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PREFACE.

By Acrreo H. DBrooks.

This volume presents the results, both geologic and topographic,
of the first detailed survey made of any of the Alasgka coal fields.
Most of the other important coul 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 Ly transportation facilities, provided the
means permit.

Tt is an established policy 1 the investigation of the mineral re-
sources of Alaska to precede detailed work by that of a reconnaissance
character. This makes 1t possible to determine not only the areas
of probably greatest commereial importance, which shounld be sur-
veyed in detail, but also to obtain an insight info 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 coustal belt of Alaska,” made in 1903—, 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 ave
of greatest commercial importance. Such is the case in the accom-
panying map (PL IT, 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 1s presented, it should be regarded as being due both to the
lack of comprehensive knowledge of the whole Alaska-Pacifie coast

@ Martin, (3. €., The petroleum fields of the Pacific coast of Alaska: Bull. 17, &, Geol.
Survey No. 200, 1005,  Moffit, 1%, ., and Stone, R. W., Mineral resources of Kenal
Veninsuly, Alaskd @ Bull, U, 8, Geol, Survey No. 277, 1906,



8 PREFACE,

province and to the lack of bed-rock exposures, which is so character-
istic of much of the region, rather than to a lack of refinement in field
methods.  The succession of Tertiary 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. My,
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 stratigraphic sequence, as here presented, leaves much to
be desired, vet it is undoubtedly the best that can be done until the
Tertiary rocks are studied in adjacent provinces.

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 eredit for the results obtained.



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

By G. C. Magri~.

INTRODUCTION.
LOCATION.

Controller Bay is a shallow indentation in the Pacific coast of
Alaska, sheltered chiefly by Kayak and Wingham islands. Ti 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-
seribed 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.*

® 8teller, Georg Wilhelm, Beschrelbung der See-Reise von Kamschatks nach Amerikas,
Frankfurt, 1774,
9



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 explorers
sent out by the Russians, French, and Spaniards sailed past this
coast, but there is no record 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 deseriptions of
the regions* are especially complete.

Controller Bay and the coast eastward were visited in 1837 by Sir
Edward Belcher, who wrote * some rather elaborate but nonscientifie
descriptions of Bering und Malaspina glaciers,

Lient. H. W. Seton-Karr, after attempting to elimb 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,” 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

o Vancoyver, Capt. George, Voyage of discovery to the North Pacific Ocean, etc., in the
years 1790-1705, London, 1708, & v, (maps).

» Beleber, Capt. Sir Edward, Narrative of the voyage of H. M. 8. Sulphur during the
years 1830-1842, London, 1843,

« Seton-Karr, 11. W., Shores and Alps of Alaska, London, 1887, pp. 138168,

¢ Diiphant, ¥. IL, Petroleum, in Mineral Resources U, 8. for 1897 ; Nineteenth Ann,
Rept. U, 8. Geol. Survey, pt. 8 (cont.), 1898, p, 110,

¢ Rldridge, (. 1., The const from Lynn Canal to Prioce William Sound : Maps and de-
seriptions of voutes of exploration in Alaska in 1808, a special publication of the TU. 8.
Geol. Survey, 1800, pp. 108-104,

r Spurr, J. K., A reconnalssance In southwestern Alaska In 1808 : Twentieth Ann. Rept.
U. 8. Geol. SBurvey. pt. 7. 1900, pp. 208-264,

» Kirsopp, John, Jr., The coal fields of Cook Inler, Alaska, U, 8. A., and the Pacific
coast : Trans, Inst. Min. Eng, (England), vol, 21, 1001, pp. 558-558.

A Btoess, P, €., The Kayank conl and oll field of Alaska: Mio, and Sci. Press, vol. 87,
1903, p. 65,

i See bibllograpby on p, 130,
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SURVEYS. 11

four years. A 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 detailed 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 petrolenm, 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 TI, pocket) was surveved on the seale of 1:45000 and is
here published on the scale of 1:62300. 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. Tt is
hoped that the errors will not be appreciable.

The approximate positions of the Coast Survey triangulation sta-
tions are shown on PL ITL. and are also stated in the following table:

* Petroleum fields of Alaska and the Bering River conl flelds: RBull, 1°, 8 (lenl. Survey
No. 225, 1904, pp. 365-382.

*The petroleum fields of the Pacific coast of Alaska, with an account of the Bering
River coal deposits: Bull. T, 8. tieol, Rurvey No. 200, 1005, G4 pp.

