,600 to 1,700 feet. = (4377 7) Fusus or Latirus,
Litorina? Nassu? Yoldia, Leda, Lunatia? Mytilus, Macoma;, Solen, Mactre or
Spisula, and Cythereca? or some Veneroid form.

One-half mile northeast of locality No. 4440, on crest of Kushtaka Ridge
(on the strike from locality No. 4440) : (4441) Leda, Yoldia? Spisula?

" Southeast edge of Kushtaka Glacier, about 1% miles from Kushtaka Lake;
elevation, 350 feet: (4382) I'ragments of the arms of an ophiuran.

Southeast edge of Kushtaka Glacier, about 2 miles from Kushtaka Lake; ele-
vation, 480 feet: (4383) Haminca or Bullaria, Yoldie, and Macoma.

Gap between Mount Chezum and Monument Mountain: (4395) I'usus? Lu-
natie? Mactre or Spisule? i -

One-fourth mile northeast of Mount Chezum, in deep canyon: (4438) Lu-
natie, Diplodonta? Dentalivm, I'usws, Spisule, Mactra? Macoma?

Middle fork of Trout Creek near its head: (4396) Fusus? fragm. of bivalves.

UNDIFFERENTIATED TERTIARY.

The areas represented on the map (Pl V, pocket)-as undifferen-
tiated shale and sandstone probably consist predominantly of the
rocks of the Katalla formation, except on the south end of Carbon
-Mountain, where they represent either the Stillwater, Kushtaka, or
Tokun formations. These areas are those in which the geologic work
was not finished with sufficient detail to show the boundaries of the
formations.
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AGE AND CORRELATION.

The Tertiary sediments,-as shown in the preceding pages, consist of
monotonous repetitions of shales and sandstones, with an included
mass of coal-bearing arkose and one or more massive conglomerates.
The total thickness, as shown in the following table, is many thousand
feet. The structure of the region in which these rocks outcrop is com-
plex; exposures at critical points are often wanting; and neither the
lithologic character of the beds nor the fossils whlch they contain are

' sufﬁ(nently distinctive to make it pos,51ble to recognize with certainty
the complete stratigraphic succession. '

The presence of two easily recognized horizons, the arkose and the
conglomerate, give distinctive character to two pmrts of the strati-
graphic column. The arkose, with its associated coal, is restricted in
areal distribution to the region north of Bering-Lake, and the con-

- glomerate to the region south of the lake. Between these reglons are
areas of no outcrops, and none of the beds of either region can be
recognized with certainty in the other.

Section north of Bering Lake.

. . Treet.
rokun for. |® Sandstox'le “- 4 - — i - 500
. . Shale with thin, flaggy sandstones and with occasional
mation. caleareous concretions _________________________ e 2,000+
Kushtaka Je. Arkose with many coal beds and with some shale and
formation. } SANASEONE . _ e e e , 500
'Stlllwn.ter }tl Shale and sandstone___ . ___ o 1,000+
formation.
Section south of Bering Lake.
¢. Conglomerate and conglomeratic sandstones interbedded
with shale and sandstone________________________ , 500
Katalla for- f. Tlaggy snnd:stone_--__-___7_-____._; ________ .__' _______ 500+
mation. Soft shale with calcareous coneretions and with bed of
glauconitic sand near base—. . __________ 2,000
h. Sandstone __ ____ 1, 000
i, Soft shale - — e . B00+

~ The succession in each of these sections may be assumed as reason-
ably correct, although there is a possibility that the thicknesses are too
great because of there having been repetition of the less characteristic
beds by faulting. The correlation of the beds of one section-with
those of the other rests at present upon evidence which is incomplete
and unsatisfactory, and must be regarded as suggestive rather than
conclusive. It is probable that one of two correlations is true: The
shale and sandstone of the Stillwater formation (4) may overlie the
conglomerates (¢) of the Katalla formation with a concealed interval
of unknown extent between them, or ¢ and b may be identical with A
and 4. In the former case the conglomerates underlie the coal field;
in the latter case the coal underlies all, or nearly all, of the entire
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region under discussion. The stratigraphic and structural field evi-
dence proves nothing either way, but suggests, as the most probable
relation, that the entire section north of Bering Lake overlies the
section south of the lake.

The Tertiary rocks contain fossils at many localmes but they are
usually poorly preserved or not characteristic. They consist chiefly
of leaves and of marine Mollusca, but include also a few echinoids,
Crustacea, fish, and fresh or brackish water Mollusca.

The strata fmd localities which yielded the more important fossﬂs
are as follows:

1. Sandstones of the lower part of the Tokun formation, yielding
‘abundant marine Mollusca at several.localities.

2. Arkose and coal beds of the Kushtaka formation, yielding fossil
leaves at many localities.

- 3. Shales and sandstones of the Stillwater fornntlon, yielding
poorly preserved Mollusca of both marine and fresh-water types.

4. Shale and sandstone associated with conglomerates at localities
on Kaymk Island and elsewhere, yielding marine Mollusca. The local-
ities on the mainland are in the upper part (¢) of the Katalla forma-
tion. The conglomerates on Kayak and Wingham islands are corre-
lated with the other conglomerates on purely lithologic evidence.

5. Sandstone (f) underlyan' the conglomerate of the Katalla for-
mation, yielding a few marine fossils.

6. Soft shales (g) of the Katalla formation, yielding marine Mol-

“lusca, Crustacea, and fish.

7. Lower sandstone (%) of the Katalla formatmn, yielding marine
Mollusca and echinoids at several localities on the banks of Bering
River and elsewhere.

. Dr. W. H. Dall, after examining the fossils collected in 1905 in the
region north of Bering Lake from the Tokun and Stillwater forma-
tions, said:

In regard to the fossils themselves it should be premised that they consist of
crushed ‘and distorted shells in a very tough and hard matrix which wholly
conceals the muscular impressipns and hinges of bivalves, and the aperture and
pillar of gasteropods, so that in most cases even the genus is uncertain, and in
the present state of our knowledge it is impossible to make specific identifica-
iions. ' Hereafter when we shall know the Tertiary faunas of the Pacific coast
thoroughly it may be possible to identify several of these species, but not -till
then.

I may add that there are no characteristic Eocene or Miocene types in the
specimens collected ; that the fauna below the coal appears to be identical with
that above it; that the Marcie and Clementia point in the direction of Oligocene
age; that the mixture of fresh water and salt water forms indicates a location
near salt water but with fresh water near by, as in a river delta. I may express
the suggestion that the fauna is marine Oligocene corresponding to the marine

phase of the Kenai group, hitherto unknown. It is certainly not Eocene, and
if Miocene, not the same fauna as the Astoria or Coos Bay (Empire beds)
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Miocene fauna, and apparently not that of the Crepidule bed which overlies the
leaf beds at Unga and on Popoff Island, Shumagins. However, the fauna of the .
latter is meager and one may not be positive as to its relations to the Controller
Bay beds. )

Doctor Dall submitted the following comments on the material
collected in the same year from the various members of the Katalla
formation : :

The material is apparently all of one age and contains but one fauna, which
seems to be Miocene. The bad condition of the fossils, which have been crushed
and distorted, makes it impracticable to identify most of them specifically, but
there are several Miocene species among them.

The prevalence of types closely recalling recent species of the same region
leads to the belief that it is upper Miocene, and possibly might be even Pliocene
in age, though the latter is unlikely. The rock varies from very hard tough
shale to a crumbling soft sand rock, not resembling any Pliocene matrix I have
seen from the coast. '

Doctor Dall’s report on the material collected in 1906 from the
Tokun and Katalla formations is as follows:

The rocks in which these fossils are contained have been much heated,
crushed, and consolidated; hence the fossils have been disturbed and broken,
and, in the majority of cases, retain only impressions which, in the case of
bivalves, show neither the hinge nor the muscular impressions. In many cases
even the genera can only be guessed at, and the species is determinable for only
one or two forms, and then except in one case, with some doubt. There is a
strong probability that somewhere in the vicinity the same rocks may exist in
" better condition, containing recognizable fossils which, when worked out, would
enable us to recognize those in worse condition, but at present this is not prac-
ticable. The fauna, so far as it can be determined, seems to be nearly or guite
the same in all the localities mentioned, with the possible exception of No. 4434,
Unfortunately there is very little that is characteristic in any. of it. With the
exception of No. 4434 the aspect is Miocene and there are two species which re-
semble Astoria Miocene forms very closely. No. 4434 is possibly Oligocene.

The paleontologic evidence may be summarized as follows:

1. The marine Mollusca from the sandstone of the Tokun forma-
tion are either so poorly preserved as not to admit of specific identi-
fication or belong to undescribed species.” They are almost certainly

Miocene, but can not be definitely correlated with any known Miocene
faunas ot other regions.

2. The plants f10m the coal-bearing rocks include poorly preserved
individuals which suggest species of the Kenai formation of Coolk In-
let, generally considered to belong in the upper Eocene or Oligocene.
The best preserved specimens, however represent species which are
not known in the Kenai and which are suggestive of later Tertiary
age. There is no positive evidence that the exact equivalent of the
Kenai occurs in this region. :

¢ Data furnished by W. H. Dall and Ralph Arnold on the Mollusca, . H. Knowlton \
on the plants, and by W. B. Clark on the echinoids.
b This statement applies to all the faunas of this region.



40 CONTROLLER BAY REGION, ALASKA.

. 3. The fossils of the Stillwater formation are poorly preserved,
few, and not characteristic. There are no positive points of difference
between this fauna and that of the Tokun formation, and it-does not
indicate age more closely than Tertiary. '

4. The marine Mollusca from the shales of the conglomeratic beds’
on Kayak Island are better preserved than most of the other faunas
of the region. They include among other forms a species of Rostel-
lites which is considered characteristic of the Oligocene. The con-
glomeratic beds at the top of the Katalla formation on the mainland
have not yielded characteristic fossils and are to be correlated
with: those on the island only on lithologic evidence.

5. The sandstones (f) underlying the conglomerates have yielded
no fossils of positive significance in indicating age. Dall and Arnold
have suggested ¢ that some of these look like Eocene forms.

6. The marine Mollusca from the shales of the Katalla formation
(g of the section on p. 37) are later than Eocene and are possibly
Oligocene, though probably Miocene. '

7. The marine Mollusca of the lower standstone (%) of the Katalla
formation, as exposed on the banks of Bering River, are Miocene, and
Dall suggests-that they are of the same age as the fauna of the Tokun
formation. The echinoids from the same beds and localities are not
distinctive. , A _

It may be seen from the preceding paragraphs that the faunas and
floras are of little aid in correlating these beds with those of other
regions and yield no satisfactory evidence as to the relation of these
beds among themselves. There is no doubt that the entire sequence 1s
Tertiary and post-Eocene; i. e., Oligocene or younger. The rocks of
the coal field (Tokun, Kushtaka, and Stillwater formations). may-
with reasonable certainty be placed in the Miocene, with their base
probably extending down into the Oligocene. The section south of
Bering Lake presents more difficulties. If the lower beds of this sec-
tion be correlated with the higher beds of the coal field the section
would be all Miocene or younger. We must then conclude either that
the conglomerates of the hills south of Bering Lake belong at the top
of the section and are late Miocene or younger (in which case they
can not be. the same as the Oligocene conglomerates of Kayak Island),
or that they have been placed in-an abnormal position by an unde-
tected fault, or that the determination of the Oligocene Rostellites is
incorrect. If, on the other hand, it be assumed that the sequence in the
section south of Bering Lake, as given on p. 87, is correct and that this
entire section belongs below the section exposed in the coal field, then
the reference of the conglomerate to the Oligocene would fit in with
the reference of the rocks overlying the coal to the Miocene, and of

@ Bull. U. 8. Geol. Survey No. 250, 1905, p. 14.
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the coal measures to the Miocene or Oligocene. The d]fﬁculty would
then be with the lower part of the section south of the lake, and it
must be assumed either that the reference of these faunas to the
Miocene is incorrect and that they are Oligocene or older, or that they
have been displaced by a fault of Whlch the existerice and position
have been overlooked. -

The stratigraphy and structure are complicated and are none ‘too
well known, but on their evidence, taking it for what it is worth, the
author 'Would be inclined to place all the rocks south of Bering Lake,
with the conglomerates (correlated with those on Kayak and Wing-
ham islands) at their top, below the section exposed in the coal field.
He would then interpret the paleontology to mean that the rocks south
of Bering Lake are Oligocene, that the coal measures are Oligocene
with a possible transition to the Miocene, and that all the rocks above
the coal are Miocene. The faunal discrepancies would then be ex-
plained as due to the insufficiency of the material at hand from these
localities, and of the data for correlation with faunas representing
similar geographic conditions in other localities. But if the paleon-
tology requires it, if further study confirms the suggestion of correla-
tions made above, then-the stratigraphy and structure can and should
be interpreted to meet the requirements of the paleontology. It would
be strangé indeed if the writer’s interpretation of such structure as
this should be supported in all respects ’by more refined methods of
‘work.

IGNEOUS ROCKS.

ry

Small dikes and sills are very abundant in the Tertiary rocks,
especially north and east of Stillwater Creek. None were recorded
between Stillwater Greek and Bering Lake, but several were seen in
the region south of Bering Lake. Mbst of these masses are less than
1-or 2 feet thick, and none could be followed along the surface for
any considerable distance. The largest and most noticeable are indi-
cated on the geologic map (PL 'V, .pocket).

Basalt is the predominant kind of rock, although three of the larger
dikes were found to be of diabase. One of these, on the crest of the
hill between Katalla River and Clear Creek, has a width of about 20
feet and a length of several hundred feet, and is the largest dike seen
in the Ter tLuy rocks of the mainland.

The small basalt sills are especially inter: estm(r for the reason that
they were frequently intruded along coal beds, and have altered the
coal for a few inches from the contact to a dense coke with well-
marked columnar joints normal to the surface of the sill.

A large mass of basaltic glass, with augite and olivine phenocrysts,
was seen on the west shore of Kayak Island. It is associated with
Tertiary shale and conglomerate and is probably extrusive.
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Another large mass of extrusive material was seen at the north end
of Kayak Island. It is of tuffaceous character, but the mineralogic
composition and the stratigraphic relations were not determined.

The high southern peak of Kayak Island, known as Cape St. Elias
(see PL. IV, B,p.16), and the neighboring rocky spire are seen, from
the passing steamers, to be composed of a white rock, with well-
developed basaltic columns, apparently of igneous character, and
different from anything seen elsewhere in the region. The neighbor-
ing beaches are also composed of white pebbles which extend in grad-
ually diminishing proportion as far as the north end of the island,
where specimens were collected which proved to be dacite.

The metamorphic rocks on Wingham Island and in Ragged Moun-
tain are associated with large numbers of igneous masses of diverse
character. Most of them are much altered, in some cases to green-
stone. No attempt has béen made to show on the map the distribution
of the various masses or to determine their microscopic character.

STRUCTURE.

The pre-Quaternary rocks of this region have a general northeast
strike; have steep dips, which are northwestward throughout the

f'16. 1.—Structure on a creek in the northeast part of Bering River coal field.

greater part of the region; and are faulted. The northeast strike and
northwest dip are.the dominant structural features of the region.
The strike varies from the northeast most markedly between Kush-
taka Lake and Berg Lalkes, where it is east and west, and at points in
and north of the valley of Burls Creek, where it is northwest.
Monoclinal northwest dip holds throughout the greater part of the
region east of Kushtaka (ilacier and Kushtaka Lake. In the north-
east part of this region the structuresis not as simple as the uniform
strike and monoclinal dip seem to indicate. The folds are in part
overturned, in places complexly so, and a complicated system of
overthrust faults, shown in fig. 1, adds to the complexity of the
structure, which. gradually increases from southwest to northeast.
The structure between Kushtaka Lake and Shepherd Creek is some-
what more simple than in the eastern district described above. In
the greater part o this region the folds are open, the strike north-
east, and the dip northwest, although southeast dips occur in several
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areas and there is considerable variation in strike along the valley
of Shepherd Creek. The structural features of this region can read-
ily be seen by inspection of the geologic map and structure sections
(PL V, pocket). At least four faults traverse this area. An over-
thrust near the crest of the southern end of Kushtaka Ridge has cut
out the Kushtaka formation and brought the Tokun and Stillwater
formations in contact with each other. Another fault of somewhat
uncertain character extends along the western side of and about half
way down Kushtaka Ridge. Along the eastern side of the valley of
Shepherd Creek, from a point near the northern end of Lake Char-
Jotte to 13 miles below the lake, two faults bound a block of south-
eastward-dipping Kushtaka formation between northwestward-dip-
ping rocks of the Tokun formation. "An anticline has its axis on
Carbon Creek, and another, which is probably a prong of the former,
on Queen Creek. Between these a synclinal mass of the Tokun for-
mation lies transversely across the crest of Kushtaka Ridge.

* The region west of Shepherd Creek presents a variety of features.
The belt of Tokun formation extending northeast and southwest
from Lake Tokun contains regular structure with northeast strike
‘and northwest dip. South of this is a syncline containing the rocks
of the Kushtaka formation. This fold has an axis oblique to the
general neighboring structure, is cut off on its northwest side by a
fault, and has a steep northward pitch.. Farther south the fault,
already described as extending along the western side of Kushtaka
Ridge, crosses this ridge diagonally from Shepherd Creek to Dick
Creek, and along it the Stillwater. formation is overthrust upon the
Tokun formation. -South of this fault are several folds, most of
which are open. Faults probably are present, but were not detected.

The peninsula south of Bering Lake shows considerable diversity
of structure. The region east of Burls Creek has north and northeast
strikes, and both east and west dips. An anticline extends along the
canyon of Chilkat Creek, its western flank being broken by a fault.
Bast of this fold are several minor ones, the most noticeable being a
closely compressed syncline extending diagonally across the southern
end of the ridge east of Chilkat Creéek, and shown on the map by the
position of a belt of sandstone. It is highly probable that the western
bank of the lower north and south course of Bering River is on the
line of a fault. '

The valley of Burls Creek and the hills northeast of it eontain
several folds which are revealed by the sinuous boundary of the shale
and sandstone. These folds descend into the valley.of Burls Creek

“and die out or are cut off by a fault against the steep western side of
the valley. ‘

The hills between Burls and Redwood creeks have an anticline ex-
tending northeast and southwest through the headwaters of Split

4
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Creek. North of this is a spoon-shaped syncline, dividéd from the
anticline by a fault. South of the anticline the monoclinal.south-
ward dip continues to the edge of the flats bordering Controller Bay.
The structure of this.area is shown on Pl V' (pocket). Possibly the
valley of the upper east fork of Redwood Creek contains a fault which
has caused a repetition of the shales and sandstones. In this case. the
shale in the valley of Split Creek is the same as that on the head- -
waters of Redwood: Creek, and the sandstone on the ridge north of .
Redwood Creek is the same as the sandstone underlying the conglom-
erate on the ridge south of it. Another possibility is that the upper
valley of Redwood Creek and the ridge north of it each contain a
closely compressed and overturned anticline and syncline, which
would cause a repetition of the beds similar to that which would océur
by faulting. The shales and sandstones are near enough alike to ad-
mit of this possibility, but the fault or folds have not been found, and
the presence of two shales and. sandstones is indicated in other locali-
ties. These pessibilities have been alluded to in the description of the
Katalla formation on page 28. :

The fact that the sandstones and conglomerates east of Redwood .
Creek are not found west of it indicates that a fault of considerable
magnitude extends along the course of the creek. The hills between
Redwood Creek and Katalla River have an irregular syncline on their
southern end, and several small, closely compressed folds immediately
west of it. An anticline lies southeast of this fold, extending south-
westward from near the oil-drillers’ camp at Redwood, where it is
probably cut off by the Redwood Creek fault, to near the head of
- Katalla Slough. The northern end of the ridge wést of Redwood
Creek has monoclinal southeast dip.

The rocks of the crescent-shaped hill, extending from Cave Point
to Point Hey, have curving strike parallel to the crest of the hill and
dip toward its concave, seaward face. This appears to be the end of a
seaward-pitching syncline, of which only the nose remains above the
ocean. ‘The rocks between Katalla River and the base of the steep
-eastern slope of Ragged Mountain have a general northeast strike and
a diversity of dips which have not been interpreted.

The base of the steep mountain slope mentioned above lies on the
line of contact between the Katalla formation and metamorphic rocks.
The latter strike east and west, have steep and diverse dips, and are
considered to be overthrust upon: the younger shales of the Katalla
formation.

Similar rélations hold on Wingham Island, between the same meta-
‘morphic rocks and the Tertiary sandstone which is in contact with
them. The sandstone and the slate here have parallel strike.

The rocks of Kayak Island strike parallel to the length of the
island and have steep, often vertical, dips.
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The struéture of the Nichawak region has not been determined.

The structural features as described above show that these rocks
have been involved in very violent crustal movements. The rocks, in
spite of the apparent simplicity of structure in aveas of uniform mono-
clinal dip, show, on closer study, that much of the simplicity is only
apparent, and that extreme complexity dominates the structural fea-
tures. The problems involved are illusive, and it must be admitted
not only that our present knowledge of the ‘structural details in most
of the area is incomplete and unsatisfactory, but that even the
broader scheme of the structure-is not definitely known.

_The presence of numerous faults has been alluded to abovée. Other
faults are doubtless present, and faulting has probably played a large
and important part in the development of the structure.

Certain facts concerning the presence and distribution of petroleum,
which will be described later (p. 115), call for structural theories,
which are not required by the distribution and attitude of the rocks
at the surface. The facts difficult of explanation are (1) the pres-
ence of light-gravity petroleum, which yields on distillation a large
proportion of naphthas and kerosene, in Tertiary rocks which have
been highly folded, and (2) the distribution of the oil seepages in a
narrow belt which is diagonal both to the structure and to belts of
outcrop of rocks of different kinds.

The theory suggested in explanation of these facts will be present-
ed in greater detail below (p. 115). This theory supposes (1) that
there was, in late Tertiary or in post-Tertiary time, a zone of intense -
deformation in the present position of the Chugach Mountains, but
that these conditions did not extend into the coastal part of the region
here described; (2) that the rocks now outcropping on the shore of
Controller Bay were then well to-the north of their present position
and were involved in these intense movements; (3) that, as a final
stage in this deformation, the Tertiary rocks rode southward in one or
more great overthrusts and came to rest upon Mesozoic strata, which
were at a distance from the zone of intense deformation and hence not
affected by it.- This theory, although not directly supported by any
known facts of structural detail, fits in with many facts which are
otherwise unexplained. It gives significance to the straight shore of
this part of the Pacific Ocean and to the clearly defined line parallel
to it, which separates the high Chugach Mountains from the lower
foothills. It accounts for the local absence of the Mesozoic rocks,
which are so well developed (see p. 115), both north of the Chugach
Mountains and in the Cook Inlet and Alaska Peninsula regions. It
explains the presence of light-gravity petroleum in rocks of this age
and degree of deformation, and also the distribution of the petroleum
at variance with the surface stratigraphy and structure. It isnot con-
tradicted or made improbable by any known facts of the local geology,
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but is supported by the fact that at the base of Mount St. Eliass
not far to the east and in the same position relative to the Chugach
Mountains and to the Pacific shore, gneisses are known to be over-
thrust upon the younger and possibly upon Pliocene or Pleistocene
rocks.

QUATERNARY.

MARINE SILT AND CLAY.

~

These deposits are best exposed on the west shore of the southeast
point of Wingham Island, where they out crop in the sea cliff for
~ one-third of a mile. They are bounded on the east by vertical con-

- glomerate and on the west by steeply dipping sandstone. The eroded
surface of the upturned edges of these Tertiary rocks have been cut
or warped into a shallow trough in which the younger beds lie in a
gentle syncline, with maximum dips of about 20°. '
~ The base of these beds is below tide in the center of the trough.
They extend up to a maximum of about 100 feet above high tide.
The lower beds are of clay and silt, contzumng some sand and peb-
bles, with glacial scratches, and have a maximum exposed thickness
of about 30 feet. Abundant, but poorly preserved, marine fossils are
" present. The upper beds are from 30 to 50 feet thick. They consist

chiefly of coarse sand, but contain several bands, each from 6 inches
to 2 feet thick, composed of gravel and bowlders with glacial
scratches. They rest conformably upon the lower beds.

Similar clay, with marine fossils and scratched pebbles, were seen
_on the east shore of Wingham Island about 2 miles north of Kayak.
They were poorly exposed at this locality. Beds of this character
doubtless underlie much of the alluvial flats of the region, but, al-
though carefully searched for, were not seen at any point except on .
Wingham Island. It seems probable that no other part of the reouon
has been raised from beneath the sea in recent time. '

The following report was submitted by W. H. Dall on a small
collection of fossils from the west shore of the southeast point . of
Wingham Island:

(4309) Bowlder clay fossils, much crushed and broken; contains Serripes.

gronlandicus and species of Macoma, Mye near arenaria, Astarte (?), Telline
(?), Modiolus, Bela, and Belwnus, too imperfect to determine specifically.

GLACIERS.
BERING GLACIER.

Description.—Bering Glacier occupies the coastal belt between the
Chugach Mountains and the ocean, from the eastern border of the-

@ Russell, Israel C., Second expedition to Mount St. Blias: Thirteenth Ann. Rept. U. S.
Geol. Survey, pt. 2, 1893, p. 35. . .
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<. FIRST BERG LAKE WITH BERING GLACIER IN BACKGROUND, LOOKING SOUTH.

B. BERING GLACIER, SHOWING ICE CLIFFS ON THE EDGE OF BERING RIVER.
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Controller Bay flats for a distance of about 70 miles eastward. Tts
area is probably between 1,000 and 1,500 square miles, thus closely
approaching, if not equaling, in size Malaspina Glacier, the area of
which was estimated by Russell to be 1,500 square miles.

This glacier, like the Malaspina Glacier not far east of it, is of the
piedmont type, and as such represents the expended and coalesced
termini of many valley glaciers. These tributaries originate in the
high snow fields of the Chugach Mountains, flow out through all the
valleys, and unite on reaching the lower levels to form a vast plateau
of ice, which covers the flats from the base of the mountains to the
sea. The largest of these tributaries is probably the one which heads
on the divide at the source of Tana River, the largest southern tribu-
tary of the Chitina. These tributaries differ little, if any, from
valley glaciers of other regions. '

The most striking feature of Bering Glacier, aside from its size, is
the flat surface of its main area. (See Pl. VI, A.) This feature,
‘which 1t hag in common with Malaspina and Grand Plateau glaciers,
is an essential characteristic of piedmont glaciers. The tributaries
come out from the high valleys on steep grades and reach the main
glacier at an elevation of about 1,500 feet. IFrom this general eleva-
tion the glacier slopes gradually toward the sea, descending both in
low, even grades, characterized by a relatively smooth ice surface
without wide crevasses, and in steeper slopes on which the ice is much
crevassed. The western edge of the glacier is well to the west of any
of the tributaries and is at a much lower level than the central part.
This descent is attained chiefly by a number of steep grades, each at
the end of a mountain spur, the surface of the ice being almost level
between them. Good examples of such ice falls are those at the end
of Carbon Mountain and at the end of the ridge east of Berg Lakes.

Moraine.—Enormous amounts of detritus are accumulated on-the
margin of the glacier, especially along the western and southern
fronts. A large part of this moraine is on the surface of the glacier,
the ice in many places being so buried as not to be visible except in
the ice cliffs on the borders of lakes or in the deepest crevasses. (Pl.
VI, B.) This surface moraine is in many places covered by dense
forests which are in general restricted to a belt along the margin not
more than a mile wide.

The lateral moraine, where it rests against the hills, consists usu-
ally of a ridge separated from the neighboring hillside by a water
course. '

Marginal lakes—The five Berg Lakes, situated on the margin of
Bering Glacier (Pl II), near the northeast corner of the region under
discussion, present some interesting features. These lakes are bor-
dered on their landward sides by steep banks, which are in general
barren of vegetation and which are covered chiefly with glacial débris.
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(PL VI, A.) These banks extend to an elevation of about 1,000 feet
above tide, or about 200 feet above the level of the lakes. They are
cut and built into well-developed terraces, which mark former stages
in the elevation of the lakes. The lower terraces are entirely barren
of vegetation, but the upper ones have a scant growth of grass, herbs,
and small bushes, which are only a few years old

The surface of the four western lakes is known to be at the same
altitude (about 810 feet in 1905), and Fifth Lake probably is at
the same level.

These lakes are certainly connected by water channels through the
crevasses of the glacier, and possibly by open spaces under the ice.
The surface of the ice is level, except where it rests against the land
on the points between the lakes. The identity in the altitude of the
lakes, the level surface of the ice between the lakes, and the way in
which bergs break off on the margin of First Lake show that this arm
of the glacier is floating in one large lake, of which the five Berg Lakes
are only open areas. The surface of the glacier, after a gentle slope,
descends in a low, crevassed icefall to its floating level.

The level of the lake is oscillating. The absence of vegetation on
the lower terraces shows that it has fallen in recent years. In June,
1905, it was rising several inches per day. The outlet of the lake,
which is beneath the ice at the end of the long point south of First
Lake, becomes choked with débris at irregular intervals. The water
then rises until the pressure clears the outlet or till the water can
flow on the surface around the end of the point, when the lake is
emptied, causing severe floods in the valley of Bering River. ’

Conditions are similar to those at the Mérjelen See,* except that at
Berg Lakes a large area of glacier is floating in one large lake, which
appears on the surface as ﬁve small ones. Lake Ceetani, Mirror Lake,
and-the numerous other marginal lakes ? at the head of Yahtse River,
between the edge of Malaspina Glacier and the sides of Chaix Hills,
possibly  offer a closer resemblance, though Russell has not stated
whether any of ‘these lakes are at the same level and possibly con-
nected. Most of them, however, are described as not at the same level.

A series of chains of small marginal lakes, of somewhat different
type, extends along the western margin of the glacier between Bering
River and Nichawak Mountain. These lakes are bordered on one side
by the margin of the ice and on the other by the terminal moraine.

" MARTIN RIVER GLACIER.

Description.;This glacier, which is situated between the hills north
of Bering River (Pls. I, p. 105 IV, 4, p. 16) and the base of the
a Lyell, Sir Charles, Principals of geology, 10th ed., 1867, vol. 1, pp. 376-379.

b Russell, Israel C., Second expedition to Mount St. Elias, 1891; Thirteenth Ann.
Rept. U. 8. Geol. Survey, pt. 2, 1893, pp, 76-80.
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Chugach Mountains, has an area of about 100 square miles, not count-
ing its uttermost tributaries, some of which extend for an unknown
distance into the mountains. It resembles Bering Glacier, in being
situated at the base of the Chugach Mountains, in having its longest
dimension parallel to the mountains, and in being the united dissipator
of many smaller glaciers, which descend from the high mountains.

It differs from the Bering and Malaspina glaciers in having a
range of hills along its southerh margin. Tt is consequently, in shape
and position, somewhat like a large valley glacier, although it differs
from valley glaciers of the usual type, and resembles piedmont gla-
. clers, in being a nearly stagnant mass of ice along the front of the
.mountains which supply the reservoirs of its tributaries, and in hav-
ing those tributaries on only one side. But for the nonessential posi-
tion of the hills of the Bering River coal field between it and the
coast, it would be a piedmont glacier. It may, perhaps, best be placed
in an intermediate class. )

The tributaries come out from the :nountains on steep grades, join-
ing others, swelling their volumes at almost every valley they pass.
From each of these points of juncture, below snow line, a band of
medial moraine is formed from the lateral moraines of the uniting
glaciers (PL IV, 4, p. 16). The formation of the main glacier takes
place in the same way as its immediate tributaries, and long lines of
medial moraine extend down from each juncture point. These mor-
aines spread out and become scattered over the broad surface of the
flat expansion of the lower end of the main glacier. The condition
of much of this surface is not unlike that of the Bering Glacier, be-
ing flat, not much crevassed, covered with a heavy coating of moraine,
and having forests over a considerable part of it. Descending lobes
extend into the valleys of Kushtaka Lake and Lake Charlotte.