* Notes on the petrolenm fields of Alnska: Bull, 1. N Geol. Survey Noo 250, 1005,
pp. 128-139,  Berlog River voul tleld ; Bull, U, 8. Geol, Burvey Noo 2060, 1006, pp. 140-150,



12 CONTROLLER BAY REGION, ALASKA.

Latitwde and langityde of Coust Survey teiongulofion stations,

Nume of sintion, Latitude, ] Longitude.
’ " o ’ "
17 56,300 144 5 13.535
21 335611 145 02 40
10 87.8%0 144 28 B0
59 b58.428 144 12 568
09 26. 360 144 25 853
10 40.147 144 285 5l
10 46, 956 14 14 716
09 40,967 14 156 464
w 37.45 14 16 124
11 20,26 144 19 464
09 a7.993 144 26 033
11 88,882 144 102
08 44,845 144 7 708
on 074 144 13 720
12 B50 144 40 626
o 487 144 11 532
(1] 866 144 608
n 404 144 W 27
[ 166 144 9
14 135 144 888
[0 368 144 Tie
[ M3 | 144 bad
n 33 144 204
2 554 144 701
10 63| 1M 130
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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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16 CONTROLLER BAY REGION, ALASKA.

GULACIERS.

Bering Glucier, which borders the region on the east, is a huge,
even-surfaced, stagnant mass of glacial ice, which is fed by many
valley glaciers coming from the high mountains north of it. Tt is a
piedmont 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 conl 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
is 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. Tt is formed by the union of several valley glaciers,
which come out from the high mountains (see Pl TV, .1), and ex-
pand into a bulb-shaped terminus on reaching low ground. Mnuch
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 oceupied by Kushtaka Lake and Lake Charlotte. The former is
known as Kushtaka Glacier. ;

Several small glaciers occupy positions on the colder slopes of
higher 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
rau:fall 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 Tise 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



14 CONTROLLER BAY REGION, ALASKA.

E. G. Hamilton and W. R. Hill, who made the topographic survey,
and their assistants, . E. Laube and W. J. McDonald.

Acknowledgments should also be made to the other members of
his parties and to the many prospectors, operators, and engineers
who by the aid and information they have given and the unfailing
kindness they have shown have contributed much both to the value
of the work and to the ease and pleasure of its accomplishient. The
list of these men is too long to publish here, but the writer wishes to
assure them that it is not too long for him to remember.

COMMERCIAL DEVELOPMENTS.

The first white men who settled in this region were traders who
were attracted by the sca 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 Commercial Company is said to
have had a station here.  After the decline of the sea-otter industry
attempts were made {o establish salmon canneries, but they were
not successful, although a cannery on Prince William 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 hrought 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 oil drilling
in a new field is uncertain, and at best requires time and money, 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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Bench marks in Controller Bay region,

| ‘ ]
Elevation | Adjusted

stamped

Lovation, 3
oh tahlet. lele\ ation.

| Feed, Feel.

|
300 feet west of post-office; tablet set in Lop of lurge howlder (5 by 1

by loa}eet P > _ ‘ L 100, 095
Point Hey; hblel set il outcmput‘ alupms smooth sandsto 10 9, 909
Mouth of Bc-rlngl River; tabletset in base of cliff hetween water

of Pacific and Oil Co.. 8 8,062
Bering River, west bank, Imile mmlmul. of I]cril.n,_qr TLake and’ }mll\ wost

of month of Gandil River; tablet set in sandstone. . 7 6048
Shepherd Creek, west bank, near month; tablet set in sandstone 20 feet from

water line, on low grassy "swale between hills. . 1 6. 067
Shepherd Creek. west side, on trnil at base of aleep ‘.I:lllls “tablet set in sand-

stone onterop 100 feet south of cabin at tunnel . . 17 47. 049
Bering River, north bank, 4} miles west of mouth of Stillwater C reek “tablet

set in sandsétone ledge at base of 20-foot eliff in first timbered hill above ! l

Bering Lake.. R 2 20, 04
Rering River at ‘mouth of huliwuu r Cmelr “tablet set in mdmne At base f

of 20-foot c1iff, i0 feet south of gally on w ‘est side of creek P o3, 020
Stillwater Creek, 2§ miles above its mouth: tabletset in sa e

of trail # mile above Cunningham’s wnnhause........u._._._...m 49 | 49, 160
Lake Kushtaka ot outlet; tablet set in sandstone 20 feet from edge of water. . b 84.728
Bering River, about 500 feet north of mouth of lower fork of Canvyon Creek: |

tablet set in black sandstone on wooded point at west side of grnei ﬂ:u [

about 600 fect north of point where trail leaves Bering River.. . | 4h 45.010

*The determination of mean tide at Katalla Is based on obscrvations extending for only
twenty-four hours, nnd consequently is only approximate. ‘The adjusted clevations of the
hench 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 correctlon on more accurate
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 P’L 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
several 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
geologic work begun in the preceding year. The results of that
year’s work were also incorporated in an abstract report  which has
already appeared.
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o Distribution and character of Bering River coal: Bull. U7, 8. Geol. Survey No. 284,
1906, pp. 65-TT.

» Petroleum at Controller Bay, Alaska: Bull. U, 8, Geol. SBurvey No. 314, 1907, pp.
B9-103,
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Creek, whieh 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 Buing 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-
watér 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 mountaing close to the delta and entering the
tidal sloughs behind Softuk Bar.

CLIMATE.

Few melmwlngw observations have been made at pomt.s within
the region here described, and so the following discussion is partly
based on the records at neighboring stations, -»upplemeuted by the
writer's general knowledge of weather conditions during the sum-
mers of 1903 to 1906, inclusive.

The following local meteorologic vecords were made and have been
furnished by the Katalla Company:

Temperature, t'fram”m-n il ;;u‘f fplff.rflml ot Katallu, 1907,

i’nlr]mr lllll't ! ! ' q Inu llm»-- entitnber --I‘ -lur-u Pn-vlpitnllun llm'hm\}

. 1 |
”:u\;: l‘lllf:;:j Mean. | Clenr. :I":‘rl_r:;_ Clasly, Raln. Rain. Nmmf.l Total.
- - = R : - | _
January .. oo oo 2 i 100 | 24 - 3 T N reyord,
Februnry. .. .. £ : 2.5 15 4 K] 14 No revord,
. k4 RN | | 1 0 1 No reeord,
B oy "9 L] n LE v
Wi an 1.2 n i 17
= 1 W0 fi 1] 1
s 43 a0 14 R .
) : 81 #osn! "y 1,
September. .. ... . o | 2ol B "
October.. ... .. 31 2| n; 1 = |
Nov fmhor Tom| o owl s g n
iber. i %( 32.0 i L
The year. .. 81 i 2| an2 M0 [

= Eight utumlm

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

A of these stations, as well as the region here deseribed, are in-
clnded in what Brooks and Abbe # have designated the * Pacifie const

'Brrmh A, ll and Abbe, €., jr., General llll.namlm:; of ‘\luukn I'rof. I'aper U, K.
Geal, Sllr\'ey No, 45, 1006, pp. 148149,

21803—Bull, 235 08— -2



18 CONTROLLER BAY REGION, ALASKA.

climatic provinee,” which is characterized by heavy rainfall and
cloudy weather and by mederate winter and low summer tempera-
tures, General conditions throughont the province are well illus-
trated in the following tablese giving the temperatures and rainfall
at Orea, Nuchek, Fort Liscum, and Sitka:

Temperature (_“F.] at stations pedrest Copfrealler Rajy.

| Maximum, ! Minimnm. | Meann.
o —— s e F b ad petpe e e e,
| | | | | |
| = ]
| I | o |[ [ I ?. I | -
E - i § g8
|| 81 1= 4 1§
s Bl 8313 « 1912|373
(& 1212, '€ ¢ ,2)5|8]|+%
= = | B e | = = = = I = =]
| Wl S m | E = =1 & @ = -4
I . N -— | e— - . e — I P | RS [V W<
| i
Janmary | 510 48| 491 45 - 2‘ 201 5| —14|8L2)2590| 288
Februnty - B 4T sy 42 - B 16 I &) -1z |330!%0.1| 155
Murch. .. BB dB 6L, 6o —1] 271 2| —4|87.2(3.6{ 20.8
April ...l Josl s oml szl 19| 2 » 2419 [ 40.0 | 816
MAY venenes B0 LosEpoF2loe2 28| B0 L8| 95| 469 ) 448 | 394
Jutle ... Ik %o, B30 vy 83| 80 5| 32| 6L6|b24| 4900
Tiby ... U | 9 77 #8 | AT w3 | 32| 544 (676 A5
Angust .. om0 S0 T0 88| 46 40 30| 56.5) B5.8 | 46.0
September. T I B R I % P
Octaher ... Jowry sl 6! oBg | B 2, » [ 18 1457 | 40.8 ... ..
November. Sonp 4s 48 A [ o, 11 080,838 24
Derember | PO IS B A 70018, 7| 130840294 216
The yonr ..o SR ot ] T 8| 100 2|-1 [esfae ..
1 | ! { { {

" November, 1807, 1o May, 1877 5 April, 1881, to Septomber, 1887 ; July, 1898, to Mebru-
avy, IS0 Mav, 18090, to Deceomber. 1902,
" Oetober, 1885, to Augnst 41, 1884,
ocord from June, 1809, to October, 1905,
dolanunry, 1001, to Deceraber, 1902,

Precipitation at stations nearest Cowfroller Baiy.