Moraine—The lateral moraine on the southern margin of the
glacier consists of heavy accumulations of débris, separated from the
bordering hillsides by watercourses, between which and the general
surface of the glacier the'moraine forms a high sharp ridge.

The terminal moraine across the.western end is a broad, hummocky
mass of detritus, which grades imperceptibly, as far as the surface is
concerned, into the moraine-buried and forested end of the glacier.

Marginal lakes.—There are two small marginal lakes on the north-
ern edge of the glacier. - Like Berg Lakes, each of them is nnprlsoned
between a mountain spur and the edge of the ice.

MINOR GLACIERS.

Slope Glacier, three small glaciers near it, and an unknown number
of small glaciers on the west side of Ragged Mountain (only one
of which is shown on the map) are of interest in showing the favor-
able conditions for the formation of glaciers which now exist in this

21803—Bull. 335—08——4
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region, and in showing what the probable conditions were during the
maximum local extension of the ice.

These glaciers come from snowfields, which in some cases do not
extend above an elevation of 2,700 or 2,800 feet, and.in general melt
away at elevations of from 2,000 to 2,500 feet. They thus establish
the fact that the present local snowline is below 2,700 feet, and this
is’ confirmed by the medial moraines on the larger glaciers, which
appear at an elevation slightly less than 2,500 feet.

GLACIAL DEPOSITS.

MORAINE. !

The maximum known glaciation of this region is represented by
the moraine shown on the geologic map (PL V, pocket) as bordering
Martin River Glacier, and by numerous small cirques which are quite
generally distributed over the higher ridges.

The old moraine of Martin River Glacier extends for a varying
distance up the northwest slope of Cunningham Ridge, descends into
the valley of Stillwater Creek, encircles Kushtaka Lake,.rides over
the sides and northern end of the group of mountains between Kush-
taka Lake and Lake Charlotte, and borders the northern flank of the
group of hills west of Lake Charlotte. The position of this moraine
on low ground is on the line of little hills at the southwest end of
Kushtaka Lake, one-half mile below the outlet of Lake Charlotte in
the Shepherd Creek valley, and about three miles beyond the pres-
ent front of the glacier in the Martin River valley. It extends up the
hillside to maximum elevations of 600 or 700 feet above the present
position of the edge of the glacier. - The corresponding moraine of
Bering Glacier has not been mapped, but foreign morainic material
is known to be absent from the valleys bordering on Berg Lakes at
elevations exceeding about 1,000 feet, or about 200 feet above the’
present vertical position of the glacier, and also from the north banks .
of Bering River on both sides of Stillwater Creek at distances of one-
half mile and one-third mile from the present margin of the ice.

‘These facts indicate that conditions of maximum glaciation were
represented by an increase in the extent of Martin River Glacier to
the limits indicated above, by little if any extension of Bering Glacier
(at least along its northwest margin), and by the presence of a large
number of small glaciers in sheltered valleys. The vertical position
of the latter, compared with the present distribution of such glaciers
in this region, shows that the snow line was then about 1,000 feet
lower than it now is. This. might mean, as far as the evidence from
existing glaciers and abandoned cirques is concerned, that either gen-
eral climatic changes, or a change of 1,000 feet in the elevation of the
land, caused the change of 1,000 feet in snow kine. Other lines of
evidence, such as the depth of alluvium-filled valleys, indicate that
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change in level has been responsible for the rise in the snow line and
the retreat of the glaciers. )

The restriction of morainic nnterml to the limits indicated above
might be explained according to the following hypotheses:

1. That moraine formerly existing has been removed by erosion.

2. That the region was submerged during maximum glaciation to
such an extent that the glaciers entered the sea at the present lower
limits of the moraine. '

3. That extreme glacial conditions were so mild as not to send the
ice beyond the present known extent of the moraine.

4. That the land was elevated during the maximum 01¢Lc1(1t10n,
and that the large glaciers went out throurrh vallcys now submerged
or filled with alluvmm

The first hypothesm fails in that the complete 1emov1ng of all
material (even in sheltered places) over most of the area is unéx-
plained and most improbable, especially in the presence of the large,
untouched moraines bordering the present position of Martin River
‘Glacier and of many small, untouched moraines composed of -local
material in other places. We have to deal with the presence of large:
moraines composed of foreign material at the lower altitudes and near
the Martin River Glacier, and of small moraines composed of local
material at high altitudes and in localities sheltered from melting,
and with the absence of all moraine at intermediate. altitudes. The
distribution calls for an explanation of genetic origin. Destruc-
tional agencies could not be so complexly selective in the distribution
of their ﬁelds of operation.

The second hypothesis fails by the absence of any physiographic or
sedimentary evidence of such submergence. There are no wave-cut
benches; no elevated beaches, except the lake beaches described on
p- 52; and no unconsolidated marine sediments, except those occur-
ring at a low level on Wingham Island. (See p. 46.)

The third hypothesis can be accepted as far as it refers to the up-
ward limit of the moraine of the larger glaciers and to the extreme
limits of the small, local, cirque-bound glaciers. The possibility of
further extension of the large glaciers beneath the present alluvium
must, however, be admitted. This will be considered under the
fourth hypothesis, which is more comprehensive than the third.

The fourth hypothesis is harmonious with all the evidence at hand.
- If the land were elevated 1,000 feet the snow line would fall the same
' distance and local glaciers would form in the now abandoned glacial

cirques. The lowering of the snow line would increase the reservoir
area of the larger glaciers, and hence their flow. They would rise
_on the hillsides, presumably to some such elevation as that of the high
moraines bordering Martin River Glacier. - They would extend their
valley tongues, but this extension would be buried by river deposits
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during subsequent depression. The broad alluvial flats are known to
be filled with unconsolidated material to depths exceeding 280 feet
in Katalla Valley and exceeding 580 feet on the east bank of Bering
River, the total depth in both cases (pp. 119, 121) being unknown.
The glaciers, during such an elevation, could consequently have ex-

~ tended far beyond the present ocean shore. In this connection there

is significance in Dawson’s suggestion ¢ that the bowlder clay de-
scribed by him from Middleton Island was laid down in the sea dur-
ing a hypothetical extension of Pleistocene glaciers from the main-
land. Middleton Island is 76 miles southwest of Katalla and 50
miles from the nearest shores of Montague and Hinchinbrook islands.
It lies inside the 100-fathom curve, as given on the present charts,
and hence would probably be connected with the mainland during
any such elevation as is supposed above. ‘

LAKE DEPOSITS.

The five Berg Lakes on the margin of Bering Glacier, the physio-
graphic features of which have been already described (p. 47), are
bordered on their landward sides by banks which, up to an elevation
of about 200 feet above the level of the lakes, are cut and built into
terraces which mark stages in the former elevation of the lakes.
These terraces are composed of glacial débris which has been re-

" worked by the waters of the lakes. These deposits are known to be

very thin in places, where ledges of rocks are exposed, but their max-
imum thickness is not known.

STREAM AND BEACH DEPOSITS,

The eastern shore of Bering River, and of Controller Bay, from the
margin of Bering Glacier to the ocean, is a flat plain of mud, sand,
and gravel, constantly growing by the addition of sediment which
the glacial streams carry and deposit along their courses and at their
mouths. Nichawak Mountain, Mount Campbell, Gandil Mountain,
and the Suckling Hills rise like islands from this plain, and it seems |
certain that a.very short time ago they were islands in an older ex-
tension of Controller Bay, which was then, as now, being filled by the
sediment of these glacial streams. These younger fluviatile Quater-
nary deposits cover large areas in the valleys of Canyon and Still-
water creeks, and extend along the northern bank of Bering River
from Shockum Mountains to Bering Lake. They also extend up the
valley of Shepherd Creek to one-half mile below Lake Charlotte and
to the moraine across the southwest end of Lake Kushtaka. The
valley of Katalla River and of the streams which head near it and
flow into Bering Lake is floored with the same material, as are also

e Dawson, George M., Notes on the Geology of Middleton Island, Alaska: Bull. Geol.
Soc. Am., vol. 4, 1892, pp. 427-431. ! '



- LAND TORMS. 53

the lower courses of most other streams which: enter Controller Bay.
These unconsolidated deposits, an unknown amount of which are of
fluviatile origin, are known to have a thickness of over 580 feet at one
- point on Bering River, and of over 280 feet in the Katalla Valley.
The beaches, bars, and islands, which the ocean waves are building
along these shores, are composed largely of reworked fluviatile rmd
glacial material, and are in part contemporaneous with thé stream
deposits. Good examples of these are: Okalee Spit, all of Kanak
Island, the beach from Strawberry Point to Katalla, Softuk Bar,
and the long line-of islands which extend in line with the last named
across the entire front of the Copper Delta. -
Not only are these deposits building now but they have formed in
the past, and some of the older ones arestill in existence. The beach
from Cave Point to Katalla is a broad, gently curving stretch of sand,
concave toward the ocean. Its dry crest is covered with a narrow but
dense growth of spruces. Behind it is Katalla Slough, a muddy,
winding channel whose general course is parallel to the beach. An-
other line of spruces, parallel to the outer beach, is situated behind
the slough. These spruces grow in beach sand, and behind them is °
another swamp area containing a winding slough. A view from
one of the neighboring hills reveals the fact that Katalla Valley, for
a distance of several miles inland, is made up of alternating sandy
strips and muddy areas; each of the former with a line of spruces,
each of the latter with a winding slough or a line of small ponds.
The sandy strips are former beaches, which grew as the outer beach
at Katalla has grown, across the valley from a rocky foreland. The
trees are older as one goes inland, and their age (if the oldest of each
beach were still there) would tell us the age of the beaches. The
sloughs are more poorly preserved at a distance from the coast, and
the distribution of trees is less regular. This means that sediment
from the river and wash from the smaller streams are filling the
sloughs and spreading gravel and sand on the mud of their banks.
The original trees are dead and their descendants have spread out a
bit where only grass grew at first. Farther inland the sloughs are
filled and the stream wash has buried the beaches. Perhaps even
there a line of trees may mark one of these .old skirmish lines which
the land threw out in its fight with the ocean. ~ .

DESCRIPTION OF LAND FORMS.
ADJACENT REGIONS.

The southern coast of Alaska from the shores of British Columbia
to the Alaska Peninsula lies on an arc, concave toward the ocean, hav-
ing a radius of about 500 miles and with its center at approximately
longitude 146° W., latitude 53° N. The contour of the ocean bottom,
the larger aspect of the trend of shore line, the coastal mountains,
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-and range after range of interior mountains all lie approximately
parallel to this arc. :
The coastward front of the Pacific Mountain system includes the
Kenai Mountains on the Kenai Peninsula and the west shore of
Prince William Sound, the Chugach Mountains on the north shore
of Prince William Sound and in the vicinity of Copper River, and
the Fairweather Mountains from near Mount St. Elias to Cross
Sound. These mountains rise, for the most part, sharply from the
sea. They.are not cut through by tidal waterways between Cook
Inlet and Cross Sound, though deeply embayed at Prince William
Sound and Yakutat Bay. West of Copper River and east of Icy
Point the coast is fiorded, but this condition does not hold. between
these points except at Yakutat and Lituya bays. The coastal moun--
“tains are not cut through by river courses between the Copper and
the Alsek. It is significant that east and west of these two rivers
the mountains approach closely to the sea and the coast is fiorded.
Between these rivers the mountains lie farther inland and the fiords
are absent (except at Yakutat Bay). In this interval the region be-
tween the mountains and the sea includes mountains of less relief
than the main range, and is made up of rocks which are younger, in
general less closely folded, and always less indurated and altered.
The high mountains from Copper River to Cross Sound are the
gathering ground for the greatest system of low-altitude, low-latitude
glaciers in the world. These glaciers pour out toward the sea from
every gap and pass between Copper River and Cross Sound. They
have overflooded the coastal hills and lowlands and have formed a
series of broad, flat-topped, stagnant, piedmont glaciers, of which
the Malaspina hag long been regarded as a unique type, but which
has companions rivaling it in size in Grand Plateau Glacier to the
cast and Bering Glacier to the west. :
At the western extremity of the coastal lowlands described above,
and just east of Copper River, is Kayak Island. West of Kayak

Island is Wingham Island, and north of them is Controller Bay.
SHORE LINE.

Kayak Island almost joins the mainland at its north end, from
which it extends as a narrow rocky mass for 20 miles out to sea. Cape
Suckling is a rocky promontory on the mainland about 12 miles east
of the northern end of Kayak Island. West of it the shore curves
‘slightly northward for about 4 miles, to where Okalee Spit, a low
strip of sand about 9 miles long and from 500 to 3,000 feet wide, -
reaches westward, dividing the waters. of Controller Bay from those
of the ocean. .The spit is the product of the waves working on débris
from the seaward face of Bering Glacier, and its dlreetlon ig that of
the prevailing winds.



U. 8. GEOLOGICAL SURVEY BULLETIN NO. 335 PL. VIl

A. LOWER END OF BERING RIVER CANYON.

B. HEADWATERS OF BERING RIVER AT THE UPPER END OF THE CANYON AT THE SOUTH
END OF CARBON MOUNTAIN.
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Behind Okalee Spit the east shore of Controller Bay extends north-
west to the mouth of Bering River. In this interval it is broken by
-the mouths of many rivers; which are pouring out with their water
_ vast quantities of mud and sand. This sediment is derived from the
southwest side of Bering Glacier, and is ‘fast extending the low
shores between which it flows and reducing both the area and the
depth of the bay. The north shore of Controller Bay, between Ber-
ing River and Point Hey, is likewise bordered by muddy flats.
Kanak Island, which lies across the west side of the bay, opposite the
mouth of Bering River, is composed of similar material.

Katalla Bay, between Strawberry Point and Whale Island, is
bordered by a gently curving beach, which is the outermost anct young-
est of a series of beaches (see p. 53) by which the land has here
advanced, reclaiming the present Katalla Valley from the sea.

Softuk Bar, 2 miles northwest of Whale Island, is a long, narrow -
spit which is similar to Okalee Spit in size, shape, position, and di-
rection. It is situated at the eastern end of a long line of low, sandy
islands which extend across the entire front of the Copper Delta.

DRAINAGE.
RIVERS.

The streams of the Controller Bay region have their supply in part
from local rainfall and in part from the glaciers which have invaded
the region and which melt away on its borders. The supply from
both sources is large. The rainfall, as was shown above (pp. 17-19),
probably exceeds 150 inches a year, while the glaciers contribute the
precipitation of many hundred square miles. The streams are conse-
quently large in proportion to their length and drainage area, and
are all subject to severe floods.

The greater part of the region lies in the valley of Bering River.
This stream has its source on the margin of Bering Glacier (Pl VII,
B) in the northeast part of the area covered by the map. It flows
southwest for about 12 miles until it approaches Bering Lake, where
it spreads into a broad delta. Part of the water passes directly
through the southeast corner of the delta without entering the lake.
The other part enters the lake through many channels along its
eastern margin, then turns directly back along the south shore of
the lake and joins the streams which cut past the lake without enter-
ing it. The reunited waters then flow south for about 8 miles and
enter the northeast corner of Controller Bay. The lower course of
Bering River is tidal, the water of Bering TLdke rising and falling
from 1 to 3 feet, and the currents running in and out at from 3 to 5
miles per hour. Above Bering Lake the river is nontidal and has a
strong current of from 3 miles per hour in the vicinity of the delta
to 6 to 10 miles per hour in the upper part.
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The tributaries of Bering River above the lake include Canyon
Creek, which has its source on the southern margin of Martin River
Glacier; Stillwater Creek, which drains Lake Kushtaka and re-
ceives a large part of its supply from the Kushtaka Glacier; and
Shepherd Creek, which drains Lake Charlotte and several other small
lakes on the margin of the Martin River Glacier. The chief tribu-
taries below the lake are Gandil and Nichawak rivers, which drain
parts of the margin of Bering Glacier. A

The other streams include Campbell and Edwardes rivers, which
rise on the southwest margin of Bering Glacier and enter the east
shore of Controller Bay; Katalla River which rises in the hills west
of Bering Lake and flows into Katalla Bay, and several of the head-
water tributaries of Martin River. The latter rises on the western
margin of Martin River Glacier and in Tokun Lake, and flows west
until it reaches the eastern edge of the Copper Delta. The waters
divide here, part entering Copper River, and part flowing along the
edge of the mountains close to the delt‘t and entering the’ tld‘ll sloughs
behind Softuk Bar.

LAKES.

Bering Lake is a former arm of Controller Bay which has been
cut off from the bay by the growth of the deltas of Bering River |
and its lower tributaries.

Charlotte and Kushtaka lakes have dams, composed of the terminal
 moraine of a former glacial expansion, across their southern ends.
The former drains out through a breach in the dam, the latter at a
point near the other end of the lake, either over a S‘lpped col or
over a lateral wall of moraine.

Lake Tokun was formed as a marginal lake on the former expan-
sion of the Martin River Glacier. - The lateral moraine deposited
across the end of the lake during this expansion still holds the
waters of the lake. ~

A series of lakes along the southern side of Martin River are of
considerable interest, because they are still in process of formation.
Martin River is a heavily loaded stream and is building flood plains
along its course. It is carrying and depositing more sediment than
its nonglacial tributaries and is building up its flood plain across
the mouths of these tributaries. The result is to pond each clear-
water tributary and to form a lake in the lower part of its valley.
The present growth of these lakes is shown both by the. continuation
of the processes which caused them and by the fact that they have
no beaches and that the forests on their margins are being submerged
and killed by the rising waters. A similar lake is now in the initial
stage of formation at the mouth of Shepherd Creek. Other lakes
intimately associated with the glaciers are discussed on pages 47, 49
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RELIEF.

’

DISTRIBUTION OF THE HILLS.

The shores of Controller Bay include broad areas of marshes in
which are island-like masses of hills, many of which have a northeast-
southwest trend like Kayak Island. Together they constitute a grcup
with the same general trend, which rises gradually toward the north-
east until it merges with the higher mountains farther inland. These
hills thus constitute a spur which, extending southwest from the high
mountains far toward the continental shelf, has turned aside the
glaciers coming from the mountains, so that its landward parts, with
the recesses between its members, are bare of ice, though on the very
edge of the Bering Glacier. Its seaward parts give some protection
from the ocean and make a slight break in the strip of unprotected
coast which in general marks the glacier-covered lands east of it.

The Chugach Mountains, although they have the appearance of
a range with an east and west axis and are bordered both on the
north and south by straight east and west lines, and composed, locally
at least, of minor ranges which extend in a northeast-southwest direc-
tion. This feature is well shown on the reconnaissance map (Pl TI)
and in PL IV, 4 (p. 16). Some of the smaller ranges in the vicinity
of Mount St. Elias (see P1. I) have a similar trend. ‘

The region is about half hilly and half lowland. The lowlands are
flat and swampy and rise but a few feet above tide. The hills are in
general less than 2,000 feet high, but reach a maximum of about 4,000
feet in the northeast corner of the region. They include a range
extending throughout the region from northeast to southwest and
several detached areas; two of the latter are in the ocean and form
Kayak and Wingham islands. The others, including the Suckling
Hills, the four detached masses of hills in the Nichawak region, and
the peninsula south of Bering Lake, rise like ‘islands out of the
swampy flats.

SVACCORDANCE OF ELEVATIONS.

CREST LINES.

The crests and summits of the ridges in various parts of this region
possess much diversity in altitude, yet close observation shows that
the elevations are grouped within certain bounds, that there are more
or less definite heights to which certain groups of hills rise, and that
between these elevations steep slopes are found, but seldom hilltops

"and almost never groups of hilltops or ridges with anything like
uniform altitudes.
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.

The general or average elevations of the ridges or groups of hills |
which possess such uniformity are shown in the following table:

General levels of ridge crests.

Position. Elevations in feet,.
Carbon Mountain................. 3,500 |....... 2,450 |....... 1,800
Between Canyon Creek and K ush-
taka Lake.......... ... 0ol 2,450 | 2,100 ( 1,800
Charlotte and Kushtaka ridges.. FR . 2,450 .
Shockum Mountains............. T S Y 1,600 |..ovol e 800
Ridge west of Shepherd Creek....|.......|[....... 2,450 | 2,100 | 1,800

Hills west of Bering Lake ....... [P P PO 2,100 ... ool 800
Hills south of Bering Lake........[c..cooufeeeeeaa]ennn..s 2,100 | 1,800 | 1,500

Ragged Mountains.......... ..

Gandil Mountain ...
Nichawak Mountain
Mount Campbell....
Suckling Hills ...... . ceeeens s
Kayak Island ............ooeueen.. . ... | 600

The highest summits in this region are on the northern end of
Carbon Mountain, in the extreme northeast end of the area covered by
the map, where a -small group of peaks attains altitudes of from
3,800 to 4,150 feet, and large adjacent areas (not shown on the map)
are even higher. The crest of Carbon Mountain from this group of
peaks westward along the southern margin of Slope Glacier holds a-
- general uniform altitude with the summits ranging from 3,450 feet
to 3,600 feet, averaging 3,550 feet; the cols from 3,300 feet to 3,500
feet, averaging 3,450 feet; and the general crest line averaging 3,500
feet. The ridge then drops sharply to a lower level almost 2,000
feet below. : ' '

Nothing like this higher level is attained elsewhere in the region,
although a few peaks on Ragged Mountain have elevations of about
3,300 feet, and similar elevations may be found in some of the peaks
along the southern flank of the Chugach Mountains. '

The next lower general level is slightly above 3,000 feet and is seen
in the-serrated top of Ragged Mountain, which holds this general
elevation for about 6 miles of linear crest until it approaches, at the
south end, within 3 miles of the sea. It then drops sharply in three.
steps to general elevations of about 2450 feet, 2,100 feet, and 1,200
feet. :

The 2,400-foat level may be seen in the central part of the ridge
west of Shepherd Creek, in the higher crests and summits of Char-
lotte and Carbon ridges, and possibly in Cunningham Ridge (al-
though in the latter case two peaks, Monument Mountain and Mount
Chezum, reach elevations of 2,650 and 2,850 feet, respectively), and in
some of the lower spurs of Carbon Mountain.

A very distinct level at about 2,100 feet is represented in the
northern end of the ridge between Clear and Canyon creeks, in the
ridge west of Shepherd Creek (except north of the Tokun-Charlotte
pass and in the central group of high peaks discussed above), in the
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high ridge west of Bering Lake, on the higher ridges south of Bering
Lake, on parts of Ragged Mountains, and in many of the lower spurs
and ridges along the southern front of the Chugach Mountains (see
PL IV, 4, p. 16). This is, in its wide distribution and in the usual
perfection of its development, perhaps the most striking level of
accordant summits in the entire region.

“A 1,700 to 1,800-foot level is reached by many of the peaks on the
southern end of Carbon Mountain, by the southern end of the ridge
west of Canyon Creek, by the ridges between lakes Charlotte and
Tokun, and by the ridge east of Katalla River.

Lower levels at 1 200 feet, at 800 feet, and at 500 feet are he]d by
many. of the lower rldcres, especially those near the coast.

TERRACES AND BENC}IES.

The hillsides in all parts of the region have been cut into benches
and terraces, some being broad and flat, and others being narrow
shelves, small flat areas on the spurs of the hills, or locally widened or
gently graded places along the streams. The better developed of
these features can be followed at a constant level for considerable
distances along the hillsides, but some are of local extent and perhaps
give way to others at somewhat greater or less elevation. The alti-
tudes of the benches in the several valleys are shown in the following
table:

Illevations of terraces and benclhes.

Position. . Elevations in feet.

Berg Lakes..ooieoiiiiiiiiiiiiiai i, 2,000 1,750 [ 1,450
Canyon Creek ...... e P P 1,700 | 1,450 | 1,250 { 1,000 750 .
Clear Creek..... e O P

Trout Creek .....i..... .. ..
Shockum Mountains......
East side of Kushtaka Ridg
Shepherd Creek, east side.
Shepherd Creek west side
Lake Tokun...... erenaane
Dick Creek..... . ................... .. .
Bering Lake, south shore............. e . 1 500

Bering River, below lake. . s 500
Chilkat Creek veeoennnennnsnnnonnns e
Burls Creek ........ P, 1,000 500
Pufty Creek ........ e eaees

Redwood Creek 600
Katalla Valley, east side ..
Katalla Valley, west side..
West of Ragged Mountain.

500

Many of the divides are broad and flat and have lakes and meander-
ing drainage upon them, this condition bemo well illustrated between
D1c1\ CreeI\ and Lake Tokun and between Lake Tokun and Lake
Charlotte. The divides there stand at very distinct terrace levels.
Besides existing lakes, the Dick Creek-Tokun Lake divide possesses
the further interesting feature of a drained lake bed with the beaches
and lacustrine silts which were formed while the lake was there.  The
drainage of the lake was probably caused by piracy of the creeks
tributary to Tokun Lake.
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SIGNIFICANCE OF CREST Ai‘{D BENCH LEVELS,

It may be seen that these elevations accord@pproximately with
those of some of the ridges. The levels of the benches, like those of
the ridges, are in part independent of the character and attitude of
the rock. They are, consequently, to be interpreted as due to past
erosional conditions, which were determined by different positions of
base-level from those existing now. They show that, subsequent to
the indurating and folding of the rocks, erosion progressed so far
that topographic conditions approached or attained those of a pene-
plain. It can not be assumed, however, that each of these levels rep-
resents a peneplain, nor can it be assumed that any definite level
represents one. The number of the approximate levels shows that
the history of denudation has been complex, but the age of the rocks
shows that the length of time in which it was accomplished was very
short, and it may well be that at no time has the topographic relief
approached closely to maturity. Repeated cuttings of straths and
coastal benches, after each of which the land rose a little, might easily
produce such features as now exist. On the other hand, it may be
that the higher levels were produced, by complete peneplanation,
“while the lower ones each represent a less complete reduction after
a renewal of uplift; or that one of the intermediate levels repre-
sents a dissected peneplain, with the higher elevations as unreduced
residuals. However this may be, it is certain that the region has been
nearer to a condition of topographic maturity in the past than it is
now. _

The present land forms were produced by the uplift and erosion
of those older surfaces without known warping. The older surfaces
extend over and through this region in levels or in steps, and not in .
curves. The surfaces extend northward until they run into the south-
ern front of the Chugach Mountains. This shows that they are
younger than the high mountains, unless a recent fault or very abrupt
flexure marks the very edge of the range. The latter possibility is
contradicted by the fact that there is little accordance. of summits
. and that no flat areas appear on the crest of this part of the Chugach
Mountains. The foothills have, consequently, a history somewhat
different from the high range, and have been reduced to levels which
did not cut far back from shore.

VALLEYS.

The presence of the broad alluvium-filled valleys which extend
throughout most of the region is one of its most striking physio-
graphic features. These valleys are very broad in proportion to the
size of the streams occupying them, and suggest at once that they are
deeply filled and were produced when the land stood much higher
than now. This is confirmed by the fact that a drill hole on the



HISTORICAL GEOLOGY. 61

east shore of Bering River opposite the lower island and another on

Katalla River went to depths of 580 feet and 280 feet, respectively,.

without reaching bed rock. Further evidence concerning the former
position of the snow line (p. 50) suggests that the valleys were cut
when the land stood about 1,000 feet higher than at present. In this
case the rock floor in the centers of the valleys and at their lower ends
should be almost 1,000 feet below sea-level.

Many of the smaller streams have their headwater courses down
to about 1,000 feet above sea level in glacial cirques. The problem
which these present will be discussed later. The lower courses of
these streams from an elevation of about 1,000 feet down to the edge
of the alluvial flats are usually in box canyons. The descent from
the cirques or terraces into the lower canyons is usually in one or
more waterfalls. :

HISTORICAT: GEOLOGY.

The earliest geological event of which there is a definite record in
this region was the deposition of the material which now constitutes
the slate, graywacke, and associated rocks on Wingham Island and
Ragged Mountain. This material was derived from the destruction
“of other rocks of unknown character. The date of deposition is also
somewhat uncertain, but the weight of evidence indicates (see p. 27)
that it was toward the end of the Paleozoic era. These rocks were
deposited in*the’sea, for they contain marine fossils. The fineness
of much of the material shows that the shore was at times distant.
The presence of volcanic material, some of which is probably inter-
bedded with the other rocks, indicates that land may have been near
at other times, and that there were volcanic vents, either continéntal,
insular, or Submaune, which probably were not far away.

These dep031ts were elevated, consolidated, folded, and metamor-
phosed at a date or dates concerning which there is little evidence.
Similar and probably contemporaneous rocks in other regions in this
part of Alaska are known to have been folded and metamorphosed
prior to Upper Triassic time. Igneous material has been introduced
into these rocks, but there is no evidence as to the date of the intru-
sion. It may have been soon after the deposition or not until long
after the main folding.

No record of the Mesozoic, unless it be in the slaty rocks referved
to above, has been preserved in this region. The evidence from other
provinces, barring the possibility ¢ of the slaty rocks on the coast from
“Yakutat to Kodiak being Mesozoic, indicates that much of the area of
-the Chugach Mountains and probably of their extension through the
southern part of I{enai Peninsula and through Afognak and Kodiak
Islands may have been land during Mesozoic time. Triassic'seas

a See discussion of the age of these rocks on p. 27.
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extended through part of the region north of Chitina River and in the

Cook Inlet and Alaska Peninsula region. A period of folding and
probably of mountain building came at or somewhat after the close
of Triassic time. Deposition was apparently somewhat restricted
during the Lower Jurassic, for sediments of that age are known only
from Cook Inlet and the Alaska Peninsula. The sea probably covered
largeér areas in the Middle Jurassic, when deposits were laid down in
the present position of the Alaska Range, the Matanuska Valley,
Cook Inlet, and the Alaska Peninsula. Upper Jurassic seas widened
still more, for deposits of that age are known throughout much
of southeasteln Alaska, the valleys of Copper and Matanuska
rivers, Cook Inlet, the Alaska Peninsula, and the "Yukon Valley.®
The post-Triassic unconformity and period of folding may have
lasted until the beginning of Upper Jurassic time, for the evidence of
the unconfoxmlty is seen in the relation of Upper J urass1c to Upper
Triassic rocks.

The great Mesozoic granitic intr usmns, ‘which began after the close
of the Triassic, were probably over in at least part of Alaska before
the beginning of the Upper Jurassic, though they extend in other dis-
tricts into the Cretaceous. In the Cook Inlet region the granitic in-
trusions do not cut rocks younger than the Triassic, the Jurassic in-
trusions and flows being of andesite, and the Tertiary and post-
Tertiary intrusion of andesite and basalt. - Lower Cretaceous sedi-
mentation took place in widely scattered provinces and apparently
over broader areas, especially in the northerm part of Alaska, than
were covered by the Middle and Upper Jurassic seas. The Upper
Cretaceous beds of Alaska are restricted, so far as we now know, to
points on the Alaska Peninsula, on the Yukon, and possibly on the
Anaktuvuk in northern Alaska. The lands were apparently grow-
ing and the seas narrowing after the close of Lower Cretaceous time.

None of the deposits of these Mesozoic epochs have been recognized
in the Controller Bay region, or elsewhere on the Pacific coast be-
tween Cook Inlet and the Alexander Archipelago. This entire
region may have been land during all of Mesozoic time, or it may be
that erosion has removed the deposits. The possibility of Jurassic
and other Mesozoic rocks underlying the Tertiary rocks of this region
is discussed elsewhere. (See pp. 115-116.)

Areas of Tertiary rocks are widely scattered throughout all parts
of Alaska, but the character of the deposits and other evidence, both
physiographic and paleontologic, shows that: these beds were laid
- down for the most part in or near estuaries and to some extent along
rivers. The ocean extended over very little of what is now Alaska
during Tertiary time. Large areas in many parts of Alaska were

e Jurassie rocks are known also at Cape Lisburne, but thenr exact stratigraphic position
is uncertain.
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exposed to long-continued erosion and were reduced at least to a
non-mountainous condition before the middle of the Tertiary. Pene-
plains or at least broad areas of fairly low relief were developed.

The Tertiary deposits of Alaska are of four types: The marine
Eocene, the Tertiary coal-bearing -rocks,® the marine Miocene, and
the marine Pliocene.

Marine Eocene deposits are known only at Stepovak Bay,? on the
Alaska Peninsula, where they consist of terrestrial and volcanic detri-
tus deposited in the sea and carrying marine fossils. They show that
the ocean covered part of the Alaska Peninsula in Middle Eocene
time and that volcanic agencies were active. Most of Alaska was’
doubtless land.

The Tertiary coal-bearing rocks cover large areas in many parts °
of Alaska. They are known in southeasteln Alaska, in the vicinity
of Mount St. Elias, on Bemng River, in the valley of Copper River,
" on Cook Tnlet, in the Matanuska and Susitna valleys, on Kodmk.
Island, on Alaska Peninsula and the neighboring islands, throughout
the valley of the Yukon and its tributaries, on the coasts of Bering
Sea, and on the rivers of the Arctic slope. Not all the Tertiary coal-
bearing rocks are of the same age, and the exact position of most of
them is not very well known. It is probable that conditions favorable
for the formation of coal existed in one part of Alaska or another
- during the greater part of Tertiary time.

Marine Miocene rocks occur at Cape Yaktag, Controller Bay, the
Shumagin Islands, and other scattered places. They indicate that
Miocene waters did not cover broad areas in Alaska, but were
restricted to narrow arms of the sea.

Marine Pliocene rocks are apparently of very limited extent, the
most important areas being at Lituya Bay and on the Arctic slope.

Returning to the interpretation of the local section, we find that
marine conditions existed during much of the deposition of the
Katalla formation. The Stillwater formation was laid down partly
in the sea and probably in part in brackish or fresh water. The
Kushtaka formation represents fresh-water conditions; probably in a
shallow estuary or on a river. The transition from the Kushtaka to
the Tokun formation represents the return of marine conditions,
probably without unconformity. There is no evidence as to whether
the upper part of the Tokun formation represents marine or fresh-.
water conditions. These four formations represent the local Tertiary

. « This term includes rocks of considerable diversity of age, the exact position of some
of which has not been determined.

b Palache, Charles, Geology about Chichagof Cove, Stepovak Bay: Farriman Alaska Bx-
pedition, vol. 4, 1902, pp. 69-88. . -
: ¢ Martin, A. C., The Alaska coal fields: Bull. U. S. Geol. Survey No. 314, 1907, pp.

41-44. Brooks, Alfred H., Geography and geology of Alaska, Prof. Papel U. S. Geol.
Survey No, 45, 1906, pp. 237 244,
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sedimentation, and were probably all laid down during Oligocene
and Miocene time. (See pp. 837-41.)

The folding of all these rocks took place in very late Tertmry time
or in post-Tertiary time, and was probably accompanied by the intru-
sion of small dikes and sills of diabase and basalt. It has been sug-
gested above (see p. 43) that this folding may have taken place in or
on the border of the Chugach Mountains and was followed by the
southward overthrusting of the vast mass of rocks to their present .
position on the ocean shore. The folding was accompanied or closely
followed by uplift, which has probably continued intermittently until
recent time. Orogenic movements are known to be still in progress
along the western base of the Chugach Mountains on Yakutat Bay,
although none so recent have been detected at Controller Bay.

The uplift of the region has been accompamed by vigorous erosion.
Several halts in the downcutting are recorded in the existing topo-
graphic forms. Each of the levels of accordant summits and h111s1de

“benches represents a time when the uplifting ceased and erosion re-
duced considerable areas to near base-level. Such periods existed
when the land stood about 3,500,-3,000, 2,450, 2,000 to 2,100, 1,750 to
1,850, 1,450 to 1,500, 1,200 to 1,250, 950 to 1,050, 750 to 800, and 500 to
600 feet lower than at present. At some of these times the halt was
of short duration and the streams merely widened their valleys a bit.
At other times, as when the land stood 2,000 or 2,100 feet lower than
now, the halt was long, and the greater part of the area of soft rocks
was reduced to an even plain. The uplifting was then resumed and
the rivers trenched the plain, destroying much of it, and sinking their
channels deeper until the next halt in the uplift enabled them to
widen their valleys again and produce new plains and terraces.

The upward movement thus continued intermittently until the land
stood at least 600 feet and probably at least 1,000 feet higher than at
present, when the now submerged and alluvium-filled valleys were
cut. The succeeding movement was a depression of the land to near
its present level.

At an unknown time during the Quaternary a movement along a
fault on Wingham Island resulted in the elevation of a small body
of unconsolidated marine sediments to a maximum height of about -
100 feet above sea level. There was no general uplift at this time, and
similar local movements are not known to have taken place in other
parts of the Controller Bay region.

Glaciers invaded the region at an undetermined time and probably
attained their maximum extent when the land stood about 1,000 feet
higher than at present. This maximum extension represents a surpris-
ingly small increase over the present development of the glaciers.

aTarr, R. S, and Martin, Lawrence, Bull. Geol. Soc. America, vol. 17, .1004, pp. 29-64.
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The retreat of the glaciers to their present limits was probably brought
about by the depression of the land to its present position. The gla-
clers are now probably melting slowly back, but their recession has
probably not been rapid for a considerable time, and readvances, such
as that which is now taking place in the Malasplna, ¢ and other glaclers
1n the vicinity of Yakutat Bay, are possible at any time.

-The waters of Controller Bay extended over a large part of the pres-
ent lowland area in very recent geologic time, and one of the latest
episodes in the history of the region has been the filling of this greater
Controller Bay by deposits from the heavily loaded crlacml streams.
It was this process which trarisformed Bering Lake from a salt-water
bay into a fresh-water but tidal lake. This process is still going on
with probably undiminished activity, and is now restricting Bering
Lake and Controller Bay to shallower depths and narrower areas.

N MINERATL RESOURCES.

COAL.
_ AREAL EXTENT.
_ The surface extent of the Bering River coal, as known at present, is .
restricted to the area of outcrop of the Kushtaka formation, as rep-
resented on the maps (Pls. V ahd VIII, pocket). The area of such
territory which is believed to be underliin by workable coal is given
below :

Areas wunderlein by coal.

Anthracite and semianthracite: Square miles.
Carbon Mountain, north end--____________________________________ 25.6
Carbon Mountain, south end___.__________________________________ 1.0

26. 6

Semibituminous (with some semianthracite) :

Between Canyon Creek and Kushtaka Glacier_ . _____ ________ 8.7
Kushtaka Ridge and valley of Carbon Creek_______._..____.________ 3.6
Southeast of Lake Charlotte_____.______________ [, .6
Southeast of Tokun Lake_ . __ _____ ___________________ 2.6
North shore of Bering Lake__ .. ... 4.7

20. 2

In addition to this, 21.6 square miles, divided as in the following
table, is covered at the surface by the rocks of the Tokun formation,
which overlie the coal-bearing rocks and which are underlain by
coal at a greater or less depth.

e Tarr, Ralph 8., Second expedition to Yukutat Bay, Alaska: Bull. Geog Soc. Phlla-
- delphia, January, 1907, pp. 1- 14

21803—Bull. 530—08—5
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Avreas covered at the surface by the Tokun formation, perts of which may be

underlain by workable coal.
Square miles.

North of Cunningham Ridge______________________ . ___ 4.2
Between Lake Charlotte and Kushtaka Glaciero________________________ 5.0
Kushtaka Ridge, 101th endo - oo .1
Kushtaka Ridge, south end______________ 1.6
Northeast of Tokun Lake.________ . _________ __________________. 2.8
%uth of Tokun Lake_ . o 2.7
“Between Shepheld and Dick creeks_ .. ________ e 4.6

21.6

Part of the area of this formation may contain workable coal, but
the depth at which such coal will be found is in most places uncer-
tain, and in much of the area it is known to be so deep that the coal
can never be mined. The southern end of Carbon Mountain, colored
on the map as “ undifferentiated,” is reported to contain some coal,
but the area in this region is not known.

The coal is known to-extend eastward beyond the area shown on
the map into the high, glacier-covered mountains, but the boundaries
of this extension are uncertain. The value of such coal is also doubt-
ful because of the complexity of the structure and the difficulties
of transportation. Coal has been reported as far as the vicinity of
the eastern end of Bering Glacier, but the discovery has not been
confirmed, nor the amount and character of the coal reported. No
coal has been found west of the area represented as Kushtaka for--
mation on the map. There is, however, a good possibility that areas
of coal exist in the hills between Dick Creek and the north end of
Ragged Mountain, and this region oughteto be more carefully pros-
pected.

STRATIGRAPHIC POSITION.

The coal beds are distributed throughout the entire thickness of
the Kushtaka formation. They are also restricted to it, for both the
overlying Tokun and the underlying Stillwater formation are
entirely barren. The position of many -of the beds is indicated in the

stratigraphic sections on pages 32-34.
DESCRIPTION OF THIE COAL BEDS.

o

The following pages contain measured sections of all the coal beds
which were accessible either in natural expesures or in prospect
openings or tunnels. The location of the sections is shown by the
~ numbers, which correspond to those on the map (Pl. VIII, pocket).
No attempt has been made to correlate the beds, as the complex
structure, the abrupt changes in thickness, and the fact that most of
the beds have not been actually traced from point to point, usually
makes this impossible. The sections are arranged in order from
northeast to southwest.
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The exposures of anthracite at the extreme eastern end of the
‘area mapped are for the most part well up the mountain sides and
inaccessible. The following seams were measured and were also
sampled when thus indicated: °

Section on crest of  Carbon Mountain 2% wmiles north-northwest of Fourth
Berg Lake (1).

. : . Feet.

Coal (hard and clean) ___________________________ 3

Section 1% wmiles up creek from Fourth Berg Loeke; elevation 1,850 feet (2).
Dark shale roof. : ‘ Ft.  in.

Shale floor. ) ) —
2 10
Strike N. 76° W., dip 55° SW.

About a mile above this on the north side of the valley and just
below the hanging glacier a 7-foot bed of anthracite is reported. The
sample shown to the writer is very bright, hard, and not .crushed
A\
at all.

Section in guleh at head of Second Berg Lake (3).

Sandstone roof. ) Ft. in.
Coal, bony 6
Coal, hard and brightb________________ e 2 2

Sandy shale floor.
Strike N. 85° W., dip 32° NE.

The best exposures of anthracite seen by the writer are in Carbon
Mountain, where the following sections were measured:

Secction in third (eastern) opening on hillside trail on cest side of Carbon
Mountwin (). '
Shale roof. . I°'t. in.
Coal - 10 6
Shale floor. ]
Strike N. 60° B, dip 28° NW. i
Section on cast side of Carbon Mountain, sccond opening from west end of hill-
' side trail (5). !
Shale roof. TFeet.
Coal ¢ o ____ i 154
Shale floor. . .
Strike N. 77° E.,, dip 22° NW.

- .
a Included in sample No. 2, p. 84.° bIncluded in sample No. 3, pp. 84-87.
. ¢ Included in sample No. 5, pp. 84-87.
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It was not possible to obtain a complete measurement of this coal,

- which is reported as being 23 t6 25 feet thick.

Section on east side of Carbon Mountain, first opening from wwest end of hillside
trail (6).

't.  in.
Coal® _ ... 10 6
The above three sections are all probably on the same seam, which
the owners claim to have followed along the mountain side for 2
miles, in which distance they found thickness ranging from 9 to 25
feet. :
About 200 feet below this is another seam, which is said to vary in

‘thickness from 4 to 11 feet. The following section was measured

by the writer:

Section of sewm 200 feet below hillside trail on east side of Curbon Moun-
tain (7).
Shale roof. ) i Ft. in.
Coal® ____ . ____ . S e 4 8
Shale floor.
Strike N. 80° W., dip 30° NE.

Several other seams are exposed lower down the face of the
mountain. , » '

An important and apparently very persistent seam is exposed
along the west side and near the top of Carbon Mountain. It is
possibly the same as the upper seam, referred to above, on the east
side of the mountain. The following sections were measured :

Section at north end of hillside trail on ioest side of Carbon dentagﬁn (8).
Shale roof. Feet.
Coal¢ (bright, clean, and often iridescent)___.________ 15+

Shale floor. '
Strike N. 84° W., dip 25° NE.

Section at south end of hillside trail on west side of Carbon Mountain 9).

Shale roof. . Feet.

Coal & e 10
Shale floor.

Strike N. 52° E., dip 6° SE.

The two following sections, which are a little farther south on the
west side of the sane ridge, show a coal which has the physical char-
acteristics of the anthracite at the other openings in the vicinity, but
whose analyses indicate a semianthracite. From the structural rela-
tions it seems probable that one of the seams corresponds to the lower
coal described from the eastern side of the mountain.

e Included in sample No. 6, pp. 84-87. ° Included in sanip]e No. 8, pp. 84-87.
? Included in sample No. 7, p. 84. 4 Included in sample No. 9, pp. 84-87.
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Section in opening near crest (west side) of Carbon Mountain between
trails (10).

Shale roof. I't. in
Coal® e 5 3
Shale floor.
Section in opening 50 fect below No. 10 (11).
Shale roof. ‘ _ , , Ft.  in.
Coal, impure ___ . _ o _. __ A 3
Coal? (good and havd) oo ______________ 2 +10

Shale floor. )
Strike N. 82° I, dip 38° NW.

Numerous outcrops of anthracite (mostly poorly exposed) were
seen on the banks of Canyon Creek for a distance of 2 or 8 miles be-
low the glacier. The tivo following sections represent the best of
these outcrops:

Section at source of Canyon Creck (west bank) (I12).

Section. on tributary to Canyon Creck, on cast side and newt below Hunt's
cabin; elevation, 630 feet (14).

Coal e [ 9
Strike N. 55° W, dip 31° NE. :

Section on same creek as No. 1}, elevation, 50 feet (15).
Shale roof. Teet.

Shale floor.
Strike N. 65° 1., dip 60° NW.

Section on same creek as Nos. 14 and 15, about 100 feet above creel; clevation,
520 feet (16).
Iirm shale roof. - rt. in.
Coal ¢ i
Shale floor. :
Strike N. 55° E., dip 46° NW,

Section in tunnel on east bank of Canyon Creek, near Hunt's cabin, 2% miles
above mouth of creek (17).
Shale roof. : ' ) Ft. in.

Shale’ floor.
Strike N. 40° ., dip 60° NW.

a Included ‘in sample No. 10, pp. S4-87. ¢ Included in sample No. 14, pp. 84-87.
» Included in sample No. 11, pp. 84-87. ¢ Included in sample No. 16, pp. 84-87.
¢ Included in sample No. 17, pp. 84-8T7.
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Section in east bank of Canyon Creek, 2 miles above its mouth (18).

Sandstone roof. o Ft. in.
Coal . ________ e e 2 9
Shale floor.

Strike N. 70° W, dip 35° NE
This bed is very variable in tlncl\nesq and pinches out higher in

the bluff.

Section in creek on west slope of Carbon Mountwin oppositc the m,oufh, of

. Canyon Creek; elevation, 950 feet (19).
Shale. ' t. in,
Coal ol 1
Shale - e 1
Coal ¢ (ranges from 3 to 21 mches) __________________ T 5
Shale (ranges from 1 to 18 inches) . ______ 1
Coal ¢ (ranges from 14 to 24 inches) _________________ 1 2

Hara shale floor.
Strike (on floor) N. 25° I, dip 53:’ N\V. (variable),
Section - on same creel; as No. 19; elevation, 990 feet (20).
Arkose roof. : Ft. in.
Coal » (ranges from 8 to 22 inches) __._____.___._______ 1 8
* Arkose floor.
Strike N. 90° E., dip 33° NW,
At the south end of Carbon Mountain there is.a high bluff, where
Bering River was formerly pushed against the end of the mountain
by Bering Glacier, and here the following section was measured :

Section at south end of Carbon Mountain (21).

Teet

Sandstone ______________________ e e 30
Coke ___ . _ N, 1
Sandstone and shale cut by diabase sills____________________ 20
Coke o -2
Diabase sill - 2-6
"Coke ® T 1-5
Diabase sillo____ e 3
Coke |
Diahase sill______ U S
Coke 13-2%
Shale - 120

Strike N. 50° W., dip. 20°-25° N.
The coke and sills at this point are shown in PL IX, B (p. 92).
The valley of Clear Creek contains many good exposures of semi-
anthracite and semibituminous coal. The following sections repre-
sent part of the exposures and openings:

Scction in small tunnel on north bank of Clear Creck; elevation, 750 feet (22).

Shale roof. "t.  in.
Coal 2 10
Shale floor,

¢ Included in sample No. 19, pp. 84-8T7. b Included in sample No. 20, pp. S4-87.
¢ Included in sample No. 21, p. 84, ’



COAL. 71
Section in tunnel on north bunk of Clear Creek near top of falls (23).

Shale roof. Feet.
COA & e 18
Shale floor. ' .

Section in stripping on northavest bank of Clear Creck above falls (24).

. Feet.
Coal e 47
Section 1'7;, stripping south of No. 24 (25).
, Feet.
Conl e 31
Seccion at base of Clear Creek Fulls (20).
Shale. _
Diabase sill. N Feet.
Coke (ranges from 6 to 12 inches) . __.____ ___________.__. 1
Conl ¥ .
Coal
Shale. )

Strike N. 65° I, dip 45° NW,
This seam varies considerably in thickness within short distances,

A measurement at the base of the falls showed 8 feet 2 inches of coal,
while one at the tunnel a few yards away gave a total of about 16 feet.

Section on tributary to Clear Creclk, heading souwtheast of dMonwment Mown-
tain, elevation 1,450 feet (27).

Firm shale roof. ] ’ Ft. in,
Coal e -1 4
Hard shale ______-_____________________ e 7
Soft shale with some coal________ . ___ . ____.._____ 1 2
Shale o 2 3
Coal® ___ . ____ e e 3+

Sandstone floor; fault at floor cuts off coal above it.
Strike (on roof) N, 85° E., dip 32° NW.

Section on same creek as No, 27 elevation 1,200 feet (28).

Firm shale roof. . Ft. o
Coald e 1 10
Bone oo 4
Coald _____ . _______ R 11.
Bony coal _____ o ___ 7
Coal & _ e 3
Shaly coal e 3
Coald _______.____.___ S SR 3 3

Shale horse - _____ .~ B
Shaly coal .. ___ JE 2
Coal i _______ e e I 1

Strike N. 67° ., dip 30° NW.

¢ Included in sample No. 23, ﬁp. 84-87. r Included in sample No. 27, pp. 84-87.
o Included in sample No. 26, pp. 84-87. ¢ Included in sample No. 28, pp. S4-87.
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Section on cast bank of Clear Creck, 2.9 miles above its mouth (29).

Jlaggy sandstone. ' . Feet.
Sandy shale _______ ___________ e B

Coal® ______ o ______ [ 4
Diabase ‘sill - ___ e 4

Sandy shale.
Strike N. 90° E., dip 67° N.

This is the lowest coal exposed on Clear Creek, although two lower
ones are reported on a near-by tributary from the north. There is no
physical evidence that the intrusion has altered the coal. -

Section in prospect opening on crest of ﬁdge between Trout and Clear creeks,
: south of Trail Gap,; clevation 1,885 feet (30).

) Ft. in.
Shale. e 1
Coal _ L . 4
Shale_ . __ o _l_.l_: 4
Coal_____ e, 10
Shale 1
Coal___ 2 4
Shale__ 2

Strike N. 70° E dip 34° NW.

Section on crest of same ridge as No. 30, 500 feet farther south.

. Feet

Shale, dark _______ e 12
Coal . 12
Shale .. S

Strike N. 0° ., dip 34° NW.

Several workable seams.are exposed on Trout Creek. The following
sections, arranged in stratigraphic order beglnnmo with the hwhest,

were measu red

Section in tunnel on Trout Creck opposite house (33).

Shale roof. ’ Feet.
Coald __ S 8
Shale floor. ‘ o '
Strike N. $5° W., dip 28° NE.

Section at creek level below No. 83 (3}).

Ft. in
Shale e 4
Coal® __ e 6 6
Sandstone_ . 5

Strike N. 70° I, dip 38° NW.

Section in long tunnel one-fourth mile below house on Trout Creek (36).

X Ft. in.
Coal_ 4 6
a Included in sample No. 29, pp. S4-87. v Included in sample No. 33, pp. 84-87.

¢ Included in sample No. 34, p. 84.
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Section in long tunnel one-fourth mile below house on Trout Creek (136).

Shale roof. : : ' Feet.
Coal® 33
Shale floor. : '

Strike N. 65° L., dip 38° NW.

Section in tunnel 1,500 feet below house on Trout Creek (37)
Arkose roof. . Ft. in,
“Arkose floor.

Section on small drain into Trout Creek from the west, newr mouth of Bear
Creek; elevation 395 feef (38):

Shale roof. : Ieet.

Shale floor.
Strike N. 2° W., dip 24° SW.

Section on same drain us No. 88; elevation 375 feet (39).
' Ft. o
Strike N. 25° E., dip 39° NW.
Scct:on on same drain s Nos. 38 and 3’) elevation 360 feet (40).

Shale roof. . ‘ Feet. -
Conl e N 12+
Shale floor.
Stul\e N. 15° B, dip 27° NW.

The fO]lO\Van‘ sectlons are all on the east slope of Kushtaka Ridge:

Secnon on ewst sule of Kushtake Ridge, onc-fourth mile east of U. S L. M.
Kayak No. ) (41).

Feet.

Shale el 80
Coal 5
Coal and shale______ e e I
Shale o 10
Coal o 3

" Shale floor.
Strike N. 3S° E., dip 70° NW.

Section on cast side of Kushtaka ]i’xi.d'ye, elevation 1,630 feet (42).

Shale roof. ) ' It in.
Bone - 8
Coal . 3 S
Shale_ 1
Coal e 3 4
Bone e 3
Coal. 1 8

o Included in sample No. 36, pp. S4-87.
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Ft. in
Bone . _________ . - 5
Coal . 1
Shale... . ____ e
Coal e 11
Bone ____ . __ o __ 2
Dark shale floor. : . 12 [

Strike N. 45° I8, dip 68° NW.

Section on Nushtakae Ridge, east side, 13 miles north-northasest of cabin; cle-

vation 1,600 feet (43).
Shale roof. . Reet.

Coal®____________. e L 14
Shale floor.

Section on- Kushtaka Ridge, east side, T aile north northwest of cabin; elevation,
) ) 850 feet (44).
Soft shale roof. Feet.
Coal ¥ _ e
Soft shale floor. )

Strike N. 77° K., dip 40° NW,

Section on enst side of Kushtaka Ridge; elevation, 1,335 feet (45).

- Kt. in.

Coal ____ 12-15

Shale e 1
Coal — 2 G
! Shale - 2 6
Bone __________ 2 B
Coal 2 [
Bone _ e ' G

Coal e 17

Bone ______ e _ +
Coal e 2 6
27-30 2

Strike N, 22° K., dip 58° X,
Section in tunnel on trail 2,200 feet north of Kushtaka cabin (46).

Shale roof. Feet.
Coal (pinching out)_____________________ . _____ 10

Strike N. 25° B, dip 42° NW.
Section in tunnel on east face of Kushtaka Ridge; elevation, 790 feet (48).

Firm shale roof. ‘ Ft.  in.
Coal ¢ somewhat bony and with pyrite nodules______ 14 6
Hard shale floor. ) '
Strike N. 65° B., dip 45° NW.

¢ Included in sample No. 43, pp. 84-87. b Included in sample No. 44, pp. S4-87.
¢ Included in samples Nos. 48a and 48D, pp. 84-87 ’
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The following sections are exposed on the crest of Kushtaka Ridge,
beginning near United States locating monument Kayak No. 4 and
extending for about one-half mile southeast. The stratigraphic posi-
tion of the beds is given in the section on pages 32-34.

Section on Kushtekae Ridge just below U. 8. .. M. Keyalk No. )5 elevation,
2,400 fecet (49).

Shale. rt.  in
Coal ______ . 2 2
Coal, shaly : 1

Shale o o o e 9.
Coal 4 8

Shale.

Strike N. 45° T, dip 64° NW.

Section on Kushtaka Ridge 500 feet southeast of U, S, 1. M, Kayak No. 4;
©clevation, 2,340 feet (50).

Irt. in.

Shale, carbonaceons_ . ___l__ 2
Coal o e 2 3
Shale, carbonaceons . 5

Strike N. 45° B, dip 65° NW.

Section on Kushtalkae Rli@l_«/u 1,300 feet southeast of 17. S, I, M. Kayek No. 4 ;
clevation, 2,180 feet (51).

’ I't. in

Shile o e 7

COAl a2 B

Shale —. L. e G.

Coal o e 6

Shale 6

Conl e 1
Shale e e e 2

Strike N. 45° 1., dip 45° NW.

Rection on srest of Kushiake Ridge, 1,400 feet southeast of . 8. L. 3. Kayek
No.o 4y clevation, 2,150 feet (52.)

Irt. in.
Sandy . shale 2
Shale with coal streaks_ o 2 8
COl e e e = S S
«Soft shale floov_ ___ . 1

Strike N. 40° I, dip 40° NW.

Section on Kushtake Ridge, 1,700 feet southeast of .U, S. I.. M. Kayal, No. };
elevation, 2,100 feet (53).

. . Ireet.
Shale with coal streaks_ 5
Conl e 1
Shale — . o 2
Coal oo o 5
Shale. :

Strike N. 40° B, dip 45° N'W.

o



76 - CONTROLLER BAY REGION, ALASKA.

The following sections are on the west slope of Kushtaka Ridge, in
the valley of Carbon Creek:

Section on porth bank of Curbon Creek, near headwaters; elcwnon 1,850 f(’Pt

(J//)
‘Ft. . in
Shale __ e 1
Coal ____ o _____ e 2 S
Shale e 4
Coal e 1 11
Shale o 1

Strike N. 18° E., dip 30° NW.

Section of coal on northavest bank of Queen Creek (55).

Shale roof. ‘ Feet.

‘ Coal® __-_____-________________________v,___v; ________ 27
Shale (pocket?) ____ . e 7
Coal S o 2
Shale _ e 10
Coalb ___ 31
Shale floor. T

Strike N. 64° ., dip 42° NW.

Section of coal on southeast hank of Queen Creek (56).

. It in.
Coal 14
“Shale _ 4
Coal T
Shale . . 3
Coal - 2
Shale - ‘ 2
Coal - 10

Strike N. 66° H., dip 58° SE.

Section on small creek southwest of Queen Creek (57).

Shale. roof. . o Ft.
Coal ___ . __ . e

crwmae oo rF

(Ve
@

a Tncluded in samples Nos. 55a and 55b, pp. 84-87.
b Included in samples Nos. 55¢ and 55d, pp. 84-87.
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Section on smull ereck southwest of Queen Creek (58).

Shale roof. ) Ft. in.
Coal® e 17
Shale — S 41
Coal oo S 4
Shale . e 5
©oCoal o 3
Shale e 2 6
Coal o __ P, 26
Carbonaceous shale. _
. 98 6

Sectioi on smuell creek southwest of Queen Creek (59).

Feet.

14

Scction on Leeper Creek, one-third wile above its mouth (60).

Feet,

Coal® _________________ e e 8-11
Strike N. 40° E,, dip 75° NW, )

Section in stripping on north side of Carbon Creek above the tunncl and
i elevation of 830 feet (61).
Shale roof. : :
Coal o e 8
Shale floor. '
Strike N. 50° L., dip 45° NW.

Section in tunncl on south bank of Carbon Creek (6’2 ) .
Arkose roof. Feet.
Coale _________ e S-11
Shale fioor.
Section in tunnel near month of Nevada Creek (64).

Ft. in.

Dark shale : 2
Coal ¢ 1“7
Arkose 10

Strike N. 90° E., dip 78° N.

(s

«t an

The following sections are in the upper part of the valley of Shép-

herd Creek, above the mouth of Carbon Creek:

¢ Included in sample No. 58, pp. 84.

b Included in sample No. 60, pp. 84-87.

¢ Included in samples Nos. 62a and 62b, pp. 84-87.
dIncluded in samples Nos. 64a and 64b, pp. 84-87.
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Section at north end of wpper trail on east side of Lake Charlotte; elevation
810 feet (65).

Ft. In.
Shale voof _______ ___ . 10
Coal e 2
Shale 5
Coal ¢ with many thm partings of bone______:________ 9 6
Shale and coal_____ 6

Strike N. 12° L., dip 72° SE.

At this opening the coal is firm and should stand shipment with less
crushing than many of the others in this field, but the amount of ash
is excessive. The same seam has been opened. dO'dll'l about half a-mile
south of this point. .

Scction of prospect opewing near Grade Trail cabin ( “Doyle camp ™ ) on cust
side of Shepherd Creek, 1.4 miles below Loke Charlotie (66).

Shale roof. . Ft. in.

Shale floor.
Strike N. 40° L., 75°-85° NW,

This bed, which appeared very promising when first opened, show-
ing a great thickness of beautiful, clean coal, has been found to be
cut off entirely within a few feet by a fault.

The following section is the only one measured in the lower pa1t of
the Shepherd Creek valley, although a considerable area of coal is
known: '

Section 1 /nuh, northwest of mec Landing on Shopll,cul Creek s clevation
200 feet (67).

Kt. in.
Could __ . S e —___'8
Shale 2
Coal ¥ e o 4

Strike N. 50° L., dip 65° NW.

The opening is on the west side of the valley of ‘Shepherd Creek,
at an elevation of about 200 feet above Bering Lake.
The following sections are in the v alley of Lal\e Tokun:

Section in prospect opening on west bank of Tokun Creek, 1.4 miles ebove Luke

Tokun (68).
Arkose 1'00f. : Teet.

Ol :
Shale floor.
Strike N. 65° B, dip 33° NW.

Section in prospect opening' « short distance twow No. 68 (69).
Arkose roof. ‘ - Feet.

‘Shale floor.
Strike N. 65°, dip 33° NW.

@ Included in sample No. 65, p. 84. b Included in sample No. 67, p. 84.
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Section in lower tunwnct on Tokun Creck, about 100 yurds above No. 69 (70).
Arkose roof. _ Ft.  in.
Coal @ e B 8

- Shale floor.

Section in wpper tunnel en Tokun Creek (71).

Sandstone, shaly. . ) Keet.
Coal e 6
Strike N. 78° W., dip 40° NL.

Section at hewud of gorge on Trail Creck (72).

Sandstone roof, : 't in,
Coal el 2 6

Sandstone floor.
Strike N, 15° W, dip 55° NE.

The coal in the valley of Dick Creek is represented in the following
sections: '

Section in tunnel on ribulary 1o Dick Creek from the cast 13 miles above mouth
' of Dick Creek (78).
Feet.
GO 6
Sandstone floor,
Strike N. 15 W., dip 60° NI.

Section in tunnel on Powers Creck, 1 wile north of Berving Lake (74).

Pt o
Coal (top concealed) o 2

Shale_ [ 1 6
Coal b e 8 6

Sandstone floor.
Strike N. 70° L., dip 35° NW.

Section on tributery to Falls Creck, & mile northeast of Christopher's cabing

elevation, 200 fect (75).