Kumber of days with rain ex- | Bainfall  (including  melted

covding 0.0 inch. snew i, inches permaonth,

B B S A D S Bt

- o | B | Lo g

_-_é 1 g o | _:‘- ! j

P gl o= vy o S ST S

F+ - 2 - o | = = yEy

= = & £ = z Z | =

X A = o T .= S | =

e - Ul i R e i
January .. [OWE B0 140, IT5| 1237, 2007 | 1258 967
| 1590 RO eF, al, 47| 15| 7.49| Lm
|0 20| 16T WS 670 1802|1869 a5
{16 10| T o0 561 12| 1270 4,50
18.1 185 IR0 0 437 w92 1206 225
[ 135 15| 10.7| ®0' BE | 417| 55 0.0%
[ 1.9 85| 108 L5 355, 0.03| 465 5.2
(6.8 1.0 1.8 885, 584 1418 1435, 1238
Reptember .. [ 193 190 1450 205] 967, 206 150, M2
Ovtaber ... j W7 20| ghzl 2.0 IL% | 2150 2.38| 4%
November -..... L6 IX0| 130 IL5, 950 | 10.5) | 997 6.63
December....... ,OIRD . Im0) 147 150, 7.8 | 1681 M| 595
THE YOAT +veeesnsiosesssmomons UDT.0, 203.5 i 7L 175.0 ll SR8 10 l 190.09 l 149.33 | 81.33

[ 0 | 1 |

 Compiled from reports of voluntary observers of the wearher bureau of Alaska as
1";"";:""“ in the reporiz of rof, O, €. (Georgeson on agricmultural investigations in
Aluskn.

b Xovember, 1867, to May, 1877 : April, 1881, to September, 1887 ; July, 1805, to Febru-
ary, 1894 May, 15899, to December, 1902, T

*Ovtaber, 1888, ro Auzust S, 1884,

4 Broken record from June, 1509, to October, 1005,

¢ Jannary, 1901, to December, 1902,
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Monthly temperature and precipitation al Ovea from Junc, (829, to Oclober,
1905,

Tm\ru;mh;;\: (orY

| Precipitation.

Fxtremes for | i w by
term of recard, Avorages by months.

l ( { Da

DaMaxi- Minde Maxic | Mini- | Y8, | Amount,
eietl, |with rain

mum. W, mem, L mom, | or gnow, | Gnehes).
JANNAry, 8 Years. .. ..oooooniaiaaaa e 0] | & 440 1.0 12,58
Febroary, & years BT a1 4. 9.7 7.49
March, 5 vears... N 2| 880 16,7 18, 64
April, Byeams. (... eaiiiiiisenaan 7 2 LD 4.7 12,70
May, 2 years......... I ™ R0 18,0 12, 06
JOne, ZYBUTR ..., ciaanasaniranan 1.7 5,06
July, Syears.....ocvccvininanan . 10.8 4.65
August, 4 yenrs a'e ]4_5_% lj!.:ﬁ
EeDtmeey. : RN Taa e RS 4.5 l)-i,:’.!’n
OCtober, B Ve oo i ern e rasaas 2.2 21. 54
November, 6 vears .. ey 13.0 9.97
Decembor, 1 ¥ e et e aciineniraas 4.7 14,52

Torm of reconl
Average for von
Total for venr -, .

These tubles show a maximun of precipitation and of winter tem-
perature and a minimum of summer temperature on the seaward
border of Prince William Sound in the vieinity of Nuchek and Orea.
The precipitation hecomes 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 deecrease in rainfall, with higher summer and
lower winter temperatures,

The climatic conditions on Controller Bay probably differ little if
any from those at Ovea and Nuchek.  The rainfall is enormous, possi-
bly even rivaling that at Nuehek and Ovea. where there are records
of 198 and 145 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 following 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 ave restricted to willow and cottonwood on the borders of the
waterconrses, 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-
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tains,  They extend from the edges of the alluvial Mlats to an eleva-
tion of 800 to 1,000 feet, where they begin to gradually thin ont. The
interspaces between the groups and areas of trees, which widen toward
the higher altitudes, ave filled with grass and with dense thickets of
alder and willow., The general nupper limit of the forests is at an
altitude of about 1,200 feet, and the extreme npper limit of good
ivees is 1,700 feet. The trees on the lower slopes ave very large and
densoly spaced, and the quality of the lumber is fair.