Soft shale with probably a little overlying coal. Ft. in.
Coal ¢ S 2 7
Shaleo oo 7
Coal o e 9
Shale 1 10
Coal . e 5
Counly shale o ol ___ G
Arkose.

Strike N. 25° R, dip 60° Sk.

Section in opening in cliffs of Palls Creck, 1 awile north of Bering Loke; eleva-
vation, 110 feet (76).

Arkose. Feet.
Coal® e 3
Coal and shale____ 3

Coal® e 4
Sandy shale floor. )
Strike N. 20° W., dip 25° NE.

a Included in sample No. 70, p. 84. ¢ Included in sample No. 75, pp. 84-87.
dincluded in sample No. 74, p. 84. ¢ Included in sample No. 76, pp. 84-87.
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Up the creek from this point are numerous small surface openings,
each showing from 2 to 3 feet of irregular coal:

Section on Falls Creck 1 mile above its mouth; clevation, 800 feet (V7).

Massive arkose. Feet.
Coal . 6

Shale o e 4
“Coal 24+

Strike N. 46° E., dip 35° NW.

Scction on ridge south of Mount Hamilton; clevation, 1,625 feet (78).

R Feet
Coal e 1
Shale _ 1
Coal o 123
Shale - 1
Coal 2

Strike N. S0° W., dip 85° NE.
Section on ridge south of Mount Hamilton ele'vatioh, 1,550 feet (79):

Arkose. 't.  in.

Shale e 3
Coal —_ . ___ T
Shatle _ .. 9
Coal ____ ______________ e e 2

Shale . _______________ oo 3

Strike N. 89° Ii,, dip 40° NW.

Section in lech, two-fifths of @ mile southwest of Mount H amilton; elevation,
1,100 feet (80).

Shale roof. TPt in
Coal @ _ 5
Shale at top and bottom, concealed between._.__________. 30
Coaly shale_-______________ - 2
- Coalb (somewhat impure)._____ . ______.______ 1 5
Shale ______ F 2
Coal? with shale stledl\s ___________________________ 1 4
Shale ____ 4
Coal? with little shale____. . __________________. 1
Shaly coal _ . ____________ 6
CCoald e 9
Shale — 1
Coal, impure___________ . 4
Coal ¢ e 1 S
Shale ______________________ e .2
Coal ¢ _____ e 4 6
Shaly sandstone floor.
Strike N. 40° B, dip 52° NW. .
“Included in sample No. 80a, pp. 84-87. v Included in sample No. 80b, pp. 84-87.

¢ Included in sample No. 80c. pp. 84-87.
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Section in tunnel on shore of Bering Lake halfway between Poul Pomt and
mouth of Dick Creek (81).

Shale roof. t.  in.

Coal . e 8
\ Sandstone . ______ . 1
Coaly shale._______ . ___ . 10
Coal & e 4
Soft shale - __ S 6

Possibly some coal beyond..
Strike N. 76° E., dip. 72° NW.

CHARACTER OF THE COAL.

PHYSICAL PROPERTIES.

Numerous specimens of hard, firm, bright, and apparently pure
coal, possessing all the physical characteristics of the best anthracite,
have been seen in the upper part of the valley east of Carbon Moun-

tain.

These properties are e not ewdent in most of the surface exposures
of the coal beds and in the shallow openings, such exposures usually
showing only a soft, weathered mass of coal which gives little indi-
cation of anthracite character. However, in all parts of the region
indicated on-the map (Pl VIII) as containing anthracite float speci-
mens of good anthracite, such as those déscribed above, are found, and
the best of the natural and artificial exposures of the coal beds contain
some fragments which indicate that the unweathered coal would be
of the anthracite character of the hard float specimens. ~The classifi-
cation of all the coal of this part of the field as anthracite is further-
more confirmed (see pp. 90-91) by the other properties of the coal.

It is, however, not certain that this coal, though anthracite, will
- have the value to be expected from its composition. It is impossible
to tell, from the present surface exposures, whether beds exposing
a soft friable mass of weathered coal will be found hard and un-
", broken below the zone of surface disintegration, or whether this coal
is all badly crushed and shattered. The value of this end of the field,
as determined by the possibility of profitable mining, depends largely
on this question, for when an anthracite is badly erushed its market
value is far more seriously impaired than that of a bituminous coal
would be.

The coal of the rest of the region, classed below as semianthracite
and semibituminous coal, is all of a friable nature, the least crushed
of it somewhat resembling part of the softer bituminous coals of the
Eastern States. Many of the beds have been severely crushed and
sheared, and the coal is certain to be badly broken up in mining and

« Included in sample No. 81 pp. 84-87.
21803—Bull, 335—08 6
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shipping, thus yielding a large proportion of slack. This is not such
a great detriment in the case of the semibituminous coking coal as it
is with the anthracite and semianthracite, for, as will be shown below
some of it will probably be made into coke, while that which is used
as steam coal will fuse and cake as soon as it is put into the furnace,
thus preventing the loss of slack through the grates.

COMBUSTION.

The coal from all parts of the field burns with short flame and little
or no smoke, the length of flame and amount of smoke being least in
the coal from the eastern part of the field and increasing gradually
westward. The coal from the west end of the field fuses and cakes
somewhat on beginning to burn, but that from the eastern part burns
without caking. Considerable fine coal or coke usually goes through
the grate without burning, but this could be remedied by the use of
finer grates than are customarily used in this region. The ashes are
soft and fine and little or no clinker is formed. ‘

COKING TESTS.

The coking qualities of the coal from the 33-foot bed on Trout
Creek (see tunnel No. 36 on Pl. VIII, pocket, and on p. 73) were
tested by the writer in the gummer of 1905 in the following man-
ner: A hot wood fire was built in a pit dug for the purpose, and
lump coal gradually added until about 600 pounds of coal was burn-
ing. Then"about a ton of slack and lump coal was added. The sides
of the pile were banked with stones and dirt, the top and ends being
left open for draft. After several hours the ends were banked and
only a small opening at the top was left uncovered to let the smoke
escape. Four days later, when the smoke ceased to come off, the pile
was opened and the fire extinguished. The resulting colke was firm,
strong, porous, and had a good ring and luster. The test showed
conclusively that an excellent coke can be made from this coal by
proper treatment.

The coal from the 8-foot bed on Carbon Creek (see tunnel No. 62
on Pl VIII, pocket, and on p. 77) was tested in 1906 in the same
manner. Heavy rains, during the early part of the test, made it im-
possible to get as hot a fire as should have been used, and the test
was consequently not as great a success as was hoped for. A small
quantity of fair quality of coke was obtained from the center of the
pit, which seems to indicate that, under more favorable conditions,
good coke could be produced.

Coal from many of the other seams was tested more crudely, and
it was found that practically all of the coal here classed as semi-
" bituminous possesses such coking qualities that probably by proper
treatment a good coke can be made from almost any of it.
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CGHEMICAL AND CALORIMETRIOC PROPERTIES.

ANALYSES AND CALORIMETER TESTS.

Methods of sampling.—The analyses and calorimeter tests recorded
in the tables on pp. 84-87 were made upon samples collected by the
writer. These samples were all collected in the following man-
ner: A position was selected where a complete and characteristic
section of the bed was exposed, and where the effects of weathering
were absent or as slight as possible. A fresh cut was then made
across the bed from roof to floor, cleaning oft all dirt and weathered
coal as far as possible. A waterproof cloth was spread to catch the
coal, and a sample was cut from the roof to the floor, taking all
parts of the bed alike, except such shale and other bedded impurities
as could readily be separated in the ordinary practices of actual
mining. The parts of each bed which went into the sample are in-
dicated in the local sections. The sample was then pulverized and
carefully quartered. A 3-pound sample prepared in this way was
sealed immediately in an air-tight can ¢ which was not opened until
the coal was analyzed.

Methods of (malysis.—The samples collected -in 1905 and 1906
were analyzed by F. M. Stanton of the United States Geological
Survey fuel-testing plant at St. Louis, Mo., using the standard
~ methods ® adopted in that work. The samples collected in 1904 were
analyzed by E. C. Sullivan of the United States Geological Survey.
The samples collected in 1903 were analyzed and the calorific value
determined by Penniman & Browne, of Baltimore, Md. The methods
were the same as those used ¢ for the Maryland Geological Survey.

It will be noticed that most of these samples contained a large pro-
portion of total moisture, the greater part of which was driven off
by air drying.? Under most circumstances this proportion would be
regarded as excessive and not characteristic of fair samples. But in
view of the large amount of underground water which the rocks of
this region contain, and the heavy rainfall, it seems probable that the
total moisture of these analyses will représent approximately the
proportion which the coal will contain in uncoveled cars when it
reaches tide water.

Analyses.—The table on page 84 contains proximate analyses of
all the samples collected by the writer, and also calorimeter tests
where such were made. Averages of all the analyses of each kind
of coal are also given. -

& Samples No. 55b, 55d, 62b, and 85 were shipped in canvas sacks, and consequently had
a chance to dry in shipment, They were otherwise treated as described above.

b Bull. U. S. Geol. Survey No. 261, 1905, pp. 19-20; Prof. Paper U. 8. Geol. Survey No,
48, 1906, pt. 1, 177-193; Bull. U. 8. Geol. Survey No. 290, 1906, pp. 29-30.

° Penniman, W. B. D., and Browne, Arthur L., The chemical and heat-producing quali.
ties of Maryland coals: Maryland Geol. Survey, vol. 5, 1905, pp. 620-625.

4 Bull. U. 8. Geol.- Survey No. 261, 1905, pp. 19-20; Bull. U. 8. Geol. Survey No. 290,
1906, pp. 29-30.
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Analyses and tests of Bering River coals.—I.
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b§ 2485 2.17 1.90 3.74 b, 41 92 4.93 110 |eeveene]ennnnnnns 15. 83
b5 2480 | 15+ 6.10 33 6.36 82.00 3.31 T § N PO 12.89
b6 2483 | 10.5 13.20 | 13.89 5.01 73.87 7.23 821 6,743 | 12,137 14.75
b7 2487 4.7 6.20 7.26 6.64 75,89 10.21 O B P (R, 11.43
b8 2496 | 15 5.20 5.93 6.76 81.47 5.84 -7 % PO N 12.05
b9 2882 | 10 7.00 8.31 7.12 82.43 2.14 1,05 foeeeeenifennaannnn. 11.58
(e) | 7.88 6.15 78.23 7.74 1.80 |eeeciiifomneennnn 12,86
b10 2481 5.25 5.00 7.94 9.20 78.53 4.33 P4 2 PO 8.54
b11 2479 2,85 1.60 4.43 | 10.14 80.78 4.65 Bl 7,578 f......... 7.97
dl4 4461 6.7 6.00 7.77 7.40 75.59 9.24 .66 | 6,983 | 12,569 10.21
a16 4433 2.58 6.20 7.43 6.86 71.35 14.36 .57 | 6,606 | 11,891 10.40
€17 |........ 417 |eoiinnnn 3.24 9.79 62.97 24.00 1.94] 6,502 |......... 6.43
19 4462 2,67 5.30 7.64 9.82 76.31 6.23 BT | 7,255 | 13,059 7.77
a20 4459 1.67 1.80 2.95 6.81 75.74 | 14.50 1.08 | 7,104 | 12,787 11.12
e2] |......:. 5 |l 1.34 6.30 | 84.57 7.79 Ry P RN 13.43
a3 4431 18 5.00 5.71 8.75 80.89 4,65 1.22 [ 7,881 | 14,186 9.24
d26 4435 5 3.80 4.19 8.71 84. 60 2.50 1.42 ) 8,091 | 14,564 9.71
a7 4460 3 5,60 6.59 9.21 71.53 12.67 .60 6,860 | 12,348 7.77
a8 4430 7.42 4.80 5.89 | 10.86 78.41 4.84 2.50 | 7,539 | 13,670 7.22
........ 5.80 8.87 76. 06 9.27 1.08 |oeenneii]eniainnns 8.77
2.40} 3.69| 13.17 77.10 6.04 3.08 | 7,751 | 13,952 5.8
1.30 2.11 | 16.58 79.68 1.63 /- P A, 4.81
........ 2.36 | 18.12 71.87 7.65 78| 7,819 |..ee.aen. 3.97
5.40 6.34 | 14.29 69. 55 9.82 (1730 PR 4.87
8.00 9.37 | 12.99 74.02 3.62 63| 7,424 | 13,363 5.70
3.80 5.43 ) 13.12 79.65 1.80 67 | 8,025 14,445 6.07
1.90 2.68 | 11.06 73.31-| 12.95 B.27 |oeeeeieifonnennnan 6.63
1.30 2.92| 10.74 71.32 15.02 4,141 6,89 | 12,346 6.64
3.00 | 4.23( 14.038 79.75 1.99 96 |oeernencfoenanenns 5.68
........ 56 | 16.61 78.71 4.12 1,28 [eeemeens]ennnnnns 4.74
4.60 5.66 | 13.65 76. 81 3.88 0 PN PR 5.63
........ 1.20 | 17.28 77.69 3.83 T8 |eveeens|oeraennns 4.49
3.90 4.94 13.34 77.29 4.43 520 VO PN 5.79
8.20 4.01 | 12.46 71.47 6.06 1.11) 7,873 ( 14,171 6.22
3.70 | 4.22| 13.37 78.80 3.61 166 Joereiid]ianennnnn 5.89
........ 38| 16.97 77.48 5.17 102 |eeeane]nnennnns 4.57
9. 5.40 65.95 | 13.01 76.12 4.92 (1] 1 IR PO 5.8
N | 2 AP 2.41 | 15.03 79. 24 3.82 51| 8346 |.cenn--n 5.27
3 68 | 17.87 60.73 20.72 ;13 PN I, 3.40
£%: T PPN 1 14.58 72.99 10. 89 9 | 7,664 |..een.... 5.01
6. 3.70 4.35 | 11.97 73.34 10. 34 b S & 3 RN (R 6.13
8. 5.10 5 11.74 60. 21 22.21 386 [eeerecnifercannans 5.13
2. 3.90 5.51 | 12.85 64. 34 17.36 | 2.83] 6,613 11,723 5.01
7 b5.20 6.03 | 12.98 78.40 2.59 (020 PR PR 6.04
5 5.20 7.74 | 15.57 67.83 8.86 84| 6,969 | 13,544 4.36
5. 2.70 5.71 | 13.04 47.10 34.15 6.47 | 4,659 8, 3.61
6. 4.20 6.121 11.72 | 5111 31.05 5.25 | 5,038 9,068 4.36
asgl 4427 4 4.60 5,14 | 13.90 75. 96 5.00 1.16 | 7,814 | 14,085 5.46
(€3 1 PPN N PO 4.18 | 14.00 72.42 9.39 )/ 7 R PR, 5.28

o These numbers agi'ee with the section numbers given on P’l. VIII and in the sections
of coal beds. The arrangement is geographic from northeast-to southwest.
¢ "tSamp}e %ollected by G. C. Martin, 1905; analysis by U. 8. Geological Survey fuel-
testing plant.

csz?erage of analyses 2v9 (anthracite). . .
¢ dtiSamp{e collected by G. C. Martin, 1906; analysis by U. 8. Geological Survey fuel-
esting plant.

o Sample collected by G. C. Martin, 1903 ; analysis by Penniman & Browne, of Balti-
more, Md.

fA;/erage of analyses 10-28, exclusive of No. 21 (semianthracite).
S 7 Sample collected by G. C. Martin, 1904 ; analysis by E. C. Sullivan, U. 8. Geological
Survey.

2 Average of analyses 29-81 (semibituminous).
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) LOCALITIES.

"2 18 miles above Iourth Berg Lake.
3. Gulch at head of Second Berg Lake.
b5, Carbon Mountain, east side, second opening from west on hillside tralil.
%G, Carbon Mountain, east side, first opening from west on hillside trail,
b7, Carbon Mountain, east side, 200 feet below hillside trail.
b8, Carbon Mountain, west slde north end of hillside trail.
b9, Carbon Mountain, west side, south end of hillside trail.
510. Carbon. Mountain, west side, near crest at trail.
b11. Carbon Mountain, west side, 50 feet below the last.
qu 1f4 Tributary to Canyon Creek on east side and next below Hunt’s cabin, elevation
eet.
08 1? 'l‘nbutzuy to Canyon Cleek on east side and next below Hunt’s cabin, elevation
°e17. 'l‘unnel on east bank of Canyon Creek, 28 mliles above mouth of c1eek, near
Hunt’s cabin.
0531f9' tl.,mbon Mountain, west side, creek opposite mouth of Canyon Creek, elevatlon
ee
1)0‘8 20. Carbon Mountain, west side, creek opposite mouth of Canyon Creek, elevation
4 21 Calbon Mountain, south end’ (natural coke).
¢ 23, Tunnel on north bank of Clear Creek above the falls.
4 26. Tunnel at base of Clear Creek Falls.
¢ 27. Opening on tributary to Clear Creek heading southeast of Monument Mountain,
elevatlon 1,450 feet.
¢ 28, Opening on tubutary to Clear Creek heading southeast of Monument Mountain,
elevation 1200 feet.
@29, Opening on east bank of Clear Creek, 2.9 miles above the mouth of the creek.
b 38, 'Mrout -Creek, tunnel opposite house.
¢ 34. Trout Creek, opening at creek level below the last.
® 36. Trout Cleek tunnel cne-fourth mile below house.
443, 6)ening on Kushtaka Ridge, east side, 1% miles north-northwest of cabin, eleva-
tion 1,600 feet
850 414 Opening on Kushtaka Ridge, east side, 1 mile north-northwest of cabin, elevation
1] eet.
b48a. Tunnel.on east face of Kushtaka Ridge, elevation 790 feet.
¢ 48b. Tunnel on east face of Kushtaka Ridge, elevation 790 feet (qame tunnel and
seam as last). .
b 55a. Opening on northwest bank of Queen Creek, upper bed.
¢ 55b. Opening on northwest bank of Queen Creek, upper bed (same as the last).
b 55¢. Opening on northwest bank of Queen Cleek lower bed.
9 55d. Opening on northwest bank of Queen Creek, "lower bed (snme as the last).
b 58. Opening on small creek southwest of Queen Creek:
4°60. Tunnel on Leeper Creek, one-third mile above its mouth.
b 62a. Tunnel on south bank of Carbon Creek.
2 62b. Tunnel on south bank of Carbor Creek (same as the ]ust)
b 64a. Tunnel near mouth of Nevada Creek.
¢ ¢4b, Tunnel near mouth of Nevada Creek (same as the last). X
81660 tOpening at north end of upper trail on east side of Lake Charlotte, elevation
fee
¢ 67. Tunnel 1 mile northwest of Canoe Landing on Shepherd Cleek, elevation 200 feet.
b70. Lower tunnel on Tokun Creek.
b 74, 'T'unnel on Powers Creek, 1 mile north of Bering Lake.
20(’) "f’) Tributary to IFalls Creek, one-half mile northeast of Christopher's cabin, elevation
eet, * .
v76. Cliffs on Falls Creek, 1 mile north of Bering Lake, elevation 110 feet.
4 80a. Gulch two-fifths of a mile sonthwest of Mount IIamllton, elevation 1,100 feet,

upper bed. -

'PBOb. Guleh two-fifths of a mile southwest’ of Mount Hamilton, elevation 1,100 feet,
lower bed, upper bench.

480¢c. Gulech two-fifths of a mile southwest of Mount Hamilton, elevation 1,100 feet,
lower bed, lower bench.

481, Tunnel on shore of Bering Lake, halfway between Poul I'olnt ‘and Dick Creek.
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Analyses and tests of Bering River coals.—I1.

SAMPLES A§ RECEIVED.

“ £ Proximate analysis. Ultimate analysis. Calorific value,
23
§ s % g | g . =
s | £ %5 | 2 |8s| B £
o o] 0 - z = 2 J Q5
Al g | g- |axl T = :i; £ g . ; S8
o | 5|5 |58 8 | 2% E|® | g 18|58 & | a8
B | 5 ° - |82 | = = 2 S A VS a5
g1 2|2 |8 g |28 3 4 | &3 E1 8] 2|8
g 2 | 4 & s |0 . Cl 5 > ] = |9 = =
@ | = | B = B | > [ < | | H| S | 4|0 |35 | A
6312485 | 2,17 (1.90(8.97 | 4.41 [ 86.54 | 5.08|1.10 [ 3.54 | 81.60 | 1.36 | 7.32 | 7,590 | 18, 662
55| 2480 | 154+ | 6.10 | 8.01 | 6.01 | 82.47 | 3.51 | 1.11 | 4.18 | 80.47 | 1.48 | 9.25 | 7,500 | 13,500
b6 | 2483 | 10.5 [13.20 |14.30 | 4.50  73.74 | 7.46 | .82 4.33 | 71.26 | 1.80 [14.83 | 6,651 | 11,972
b8 1249 | 15 5.2016.89 | 6.42(80.97 | 5,72 | .82|4.08|79.80 | 1.87 | 8.21 | 7,463 | 13,433
b9 | 2882 | 10 7.00 | 8.52 | 5.76 | 83.20 | 2.52 | 1.05 | 4.02 | 81.46 | 1.45 | 9.50 | 7,619 | 13,714
[ € ISR PO AU 8.34 | 5.42|81.38| 4.8 | .98 4.03(78.92|1.399.82 7,365 | 183,258
510 | 2481 | 5.25 | 5.00 | 7.55 | 9.28 | 78.44 | 4.73 | .79 | 4.19 | 76.51 | 1.41 {12.37 } 7,309 | 13,156
011 | 2479 | 2.85|1.50 | 4.34 | 9.19 | 81.61 | 4.86 | .51 | 4.04 | 80.90 | 1.28 | 8.41 | 7,538 | 13,568
dl4 | 4461 | 6.75|6.00 | 7.77 | 7.40 | 75.59 | 9.24 | .66 | 4.07 | 78.99 | 1.41 |10.63 | 6,983 | 12,569
416 | 4433 | 2.58 | 6.20 ] 7.43 | 6.86 | 71.35 | 14.36 | .57 |8.71 1 70.10 | 1.50 | 9.76 | 6,606 | 11,891
419 | 4462 | 2,67 [ 5.30 | 7.64 | 9.82 | 76.31| 6.23 | .57 | 4.43 ) 77.30 | 1.45 [10.02 | 7,255 | 13,059
d20 | 4459 | 1.67 | 1.80 | 2.95{ 6.81 | 76.74 { 14.50 | 1.08 | 3.69 | 74.09 | 1.18 | 5.46 | 7,104 | 12,787
a23 | 4431 | 18 5.0015.71 | 875)|80.89( 4.651.22 4.28 | 81.55|1.26 | 7.04 | 7,881 | 14,186
da26 | 4435 | 5 3.30 [ 4.19 ] 8.71 | 84.60 [ 2,50 | 1.42 | 4.35 | 84.01 | 1.45 | 6.27 | 8,091 | 14,564
427 | 4460 | 3 5.50 | 6.59 | -9.21 | 71.53 | 12.67 | .60 | 4.80 | 72.45 | 1.30 | 8.68 | 6,860 | 12,348
428 | 4430 | 7.42 [ 4.80 | 5.89  10.86 | 78.41 | -4.84 [ 2.50 | 4.81 | 78.19 | 1.33 | 8.83 | 7,539 | 13,570
[ )7 P TR N 6,01 | 8.69177.45 7.8 99 [ 4.14 | 76.91 | 1.36 | 8.75 | 7,317 | 13,170
429 1 44561 | 4 2.40 [ 3.69 | 13.17 | 77.10 | 6.04 | 3.08 | 4.20 | 79.99 | 1.44 | 5.25 | 7,751 | 13,952
b33 12489 | 8 1.30 (1.96 | 15,95 | 80.13 | 1.96 | .78 { 5.04 | 86.68 | 1.57 | 3:97 | 8,652 | 15,674
b36 | 2484 | 33 5.40 | 6.26,1 13.28 | 69.74 | 10.72 | .64 | 4.22 | 74.51 | 1.47 | 8.44 | 7,223 | 18,001
d43 | 4428 | 14 8.0019.37 112,99 | 74.02 | 3.62 ' .63 [4.87 | 77.19 | 1.22 112.47 | 7,424 | 13,363
dd4 [ 4455 [ 3 3.80 | 5.43 | 18.12 | 79.65 | 1.80 | .67 | 4.55 | 83.26 | 1.42 | 8.30 | 8,025 | 14,445
d48b| 4463 | 14.5 | 1.30 | 2.92 | 10.74 | 71.32 | 15.02 | 4.14 | 3.68 | 70.10 | 1.09 | 5.97 | 6,859 | 12,346
b55a[ 2486 | 27 3.00 | 4.32 [ 11.55 | 8L.70 | 2.43| .96 | 4.07 | 83.55 | 1.56 | 7.43 | 8,088 | 14,568
bbbe| 2495 | 31 4.60 [ 5.91 {11.95|78.09 ' 4.05] .77 [ 4.35|79.68 | 1.46 [ 9.69 | 7,626 | 13,727
a6 | 4453 | 8 3.20 | 4.01 [ 12.46 | 77.47 | 6.06 | 1.11 | 4.835 { 79.87 | 1.34 | 7.27 | 7,873 | 14,171
b62al 2492 | 11 3.70 | 4.40 { 13.00 | 78.77 | 8.83 | 1.56 | 4.61 | 83.82 | 1.35 | 4.83 | 7,999 | 14,398
b6dal 2491 | 19.6 | 5.40 | 6.10 | 12.26 | 76.20 | 5.44 | .61 | 4.58 | 80.79 | 1.85 | 7.23 | 7,743 | 13,937
a75 | 4454 | 2.58 [ 8.90 | 5.51 | 12.85 | 64.34 | 17.30 | 2.83 | 4.00 | 66.05 96 | 8.86 | 6,513 | 11,723
b76 | 2488 | 7 5.20 | 6.16 | 12.65 | 77.87 | 8.32| .70 | 4.70 | 82.63 | 1.28 | 7.37 | 7,962 | 14,332
a80s( 4437 | 5 5.20 | 7.74 [ 15.57 | 67.83 | 8.86 | .84 | 4.55 70.86 | 1.19 13.70 | 6,969 | 12,544
d80b| 4452 | 5.5 [2.70 [ 5.71 | 13.04 | 47.10 | 34.15 | 6.47 | 3.34 | 46.97 81 | 8.26 | 4,609 | 8,
d80c| 4436 | 6.3 |4.20 | 6.12 [ 11.72 | 51.11 | 81.05 | 5.25 | 3.62 | 61.23 96 | 7.89 | 5,038 | 9,068
d81 | 4427 | 4 4.60 | 5.14 | 13.90 | 76.96 | 5.00 | 1.16 | 4.50 | 80.68 | 1.38 | 7.28 | 7,814 | 14,065
(6,578 P U RN 5.84 1 12.95 | 72.26 | 9.45 | 1.89 | 4.31 | 75.17 | 1.29 | 7.89 | 7,807 | 13,152

¢ These numbers agree with the section numbers as given on

Pl. VITI and in the sec-

‘tions of coal beds (pp. 67-81). The arrangement is geographic from northeast to

southwest.

b Sample collected by G. C. Martin, 1905 ; analysis by F. M. Stanton, U. 8. Geol. Sur-

vey fuel-testing plant.

¢ Average of analyses 3-9 (anthracite).
¢ Sample collected by G. C. Martin, 1906 ; analysis by F. M. Stanton, U. S. Geol. Sur-

vey fuel-testing plant.

¢ Average of analyses 10-28 (semianthracite).
f Average of analyses 29-81 (semibituminous.)

LOCALITIES.

b 3. Gulch at head of Second Berg Lake. .
b5, Carbon Mountain, east side, second opening from west on hillside trail,
b 6. Carbon Mountain, east side, first opening from west on hiliside trail.
b8, Carbon Mountain, west side, north end of hillside trail.
b9, Carbon Mountain, west side, south end of hillside trail.
b10. Carbon Mountain, west side, near crest at trail.

b11. Carbon Mountain, west side, 50 feet below the last.
d 14, Tributary to Canyon Creek on east side and next

630
520 feet.

below Hunt's cabin, elevation

feet.
416, Tributary to Canyon Creek on east side and next below Hunt's cabin, elevation

419, Carbon Mountain, west side, creek opposite: mouth of Canyon Creek, elevation 950

feet. .
¢ 20. Carbon Mountain, west side, creek opposite mouth of Canyon Creek, elevation 900
t

eet.
4 23, Tunnel on north bank of Clear Creek, above the falls,
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Analyses and tests of Bering River coals.—II—Continued.

AIR-DRIED SAMPLES (calculated from table on p. 86.)

Proximate analysis. Ultimate analysis. Calorific value.| Indices,of classifi-

cation.

. g8 | z E :olE
5 °s | 3 : Bl |ss
> . °3 I . & 9 >
AEEF-A sl 8| 2|5 e g | 555|286
2 = 5 g 8 = a8
=l 2|22 g | |22 2|8 |8]zc |8 |5 |28)5"

Bl | A 1G5 |25 12153 |8 |23|8°|%
|2 |» R |24 |3 || 8|8 |S| 38 |A g9 |8
3| 211 | 4.49|88.22 | 5.18 [ 1.12 | 3.39 | 83.18 | 1.39 | 5.74 | 7,787 | 13,927 19.62 | 24.54 | 14.40
b5 | 2.03 | 6.40 | 87.83 | 3.74 | 1.18 | 3.73 | 85.70 | 1.57 | 4.08 | 7,987 | 14:377 133172 | 22.98 { 21100
b6 |1.27 | 618 |84.96 | 859 | .94 {8.30 | 82.10 | 150 | 857 | 7,662 | 13,793 [16.39 | 24.85 | 23.00
b8 | 1.78 | 6.77 | 85.41 | 6.04 | .86 |3.69 8418 | 1.45 | 3.78 | 7,872 | 14,170 [12.61 | 22.81 | 5.7
b9 | 1,64 | 6.19 | 89.46-| 2.71 | 1.13 | 8.49 | 87.59 | 1.56 | 3.52 | 8,192 | 14,742 [14.44 | 25.10 | 24.88
(¢} | 177 | 5.81|87.18 | 6.25 | 1.05 | 8.52 | 84.55 | 1.49 | 4.14 | 7,890 | 14,202 [15.36 | 24.06 | 21.13
10 [2.68 | 9.77 | 8257 [4.98 | .83 | 3.3 | 80.54 | 1.48 | 8.34 | 7,694 | 13,804 | 8.45 [ 21.03 | 9.66
11 (289 | 9.3 (8285 | 4.93 | .62 |3.93|8213|1.30 | 7.19 | 7,652 | 13,774 | 8.88 | 20.90 | 11.42
~d14 {1881 7.87|80.42]9.83 ¢ .70 |8.62|78.71 | 1.50 | 5.64 | 7,429 13,871 110.21 | 21.74 | 13.96
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d19 | 2.47 | 10.37 | 80.58 | 6.58 | .60 | 4.05 | 81.63 | 1.53 | 5.61 | 7,661 | 13,790 | 7.77 | 20.16 | 14.556
420 | 1.17 | 6.93 | 77.13 [14.77 | 1.10 | 3.55 | 75.45 | 1.20 | 3.93 | 7,234 | 13,021 (11.12 | 21.25 | 19.20
a23 75 ] 9.21|85.15|4.89 | 1.28 | 3.93185.84 (1.33|2.73 | 8296 | 14,933 | 9.24 | 21.84 | 31.44
426 921 0.01/87.4912.58|1.47 | 4.12 | 86.88 | 1.50 | 8.45 | 8,367 [ 15,061 | 9.71 | 21.09 | 25.18
d27 11,1561 9.75175.69 113.41 | . 3.90 [ 76.67 | 1.38 | 4.01 [ 7,269 | 13,067 { 7.77 | 19,66 | 19,12
a28 [ 1.16 | 11.41 | 82.36 | 5.08 | 2.63 | 8.97 | 82.13 [ 1.40 | 4.79 | 7,919 | 14,254 | 7.22 | 20.69 | 17.15
(e) | 1.64} 9.10 | 81.03 | 8.24 | 1.04 | 8.81 | 80.47 | 1.42 1 5.02 | 7,655 | 13,776 | 9.08 | 21.16 | 17.82
d29 | 1.82 | 13.49 | 79.00 | 6.19 [ 3.16 | 4.03 | 81.96 | 1.47 [ 3.19 | 7,942 | 14,295 | 5.85 | 20.34 | 25.69
b33 67 | 16.16 | 81.18 | 1.99 79 14.96|87.82|1.59 | 2.85 8,776 | 15,779 | 5.02 | 17.71 | 80.81
b36 | .91 | 14.04 | 73.72 |11.33 68 | 3.83|78.76 | 1.65 | 3.85 1 7,635 | 18,743 | 5.26 | 20.56 | 20.46
a43 11,49 | 14,12 | 80.46 | 3.93 68 [ 4.33 183.90 | 1.33 { 5.83 | 8,070 | 14,525 § 5.70 | 19.38 | 14.39
d44 1 1.69 | 13.64 | 82.80 | 1.87 70 1 4.29 | 86.565 | 1.47 | 5.12 | 8,342 1 16,016 { 6.07 | 20.17 | 16.90
a48b! 1.64 | 10.88 | 72.26 15.22 | 4.20 | 3.58 | 71.02 | 1.10 | 4.88 | 6,949 | 12,509 | 6.64 | 16.91 | 14.55
b55u( 1.36 | 11.91 | 84.22 | 2.51 99 | 3.85|86.13 | 1.61 | 4.91 | 8,338 | 15,008 | 7.07 | 22.89 | 17.54
b55¢] 1.37 1 12.53 | 81.85 | 4.26 81 |4.02(83.52|1.53|5.87 7994 | 14,380 | 6.563 | 20.78 | 14.23
460 84 1 12.87 | 80.03 | 6.26 | 1.15 | 4.12 | 82,51 | 1.38 | 4.568 | 8,133 | 14,639 | 6.22 | 20.03 | 18.02
b62a .72 13.50 | 81.80 | 3.98 | 1.62 | 4.36 | 87.04 | 1.40 | 1.60 | 8,306 | 14,950 | 6.06 | 19.96 | 54.40
b6dal .74 | 12.96 | 80.55 | 5.75 64 | 4.21 ] 85.40 | 1.43 | 2.57 | 8,185 | 14,733 | 6.22 | 20.29 | 83.23
a76 | 1.68 | 13.37 | 66.95 (18.00 [ 2.95 | 8.71 | 68.73 | 1.00 | 5.61 | 6,777 | 12,199 | 5.01 | 18.53 | 12,26
b76 | 1.01 | 13.85 | 82.14 | 8.50 7414.35|87.16 | 1.35 12,90 | 8398 | 15,108 | 6.15 | 20.04 | 30.06
a80af 2.68 | 16.42 | 71.556 | 9.35 89 |4.20 | 74.75 | 1.25 | 9.56 | 7,351 | 13,232 | 4.36 | 17.80 | 7.82
d80b| 8,09 | 13.40 | 48.41 135.10 | 6.65 | 3.13 | 48.27 | .83 | 6.02 | 4,788 | 8,619 | 3.61 | 15.42 | 8.0L
a80ci 2,01 | 12.23 | 58.35 (32.41 | 5.48 | 3.29 | 53.48 | 1.00 | 4.34 | 5,259 | 9,466 | 4.36 | 16.26 | 12.32
a8l | .57 | 14.57 | 79.62 | 5.24 | 1.22 | 4.18 | 84.57 | 1.45 | 3.34 | 8,191 | 14,744 | 5.46 | 20.23 | 25,32
(f) [ 1.40 | 18.50 | 75.29 | 9.82 | 1.96 | 4.03 | 78.83 | 1.34 | 4.53 | 7,614 | 13,703 | 5.62 1 19.19 | 20,94

LOCALITIES—Continued.

4 26. Tunnel at base of Clear Creek falls.
1;5%)7} ’l‘trlbutary to Clear Creek heading southeast of Monument Mountain, elevation
, eet.
12"0%8.‘[‘ ’l‘tributary to Clear Creek heading southeast of Monument Mountain, elevation
, eet.

429, East bank of Clear Creek, 2.9 miles above its mouth.

5 33. Trout Creek, tunnel opposite house.

b 36. Trout Creek, tunnel one-fourth mile below house.

443, Kushtaka Ridge, east side, 1% miles north northwest of cabin, elevation 1,600 feet.

¢ 44, Kushtaka Ridge, east side, 1 mile north northwest of cabin, elevation 850 feet.

4 48D, Tunnel on east face of Kushtaka Ridge, elevation 790 feet.

5 55a. Northwest bank of Queen Creek, upper bed.

b 5H5¢. Northwest bank of Queen Creek, lower bed.

460. Tunnel on Leeper Creek, one-third mile above its mouth.

b G2a. Tunnel on south hank of Carbon Creek.

®G4a. Tunnel near mouth of Nevada Creek.
003 71,5 t'1"1-ibntary to Falls Creek, one-half mile northeast of Christopher’s cabin, elevation
2 feet.

b 76G. Cliffs on Falls Creek, 1 mile north of Bering Lake, elevation 110 feet,
, (‘]‘8051. Gulch two-fifths mile southwest of Mount Hamilton, elevation 1,100 feet, upper
hed. .
@' 80b. Gulch two-fifths mile southwest of Mount Hamilton, elevation 1,100 feet, Jower
hed, upper bench. s

¢ 80¢. Guleh two-fifths mile southwest of Mount Hamilton, elevation 1,100 feet, lower
bed, lower bench. ]

@81, Tunnel on shere of Bering Lake, halfway between IPoul Point and Dick Creek.
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The tables on pages 84-87 contain proximate and ultimate an-
alyses and calorimeter tests of the samples collected in 1905 and 1906.
These analyses and tests were all made at the United States Geo-
logical Survey fuel-testing plant, under uniform methods and condi-
tions, and are hence better adapted for comparison with one another
than the other analyses. “These proximate analyses (p. 84) of the

samples collected in 1905 are not the same as the analyses of the same
samples given in the other table (p. 86). No ultimate analyses were
made until after the 1906 samples were collected, when ultimate
analyses were made on both the 1905 and 1906 samples, and the proxi-
mate analyses on the former were repeated. The differences between
the two sets of proximate analyses on the same samples represent the
alteration in the coal samples which took place during the-fifteen
months that elapsed between the dates of the two analyses.

Phosphorus was not determined in any of the samples collected by
the writer, but a group of 17 analyses made under private auspices
show phosphorus® ranging from 0.003. to 0.070 and averaging 0.017.
The exact localities of these samples, as well as the methods of sam-
pling and analyses, are not known. :

CLASSIFICATION OF THE COAL.

Schemes of classification.—Coal is classified according to its phy- .
sical properties, behavior on burning, products of distillation, and
chemical composition, into the main classes of anthracite, bituminous,
and lignite. Further divisions include semianthracite and semibi-
tuminous, which are intermediate between anthracite and ordinary
bituminous coal; coking coal, splint, block, and cannel, which repre-
sent special phases of bituminous coal; and subbituminous, which is
intermediate between bituminous coal and lignite. The Bering River
coal is all either anthracite, semianthracite, or semibituminous, so the
basis of classification of only these will be consuiered here.

No one of the characteristics enumerated above forms a sufficient
basis for the classification of coal, and since each class of coal proba-
bly grades completely across into other classes, it follows that if a
large enough number and variety of coals are under consideration, no
sharp divisions can be recognized even if all the properties are known.
Yet, as.a general thing, since some of these properties follow from
certain others, a'given coal can usually be referred to its approximate
position without knowledge of all its properties. For example,
anthracite can be recognized and distinguished from all the other
classes by its physical appearance, by the way in which it burns, by
the relative amounts of volatile hydrocarbons and nonvolatile carbon
which it yields on distillation, and by its chemical composition.
Semianthracite and semibituminous can not as a general-thing be
dlstlngulshed from each other by their physical appearance, but they

e Comparce with phosphorus in Fairmont, West Virginia, coking coal, p. 111.

B
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can be distinguished by the amount of flame and smoke, by the fact
that semianthracite will not coke while semibituminous will coke, by
the relative proportions of the products of distillation, and by chem-
ical composition. Similarly semibituminous and bituminous coal can
not usually be distinguished by physical appearance or by coking
properties, but can be distinguished by the length of flame, by the
amount of smoke, by the relative proportions of the products of dis-
tillation, and by the chemical composition.

It can be seen from the preceding paragraph that either the prod-
ucts of distillation or the chemical composition suffices for the recog-
nition and separation of the classes of coal here represented.

The products of distillation are usually determined as moisture,
volatile matter or “ volatile hydrocarbons,” fixed carbon, and ash;
and the determination of them is called a ® proximate analysis.” ¢
The relative proportion of the products of distillation is usually rep-
resented by the quotient of the fixed carbon divided by the volatile
matter, or, as it is usually called, the fuel ratio, which is a convenient
index of the classification of the coal. Fuel ratios which have been
in use for the last sixty-five years or more were made the basis of a
coal classification which was proposed by Frazer ? in his work for the
Second Pennsylyania Survey and which has come into quite general
use, though with some modification of the limits of the various
classes.

As originally stated by Frazer the fuel ratios of anthmclte ranged
from 100 to 12, of semianthracite from 12 to 8, of semibituminous
form 8 to 5, and of bituminous from 5 to 0. The terms semianthra-
cite and semibituminous, as used in the trade, are applied to coals
with somewhat different ranges of fuel ratio than those used by
Frazer. Consequently a somewhat different grouping has come into
use, in which anthracite is recognized as having a fuel ratio above 10,
semianthracite from 10 to 7, semibituminous from 7 to 3, and bitu-
minous of various kinds, subbituminous and lignite below 3.

The chemical composition of coal is determined in the form of an
“ultimate ” or elementary analysis. The relative proportions of
these elements, or of some of them, can then be used to determine the
relations of the various coals. These proportions are usually used in
the form of a ratio, or index of classification, such as the ratio of
carbon to hydrogen, carbon to oxygen, or some other ratio? or

e This term, although well enough understood for practical purposes, Is somewhat
misleading, for analysis implies a separation into constituents, yet the volatile matter
ag obtained in a “ proximate analysis' is not a constituent of the coal, but a product

of destructive distillation. )

: b Trans. Am, Inst. Min. Eng., vol. 6, 1877, p. 430; Geol. Survey Pennsylvania, Vol. MM,
1879, pp. 128-144. .

¢ Campbell, Marius R., Trans. Am. Inst. Min. Eng., vol. 36, 1906, pp. 824-340; Prof.
Paper U. 8. Geol. Survey No. 48, pt. 1, 1906, pp 156-173.

¢ Parr, 8. W., Illinois Geol. Survey, Bull. 3, 1906, pp. 27-78. Grout, Frank F., Economic
. Geology, vol. 2, 1907, pp. 225-241. '
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proportion, involving in some cases more than the elementary compo-
sition of the coal. None of these schemes have been elaborated and
the exact boundaries defined for the classes of coal here under consid-
eration, nor has it yet been shown that for these kinds of coal they are
any improvement over the old fuel ratios. The fact is that any ratio
or index of classification is of value only as a convenient index, and
that a satisfactory classification must be based upon all the properties
of coal and on a knowledge of its genesis.

Variation in character—The table of analyses on page 84 shows

‘that there is considerable difference in the relative proportion of

fixed carbon and volatile matter in coals from the eastern and the
western ends of the field; in that from the eastern end the amount
of fixed carbon is greater and the volatile matter is less, and hence the
fuel ratio is greater. East of Carbon Mountain, and in the nerthern
end of the valley of Canyon Creek, the fuel ratios exceed 11, ranging
from 11.42 to 15.88. In the lower end of the valley of Canyon Creek
and in the upper end of the valley of Clear Creek, the fuel ratios
range from 6.43" to 11.12. In the lower part of the valley of Clear
Creek, and everywhere west of it, the fuel ratios range from 6.64 to
3.97 or 3.40. , '

The tables of analyses on pp. 86-87 show somewhat different fuel
ratios, ranging in the eastern district from 12.61 to 19.62, in the mid-
dle district from 7.22 to 11.12, and in the western district from 3.61
to 7.07. The fuel ratios of both tables thus show that the.coal is
anthracite in the eastern district, semianthracite in the middle dis-
trict, and semibituminous in the western district.

The carbon-hydrogen ratios also show quite plainly the differences
in the character of the coal of the three districts. These ratios range
in the eastern district from 22.81 to 25.10, in the middle district from
19.66 to 23.21, and in the-western district from 15.42 to 22.89. There
is some overlapping of values, but in general the differences between
the three districts are quite plainly shown. These limits do not agree
very well with the provisional limits suggested by Campbell ¢ of
26 (%) to (?) for anthracite, 23 (?) to 26 (?) for semianthracite,
and 20 to 23 (?) for semibituminous. Campbell’s grouping of these
classes of coal was, however, not based upon a sufficient number of
analyses, and he suggested that the limits would probablv be changed
when more analyses were available.

e This sample contains 24 per cent of ash., Consequently, since excessive ash usually
appears to lower the fuel ratio, possibly because of the affinity of clay for oily sub-

. stances, the next lower fuel ratio (7.22) should perhaps be regarded as near the typical

lower range of this group of coals.

® This sample (No. 65) also contains an excessive amount of ash and consequently has
an abnormal fuel ratio.

¢ Campbell, Marius R., The classification of coals. ’Frans. Am. Inst. Min. Eng., vol.
36, 1906, p. 340.



CLASSIFICATION OF COAL. 91

Carbon-oxygen ratios fail utterly to show any unity of character
of coal in either district, or any marked difference between the sev-
eral districts. The highest ratios (54.40 and 33.23) are from coking
coals of the western district, and some of the lower ones (9.66 and
14.49) are from coals whose other characters are anthracitic.

The carbon-oxygen ratio is theoretically a good index of classifi-
cation, but it fails practically for these classes of coals, because in-
complete removal of moisture in air drying has an inordinate effect
upon the ratio, since moisture is eight-ninths oxygen, and conse-
quently a very little residual moisture can contain more oxygen than
the dry coal should. When we have an accurate and standardized
method of removing extraneous moisture (and nothing else), then the
carbon-oxygen ratio should furnish an excellent index of classifica-
tion of coal, but at present its use is impractical.

The separation of the coals into three groups (p. 90) on the basis
of their fuel ratios is confirmed by the fact that the coals of the east-
ern group show some of the physical properties (p. 81) and the be-
-havior on burning (p. 82) characteristic of anthracité, while the
coals of the western group have the physical properties, flame, and
coking properties of semibituminous coal. The coals of the interme-
diate group are soft, burn with a short smokeless flame, and do not
coke, thus agreeing in all their properties with the semianthracites.
The limits of these groups, as far as could be determined from the
present investigations, are shown on Pl. VIIT (pocket), which gives
the area and distribution of the anthracite, semianthracite, and semi-
bituminous. Those limits are subject to revision in the light of fur-
ther knowledge, especially where the lines are drawn through regions
from which no samples have been tested. It will doubtless be found
that such lines, as far as definite lines of separation exist, are sinuous,
and that the area of each group contains outlying areas of the other
groups. Within each of the groups as outlined above no regular
variation has been noted.

The explanation of this geographic variation is to be found in the
relation to the structure. The anthracite occurs in a region of great
structural complexity (p. 42), the rocks being very closely folded
and much faulted. The coking coal occurs in a region of simpler
structure in which the folds are open. The semianthracite occupies
a region of intermediate structural type. Distance from the Chu-
gach Mountains also doubtless has played a part in the distribution
of the various kinds of coal, especially if there have been intrusions
of large and numerous igneous masses subsequent to the deposition
of the coal. Local intrusions are more abundant in the anthracite
region, but appear not to be either numerous enough or large enough
" to have been- primarily responsible for the regional variation in the
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coal. Where such dikes or sills (pp. 70, 71, 72) have come into direct
contact with the coal they have driven off the volatile constituents
and transformed part of it into a dense natural coke, as shown on Pl
IX, B. The effect of such intrusion, as far as could be judged from
the instances noted, was extremely 100‘11 the coal being alteled for
only a few inches from the contact.

COMPARISON WITH OTHER COAL.

It was stated above (p. 81) that coal having all the physical char-
acteristics of the best anthracite is known in this region only from
float specimens and from outcrops which have not been sampled.
The physical properties of these leads to favorable comparison with .
the best Pennsylvania anthracite. Workable beds of such character
have, however, not been opened or sampled, and it is not known
whether they exist.

The samples of anthracite, of which analyses and tests are given
on pages 84-87, came from beds which do not show all the physical
properties of the best anthracite. The analyses and tests also show
“that this coal is of somewhat lower degree of carbonization than the
best Pennsylvania coal. It is, however, as far as chemical and com-
bustion properties are concerned, an e.\cellent fuel.

The semianthracite is of about the same character as the Loyalsock
or Bernice basin coal of Pennsylvania.

The semibituminous coal is very close in composition, heating
power, and in most of its other properties to the Pocahontas (West
Virginia) and Georges Creek (Maryland) coal and to 0the1 coals of
the Appalachian coal fields.

The fuel and commercial value of these coals as compared with
other coals with which they may come in competition are discussed
under the heading of markets (pp. 111-112).

PROSPECTIVE MINING CONDITIONS.

The geologic factors which will affect the cost of mining in this.
region include the topographic position of the outcrops, the steep
- dips and complicated structure, the variability in thickness and the
possible lack of persistence of the beds, the friable character of the
coal, and the occurrence of explosive gases and of large amounts of
underground water. These, with the additional questions of title to
the land, of cost of labor and supplies, of transportation, and of
markets, determine the possibility of profitable mining.

POSITION OF THE COAL.

The coal-bearing rocks occur in.regions of considerable relief, and
consequently a large amount of the coal is above drainage level. A
large number of the coal beds are known to outcrop in the bottoms of

o o e e ey T p———————
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A. VALLEY OF SHEEP CREEK, SHOWING COAL OUTCROPS ON THE MOUNTA!N FACE.

B. NATURAL COKE AND DIABASE SILLS AT THE SOUTH END OF CARBON MOUNTAIN.
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the valleys, and the dip is such that all (if persistent for that dis-
tance) can be reached by tunnels at the level of the valley floors.
There is no doubt that enough coal can be thus reached to support a
large mining industry for a long time. Shafting or slope mining
will not be necessary for many years, although the later development
of the region will doubtless depend on the. coal which is below the
general drainage level.

ATTITUDE OF THE COAL.c

~ The effect of dip, in addition to that discussed above in regard to
the posmon of the coal beds, is chleﬁy to determine the method of
mining. Steep dips do not make mining impossible or even exces-
‘sively costly They introduce no problems which have not already
been successfully met in other fields.

The possible overturned folds and the faults introduce problems
the scope of which can perhaps be determined only by exploration of
the seams in depth. It seems probable that there are areas within the
field in which, because of these difficulties, the coal can not be suc-

cessfully mined. (See fig. 1, p. 42.) These must be determined by

careful surface prospecting, followed by either boring or tunneling at
critical points. The anthracite field is especially liable to be affected
by these difficulties, which, on the one hand, will be compensated for,
in part at least, by the gleatel value of the coal.

PERSISTENCE OF THE COAL. TS

Variability in thickness of the seams, especially of the thicker ones,
may be considered an ever-present problem, the exact magnitude of
which can be determined only by underground e‘iplomtlon It is
the current belief in the region that the seams will assume constant
thickness and attitudes as soon as they are followed under,a heavy
cover of overlying rock. Such is not necessarily the case. The
swellings and pinchings of the coal do not depend on the nature of
the surface of the ground, but on the mode of formation of the coal
bed and on’the structure of the rocks. Faults or breaks in the coal,
pockets, and squeezes are just as liable to be found under the center
of a uniform plateau as on the edges of canyons, and must be deter-
mined by the position of the rocks in solid outcrop or by boring or
tunneling, and not by the character of the surface of the ground. It
is certain that these variations will always be a serious problem in
mining in this region; but on the other hand, it is likely that they
will in large degree be balanced by numerous areas of excessively
thick beds and by the high fuel value of the coal.

¢ See descrlpfion of the structure, pp. 42-43.
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PHYSICAL CONDITION OF THE COAL.

The friability of the coal, if it persists beyond the zone of surface
weathering, will very seriously affect the market value of the anthra-
cite. If the anthracite yields a large proportion of slack, and
especially if it crushes during transportation, it will be at a decided
disadvantage in the market. No openings on the anthracite have as
yet been driven beyond the zone of surface disintegration, so it is
impossible to tell whether or not the coal below the surface is suffi-
ciently firm to stand handling. In some of the stream beds are nu-
merous pleces of anthracite whlch are firm and hard, indicating either
that these pieces came from fresh exposures, where the coal was not
softened and broken up by frost and other weathering, or that there
are beds which are better than those which have been prospected.
An opening driven to a sufficient depth on one of the beds would
settle this question.

The semibituminous coking coals, although equally friable, are
not so seriously affected by this condition, for, as has already been
pointed out, such coals will probably be used in part for the manu-
facture of coke, and when used as steam or other heating coal they
will fuse'and form a solid mass as soon as put in the furnace.

PRESENGE OF WATER AND GAS.

It is probable that underground water will be encountered in la,rge
amounts, owing to the abundance of surface water and the deep frac-
turing of the rocks. Fortunately, there is a large amount of coal
above the general drainage level, so it will not be necessary to resort
to shaftmg for a long time. Consequently the water, although it
may be very -annoying, will not add materlally to the expense of
mlmng -

Gases have been encountered in several of the longer tunnels and
will have to be considered as a factor in the cost of mining. Tt will
probably be necessary to resort both to very careful ventilation and to
the use of safety lamps. Some legislative provision should be made
for this before mining begins. B

SHIPMENT.

There is now no available market for Bering River coal and there
will be none, except in a limited way for fuel at the local settlements
and oil wells, until shipping facilities are provided.

The question of transportation -to the several harbors under con:
sideration has already been discussed under railway routes (pp. 23-24).
A modification of these proposed methods of shipment has been sug-
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gested, which involves transportation of the coal by shallow-draft
barges from shoal water to wharves or anchorage on deep, sheltered
water. This plan is possible, although it has the disadvantage of
interference by the ice during part of the winter.

The cost of shipping coal from whatever harbor is chosen to the
places where the coal will be used depends on a readjustment of exist-
ing facilities and rates. The existing steamers, although they carry
little southbound freight except canned salmon and copper ore, will
furnish no adequate facilities for the shipment of the output of a
coal mine. When this region produces coal on a commercial scale
it must depend for shipment on special coal-carrying vessels. The
ocean rates under such conditions will bear no relation to the rates
on such commodities as the steamers now carry. Comparison should
rather be made with rates on ore and coal on the Great Lakes and on
coal on the regular ocean routes.

MARKETS. -

The question of markets for Alaska coal is a vital one in connection
with the present activity in the developments of coal lands, both in
"the Bering River field and elsewhere in Alaska. The problem has
already been discussed by Brooks ¢ and by the writer.? The following
discussion follows very closely that in the latter paper; but the sta-
tistics are brought up to date and the estimates revised.

CONSUMPTION OF FUEL IN ALASKA.

AMOUNT AND SOURCES.

The coal consumption of Alaska from June, 1904, to June, 1903, is
estimated at 110,000 tons, derived from the following sources:

Cohsumption of coel in Aluska, June, 1904, to June, 1905,

b Long tons.

Local SOPPIY e €9, 440
Imported from United States. . ______ 442 728
Twmported from foreign countries, chiey British Columbia ¢ 64, 832

110, 000

It is estimated that an additional amount of at least 137,000 tong is
consumed by steamers plying between United States or foreign ports

o Brooks, Alfred H., The outlook for coal mining in Alaska: Trans. Am. Inst. Min,
Lng., vol. 36, 1905, pp. 683-702. :

b Martin, G. C., Markets for Alaska coal: Bull. U. 8. Geol. Survey No. 284, 1906, pp.
18-29.

c Estimated (the available statistics being for the calendar year).

- From table on p. 97. ’
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and Alaska. This fuel comes largely from the home ports of the
steamers or chiefly from Puget Sound. The fuel of local coastwise
and Tiver boats is, however, included in the total of 110,000 tons. The
total coal consumed in Aldska and on voyages thereto- is at least
247,000 long tons.

This is not the entire amount of fuel used, for there is a large but
unknown amount of wood burned and over 2,700,000 gallons of crude
petroleum and 700,000 gallons of naphtha were shipped to Alaska
during 1905.

DISPOSAL.

This coal is consumed approximately as follows:

Distribution of coul consumed in Alaska, June, 1904, to June, 1905.

Towns and mines: ’ . Long tons.
Southeastern Alaska.________ S e e 42,000
Pacific coast from Yakutat to Dutch Harbor____._____ @10, 000
Bering Sea and Arctic coast_____________________ a 26, 000

Canneries and cannery boats:

Southeastern Alaska_____ . _____ - 5,000
Pacific coast from Yakutat to Chignik_______________ a5, 000
Bristol Bay o e 212, 000
. Steamers: . . :

Local coastwise and river steamers (excluding caun-
nery boats) . 210, 000
Puget Sound to southeastern Alaska__.______________ b 45, 000
Puget Sound to Prince William Sound and Cook Inlet_ b 23, 000
Puget Sound to Nome . _________________________ b 32, 000
San Francisco to Alaska_________-____________ e ¢ 17,000
British Columbia to southeastern Alaska_________ e ¢ 25,000
Troreign ports to Nome_ . ____________ ¢35, 000
247, 000

The bulk of the crude petroleum was used in-Seward Peninsula and
on the Yulkon, while the larger part of the naphtha went to the same
regions, the remainder being used on the Pacific Coast.. Almost all
of the crude petroleum and of the naphtha was used for heat and
power, the petroleum under boilers and the naphtha in engines.

o Bstimated from customs reports. The individual items may not be exact, but the total
of these items (110,000 tons), as given in the preceding table, is fairly accurate.

b 'rom data furnished chiefly by the steamship companies.

¢ Computed from tonnage and horsepower of boats.
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PROSPECTIVE INCREASE IN USE OF COAL.

The shipments of coal to Alaska during the last four years are
shown in the following table: '

Shipments of coal to Alaska, July (, 1902, to Junc 30, 1906.2

Twelve months ending June 30—
L]

. 1903. 1904. : 1905. . 1906.
%g?sg Value.b V{‘ggg Value.b {gz]“sf Value.b I{(())]lleg. Value.b
Domestic anthracite. ... 20 B276 |eeeeeeiiifonrennnn 5 1221 3 A P
Domestic bituminous...| 56,120 | 255,841 | 41,704 [8193,740 | 42,245 | 187,352 | 67,293 | $265, 047
Domestic coke 65 288 [ . 392 2, 2! 478 4,281 346 , 676
Foreign anthracite .....|........oeveemeai]ovnann]oon et 10 148 304 1, 836
Canadian bituminous .. 216, 089 2 | 261,987 59,272 | 260,110 41,481 | 187,812
Other foreign bitumin- . .
OUS.iuennrerenionneecnslornosnanns]oareonans 1,909 (2% 17 7 P PN P PR
Foreign bituminous, '
shipped via United | - .
States.......coeenenen 40 350 3,824 | 28,904 5,650 | 29,673 706 4,838
Total............. 110, 817 | 472,844 | 110,981 | 489,185 | 107,680 | 481,657 | 110,130 .46‘2, 709

@ Commerce of the noncontiguous territory of the United States, Bureau of Statistics,
1903, 1904, 1905, 1906.
b At port of shipment.

An increase in the consumption of coal is to be expected from the
present rate of development of the region and from the initiation of
new enterprises, such as the building of railroads and smelters.
These factors of increase will act directly, in the fuel actually con-
sumed by such enterprises, and indirectly in the stimulus to trade and
the increase in population which will result. Neither of these direct
factors will be large at first. A few small mines along the railroads
will supply all the fuel which they will consume, while all the cop-
per ore produced in Alaska in 1906 could be smelted with. less than
6,000 tons of coke. These items will, however, probably both increase
very rapidly and must be considered very important factors in the
development of local industries. Mines situated on the coast or hav-
ing tide-water connections will probably be able to supply a large
part of the bunker coal consumed on both local steamers and those
from the United States and foreign ports. This now amounts to
147,000 tons, divided as is shown in the table on page 96.

Mines shipping first-class coal from ports on Controller Bay or
Prince William Sound should be able to secure immediately half or
possibly all of the patronage of steamers running to Prince William
Sound and Cook Inlet, provided the prices are right. A large pro-
portion of the patronage of the other Alaska steamers can probably
be secured by shipping the coal either to the Alaska termini of

21803—Bull, 335—08——7 '

.
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these lines or to Puget Sound or Sem Francisco. The aggregate ton-
nage of Alaska steamers which, according to the reports of the
Bureau of Statistics, was increasing at the rate of 6 per cent per
annum from 1903 to 1903, increased 17 per cent from 1905 to 1906.
A rapid rate of increase may be expected in the future.

COMPETITION WITH PETROLEUM.

The question of the competition between coal and ‘petroleum very
seriously affects the possibility of developing an important coal-min-
ing industry in Alaska. The use of petroleum has already, to a large
degree, stopped the mining of coal on-the Yukon for the river steam-
ers and has driven out part of the imported coal used both there and
in other parts of Alaska. It has also, to.a large extent, driven the
Washington, Oregon, and British Columbia coals from the San Fran-
cisco market, thus spoiling what might otherwise be a very important
market for Alaska coal.

USE OI' PETROLEUM 1IN ALASKA.

The nnporta,tlon of petroleum and its fuel products into Alaska is
shown in the following table' :

Nhipments of petroleum to Alaska.”

Crude petroleum. Nuphthas.
Period. -
1 Gallons. | Barrels. | Value. | Gallons. | Value..
Six months ending— . l
December, 1902. ..... ...l 21,000 500 $390 60,368 | $12,186
June, 1903 .......... et 20,000 [ 28,000 | 210,147 33,831
December, 1903 cees 24,000 | 36,000 | 84,776 18,054
June, 1904 .......... .. 24,010 | 35,823 | 231,658 43,814
December, 1904 ) 24,001 33,603 | 106, 623 23,904
June, 1905 .......... .. ; 326 42,389 59,204 | 499,196 75,187
December 1905 4 22,263 31,864 | 214,300 34 734
June, 1906 ............ 34,002 20,400 | 361,681 60 214

30,000 | 18,009 | 219,297 40, 480

@ Monthly summary of commerce and finance, Bureau of Statistics, 1902-1906.

EFFECT OF CALIFORNIA PETROLEUM ON PACIFIC COAST COAL TRADE.

It is believed by many that the coal industry on the Pacific coast
-will not be able to survive this competition, but that California petro-
leum, because of its lower cost, will ultimately displace coal in all
uses to which petroleum is applicable. The statistics contained in
the following table will shed some light on this subject:
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Relation of production of petroleuwm to output and price of coal on the Pucific

coast.
Production of coal on the Pacific coast (short tons.)
Production, ' ) Total Pa-
Year, Ogl}l)ﬁltri?]l' Culifornia. b Oregon. ¢ Washington. d Vf:}'ﬁfﬁg.‘fr c;gg gngt
Lalifornia - . tion.

{barrels).a =
Amount. pzlslt%%. Amount. pgf ‘1%‘% Amount. [)E[‘:‘t?)ell. Amount, | Amount.
| 1,208,482 | 75,453 | $2.33 | 73,685 | $3.36 | 1,191,410 | €2.16 | 1,058,045 | 2,398,595
1,262,777 78, 544 2,12 |- 101,721 2.90 | 1,195,504 2.00 | 1,008,769 | 2,379,538
1,903, 411 85,992 2.34 | 107,289 2,721 1,434,112 1.94 | 1,019,390 | 2,646,693
2,267,207 144,288 2.43 68,184 3.65 | 1,884,517 1.78 | 1,263,164 | 3,350,142
2,642,095 | 160,615 2.67 86, 888 3.00 | 2,029,881 1.78 | 1,347,583 | 3,625,059
4,324,484 | 171,708 3.05 58, 864 3.74 | 2,474,093 1.90 | 1,549,379 | 4,254,044
8,786,330 | 151,079 2.60 '69, 011 2.51 2,578,217 1.62 | 1,469,666 | 4,267,973
13, 984, 268 84,984 2.99 65, 648 2,44 | 2,681,214 1,72} 1,397,385 | 4,229,231
.. 24,382,472 | 104,673 2.82 91,144 2,42 | 3,193,273 1.69 964, 068 | 4,353,158
| 200649, 434 | 78888 | 4.76 | 111,540 | 2.18 | 3.137.681 | 1.63 | 1,145,887 | 4,473,996
.| 83,427,473 77,060 4.97 | 109,641 2.58 | 1,864,926 1.79 | 1,113,519 | 4,165,136
33,098, 598 25,290 2.40 79,731 2.66 | 3,276, 1?4 1.80 | 1,339,383 | 4,720,588

o Minecral Resources . 8. for 1906, U. S. Geol. Survey, 1907, p. 831.

b [dem for 1905 (1906), pp. 554-556; for 1906 (1907), pp. 653-654. |
¢ Tdem for 1905 (1906), pp. 651-652; for 1906 (1907), pp. 707-708.
4 Tdem for 1905 - (1906), pp. 689-691; for 1906 (1907), pp. T33-736.
¢ Ann, Repts. Minister of Mines, British Columbia.

f Computed from the other items in this table.

Nore.—The price of coal per ton as given above represents “ spot value’ at the mines.

Variation in amount of coul produced and used on the Pucific coast (short tons).

. Coal con-
o Total Pacific|Shipmentsof | Coal con- Coal con- sumed on
. Year. ) coast pro- |coaltothePa-{sumedonPa-] sumed in | Pacific coast

- duction.e | cific coast.b | cific coast.@ | California. b outside
California.a

510,120 2,908,715

1,653, 520 1,255,195
. 458,727 | 2,838,267 | 1,505,660 1,332, 607
421,638 | 3,068,331 | 1,601,540 1,466,791
346,222 | 3,696,364 | 1,802,373 1,893, 991
299,047 | 3,925,006 | 1,740,027 2,184, 979
292,654 | 4,546,608 | 1,889,128 2,657,570
306,746 | 4,574,719 | 1,834,785 2,739,934
368,062 | 4,597,203 | 1,445 598 3,151,695
456,742 | 4,800,900 | 1,215,554 3,594, 846
208,039 | 4,772,035 | 1,051, 072 3,720,963

¢ Computed from the other items in these tables.

"'Thed)roduc‘tion of f’o‘“ in» 1904 (advance chapter from. Mineral Resources U. 8. for
1904), U. 8. Geol. Survey, 1905, p. 102.

During the ten years (1895 to 1904) completely covered by these
tables there has been an extraordinary increase in the output of Cali-
fornia petroleum. The production in 1904 (29,649,434 barrels) is
241 times the amount produced in 1895 (1,208,482 barrels). As this
was nearly all fuel oil it might be expected that it would displace a
large amount of coal and that we would find, throughout the same
period, a corresponding decrease in coal mining and coal trade not
only in California but in the other regions which supply California
with coal. The statistics, however, show that the production of coal
in California increased from 1895 to 1900 and has fluctuated, but on
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the whole fallen off, since that time. The production in Oregon has
shown an- irregular but quite general increase during this ten-year
period. The Washington mines have Increased thelr product to

almost triple. Vancouver Island mines had a not much greater out-

put at the end of the period than at its beginning, but 5howed a rise
and subsequent fall during the interval. Shipments from Atlantic
and oriental ports have decreased somewhat irregularly but very
decidedly during these ten years. The amount of coal consumed in
California has varied irregularly, but-has on the whole shown. a
decided decrease. The amount of coal consumed on the whole Pacific
coast (north of Mexico) has increased from 2,908,715 tons in 1895 to
4,681,012 tons in 1904. The increase on the Pacific coast outside of
California is even more striking, the amount having risen from
1,255,195 tons in 1895 to 3,629,940 tons in 1904, .

The price of coal mined in California increased during the period

~ under discussion, but subsequently fell (1906). Oregon and Wash-

ington coals decreased in value, although the price has been rising

from 1904 to 1906. No figures are at hand regarding the prlces of
Vancouver Island or other 1mported coals.
The general effect of the increase in petroleum has been to demoral-

ize the San Francisco coal market. The gradual increase in oil |

output from 1895 to 1900 was accomp(mled by a very prosperous
condition of the coal trade not only in California but throucrhout the
country. After this the output of oil became so great as to preclude
all possibility of competition by coal in the oil territory except for
those special uses to which oil can not be applied. That is, coal was
forced to seek markets of its own, which include, in addition to the
special ones mentioned above, those districts in which the relative
freight charges on coal and oil make competition possible. In the
former the price of coal rose and the demand increased. This result
may be attributed to the very factor which in other respects demoral-

ized coal trade. .The increase in petroleum output, furnishing a.

cheap and abundant fuel, stimulated general industrial conditions and
thus increased the demand for coal in its special markets.

The cuttmg down of shipments from the other Pacific coast fields to
San Francisco has resulted in a reduction in prices, caused by the at-
tempt to compete with the cheaper petroleum and by the lively compe-
tition of the coal mines among themselves in attempting to develop
and control new markets nearer home. They have been successful in

their home markets, as may be seen by the great increase (289 per

cent) in consumption of coal on the northern Pacific coast during the
ten years from 1895 to 1904. This means a large increase in manu-
facturing and other business intevests, and indicates that there is a
substantial permanent increase in the demand for coal, which helped
cause the lately increased price and .production and which, barring

<
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overproduction or an unlooked-for invasion of petroleum, should lead
to a continuation of the upward tendency in prices.

CAPABILITY OF COAL TO COMPETE WITII PETROLEUM,

The following factors determine the possibility and result of compe-
tition between cml and oil: , ~

1. Relative adaptability of coal and oil to the special -use nnder
_consideration.

2. Relative efficiency of oil and coal.

3. Relative prices as determined by cost of production and freight.
- 4. Supply available.

Relative adaptability.—The factor of relative adaptability deter-
mines the special markets for coal and for oil. In each of these
markets the other fuel can not compete at any price. The Bering
River coal, like some of the other Alaska coal, is of such quality that it
is especially suitable for use as a domestic fuel. As such it should find
a widespread market along the Pacific coast, selling at a high price
in San Francisco and the California oil fields. .Competition with oil
will be slight, at least until improvements are made in the methods of
burning oil. Competition with other coals will be considered in
another place (pp. 106-112)..

The coal from the western end of the Bering River field will pro-
duce a good quality of coke and, for this purpose, the coal. will not
come into competitior with petroleum, but should sell independent of
the presence and cost of oil, the price being determined solely by com-
petition with other coking coals. The present increase in steel and
smelter industries will make great demand for such coals.

The Bering River field will also furnish a high-grade blacksmith
coal. Petroleum will not compete for this purpose. In fact, the oil
fields of the Pacific coast will themselves constitute one of the most
attractive markets, and any extension of the oil fields will create new
demand for blacksmith coal. The present supply of such coal on the
Pacific coast is practically all brought from the east at great cost.

It does not seem practicable at present to adapt petroleum. to
general naval use. Petroleum will consequently not compete with
Alaska coal in this market. Much of the Bering River coal is of
such quality as to malke it especially suitable for use on warships or
wherever a high-grade smokeless steaming coal is required. The only
effect which petroleum has at present in this market is to render
other coal available for competition and thus indirectly to reduce the
selling price. If naval architects succeed in solving the structpral
and storage problems which at present keep petiroleum from being
used in thls way, present conditions will be dmnged for petroleum
has many advantages over coal for this use.
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Relative efficiency of coal and oil—The factor of relative efficiency
is determined primarily by the quality of the coal, the fuel value of
petroleum being more nearly constant.

The United States Naval “ Liquid Fuel ” Board has obtained thL
following results hom tests w1th the Hohenstein marine water-tube
boiler: : : .

Bquivelent evaporation from and ot 212° F. per pound of oil.®

' . Pounds.
Beaumont petroleum (average of 47 tests)_____________________________ 12.51
California petroleum (average of 20 tests)____________________________ 11.57
Mixture (dregs) of Beaumont and California petroleum (average of

2 tests) . A 11,52

Equivelent evaporation from end at 212° F. per pound of coal as fired.b

. . Pounds.
Tocahontas coal, run of mine (average of tests 1 to 8)._________________ 8. 65
Pocahontas coal, run of mine (average of tests 4 to 6) . ________________ 9. 40
New River coal, run of mine (average of tests 7 to 9) 9. 37
Pocahontas coal, hand picked and screened (average of tests10to17).._. 9.30.

From each can or bag of coal that was brought into the fireroom a specimen
was taken and collected in a box, 'so that there could be forwarded for analyéis
i fair sample of the fuel used.

The following table gives the result of the analyses of samples of each lot of
coal. The analyses were made by the chemist at the New York Navy-Yard:°©

Analyses of coal used in comparative fuel tcsts.

N Volatile Fixed Fuel
Moisture. | 1 ovtor carbor. Ash, Sulphur. ratio.
- Pocahontas coal, run of mine, )

used in tests1to 3 ....... e 0.49 17.61 73.80 8.60 0.48 4.16
Pocahontas coal, run of mine,

used in tests 4t06 ........... .79 19.53 75.78 3.90 .71 3.88
New River coal, run of mine, .
~usedintests 7t 9 ........... .49 21.79 72.99 4.73 .46 3.35
Pocahontas coal, hand picked :

and screened, used in tests

10t017. 0 ceeniiiai i LT3 19.62 76.81 , 2.84 | .73 3.91

74 - 3t -
Carbon. Hg‘ ednr'o Oxygen. Lglgf Sulphur.| Ash. | B.t. u.

Pocahontas coal, run of mine, / . .

used in tests1t03........... 28.26 3.89 4.12 0.64 0.49 8.60 14,067
Pocahontas ¢oal, run of mine,

used intests4t06........... 84.96 4.07 5.46 .90 .7 3.90 14,534
New River coal, run of mine, .

used in tests 090 nnnns. 83.60 4.85 4.87 1.41 .46 4.81 14,841
Pocahontas coal, hand picked :

and screened, "nsed in tests

108017 et . 85.94 4.45 4.50 1.14 .82 3.15 14, 992

« Rept. U. S. Naval “ Liquid Fuel ” Board, 1904, pp. 250-252.
b Op. cit.,, p. B2. ’
¢ Op. cit,, p. 10.
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The following conclusions are stated in the report:®

The relative evaporative efficiency of oil and coal as a fuel, as determined by
this extended series of comparative experiments, is practically in the propor-
tion of 15 to 10. The actual superiority of oil will be considerably greater, for
in the coal experiments unusual skill was exercised in the management of the
fires. Lump coal of superior quality was used; and as the tests with coal were
of comparatively short duration, the resulting loss from cleaning fires was
much less than would occur in actual service. 'The oil experiments, however,
were carried on under conditiong that more closely approximated those that
could be secured on board the sea-going vessel. The actual evaporative
efficiency of a pound of oil as compared with a pound of coal will therefore
be in the ratio of 17 to 10, and these figures can be regarded as substantially
correct.

* * * %* * * *

In noting the comparative economical efficiency, for naval purposes, of oil
and coal, there must also be taken into consideration the fact that a ton of oil
can be stowed in somewhat less space than a ton of bituminous” coal. Then,
again, it must be considered that in the carrying of the oil the compartments
can be more completely filled. The relative efficiency of oil and good steaming
coal from the naval standpoint of-fuel supply in war ships may thus be re-
garded as in the ratio of 1S to 10.

It was found by comparative tests of coal and oil on the steamship
Alameda between San Francisco and Honolulu that the efficiency of
equal weights of oil fuel and a mixture of British Columbia and
Australia coal was in the I“lth of 142 to 1, or that 1 ton of coal
equaled 4.10 barrels of oil.

The fo]lowmg quotations will show the relative values of vdrious
coals in comparison with petroleum :

Tests have proved that 1 pound of California pefroleum used on a passenger
locomotive evaporated 10.96 pounds of water from and at 212° I\, as compared
with 7.14 pounds of water under like conditions evaporated by 1 pound of
Comox bituminous coal, or 4 barrels of oil did the work of 1 ton of coal. This
is rather below the results attained by other tests, which in many cases showed
that from 3% to 3% barrels of petroleum did the work of 1 ton of coal.t

Comparison of petroleum with various coals.¢

Pounds of Burlrcls of . . 0
* ounds of |petroleum re- Less 10 per
wztt%r e:g{)z%- qu}lred to do (';’)‘?: a.flfgg‘l tcet?t' owing
p : rated at 21« the same . [to the greater
Combustible. ¥. per pound| amountof |°© ‘é‘&f(ﬁo economy
of com- evaporation 1 per barrel in handling -
bustible. | asltonof |* P | petroleum.
coal. .
Petroleum, 15° to 18° Baumé.................. B O ] .
Cardift lump, Wales ........ ceen 10.0 4.0 $4.00 $3.60
Cape Breton, Canada..... 9.2 | 3.7 3.70 3.83
Nanaimo, British Columb1 7.3 2.9 2,90 2.61
Cooperatwe, British Columbi 8.9 3.6 3.60 3.24
Greta, Washington. ....... 7.6 3.0 3.00 2.70
Carbon Hill, Washington... 7.6 3.0 3.00 T 2.70

¢ Op. cit., pp. 417-418. .

b Oliphant, F. H., The production of petroleum in 1901: Mineral Resources U. 8. for
1901, U. 8. Geol. Survey, 1902, p. 583.

¢ Oliphant, ¥. H., The ploduction of petroleum in 1903 (separate flom Mineral Re-
sources U, 8. for 1903), U. 8. Geol. Survey, 1904, p. 170.



104 CONTROLLER BAY REGION, ALASKA.
The following estimates have been gathered from various sources:

Equivalent in petrolewm of 1 ton of various coals.

Barrels of

petroleum.
Pocahontas coal ______________________________ L ___ 4.5
Georges Creek coal _______________________________________ 4.3
Pittsburg coal . . 4.3
Nanaimo coal . 3.2
Carbon Hill coal ___._______________ o __________________ 2.7

There is some variation in the values given. This may be ascribed
in part to differences in quality between different parts of the same.
field, in part to differences in the efficiency of the boilers, in part to
differences in value of various petroleums, and in part to errors.

There is, however, no doubt that a large part of the Bering River
«coal is of such high”grade that a ton of it will equal at least 4 barrels

“and probably 4.5 or more barrels of California oil. :

‘These figures are all based on the relative efficiency of coal and
petroleum when used with a stcam engine. The values representing
the relative efficiency of these fuels when used with a gas engine,® or
for direct heat (as in roasting or smelting, or in a stove), might be
very different.

Relative prices—Tt is impossible to here make any definite estimate
of the cost of producing and shipping Alaska coal. It would seem,
however, that it should not be much in excess of the cost in many other
western mining districts. It is reasonable to-assume that with proper
management it could be reduced below the present selling price on
Vancouver Island: 4 : :

Freight rates from Bering River mines to tide water ought not to
be excessive, and ocean rates from Alaska to Puget Sound or San
Francisco should be very low.

The price of California crude petroleum at the wells ranged in 1904
from 174 cents to $2 per barrel, depending both on local and tempo-
rary differences in supply and demand and on differences in quality.
The average price was about 28 cents per barrel, as compared with
30 cents in 1903. The cost per barrel, delivered at San Francisco, was
from $1.40 to $1.50 in 1904.

These prices in equivalents of Puget Sound coal, es’umatmg 1 ton
of coal as equal to 3 barrels of -oil, are as follows:

Petroleum at $0.125 per barrel = coal at $0.375 per ton.

Petroleum at $0.28 per barrel = coal at $0.84 per ‘ton.

Petroleum at $1.40 per barrel = coal at $4.20 per ton.

Petroleum at $1.50 per barrel == coal at $4.50 per ton.

The coal values will be about 25 to 83 per cent greater for the best
Bering River coal. They show that it is impossible for any coal to

« See preliminary report on the operations of the coal-testing plant, ete.: Bull. U. 8,
Geol. Survey No. 261, 1903, pp. 16, 17, 85-120.
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compete with fuel oil in those districts where oil has the advantage of
transportation rates. It is possible, however, that rates to San Fran-
cisco might be made such that coal and oil can compete. There ought
to be lively competltlon north of San Francisco if the cost of mining
and shipment of coal is reduced to a minimum.

Available supply—It is not likely that either petroleum or coal
‘could be produced on the Pacific coast in sufficient amount to sup-
plant the other without soon proving inmdequate to the demand, in
which case there would be an advance in prlce and consequent reopen-
ing of competition.

The following conclusions ¢ aré of interest on this point:

Careful consideration has been given the question as to the supply of crude
petroleum in the United States available for fuel purposes. This matter has
been specially investigated by I’rof Arthur L. Williston, of the Pratt Institute,
Brooklyn, N.' Y., who reports as follows:

“The supply of oil which is available for fuel in the United States, therefore,
is, first, the small percentage (probably not over 2 or 3 per cent) of the total

. production of the Pennsylvania and Ohio oil—the residuum from the process of
refining ; second, crude oil from the Ohio and Indiana fields, wherever the price
of coal makes the burning of oil at 95 cents or $1 per barrel (plus freight) profit--
able; third, those portions of the California oil which are not best suited for re-
fining ; fourth, practically the entire output of the Texas field.”

The demands for the better grades of oil for refining purposes will probably
keep pace with its production; consequently we can never expect to see such
grades of oil compete with coal to any large extent.

On the other hand, the refining value of the Texas oil and much of the Cali-
fornia oil is so low that.its value will probably always be largely controlled by
the, demand for it for fuel purposes. It is inconceivable that a fuel which has so
many distinct advantages, and which i’ not unlimited in its supply, should sell ’
in all markets at a price which would make it cheaper to burn than coal. Any
great demand for such a fuel would bring its price up at once. ’

On the other hand, so long as there is an assured supply of Texas and Cali-
fornia fuel oil, the price of such oil that has little intrinsic value for refining,
will probably rema’in low enough to enable it to compete successfully with coal
in those regions where coal is scarce in quantity and poor in quality. And the
area in which this condition exists is sufficiently wide to create a demand for
the fuel oil that will soon equal the supply, unless further stores of oil are found
as the demand for'it increases.

The fact should be remembered that in every region there is with each suc--
ceeding year a progressive proportionate increase in the percentage of the yield
consumed for illuminating purposes. -

The petroleum output of California in 1904, which was more than
one-fourth (25.33 per cent) of the production of the United States
and over 12 per cent of the entire production of the world, is the

“ Rept. U. 8. Naval “Ligquid Fuel ” BRoard, 1904, p. 416..
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equivalent of only 1.7 or 1.8 times the coal then burned on the Pacific
coast of North America alone. In 1906 the consumption of fuel oil in
California exceeded the production in that State.s It would appear
from this that the supply of fuel petroleum must increase very much
before it will be possible for petroleum to make much greater in-
roads into the coal market without ultimately causing a reactionary
advance In prices.- Such an increase from the present producing oil
fields is not probable.

COMPETITION WITH OTHER COAL.

ALASKA COAL.

There are many dlstrlcts n varlous parts of Alaska which may pro-
duce coal either for local use or for shipment. It is important to con-
sider all of these because, while only those which possess coal of the
best quality could compete with Bering River coal in outside markets,
most of them must be regarded as possible sources of lochl supply, and
may thus restrict the market which the better coal can reach.

The writer has recently published a brief summary? of existing
knowledge of Alaska coal, which has been extensively drawn upon
in the preparation of the following pages.

Distribution and area—The distribution of the coal fields of Alaska
is indicated on the map (Pl. X), which shows (1) known areas
of workable thickness of high-grade coal (anthracite and semi-
- bituminous) ; (2) known areas of workable thicknesses of lower-
_grade coal (bituminous and subbituminous); (3) known areas of
workable lignites, and (4) areas of coal-bearing rocks. The last
includes those areas which are known to contain some coal but in
which beds thick enough to be mined have not yet been discovered,
areas in which coal has been authentically reported, but concerning
which detailed information is lacking, and areas in°which the char-
acter of the rocks is similar to that in neighboring coal fields and
where, consequently, the occurrence of coal is to be expected. These
statements apply also to the table of areas given on p. 107. The areas
‘mapped as “ coal-bearing rocks” are consequently not’ well defined
and must be regarded as subject to considerable changes by subse-
quent e\plomtlon They are intended to indicate the regions in
which new discoveries of coal seem, in the light of our present knowl-
edge, to be most probable. The extent of the various areas noted
above, as well as the area of each individual coal field, is shown in
the following table, which gives a total of at least 1,238 square miles,

o Griswold, W. T.,\Mlneral Resources U. 8. for 1906, U. 8. Geol. Survey, 1907, p. 827.
b Martin, G. C., The Alaska coal flelds: Bull. U. 8. Geol. Survey No. 314, 1907, pp.
40-46.
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or 792,320 acres, of known workable coal, and 12,576 square miles,
or 8,048,640 acres, of “ coal-bearing rocks: ”

Areas ¢ of Alaske coul fields.

| Square miles.]

Areasd
Coal of coal:
arens. | bearing
rocks, -
Anthracite: "
Bering RIVeT. ... e 26.4
Matanuska River........o..ocooviiiiiiiiiinne. D 4.2
' 0.6
. 1
Semibituminous: .
Bering RIVEI...oooiiiiiiii ittt e everenaaas 20.2 620
Matanuska River . ceen 20.3
[67:0 T I T 11 o 1T S SN 14.2
' 54.7
Bituminous:
Matanuska River 22,0 900
Alaska Peninsula 69.0 667
Yukon Basin....... .. 167.0 2,490
Cape Lisburne ..... .. 206.0 1,266
Anaktuvuk River ceee 9.0 68
472.0 5,370
Total anthracite and bituminous...................... Cee et 557.3 5,990
Lignite: . . B
Southeastern Alaska........ ... i 10. 60
Cook Inlet region...... . 304, 2, 565
Southwestern Alaska .. 300
Copper River........... . 20
Yukon Basin e 1,667
Bering Sea............. . .. 5 426
Northern AJaska. ... ... oottt e .0 | 1,736
. 6,654
Grand total .......... L 1,238, 12, 676

a The differeiice between the areas given here ana those which have been published else-
where is due chiefly to the recognition of four classes of coal instead of three, and the
consequent division of the Lisburne areas. into semibituminous and bituminous and of the
Yukon areas into bituminous and lignite, and of similar changes in other smaller areas.

o See explanation on p. 106 .

Pacific coast region.—The Pacific coast coal fields (which include
the Bering River field) are of moderate area but of wide distribu-
tion. They include both Mesozoic and Tertiary coals, having a com-
plete range in composition from a good quality of anthracite,
through high-grade semibituminous steam and coking coals and ordi-
nary bituminous coal, to lignites of various character. The coal beds
are frequently of great thickness, especially where the coal is of high
carbonization, but unfortunately there usually goes with the high
grade of coal and-great thickness of bed an irregularity of geologic
structure unfavorable to mining conditions. The Pacific coast coals
are in general favorably situated for shipment, and in this respect,
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as in their character, offer possibilities for a larger, more regular,
and wider market than any of the other Alaska coals.

. Interior region—The interior region, which is here defined to
' mclude the valleys of Copper and Yukon rivers and their tribu-
taries, contains Cretaceous bituminous coal on’ the lower Yukon and
Tertiary lignite and subbituminous coal on the upper Yukon and in
the Tanana, Koyukuk, and Copper river basins. None of this coal
is suitable for export, but it may be of’ cons1derable importance as
local fuel. ‘

Bering Sea and Arctic slope.—The coal of this region has great
range in geologic age and great variety in character. Coal is present
in the Carboniferous, Jurassic, Cretaceous, and Tertiary. In the
Cape Lisburne region Carboniferous semibituminous and Jurassic
bituminous coals occur, and in the Colville basin Cretaceous bitu-
minous coal and Tertiary lignite are present. In other regions (ex-
cept at Wainwright Inlet, where the coal is Jurassic), the coal, so far
as is now known, is of Tertiary age and is lignite.

Tt is not likely that any of this coal is of immediate value for other
than local use. The high-grade coal at Cape Lisburne may find
an extensive market at N ome, but the shipping problems are serious.
The other coal is of such character that its market must be restricted
to local regions, in which the cost of better imported coal is high. It
may be of extreme importance and of great value in lotal operations,
but it is not good enough to ship very fzu from the mines.

Devélopments and  production.—The coal-mining industry of
Alaska is still in a practically undeveloped condition. Coal has been
mined intermittently and on a small scale at several places for many
years, but the, industry has never been of much importance, the maxi-
mum total production of all Alaska in any one year being less than
7,000 tons. This has been because the better coal has not been well
known until recently and can not be shipped without railway connec-
tions from the mines to tide water, and also because no adequate pro-
vision has been made for granting title to sufficient tracts to assure
profits on the large investments which are required.

The most active mining opera‘,tions have been on Cook Inlet, on the
Alaska Peninsula, on the Yukon, in Seward Peninsula, and at Cape
Lisburne. (All of these were carrled on to obtain local fuel on small
coastwise or river steamers, at mining camps, and at canneries.

The most important developments which are now going on outside
the Bering River region are preparatory to mining the high-grade
Matanuska coal on a'large scale for shipment away from the coal
fields. This coal, much of which rivals the Bering River coal in
amount and quahty, is adapted to use® on ocean steamers and rail-

e Martin, G. C., A reconnaissance of the Matanuska coal field, Alnska, in 1905 : Bull
U. S. Geol. Survey No. 289, 1906, 36 pp.
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ways and for the manufacture of coke, and for other purposes for
. which high-grade coal is required. Before this coal can be mined it
will be necessary to build about 150 miles of railroad.c It is believed
that this project is legitimate and that if favorable title can be ob-
tained the field will be producing on a large scale within a few years.
A railroad is now under construction.

The coal of.the interior and northern parts of *\ldska will prob-
ably be dependent for its market on local demand as long as better
coal is being mined in other regions—that is, it can now be sold only
where excessive freight rates on outside coals give it the advantage.
This local demand will depend chiefly on mining camps and will be
transient or permanent, according to whether the mining camps are
placer or lode. Such coal fields of the interior as may be on the line
of railroads or near lode mines, especially if the ores are smelting
ores and the coal capable of coking, will attain considerable impor-
tmm.ce,‘but these conditions are contingent on future discoveries and
developments, which can not be foretold.

Character of Alaska coal.—The character of the coal in the Alaska
coal fields has been stated in the previously published descriptions
of the various fields and has been referred to in the preceding pages.
A detailed discussion of this subject is consequently not necessary
here. The following table is a summary of all the analyses of Alaska
coal which have been made for the United States Geological Survey,
and will show approximately the character and comparative value
of the coal from the various known areas.

Analyses of Alaska coels.

: Vola- | o
District and kind of coal. Mois- | ype” | Fixed | 4, | Sul- | Fuel

ware. | oiter carbon. phur. | ratio.
ANTHRACITE. .
1. Bering River, average of 7analyses.............. 7.88 6.15 | 78.23 7.74 1.30 12.86
2. Matanuska River, 1sample........ccccevuennnnnn. 2.55 7.08 | 84.32 6.05 b7 11.90
’ SEMIANTHRACITE.
3. Bering River, average of 11 analyses............. 5.80 8.87 | 76.06 9.27 108 877
SEMIBITUMINOUS, 1 !

4. Bering Rlver coking coal, average of 28analyses.| 4.18| 14.00 | 72.42 9.39 1.78 5.28
5. Cape Llsburne, average of 3 analyses............ 3.66 | 17.47 | 75.95 2.92 .96 4.46

6. Matanuska River, coking coal, average of 16 .
ANALYSES L .iieeriiiiiiira i iieeiaeenannas 2.71| 20.23 | 65.39 | 11.60 .57 3.23

BITUMINOUS.
7. Lower Yukon, average of 11 analyses............ - 4.68 | 31.14 | 56.62 7.66 .48 1.90
SUBBITUMINOUS,

8. Matanuska River, a.vemge of 4 analyses......... 6.56 | 85.43 | 49.44 8,57 .37 1,40
9. Koyukuk River, 18ample. . oeuennnannnnnnns 4.47 | 84.32 | 48.26 | 12.95 |........ 1.40
10. Nation River, 1 sample ........................... 1.89 | 40.02 ) 55.56 3.04 2,98 1.39
11. Alaska Peninsula, average of 5 analyses......... 2.84 | 88.68 | 49.75 9.22 1.07 1.30
12. Cape Lisburne, a.vemge of 11 analyses ........... 9.35 | 38.01| 47.14 5461 .35 | . 1.24
13. Anaktuvuk Rwer, lTsample.......oooeiiieienn... 6.851 36.39 1 43.38 1 13.38 .54 1.20

« Brooks, Alfred ., Railway routes, Bull. U. S. Geol. Survey No. 284, 1906, pp. 10-17;
Railway routes in Alaska, Nat. Geog. Mag., 1907, pp. 165-190.
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. Analyses of Alaske coals—Continued.

. . Vola- . : .
i : Mois- 3 Fixed Sul- | Fuel
District and kind of coal. ture. mgt}t% . carbon. Ash. phur. | ratio.
LIGNITE. A -
14. Port Gra.h&m, Isample...ceeeiieeeiiiiniannnnn. 16.87 | 37.48 | 39.12 6.53 .39 1.04
1E. Southeastern Alaska, average of 5 samples. .. 1,97 37.84| 35,18 24.23 257 1.02
16. Wainwright Inlet, 1 sample ................. ...] 10.65 | 42.99| 42.94 3.42 .62 1.00
17. Colville River, 1 sample.............cooveania... 11.60 | 30.33 | 30.27 | 27.90 .60 1.00
18. Upper Yukon, Canadian, average of 13 analyses.| 13.03| 39.83 | 39.28 7.72 1.26 .99
19. Upper Yukon, Circle province, average of 3 :
ANATYSES Lo fi ittt e i iae et 10.45 | 41.81 ] 40.49 7.27 | -1.30 .97
20. Upper Yukon, R
ANALYSES . veeeeenriieriiaa e R 4 1,42 41.15| 36.95 | 10.48 .33 .91
21. Seward Peninsula, 1 sampl | 24.92] 38.15| 33.58 3.85 .68 88
22. Chitistone River, 1 sample.. 1.65| 51.50 | 40.75 6.10 [........ 79
23. Kachemak Bay, average of 6 analyses.. 19.85 | 40.4%8 [ 30.99 8.68 35 77
24, Nenanaa River, 1 sample................ 13.02 ¢ 48.81  32.40 5.77 16 66
25. Kodiak Island, 1 sample................. 12.31{ 51.48 | 33.80 2.41 17 66
26. Unga Island, average of 2 analyses ...... 10.92 | 53.36 | 28.25 7.47 1.36 62
27. Tyonek, average of'4 analyses ........... 8.36°| 54.20 | 30.92 6.53 38 .68
28. Chistochina River,1sample...................... 15.91 | 60.85 | 19.46 4.28 ... .32

aFormerly Cantwell River.

This 1ep01t, 84,
Bull. U. S. Geol vaey No. "84 1906, p. 98, analysis 1.
This report, p. 84.
s report, p. 84.
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Bull. U. S, Geol Survey No. 278, 1906, p. 47, analyses 13 to 15.

Bull. U, S. Geol. Survey No. 284, 1906 p. 98, ‘analyses 2 to 17.
7. Bull. U. S. Geol. Survey No. >18 ,0% pp. 6> 63, analyses 26, 28 to 38.
8.«Bull. U. S. Geol. Survey No. 284, 1‘)06 p 98, analvses 18 to 21.
9. Bull. U. 8. Geol. Survey No. ‘>1é 190 . 62, analysis 28.
0. Bull. U. 8. Geol. Survey No. 218 1903 6" analysis 17.
1. Bull. U. S. Geol. Survey No. 284, 1906, 2
2. Bull. U. S. Geol. Survey No. 27‘3 1906 47 analyses 1 to 7 9 to 12.
3. Prof. Paper U. 8. Geol. Survey No. 90 1904 p. 114, analysis 607.
4. Bull. U. S. Geol. Survey No. 259, 1‘)0') . 170.
5. Bull. U. 8. Geol. Survey No. 284, ]906 27. -
16. Prof. Paper U S. Geol. Survey No. 20, 1‘)04 p. 114, analysis 653.
17. Prof. Paper U. 8. Geol. Survey No. 20, 1904, p. 114, analysis 620,
18. Bull. U. S. Geol. Survey No. 218, 1903, pp. 61 62, analyses 3 to 15
19. Bull. U. 8. Geol. Survey No. 21 ]‘)03 p. 62, analyses 16, 18
20. Bull. U. 8. Geol. Survey No. 2]8 1903, p. 62, analyses 20 to 25
21. Bull. U. 8. Geol. Survey No. 247, 1905 p. 67.
22. Prof. Paper U. 8. Geol. Survey No. 41, 1906, p. 125.
23. ‘Bull. U. 8. Geol. Survey No. 259, ]905 p- 170 analyses 3, 4, 7 to 10
24. Bull. U. 8. Geol. Survey No. ‘)18 1903, p. 62.
25. Bull. U S. Geol. Survey No. 95‘) 1905, p. 170.
26. Bull. S. Geol, vaev No. )59 1905, p. 170.

21, Twentleth Ann, Rept. U. S. Geol, Sulvev, pt. T, 1900 p. 23, analyses 1 to 4,
28. Prof. Paper U. 8. Geol. Survey No. 41, 19086, p.

IMPORTED COAL.

The coal which is now being shipped to Alaska is derived from the
following sources: Vancouver Island, Puget Sound, Australia, the
Appalachian region, and Wales. Alaska coal will not only have to
compete with these at home, but if it seeks a more extended market
will also meet these coals on Puget Sound, at San Francisco, and in
the navy-yards and coaling stations of the Pacific, and will also com-
pete to some extent with the coal now being mined in California and
Oregon. It is consequently important to compare the character of
the Alaska coals with that of all those with which they may come into
competition. This may be done by ‘inspecting the following tables
of analyses, which are the best available substitutes for actual prac-



PACIFIC AND EASTERN COALS. 111

tical tests and which may be relied on to give a close approximation to
the quality and value of the coal:

Average composition of Pacific coals.

: : Vola- | 1 A
- : Mois- : Fixed Sul- | Fuel
District and kind of coal. ware, | ;.lt]t% . carbon. Ash. phur. | ratio.

British Columbia, Crows Nest Pass, average of 10 .

analyses b ... .ciiiiiiiiiiiiaan eeeisaeneeeas 1.09 | 21.07 | 70.564 7.29 0.37 3.35
British Columbia, Comox, average of 9.analysesbed! 1.18 | 28.41 | 62.91 7.49 1,64 2,21
British Columbia, Nanaimo, average of 6 analyses )

L2 2,12 | 34.07 | 55.94 7.93 .64 1.64
Washington, Wilkeson, average of 7 analyses fgh .. .92 27.15| 61.82| 10.11 1.42 2,28
Washington, Cokedale, average of 3 analysesfh ....| 1.27| 28,04 | 62.30 8.39 .34 2.22
Wagshington, Blue Canyon, average of 3analysesfgi 1.62| 82.63 | 60.47 5.28 .53 1.85
Washington, Carbonado, average of 15 analyses ¢ 7..| 1.67 | 33.11 | 56.74 8.48 .94 1.7
Washington, Roslyn, averageof 9analysesbfyhi....| 2.68| 34.87 | 52,75 9.87 .24 1.53
Washington, Franklin, average of 5 analysesfo ....| 3.22| 35.40 | 53.82 7.55 .15 -1.52
Washington, Renton, average of 10 analysesgh. ..... 4.48 | 36.01 | 51.17 8.23 .61 1.42
Washington, Newcastle, average of 5 analysesf9....| 7.51 | 37.69 ) 48.94 5.86 .48 1.30
Washington, Black Diamond, average of 4analysesshl 4,44 | 40.50 | 51.73 3.83 .44 1.28
Oregon, Coos Bay, average of4 analysesf............ 10.41 : 46.16 | 36.85 6.69 1.02 .80
California, average of 10 analysess .........cooieeees 1.32 | 45.09| 35911 7.68........ .80
Japan, average of 8analysesk ... .....oo.ceeninn.... 2.62 | 42.49 [ 50.07 4,82 92 118
Philippines (Cebu) averageof 9 analyses?........... 14.00 | 31.08 | 50.63 4.65 |..o..... 1.64
Philippines EBatan), average of 5 analyses?......... 13.57 | 36.91 | 44,92 4,60 |........ 1.22
New South Wales, southegn, average of 2L analysesm L97 | 28.10 | 56.26 | 10.67 .46 2,83
New South Wales, western, average of 13 analysesm! 1.87 | 81.49 [ 52.61 | 14.03 .63 1.67
New South Wales, northern, average of 77 analysesm| 1.92 [ 385.09 | 54,08 8.91 . b4 1.62

N >

@« Ann. Rept. Geol, Survey Canada, Vol. 3, pt. 2, 1887-8, p- 12T-15T.

b Ann, Rept. Minister of Mines, British éolumbia, for 1902, p. 262H.

e Ann. Rept. Geol. Survey Canada, 1872-3, pp. 76-78.

4 Ann. Rept. Geol, Survey Canada, 1876-7, p. 468,

o Ann. Rept. Geol. Survey Canada, 1882-1884, p. 37M.

! Twenty-second Ann. Rept. U. 8. Geol. Survey, pt. 3, 1902, pp. 490, 501, 510.

7 Ann. Rept. Washington Geol. Survey, Vol. 2, 1902, p. 270.

4 Rept. State Inspector of Mines, Washington, 1901-2,

t Ann. Rept. Washington Geol. Survey, Vol. 1, 1901, Pls. XXV, XXVII.

J (jeology of California, Vol. 8, p. 48. .

® Qutlines of the geology of Japan, Imperial Geol. Survey of Japan, 1902, p. 190.

!'he coal measures of the Philippines (report to the United States military governor
in the Philippines), War Department, 1901, pp. 178-181, 256-259,

™ Mineral resources of New South Wales, 1901, pp. 324-348.

Adverage composition of eastern coals.

Mois- | VoIa" | Fixed

tare. | 1€ -lcarbon.

e. . Ash Sul- | Fuel
matter.

District and kind of coal. * | phur.| ratio.

Remarks.

Pennsylvania, anthracite, average of 3.39 3.81 | 83.79 | 8.42 | 0.59 | 22.33 | Domestic coal.
9 analyses.a

Loyalsock, Pa., semianthracite, aver- 1.49 | 11.07. 78.88|7.69 | .86 | 7.13 Do.
age of 4 analyses.a

Pocahontas, W. Va., semibituminous, L73 | 17.43 | 77,71 | 4.63 | .62 | 4.46 | Steam and coking
average of 38 analyses. b coal.

Georgey Creek, Md., semibituminous, .70 | 18.81) 72,96 | 7.26 | 1.01 | 3.89 | Steam coal.

average of 53 analyses. ¢
Connellsville, Pa., bituminous, aver- 1.07| 38270 | 60.28(5.95| .81 | 1.84 | Coking coal.
age of 3-analyses.d .
Fairmont, W. Va,, bitaminous, aver- .75 | 38.16 | 54.63 | 6.45(2.30 | 1.43 | Cokingf and
age of 63 analyses. € steam coual.

o Ann, Rept. Geol. Survey Pennsylvania, 1885, g’g 313, 818.

b Rept. Geol. Survey West Virginla, Vol. 2, 1903, . 695, 696, 700.

¢ Rept. Maryland Geol. Survey, Vol. 5, 1906, pp. £§1—633. :

¢ Rept. Geol. Survey Pennsylvania, Vol. MM, 1879, pp. 21-22.

¢ Rept. Geol. Survey West Virginia, Vol. 2, 1903, p: 209.

f The phosphorus in these analyses ranges from 0.8019 to 0.037, averaging 0.0117.

It may be seen from these tables that the Bering River anthracite
has no equivalent among the coals now being mined on the Pacific
coast and that it compares favorably with Pennsylvania anthracite.
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It ought to be put into the San Francisco and other Pacific coast
marlets at a cost far below that of eastern coal, in which case it should
have no difficulty in entirely supplanting the latter.

The Bering River semibituminous (like part of the semibituminous
coal from Matanuska River) is also better than anything that is being
mined in the West. These coals are the equivalent of the Pocahontas,
New River, and Georges Creek coals of the.East and are eminently
adapted for use on warships and for other purposes for which a high-
grade, pure, “ smokeless ” steaming coal is required; and for these
purposes will command a considerably higher price than any coal
that is now being mined on the Pacific coast, or if offered at equal
prices should readlly drive the latter from the market.

Part of this codl will produce an excellent quality of coke, better ,
in fact (except possibly regarding.content of phosphorus, regarding
which few data are available) than coke which can be produced from
any of the Washington and Vancouver Island coals and equal to the
coke from Crows Nest Pass.. If an important smelfer industry grows
up in Alaska, as now seems possible, the Bering River coking coal
should have the advantage, both in quality and in transportation
rates, over any coking coal which is now being used on the Pacific
coast.

PETROLEUM.

INTRODUCTION.

LOCATION OF THE OIL FIfILD.

The Controller Bay petroleum field is located in the southern part-
of the mainland region discussed in this report. The localities at
which there are indications of petroleum are confined to a belt about
95 miles long from east to west and 4 to 8 miles wide from north
to south (see fig. 2). This belt is adjoined on the north in part by
the Bering River coal field. Its southern border is formed by Con-
troller Bay and the Pacific Ocean and by the alluvial flats on the
east shore of Controller Bay. The eastern and western terminations
are Bering Glacier and the Copper Delta, respectively.

GEOLOGIC CONDITIONS IN THE OIL BELT.

The rocks which outcrop within the oil belt, as shown on the
. geologic map (Pl V, pocket), are chiefly the various members of the
Katalla formation represented in the section of rocks south of Bering .
Lake as given on p. 37. In addition to these some of the metamorphic
rocks, the Quaternary deposits, and the dikes described on pages
2442 are represented. The structure has been described on pages
43-46.. '
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DEVELOPMENTS.

Active attempts to produce petroleum in commercial quantities
in this region have been made for the last five years. The first well
was begun in the summer of 1901, but no oil was produced and no
great depth was reached, as the tools were soon lost and the well
abandoned. The next year (1902) the same people drilled another
'well and obtained some oil. Six wells were being drilled in 1903.
The following year (1904) witnessed the greatest activity that the
region has seen, eight wells being in progress. In 1905 and 1906
~ operations were restricted to two wells. ;

The result of these operations has been to obtain one well which
yields a moderaté amount of oil, another well which is capped, but
in which the oil has at times a considerable pressure, and two more
wells in which an unknown amount of oil stands near the top of the
casing. :

Drilling has proved to be very difficult and expensive and the
results not as encouraging as had been hoped. These facts, together
T
AENNN

SRR

o Oil wells (including abandoned and unsuccessful
wells), numbered as inthe text

o Oil seepages 14

amiles

Controlle

4 ’ gﬂ Bay geritd
d woerry
PACIFIC OCEAN Harbor

F16. 2.—Map of Controller Bay oil field, showing position of wells and secpages.

with the uncertainty as to the amount of territory which one con-
cern may legally control and the equally great uncertainty as to
the conditions of the market, have led to a suspension of some of the
more active operations.
OCCURRENCE OF PETROLEUM.
SEEPAGES.
GEOGRAPHIC DISTRIBUTION.
Tt may be seen from inspection of the map (fig. 2) that the seep-

ages all occur within a long narrow belt extending from the edge of
the Copper Delta to Bering Glacier, a distance of about 28 miles

21803—Bull. 335—08——S8
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from east to west. The belt is very narrow, not exceeding 4 miles
at the widest known point, and is parallel to the north shore of Con-
troller Bay, which has the same east and west direction as the larger
aspect of the shore of the Pacific Ocean between Copper River and
Yakutat Bay. The seepages at Cape Yaktag ¢ are also reported to lie
on a line having the same direction as this and practically coincid-
_ing with it in extended position. Several of the smaller groups of
seepages, such as the group on Redwood Creek and at the head of-
Katalla Slough, those in the valleys of Burls and Chilkat creeks,
and in the Nichawak region, have a distinct linear arrangement each
running about N. 15° E. These lines coincide with the directions
of the valleys in which they occur, and the relationship suggests
that either the position of the valley and that of the line of seepages
are due to the same cause or that the one is due to the other.

RELATIONS TO KINDS-OF ROCK.

The oil of the seepages reaches the surface through a variety of
‘rocks (see pp. 116-119). The seepages west of Katalla are associated
with metamorphic rocks, the oil reaching the surface either through
the joints and bedding or cleavage planes of the slate and graywacke
or through surficial deposits which probably overlie such rocks. The
presence of petroleum in rocks of this character is somewhat unusual
~and worthy of notice. Similar occurrences of small quantities of oil
in metamorphic rocks are known in California and Washington,
where the oil is considered to have migrated into the metamorphic
rocks subsequent to their alteration. A similar explanation may
hold for the Alaska occurrence. The writer would suggest as a pos--
sible explanation that the metamorphic rocks, which are known to
be separated from the Tertiary shales by a fault (see p. 44), are
overthrust upon the shales along a fault plane of low hade, and that
the o1l at the seepages west of Ragged Mountain is coming through
the metamorphic rocks from underlying shales. ' .
The seepages at the head of Katalla Slough and on Redwood,
Burls, and Chilkat creeks are all in the soft shales which compose a
large part of the Katalla formation (g of section on p. 37). Those
between Redwood and Burls creeks are associated with conglomer-
ates of presumably higher position (¢ of the section).  Such of the
seepages of the Nichawak region as have been seen by the writer are
in shales which closely resemble those referred to above. The Yaktag
seepages are said to be in Miocene sandstone and shales.

RELATION TO STRUCTURE.

The position of the seepages with reference to the structure is some-
what vague and uncertain. Those west of Katalla are on steeply
folded and clightly metamorphosed rocks in which the detailed

¢ Locally known as Cape Yakataga,
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structural features have not been determined. The group on Red-
wood Creek and Katalla Slough is apparently in close proximity
to a fault. The Burls Creek group and the Redwood Creek group are
near the axes of anticlines, the Redwood Creek anticline being prob-
ably broken near or west of its axis by a fault. The seepages between
Burls and Redwood creeks are on monoclinal conglomerates. The
general structure.of the Nichawak region has not been determined,
but the rocks have steep dlps and are pxobablv closely and comple\ly
folded. The Yaktag region, which has not been visited by the writer,
is said to have an anmclme near and parallel to the coast, north of
which the rocks have monoclinal northward dip. The seepages are
said to occur on the north flank of the anticline, parallel to and not
far from its axis. '

Tt may be seen from the precedmg paragraphs that, although small
groups of seepages lie on local structure lines, yet the gcnera] distri-
“bution of all the seepages in a long, narrow, east-west belt diagonal
to the structure and to the belts of outcrop of the various kinds of
rock 1s unexplained. The existence and position of this belt, never-
theless, must have been determined by the stratigraphy and struc- -
turé—if not by that of the surface rocks, then by that of some rocks
which do not outcrop at that surface.

The rocks which outcrop within this region have been. shown
above to be for the most part unaltered Tertiary sediments, with
smaller areas of metamorphosed rocks similar to those which prob-
ably compose the greater part of the Chugach Mountains and of
the shores and islands of Princé William Sound. These older rocks
" are of undetermined age, but the weight of the evidence from all the
wide region through which they extend indicates that they are,
Paleozoic. “In this case there is an hjatus between them and the Ter-
tiary rocks which is represented in neighboring regions by many
thousand feet of strata. North of the Chugach Mountains in the
valley of the Chitina River this interval is represented by about
4,000 feet of Triassic ¢ sediments and 1,600 feet of Jurassic? beds.
In the Matanuska Valley it is represented ¢ by several thousand feet
of Jurassic and Cretaceous rocks. On Cook Inlet and the Alask:
Peninsula ¢ over 2,000 feet of upper Triassic, 8,500 feet of Jurassic,
and probably several thousand feet- of Cretaceous rocks intervene
between the metamorphosed Paleozoic and thé slightly consolidated
Tertiary beds.

* Schrader, F. C., and Spencer, A. C., The geology and mineral resources of a portion
eof the Copper River district, Alaska. A special publication of the U. 8. Geol. Survey,
1901, pp. 46-50.

» Mendenhall, Walter C., Geology of the central Copper River region, Alaska: Prof.,
Paper U. 8. Geol. Survey No. 41, 1903, p. 52.

+ ¢ Paige, Sidney, and Ixnopf, Adolph, Geologic reconraissance in the \Iatanuska and
T'alkeetna basins, Alaska: Bull. U. 8. Geol. Survey No. 327, 1907, pp. 16-24,

¢ Stanton, T. W., and Martin, G. C., M2sozoic section on Cook Inlet and Alaska l’¢nin-

sula : Bull, Geol. Soc, America, vol. 16, 1905, pp. 391-410,
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The Jurassic rocks on the west shore of Cook Inlet and on the
Alaska Peninsula yield petroleum ¢ which is of the same character
and, composition as the Controller Bay oil, and very different from
most of the Tertiary oil of California and other Pacific coast fields.

The inference naturally follows that the Controller Bay petro-
leum may be derived from Mesozoic strata which are buried beneath
the Tertiary rocks. If such be the case a fault parallel to the coast
and to the mountains will account for the position and character of
the shore and will offer a zone of movement for the oil from its
original source in the Mesozoic rocks below into its present apparent
source in the Tertiary rocks at the surface. By such a fault the Ter-
tiary rocks, closely folded when in immediate proximity to the moun-
tains, might have overridden Mesozoic beds which were at a distance

_ from the zone of disturbance, and hence not necessarily folded or dis-
turbed. The oil could then come up along the fault planes and
through joints from buried Mesozoic rocks of possibly simple struc-
ture into the complexly folded Tertiary rocks. The structure .of
the underlying rocks and the position of the fault or faults would

- determine the major east-west seepage belt, while the structure of
the more intricately folded rocks at the surface would determine the
details of the minor northeast and southwest groups of seepages.

" This hypothesis removes the difficulty of accounting for light-gravity
oils in complexly folded and faulted rocks and explains the occur-
rence of the seepages in a narrow zone diagonal to the structure,
parallel to the mountains along the general east and west shore line,
and in line with the belt of seepages at Yakataga. It is a possi-
bility which should be borne in mind in further local geological
.studies or in interpreting the position of apparent oil-sands in wells
or at seepages.

"DESCRIPTION OF THE SEEPAGES.

Petroleum seepages and gas springs are very numerous in many
parts of the oil belt, and at some of them the flow of oil or of gas is
large. : :
Several large oil seepages were seen by the writer on the banks of
Mirror Slough, near the mouth of Martin River. The petroleum
veaches the surface from the clay and mud of the valley floor, and a
large amount has accumulated in the pools on the swampy surface
and in the soil. The nearest outcrops of hard rock are sandstones
or graywackes, probably the same as those on Wingham Island and
in Ragged Mountain, and if so of pre-Tertiary and probably Pale-

e Martin, G. C., The petroleum fields of the Pacific coast df Alaska, with an account
of the Bering River coal deposits: Bull. U. 8. Geol. Survey No. 250, 1005, pp. 37-59
Notes on the petrolenm fields-of Alaska: Bull. U. 8. Geol. Survey No. 259, 1903,
pp. 128-139.
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ozoic age. It seems almost certain that oil came from these rocks.
Seepages were also seen near the head of Mirror Slough at the base of
Ragged Mountain. The oil here reaches the surface through soil im-
mediately underlain by either glacial drift or by talus or landslide
débris. The underlying rocks are probably the slate or graywacke
referred to above. Another seepage about 1 mile south of this
point, in the canyon immediately north of Bald Mountain, was visit-
ed by the writer. The oil was here seen oozing in small quantities
directly from the joints and bedding planes of the steeply dipping
slate, chert, and graywacke.

01l is reported to have been seen in large amounts at the time of
the earthquake, 1899, on the surface:of the water of the small ponds
and the creek at the south end of the town of ‘Katalla. The surface
material consists of rock débris largely from Ragged Mountain, un-
derlain’ by the soft shales of the Katalla formation.

Numerous and copious seepages are to be seen at the head of Ka-
talla Slough. The oil impregnates the soil very completely at many
points and has accumulated in large amounts on the surface. These
accumulations are chiefly of oil, and are not residues as at the Cali-
fornia brea deposits. No outcrops are near but the underlying rock
is almost certainly the soft shale referred to above and probably has
a steep dip.

On the west slope of the valley of Redwood Creek about 14 miles
northwest of the mouth of the creek and near a well (No. 8, fig. 2, p.
113), oil can be seen coming directly from soft, fissile, iron-stained
shales. The shale has been broken into small angular fragments and
recemented by ferruginous material. This condition is frequent at or
near seepages in these shales, but it is not known whether it is a
surface condition connected with erosion or whether it indicates
crushing of the rocks at a depth below the surface during the proc-
ess of folding or faulting. Here, as at many other seepages, sul-
phur springs are associated with the oil. Another seepage was seen
near the headwaters of Redwood Creek.

It is reported that oil may be seen at low tide in the beach sands
on the north shore of Strawberry Harbor. The rocks in the vicinity
are sandstone and shale, probably belonging much higher in the
stratigraphic column than the soft shale at the seepages previously
described. ,

There are several seepages along the wagon road which leads from
the head of Katalla Slough to the mouth of Bering River. Two of
these are located about a mile and a half west of Burls Creek and
close to the road. The amount of oil at one of these is large. The
nearest visible rock is steeply dipping conglomerate which outcrops a
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~ few feet away, but the oil can be seeri only on the surface of the soil,
the direct source not being visible. :

The upper part of the valley of Burls Creek contains many seep-
ages at which the oil oozes directly from steeply dipping shales
which here contain a large amount of glauconite grains, which gives
the rock a bright-green color. Thin sections show abundant casts
of Foraminifera and diatoms. Large calcareous concretions are

“abundant and often take the form of septaria nodules with calcite
fillings. Organic remains consisting chiefly of mollusks and crabs
are frequently seen in the concretions. The soft shale is also rich
in organic material, some beds being so dark as to suggest in appear-
ance impure coal. No coal was seen by the writer in these rocks,
either at this locality” or elsewhere. The rocks at this point seem -
to be very strongly impregnated with oil and seepages are numerous,
but large surface accumulations are rare. Broken shale recemented
by ferruginous material was seen here as on Redwood Creek.

Some seepages with considerable surface accumulation of oil were
seen along the edge of the tidal flat, close to the wagon road, half
way bet\veen Bulls Creek and the mouth of Bering River. Out-
crops were absent in the immediate vicinity, but fragments of shale
indicated the presence of such rock.

Several seepages have been reported from Chilkat Creek. The
largest one seen by the writer is in the west bank of the creek, 13
miles above the forks of the wagon road. The oil reaches the surface
through soft brecciated shale with a steep westerly dip. The seepage
is associated with a black sulphur spring.

Many seepages have been reported in the group of hills centering
around Mount Nichawak. Those seen by the writer were small,
but the oil issued directly from the rock, which is shale resembling
that at the seepages west of Bering River. Others are reported to
be located on the banks of a small lake, which is said to be covered
at times with oil.

Other seepages have been reported from various parts of the
Controller Bay region, but they have not been seen by the writer.

Reference should be made to the seepages in the vicinity of Cape
Yaktag, about 75 miles east of Controller Bay. The amount of oil
is said to be very large, there being a continuous flow from several
of the seepages, one of which has been estimated to yield several
barrels of oil per day. The oil is said to come directly from the
rocks, which are shales and sandstones of Miocene age, the seepages
being in a line along the crest of an anticline parallel to the coast.

Inflammable gas comes to the surface of the water in large amounts
in several places. The largest of the “ gas springs” seen by the
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writer are in Mirror Slough and in Katalla River. The former is
sufficient to furnish a hrge continuous flame. The composition of
the gas is not known. It issues from the mud on the bottom of the
slough.

WELLS,

The wells in which oil has been obtained in this region are so few
that they throw little or no light on the problem of the occurrence of
oil. A flow of oil had been obtamed in one well (No. 10, fig. 2) and
less quantities in three others (Nos. 5, 8, and 13). All of these wells
are close to seepages and are on the outcrop of the upper shales of
the Katalla formation. They are all on lines of seepages having a
north-northeast to south-southwest direction, and are all on the
steeply dipping northwest flanks of anticlines and possibly on or near
lines of faulting. It is unfortunate that no .other wells have been
drilled in similar positions on the structural lines alluded to above.
Such wells might not be successful, but they would test the possible
theory that the above-mentioned lines have somethmw to do with the
distribution of the oil.

The net result of the drilling has been to show the existence of
moderate amounts of oil in at least part of the territory. .The wells
are neither numerous ertough nor deep enough to determine the out-
line of the pools and the area of productive territory, or to show
whether the oil exists in sufficient quantity to pay for exploitation.
They have demonstrated the difficulty and expense of drilling, and
the need of ample resources and careful management. The existence
of oil in remunerative quantities has neither been proved nor dis-
proved. The evidence from the existing wells, like that of the seep-
ages, is sufficient to warrant further testing, if it be done intelligently
and carefully by companies strong enough to exploit large areas on
a scale which permits of .wholesale economies, and also strong
enough to risk their capital on what must certainly be regarded as a
speculation rather than an investment.

The following list contains an account of each well that has been
drilled in the district. The numbers refer to the geographic location
of the wells, as shown on the map (fig. 2, p. 113).

No. 1. West shore of Bering Lake. The surface rocks are sandy
shales, presumably underlying the coal-bearing rocks. Dip,.12° to
35° NW. Well begun in 1905, but interrupted by acc1dents to ma-
chinery. Depth, several hundred feet. *

No. 2. East shore of Bering River. Begun in 1903. Abandoned
without reaching bed rock at depth of 580 feet because of difficulty .
of sinking casing through the mud.

No. 8. Chilkat Creek. Drilled in 1904 to depth of several hundred
feet. No information available.
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No. 4. Edge of tidal flats 1 mile west of mouth of Bering River.
Drilled in 1904 to depth of several hundred feet.

No. 5. Edge of tidal flats a short distance northwest of No. 4.
Drilled in 1904 to depth of several hundred feet. Oil now stands
near top of casing. Small but continuous flow of gas. Amount of
oil not known. _ ,

No. 6. Strawberry Harbor. The derrick was built on piling about
1,000 feet offshore. Casing sunk deep into the mud in 1904 without
reaching bed rock. '

No. 7. Strawberry Harbor. Drilled several hundred feet in 1904
without obtaining oil.

No. 8. Redwood Creek. Drilled to depth of several hundred feet
" in 1904. Oil now stands about 20 feet below the top of the casing.
Quantity not known.

No. 9. Near head of Katalla Slough. Drilled to unknown depth
in 1904. No oil as far as known.

No. 10. Near head of Katalla Slough. Drilled in 1902 to depth of
366 feet, when a flow of oil was obtained. Drilled to 550 feet in 1903
without further results. In 1904 this well was pumped for fuel at
the other wells of the same company. It is now capped, the oil oozing
from around the casing. The following is a record of this well, as
reported by the Alaska Steam Coal and Petroleum Syndicate, and
published by F. H. Oliphant: ¢

Record of 550-foot well near head of Katalla Slough.

Thic}f' Depth.

. Feet. | Feet
[Ty VX Uy 4 A PP

 Decomposed shale..:........ - : 10 16
Light-colored shale 140 156
Fine-grained sandstone, containing 6-inch bed of coal 183 1744

Dark shale, very hard, including 6 inches of quartz containing iron pyrites.

Oil sand; flow of oil....... 1 366
‘Length of 12-inch casing. .. 220
Length of 9§-inch easing. .. 340

Numerous small showings of petroleum and natural gas were encountered as
. the drill proceeded down, and at 366 feet a large quantity of oil was developed,
which flowed some petroleum. The well is said to have continued to flow until
capped.

No. 11. Near head of Katalla Slough. Drilled in 1901 and aban-
doned because of loss of tools.

No. 12. Near head of Katalla Slough. Drilled in 1903 to unknown
depth. : .

@ The production of petroleum in 1902: Mineral Resources U, S, for 1902, U. 8. Geol.
Survey, 1903, p. 583. .
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No. 13. Near head of Katalla Slough. Drilled in 1904 to unknown
depth. Now capped, the oil squirting at times in strong jets from
the casing. .

No. 14. Between head of Katalla Slough and Cave Point. Drilled
in 1908 to 1,710 feet and abandoned because limit of outfit was

reached. : :
No. 15. Katalla River. Casing sunk to depth of 280 feet in 1903

without reaching bed rock.
No. 16. Near Katalla. Two holes drilled in 1904 to 1906 to a depth

of about 1,500 feet. Work still in progress.
CIIARACT]* R O1' THE PETROLEUM.

A sample collected by the writer from a well (No. 10 in list, on
p- 120) near the head of Katalla Slough was tested by Penniman &

Browne, of Baltimore, with the following results:

Test of petroleum from Katalla. Slough.

Percent.| Specific gravity at 15.5° C.

Distillation by Engler s method:

Benzine (80° 10 150° Cu) v vniee i 21 | 0.7573=>54.9° Baumé.
Burning 0il (150° t0300° C.) ..ol i 51 ] .8204=40.6° Baumé.
Re51duum (Paraffin Hase) . .. o..oemieie i 28 | .9096=23.9° Baumé.
SUIPRUT. L e Trace.

Specific gmv:ty ofcrude ofl. .o ovue i . 828 =39.1° Baumé.

The burning oil was purified by concentrated sulphuric acid and soda, the
volume of acid used up being too small to measure. 'The purified burning oil
was put into a small lamp, where it burned dry without incrusting the wick or
corroding the burner, and without any marked diminution of flame. The burn-
ing oil compares very favmably in these respects with Pemlsyl\ ania oil pre- -

pared in the same, way.

The following analysis of this petroleum was published by Mr.
Oliphant:*

Analysis of petroleum from Katalla Slough well,

Specific gravity at 60° F. 0.7958, equal to'45.9° Baumé.
Cold test; did not chill at 3° I. below zero.

Distillation : ’ Per cent.
Below 150° C., naphtha . o e 38.5
150° to 285° C., illuminating petroleum_________ e 31
Above 285° C., lubricating petroteum_______________ et~ 21,5
Residue, coke and 108 e 9

The following tests of Controller Bay and Y'thzw oil have been
published by Redwood v from results obtained in his labomtmy.

e The production of petroleum in 1902 : Mineral Resources U. 'S. for 1902, U. S. Geol.

Survey, 1903, p. 583.
b Redwood, Sir Boverton, Petroleum, vol. 1, 2d ed., 1906, p. 198,
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Physical properties of crude petrolewms.

: Flashing-
Locality. S&e‘(,:il?c point Color.
BIVILY. |( Abel test).
- OF‘

BUrIS CreeK . oottt 0.942 - 234 | Dark reddish brown.
Johnstone Creek, 1.........ooiiiiiiiiiiiiinanaiinaanan - ..964 200 | Dark brown.
Johnstone Creek, 2. ... .. . it .879 178 " Do.
Poul Creek (JoWest) .. ... oot iiieaanns .970 250 . Do.
Poul Creek (top, West) .. ... ...iiiiiiiiiiiiiiiaeiianns . .881 67
Poul Creek (upper).............ooiiiiiiiiiiiiiiii. .914 156 Do.
Katalla Meadow, 1... ... i 929 240 Do.
Katalla Meadow, 2. .. ... i .901 156
Katalla Meadow, 3. ... e e it . .874 156
Katalla Meadow, 4. ... ... oo i . 869 152
Katalla Meadow, 5......oiiioiiiiiii i . 961 266
Bore hole at Katalla, 120 feet (1902) .. ............... ... .802 | Below 60 | Dark red.
Bore hole at Katalla, 355 feet (1902) .....:............... .790 | Below 60 Do.
[T 0 T < R .855 108 | Dark brown.
MoOrrison Creek. ... .....coiiiiiiiiiiiiiiiiiaiiaaaaanns 991 270 Do.
Argyll Creek (Iey Bay) e oo veemiieie i i .962 |. 310 Do.
Yakogelly ...t i .937 246 Do.
Crooked Creek.................. PP . 921 172 Do.

Commercial products of crude Alaske petroleum.®

»
({ptterme&
. Petroleum late an
Specific spirit | Kerosene. |10PTicating) qope
gravity. (benzine) oils, with
i solid hydro-|
. “carbons.
Per cent.| Per cent.| Per cent.|Per ct.
0.869 ....... 19.0 | - 78.6 1.7
914 L.l 9.0 87.6 | 2.7
. 800 24.8 53.9 16.7 1.2

e Redwood, Sir Boverton, op. cit.,, p. 214.

The analyses given below were published by Stoess:¢ -

The following analysis was made in Seattle from a sample of the crude oil
taken from the well at Katalla:

Analysis of oil from Katalla well,

Specific gravity, 0.800.

Naphtha e 34.4
IMuminating oil L ____ 34. 4
Lubricating oils______________ . ____ S 16.5
Coke and residue_ 14.5

Another analysis [possibly the same as that published by Oliphant and
quoted above], made in Los Angeles, Cal,, gave—

Analysis of oil from near Katalla.

Specific gravity_ . 0.7957 (45.9° B)
Cold test_.__________ U Not chilled at 3° below zero
Naphtha __ 38.5
INluminating oil___________ . __ .- 310
Lubricating oils___________________ 21.5
Cokeand loss_—_ .. ______ S SR 9.0

Oil has a flash test of 70° to 80°. Oil is light green in color.

@ Stoess, P. C., The Kayak cdal and oil flelds of Alaska: Min. and Sci. Press, vol. 87,
19038, p. 66. ’



CHARACTER OF PETROLEUM. 123

The results of all available analyses and tests on oils from the Con-
troller Bay and Yaktag reglons are brought together in the following
table:

Sumanery of wnalyses and tests of Controller Bay end Yalktayg petroleum.

Spe- | g Fla..h | .| B
. fic | GTAV- | 88| Beno | Kero- | 00TI-} Cue:
Locality. Color, o ; ity, ing- | o) cating | Coke
: BV |Baumé.| poing, | “N¢ | S€Ne- | Toil 7| and
v . loss.
° °F. | Perct.| Percl.| Per ct.' Per ct.
............... 0. 8280 39.1 |.......] 2.0 51.0 28.0
............... 7958 45.9........] 385 310 21.5 9.0
Light green 7957 459 | 70-80 38.5 310 21.5 9, 9
Katalla Slough, well No. 10.. Dark red. .. .. ggg e Helow 34.2 34.4 16.5 1.5
s BROW e
R < TP (R £ 1 R Below |........|........ e
. 60.
(N
. ) - RPN
(?) '
Burls Creek......oo.enene.. Dark reddish

hrown.

Johnstone Creek

Poul Creek..................

Katalla Meadow

Oil Creek...............
Morrison Creek........ ..
Argyll Creek, Icy Bay FOUIN i [+ PO
Yakogelty............. ceeedoaa.l
Crooked Creek............... peeedoaaiill

Many of the samples consisted of seepage oil and probably have
not yielded as large a proportion of the more volatile constituents as
would be obtained from “live” oil from the wells.

The results of the tests may be compared w1th those of other petro-
leums in the following table :

Tests of petrolewm from Alaske and other fields.

Beau-
Pennsyl- Colo-

Alaska.e | Alaska.b | “PNRI| Ohiod | 290 | Mexico.f r’Eont,

. ex.g
Benzine (80°-150° C.).......... 21 38.5 16.5 10 16 10 2.5

Burning oil (150°-300° C.)...... -5l h31 54 50 40 60 40
. Residuum.................... 28 230.5 29 40 44 30 57.5
510102 1150 SRR B o' Y- PR P P (S 1.7
Gravity 45.9° B, | et 43° B. |.......ll 22° B.

e Penniman & Browne for this report.
b Ollphant F. H., The production of petroleum in 1902: Mineral Resources U S. for
1()0 U. S. Geol, Sulvey 1903, p. 583.-
I’eckham S. I, Repont on Petroleum p. 365.
¢ Woodman, Durand, Jour. Am. Chem. Soc., Vol. 13, 168.
lqag)lxphqnto K. H., Petroleum: Mineral Resources U, S. for 1901, U. S. Geol. Survey,
2, p. 25 .
{ Stillman, T. B., Engineering Chemistry, ﬁ)
v Hayes, C. W.. ‘and Kennedy, W.. Oil fie ds of Texas-Loulsiana coastal plain: Bull,
U.!SS. Geol. Survey No. 212, 1903, pp. 146-1
i See above,

B
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The petroleum is clearly a refining oil of the same general nature
as the Pennsylvania petroleum. It resembles the latter in having

¥ h1gh proportion of the more volatile compounds and a paraffin base

and in contammg almost no sulphur. ~ The proportions of the several
constituents given in the tables above do not necessarily represent
the full amounts that could be obtained in practice by different
treatment. : '

.

PRINCIPLES GOVERNING THE OCCURRENCE OF PETROLEUM.

The four great problems of the geologic occurrence of petroleum
are the origin of oil, the movements of oil in the rocks, the strati-
graphic and structural distribution of the existing accumulations
of oil, and the determination of the location and area of valuable
accumulations from the known' facts of surface geology.

These problems are stated above in order of increasing importance
from the point of view of immediate utility. The last problem can
be determined by expensive practical testing with drill or by the
solution of the first and second problems, together with a complete

-and accurate knowledge of the areal geology of the region in which

the occurrence-of oil is suspected. In the present condition of our
knowledge drilling is the only certain way of determining this
problem. But all knowledge gained in this way, as well as all facts
concerning the geology of the oil-bearing rocks, lead us nearer to
the solution of the other problems and hence hasten the time when
we can determine within reasonable limits the presence of oil from
our knowledge of how oil originates and how it accumulates. The
first and second problems. are consequently the problems of greatest
ultimate importance, and should be given at least equal weight in
a public geologic investigation with the other or immediate com-

_mercial problems. -

Petroleum occurs in rocks of practically all ages from the oldest
Paleozoic to the Recent. All known productlve bodies of oil are
in rocks of sedimentary origin, such as sandstones or sands, shales
or clays, limestones, and conglomerates. Minute quantities of oil
have, however, been seen in volcanic or other crystalline rocks.

The origin of petroleum may be explained according to one of two
theories. The oil may be of organic origin, having been derived
from animal or vegetable matter whlch was 1ssoc1ated with the min-
eral.constituents of the rocks at the time they were deposited; or it
may be of inorganic origin, having been formed by the chemical
action of water on the formerly unoxidized mineral constituents
of the rocks. The prevalent scientific opinion is in favor of the

- organic theory for the origin of the larger and more widespread

accumulations of petroleum.
The movement of petroleum in the rocks is controlled by the fol-
lowing factors: The direct action of gravity, capillary attraction,
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the presence of water, gas pressure, and the distribution of channels
or zones through which the oil can move.

The effect of the direct action of gravity is to cause oil to go down
as far as the rocks are porous, dry, and not too warm for the oil to
exist as such. It will sooner or later be stopped in this downward
movement by an impervious stratum (either a bed of close-textured
rock or a bed filled with water), and will then move laterally along
the upper surface of that stratum to its lowest point, where it w111
accumulate.

The eftect of capillary attraction is to cause the oil to be diffused
somewhat throughout the rocks in all directions, provided the rock
is dry and of the right texture to permit capillary movement. The
directions in which it will move will be controlled by the distribu-
tion of porous rock and water, and will'be modified by gravity and
the other factors here discussed. .

The presence of water causes an upward movement of the oil.
‘The essential conditions for such movement are a porous rock con-
taining both water and oil and a lower limit¢ beyond which the
water can not go. The water, because of its greater density, seeks a
~ lower level than the oil and forces the latter upward until either the
demand of all the water for space is satisfied or until the oil is
checked in its upward movement by an impervious.stratum. In the
former case the oil rests on the surface of the water in a state of equi-
librium ;-in the latter case it is confined under pressure with a poten-
tial upward force.

-Gas pressure tends to drive the oil in any unblocked direction.
The requisites for oil movement caused by gas are the presence of
gas, either in a contiguous body to the oil or being given off from
or within the oil, and an impervious bed above the gas and through
which it can not pass. The gas then tends to accumulate on the
upper surface of the oil and to force the oil downward in the direction
of least resistance, which may be either vertical or have a lateral com-
ponent. The 01l would already have been in the lowest available
space,® so further downward motion implies the displacement of
water. The motion continues until there is equilibrium between the
expansive pressure of the gas and the hydrostatic pressure of the
water. The oil is then confined between these forces and will escape
under pressure at the first opportunity.

The most favorable conditions for the occurrence ot petroleum
over large and regular areas are the following:

1. A large and widely distributed original source of oil-yielding
material. ‘

«If the liquids have not already reached this lower limit, the case is considerably modi-
fied, and the exact condition can not, in the present state of our knowledge, be positively
asserted.
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2. Thick, extensive, and regular porous beds in which the oil can
move freely and accumulate.

3 Impervious beds above and below the porous beds

4. Small angles of dip and fairly regular structure.

5. Absence of deep fracturing or of irregularities of structure.

6. Absence of water.in the rocks if the oil-bearing beds are syn-
clinal, or presence of a moderate amount of water if they are anti-
clinal.

Such conditions are favorable to the occurrence of petroleum in
large, regular, and easily outlined pools, to moderately large produc-
tion and long life of the wells, and to a large degree of certainty in
oil prospecting.

These conditions probably nowhere exist in their entirety, at least
not over any broad area. Some of the Mississippi Valley and
Appalachian oil fields' come nearer to satisfving these conditions
than any others in North America. It is very evident that few of
these conditions are met in the Controller Bay region, so nothing
will be gained from further comparison with regions in whlch
simple structure predominates. '

Some of the California,® \Vyomm g,> and Colorado ¢ o1l fields are
characterized by complex and broken structure, in this respect heing
not unlike the Controller Bay region. These western fields show
that it is possible for large accumulations of oil to exist in rocks
with steep dips, irregular folds, and large faults. They show that
the structure does not make it impossible for oil to exist in quantity
in the region under discussion, but they show also the difficulties -of
drilling ‘md of locating the pools in such a field, and demonstrate
very clearly the need of careful operating and .the risks which are
necessarily involved.

EXPLOITATION.

LOCATING POOLS.,

If oil is found in quantity it will almost certainly be in circum-
- scribed areas, and the location and boundaries of these will be of the
utmost importance in the development of the field. The position, -
size, and shape of these productive areas can not be foretold in ad-
vance of all drilling or at the present stage of development. The

¢ Eldridge, G. H., and Arnold, Ralph, The Santa Clara, Puente Hills, and Los Angeles
oil districts, southern California: Bull. U. 8. Geol. Survey No. 309, 1907, 266 pp. Arnold,
Ralph, Geology and oil resources of the Summerland district,-~Santa Barbara County,
California : Bull. U. 8.-Geol. Survey No. 321, 1907, 91 pp. Arnold, Ralph, and Anderson,
Robert, G:ology and oil resources of the Sanm Maria oil district, Santa B‘ubala County,
California: Bull. U, 8. Geol. Survey No. 322, 1907, 161 pp.

bVeatch, A. C., Geography and geology of a portion of southwestern Wyomlng, with
special reference to coal and oil: Prof. IPaper U. 8. Geol. Survey No. 56, 1907, 178 pp.

¢ Fenneman, N. M., Geology of the Boulder district, Colorado: Bull. U. 8. Geol. Survey
No. 265, 1903, 101 pp
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.wells which have been drilled in this region are so few, most of them
are so shallow, and so little oil has been obtained, that they give
almost no light on the occurrence of oil in the rocks. But if at least
one area were outlined wholly or in part by the known position of
productive and nonproductive wells it would then be possible to.de-
termine the relation of the occurrence of the oil to the geology, and
from the known facts of the geology to outline other possible pro-
ductive areas in advance of drilling. For this reason it is of the
utmost importance to obtain complete and accurate records of all
wells and to use the information and-experience thus gained in locat-
ing subsequent wells.

DIFFICULTIES OF DRILLING.

Crooked holes—Much difficulty has been encountered .in keeping
the wells vertical, and delay and expense have resulted from the
necessity of frequently reaming out the holes in order to straighten
them. The crooked holes are the natural result of the steep inclina-
tion of the rocks with frequent alternations from hard to soft beds.
Whenever the drill passes from a soft rock to a harder one dipping
" at a steep angle the drill tends to be deflected and a crooked hole re-
- sults. This difficulty will always be encountered in this region and

will increase the time and cost of drilling. The difficulties should,
however, become less in the future, for the tendency of the drill to
deflect can be lessened by drilling slower when the deflecting bed is
struck and by special shaping of the tool, and the holes can be-
straightened more quickly when the drillers are better acquainted
with local conditions.

Caving.—When a well in soft or fractured rock stands uncased
too long, the rock caves in, often burying and frequently causing the
loss of the tools, and sometimes making it necessary to ‘Lb‘LndOD the
“well.  Much delay has been caused in this way at most of the local
wells, and it has added greatly to the cost of drilling. It has been
impossible on this account to drill several of the wellS as deep ‘as
they would otherwise have gone. The only remedy is to case the
well at the proper time, and when the drillers know better the rocks
with which they are dealing they will be able to anticipate the
caving and introduce casing when it is needed. Conditions may thus

“be expected to improve in the future, making the cost less and the
speed greater, and making it possible to sink wells to greater depths.

Water—The rocks of this region are full -of water and conse-
quently large amounts are encountered in all the wells. This is
undesirable for two reasons: The pressure of the column of water
in the well keeps the oil back in the rocks and prevents it from com-
ing out into the well, and the water reduces the effective weight of
the drill and acts as a cushion between the drill and the 1ock, in
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both ways reducing the power of the blow. The only remedy is in
casing off the water, which can not be done too often without redu-
cing the size of the hole to undesirable dimensions and finally limit-
ing the depth to which it can be drilled without pulling the casing
and going back and reaming out the hole.

Remoteness from supplies—The remoténess of this-region from a
base of supplies not only increases the cost of labor and of freight,
but also makes it necessary either to carry an exceptionally large
equipment of fishing and repairing tools and of general supplies, or
to be subject to delays in ordering special tools from a long distance.
Conditions will improve in this respect with better facilities for com-
munication and transportation, and can also be bettered if machine
shops and supply depots are established, as they will be if the
presence of productive oil territory is shown. '

Inexperience with local conditions—The difficulties caused by the
lack of experience of the drillers with the rocks of the local section
have already been alluded to. They may be summarized as includ-
ing failure to drill slowly or to dress the tools so as to avoid deflect-
ing the drill on hard, steeply inclined surfaces; failure to note the
crookedness of the hole and remedy it promptly; ignorance of local
caving strata and consequent failure to case in time to prevent cav-
ings; and failure to secure proper and adequate outfit and supplies.

Cost of labor and transportation.—The cost of drilling has been
very largely increased, over what it would be in more favored and
better established oil fields, by the high cost of labor and of trans-
portation of men and of freight. Not only are the drillers paid
higher wages than they would receive at most localities, but the un-
skilled labor receives excessive pay. It is highly probable that, when
conditions become more settled and work is done on a larger and
more permanent scale, wage conditions will become more normal and
transportation charges will be reduced.

SHIPMENT AND MARKETS, '

If petroleum is produced in commercial quantities a new set of
problems concerning its disposal will arise. All the petroleum of the
region, so far as known, is a refining oil of high grade, for which
there is a good demand on the Pacific coast. The content of extremely
volatile constituents, such as gasoline, s so great that it is questionable
* whether the oil can be safely shipped in bulk without some’ refining.
There are plenty of good sites for refineries in the immediate vicin-
ity of the wells. If a harbor in the vicinity of Katalla or elsewhere
in the Controller Bay region, is utilized, it will be a very simple
matter to transport the oil from the wells to the wharves by short
pipe lines on a practically level grade. Tf no harbor in the imme-
diate vicinity can be used it will be necessary to ship from Orca Bay
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or elsewhere on Prince William Sound, a distance of about 80 miles
westward and across Copper River. The grades to Orca are almost
nothing and there will be no difliculties except crossing Copper River.
The distances from Katalla and from Orca to Seattle by the steamer
route, “ outside way,” are about 1,250 and 1,350 statute miles, respec-
tively. .

CONCLUSIONS.

Greographic conditions are such as to cause heavy initial expense of
prospecting and drilling, but admit of permanent impmvemeni‘q
which will make these conditions much bettel without great engi-
neering difficulties or excessive cost. )

The oveoloory is complex and difficult-to interpret and does not show
definitely the relation of the occurrence of the petroleum to the
stratigraphy and structure. The known facts of the local geology
are unfavorable to the presence of productive bodies of oil, and indi-
cate that if oil is found in quantity the distribution of the produc-
tive areas will be very irregular and difficult to locate. However,
if future developments confirm the theory of an overtlirust along the
coast (pp. 45-46, 115-116), separating the complexly folded rocks at
the surface flom rocks of simpler structure below, conditions'may be
found to be much more regular and more favorable for the develop-
ment of a good oil field than the surface.conditions mdlcate This
theory is, however, not proven, and is suggested merely as a possibility.

The surface oil showings (seepages), though widespread and
copious, are not conclusive evidence of the occurrence of productive
oil pools. They are apparently more promising than any of the other
known geologic features of the region. The only safe conclusion, to
be drawn trom them is that they indicate the possibility of pre oductlve
oil areas in the vicinity.

Operators and investors who may not be familiar with local condi-
tions will do well to be governed by the following suggestions:« «»"

1. They should be certain that legal title can be obtained to a suffi-
cient area to make it possible to sink many test wells under widely
differing conditions, and to permit a large enough probable produc-
tion to pay for heavy initial expenditures and large permanent
improvements.

2. They should have cnouoh capital to be able () to pmch‘tse in
quantity and at low rates; (b) to build good roads and other im-
provements and thus reduce cost of operating; (¢) to carry a large
stock of tools and supplies, in order to avoid costly delays in drilling
and to be able to drill deep; (&) to secure the best professional advice
and good drillers; (¢) to. drill many test wells without hope of imme-
dldt(, profit; (f) to market the product in the face of the existing con-
ditions in the petroleum industry; and (g) to afford to lose the
investment. :

21803—RBull. 335—08——9
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3. The first wells should be located on the strike and at no great
distance from producing wells, or down the dip from a good seepage
and at such varying distances that the rocks outcropping at the seep-
age will be encountered at depths of from a few hundred feet to the
hmlt (in depth) of drilling.

4. Subsequent wells should be determined in position by the loca-
tion of existing wells and by the structure. With respect to produc-
tive wells, they should be along the strike and close to¢ the wells;
while with respect to nonproductive wells they should be either not
along the strike and at a short distance, or along the strike and at a
con51derable distance, from the wells.

5. Drillers and tool dressers should be obtained from 1eg10ns
where there is dlfﬁculty in keeping the holes straight.

6. If oil is obtained,-it will probably be down the dip, rather than
up the dip from a seepage; in shallow wells near a seepage, in deeper
wells farther from a seepage.
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Distribution and character of the Bering River coal, by G. C.Martin. In Bulletin No.
284, 1906, pp. 65-76.

Petroleum at OOxltroller Bay, by G. C. Martin. In Bulletin No. 314, 1907, pp. 89-103.

Geology and mineral resources of Controller Bay region, by G. C. Martin.  Bulletin
No. 335, 1908, 141 pp.

Topograg‘)hzc maps.

Map of Mount Wrangell; scale, 12 miles = 1 inch. Contained in Professional Paper
No. 15. Not issued separately

Copper and upper Chistochina rivers; scale, 1:250000; byT G. Gerdine. Contained
in Professional Paper No. 41. Not issued sepflrately

Copper, Nabesna, and Chisana rivers, headwaters of; scale, 1:250000. D. C. Wither-
spoon. Contained in Professional Paper No. 41. Not issued separately.
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Controller Bay region Special map; scale, 1:62500; by E. G. Hamilton. Tor sale at35
cents a copy or $21.00 per hundred.

General map of Alaska coast region from Yakutat Bay to Prince William Sound; scale,
1:1200000; compiled by G. C. Martin. Contained in Bulletin No. 335.

In preparation.

The Kotsina-Chitina copper region, by F. I Moffit. .
Chitina quadrangle map; scale, 1:250000; by T. G. Gerdine and D. C. Witherspoon.

COOXK INLET AND SUSITNA REGION.

The petroleum fields of the Pacific coast of Alaska, with an account of the Bering River
coal deposits, by G. C. Martin. Bulletin No. 250, 1905, 64 pp.

Coal resources of southwestern Alaska, by R. W. Stone. In Bulletin No. 259, 1905,
pp. 151-171. . .
Golcl1 g]acel‘s of Turnagain Arm, Cook Inlet, by F. I. Moffit. In Bulletin No. 259,

1905, pp. 90-99.

Mineral resources of the Kenai Peninsula; Gold fields of the Turnagain Arm region, by
F. H. Mofiit, pp. 1-52; Coal fields of the Kachemak Bay region, by R. W. Stone,
Pp- 93-73. Bulletin No. 277,.1906, 80 p]p.

Preliminary statement on the Matanuska coal field, by G. C. Martin. In Bulletin No.
284, 1906, pp. 88-100.

A reconnaissance of the Matanuska coal field, Alaska, in 1905, by G. C. Martin. Bulle-
tin No. 289, 1906, 36 pp. (Out of stock; can he purchased of Superintendent of
Documents for 25 cents.)

Reconnaissance in the Matanuska and Talkeetna basins, by S. Paige and A. Knopf.
In Bulletin No. 314, 1907, pp. 104~125.

Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska, by S. Paige -
and A. Knopf. Bulletin No. 327, 1907, 71 pp.

Topographic ma})s.

Kenai Peninsula, northern portion; scale, 1:250000; by E. G. Hamilton. Contained
in Bulletin No. 277.  Not published separately.

Reconnaissance map of Matanuska and Talkeetna region; scale, 1:250000; by T. G:
Gerdine and R. H. Sargent. Contained in Bulletin No. 327, Not published
separately. . .

Mount McKinley region; scale, 1:625000; by D. I. Reaburn. Contained in Profes-
sional Paper No. 45. Not published separately.

ALASKA PENINSULA AND ALEUTIAN ISLANDS.

Gold mine on Unalaska Island, by A.J. Collier. In Bulletin No. 259, 1905, pp. 102-103.

Gold deposits of the Shumagin Islands, by G. C. Martin. In Bulletin No. 259, 1905,
pp. 100-101. .

Notes on the petroleum fields of Alaska, by G. C. Martin. In Bulletin No. 259, 1905,
pp- 128-139. Abstract from Bulletin No. 250.

The petroleum fields of the Pacific coast of Alaska, with an account of the Bering River
coal deposits, by G. C. Martin. In Bulletin No. 250, 1905, 64 pp.

Coal resources of southwestern Alaska, by R. W. Stone. In Bulletin No. 259, 1905,

p. 151-171.

The pI-Ierendeen Bay coal field, by Sidney Paige. In Bulletin No. 284, 1906, pp.

101-108.

YUKON BASIN.
The coal resources of the Yukon, Alaska, by A. J. Collier. Bulletin No. 218, 1903,

71 pp. .

The gold placers of the Fortymile, Birch Creck, and Fairbanks regions, by L. M. Prin-
dle. Bulletin No. 251, 1905, 89 pp. .

Yukon placer fields, by L. M. Prindle. In Bulletin No. 284, 1906, pp. 109-131.

Reconnaissance from Circle to Fort Hamlin, by R. W. Stone. In Bulletin No. 284,
1906, pp. 128-131.

The Yukon-Tanana region, Alaska; description of the Circle quadrangle, by L. M.
Prindle. Bulletin No. 295, 1906, 27 pp.

The BonQnOiﬁezldGand Kantishna regions, by L. M. Prindle. In Bulletin No. 314, 1907,
pp. 205-226. -
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The (éircle Precinct, Alaska, by Alfred H. Brooks. In Bulletin No. 314, 1907, pp.
187-204. ’ :
The Yukon-Tanana region, Alaska; description of the Fairbanks and Rampart quad-
rangles, by L. M. Prindle, F. L. Hess, and C. C. Covert. Bulletin No. 337, 1908,
— Pp-
Topographic maps.

Tortymile quadrangle; scale, 1:250000; by E. C. Barnard. Torsale at 5 cents a copy
“or $3 per hundred.

Yukon-Tanana region, reconnaissance map of; scale, 1:625000; by T. G. Gerdine.
Contained in Bulletin No. 251, 1905. Not published separately. :
Fairbanks and Birch Creek districts, reconnaissance maps of; scale, 1:250000; by T. G.
Gerdine. Contained in Bulletin No. 251, 1905. Not issued separately.

Circle quadrangle, Yukon-Tanana region; scale, 1:250000; by D. C. Witherspoon.
Contained in Buylletin No. 295. Not issued separately. ° .

In preparation.

Wat(gsupply investigations in Alaska, 190G and 1907, by T. . Henshaw and C. C.

Jovert. .

Fairbanks quadrangle map; scale, 1:250000; by D. C. Witherspoon. Contained in
Bulletin No. 337, 1908. .

Rampart quadrangle map; scale, 1:250000; by D. C. Witherspoon. Contained in
Bulletin No. 337, 1908. i h :

Fairbanks Special map; scale, 1:62500; by T. G. Gerdine and R. H. Sargent.

SEWARD PENINSULA.

A reconnaissance of the Cape Nome and adjacent gold fields of Seward Peninsula,

Alaska, in 1900, by A. H. Brooks, G. B. Richardson, and A. J. Collier. . In a
* special publication entitled ““ Reconnaissances in the Cape Nome and Norton Bay
regions, Alaska, in 1900,”’ 1901, 180 pp. )

A reconnaissance in the Norton Bay region, Alaska, in 1900, by W. C. Mendenhall,
In a special publication entitled *‘ Reconnaissances in the Cape Nome and Norton
Bay regions, Alaska, in 1900.”

A reconnaissance of the northwestern portion of Seward Peninsula, Alaska, by A. J.
Collier. Professional Paper No. 2, 1902, 70 pp.

The tin deposits of the York region, Alaska, by A. J. Collier. Bulletin No. 229, 1904,

| pp. .

Recent developments of Alaskan tin deposits, by A. J. Collier. In Bulletin No. 259,
1905, pp. 120-127. .

The ]If)aghggen gold placers of Seward Peninsula, by I. H. Moffit. Bulletin No. 247,

905, 85 pp.

The York tin region, by . L. Hess. In Bulletin No. 284, 1906, pp. 145--157.

Gold mining on Seward Peninsula, by F. H. Moffit. In Bulletin No. 284, 1906, pp.
132-141.

The Kougarok region, by A. H. Brooks. In Bulletin No. 314, 1907, pp. 164-181.

Water Supply of Nome region, Seward Peninsula, Alaska, 1906, by J. C. Hoyt and
F. I. Henshaw. Water-Supply Paper No. 196, 1907, 52 pp. (Out of stock; can
be purchased of Superintendent of Documents for 15 cents.)

Water supply of the Nome region, Seward Peninsula, 1906, by J. C. Hoyt and F. F.
Henshaw. In Bulletin No. 314, 1907, pp. 182-186.

The Nome region, by T'. H. Moffit. In Bulletin No. 314, 1907, pp. 126-145.

Gold fields of the Solomon and Niukluk river basins, by P.-S. Smith. In Bulletin
No. 314, 1907, pp. 146-156. '

Geology and mineral resources of Iron Creek, by P. 8. Smith. In Bulletin No. 314,
1907, pp. 157-163. :

The gold placers of parts of Seward Peninsula, Alaska, including the Nome, Council,
Kougarok, Port Clarence, and Goodhope precincts, by A. J. Collier, F. L. Hess,
P. S. Smith; and A. H. Brooks. Bulletin No. 328, 1908, 343 pp.

Topographic maps.

" The following maps are for salc at 5 cents @ copy, or $3 per hundred:

Casadepaga quadrangle, Seward Peninsula;-scale, -1:62500; by T. G. Gerdine.
Grand Central Special, Seward Peninsula; scale, 1:62500; by T. G. Gerdinc.



Nome Special, Seward Peninsula; scale, 1:62500; by T. G. Gerdine. .
Solomon Special quadrangle, Seward Peninsula; scale, 1:62500; by T. G. Gerdine.
The following maps are for sale at 25 cents @ copy, or $15 per hundred:
Seward Peninsula, northeastern portion of, topographic reconnaissance of; scale,
1:250000; by T. G: Gerdine. ) ) . :
Seward Peninsula, northwestern .portion of, topographic reconnaissance of; scale,
1:250000; by T. G. Gerdine. ) :

Seward Peninsula, southern portion of, topographic reconnaissance of; scale,.

1:250000; by T. G. Gerdine.
In preparation.

Water-supply investigations in Alaska, 1906 and 1907, by F. T, Henshaw and C. C.
Covert. )

Geology of the area represented on the Nome and Grand Central Special maps, by
. H. Moffit, I*. L. Hess, and-P. S. Smith.

Geology of the area represented on the Solomon and Casadepaga Special maps, by
P. S, Smith.

The Seward Peninsula tin deposits, by A. Knopf.

NORTHERN ALASKA.

A reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska, by way of Dall,
Kanuti, Allen, and Kowak rivers, by W. C. Mendenhall. Professional Paper
No. 10, 1902, 68 pp.

A reconnaissance in northern Alaska across the Rocky Mountains, along the Koyukuk, -

John, Anaktuvuk, and Colville rivers, and the Arctic coast to Cape Lisbuine, in
1901, by . C. Schrader and W. J. Peters.  Professional Paper No. 20, 1904, 139 pp.
(Out of stock; can be purchased of Superintendent of Documents for 40 cents.)
Coal fields of the Cape Lisburne region, by A. J. Collier. In Bulletin No. 259, 1905,
. 172-185. ) : -
Geolggy and coal resources of Cape Lishurne region, Alaska, by A. J. Collier. Bulle-
tin No. 278, 1906, 54 pp.

Topographic maps.

Fort Yukon to Kotzebue Sound, reconnaissance map of; scale, 1:625000; by D. L.
Reaburn. Contained in Professional Paper No.10. Not published separately.

Koyukuk River to mouth of Colville River, including John River; scale, 1:625000;
by W.J. Peters. Contained in Professional Paper No. 20. (Out of stock.) Not
published separately. '
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