Mountain-top vegetation: The upper slopes and summit of the
hills and mountaing abave the tree line, as defined ubove, nre partly
bure (see D3IV, o 16) and partly covered with grass, small herbs
and bushes, and stunted alders and spruce. It is worthy of note that
vegeintion of this type descends fav lower in this region than is usual
i thix latitude. The tmportanee of this characteristic lies in the
faet that it vestriets the wren of valnable ¢imber aund affords easy
(ravel 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 @ mixed settlement of whites and natives
and is n stopping place on the way up the river to the coul field, The
town of Xayuk, on Wingham Tsland, which was formerly a post-office
and steamer landing, is now practically abandoned. There are no
other settlements except the eamps of the various coal and oil com-
pauies, which ure sentleved throughout all parts of the region.

TRANSPORTATION.
ENISTING FACILATIES,

The only communication with other regions is by water. IKKatalla
33 0 regular stopping place for steamers from Seattle to Valdez and
Sewnrd, there heing five or six haats a month, The voyage from
Seattic (o Katalla vequires three and » balf to four days * gutside
vonte ¥ or soven lo cight days “inside route™ via Juneau. The
nearest Luge towns ave Juneau, which is from two to three days’
journey to the east. nnd Valdez and Seward, whieh ure from ten to
eighteen hones and from twenty-towr to thirty-six hours, respectively,
to the west. There are telegruph and enble affices® at these towps.
Valdez and the aother Prince Willi:un Sound ports can also he reached
by vrossing the Copper Delta in a small bont ta Orea, a two-day
journey. from which place there is vegular and frequent communica-

o Mlans ave alse under wany to copnect Kiatalln with the exlsting cahie.
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tion with Valdez and the other Prinee William Sound towns hy
launches, in addition (o the ocean-steamer serviee.

There is regular transportation of passengers and freight from
Katalla to all parts of Coutroller Bay and to Bering Lake by launches,
and much of the rest of the region is aceessible by means of canoes.
Bering River as far as the wouth of Canyon Creek, Stillwater Creek,
Shepherd Creek. Gamlil. Nichawak. 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 exeept wheve trails have been built,
because of the dense vegetation, the swanpy chavacter of the flats,
and the large numbier of streams. Mozt of the trails are indicated on
the maps (Pls. TL. UV, VIIT). The most important of these trails
inelude those from Katalla to Mirror Slongh, from Katalla along
the beach to Strawberry Iarbor and to the head of Katalla Slough,
from the mouth of Bering River to the head of Katalla Slongh
(which is practically a well-bhuilt wagon road), from the month of
Dick Creek to Lake Tokun. from Canoe Landing up Shepherd Creck
to Lake Charlotte with o branch from Carbon Creek across Kush-
taka Ridge to Kushtaka Lake. from Canoe Landing dirvect to Kush-
taka Lake, from the mouth of Stillwater Creck to Lake Kushtaka
with branches up Clear and Tront ereeks. from the month of Still-
water Creek up Canyon Creck. and aeros< Carbon Mounntain to First
Berg Lake. From this lust point the shores of Berg Lakes (see 11
V1, A, p. 46) and a portion of the surface of Bering Glacier affords a
highway into all the valleys opening on the lobe of Bering Glacier,
which borders the five Derg Lakes.  Other shorter trails reach prac-
tically all the camps which are not aceessible by water.  Short tram-
rouds have been huilt from the head of Katalla Slongh and from the
mouth of Redwood Creck to neighhoving oil wells and from Canoe
Landing to a coul opening.

RAILWAY  ROUTES,

Reference has alveady been made (p. 15) to the railway surveys
which have hitherto been made or which ave in progress. The object
of these proposed rowds is to make the Bering River coal accessible
for shipment, or to provide a voute ¢ to the copper deposits and other
resources of the Copper River region. or both. The conditions which
will govern the selection of the ronte include the character of the
harbor at the terminus, the cost of constrnetion and operation of the
road, and the prospective freight tomage.

o Brooks, Alfved T, Mallway routes: Ball, 17, 8. Geol. Survey Noo 284, 19068, pp 1017 ;
Ballway rontes In Maska : Nat. Geng, Mag, 1907, pp. 16-190,
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HARBORS.

The harbors whieh have been considered by the various interests
purposing to build a railroad inclnde Controller Bay, Katalla Bay,
the shelter afforded by Fox and Whale islands. and Orea Bay.

Controller Bay gives good shelter for large vessels, but is often
too rough for small boats. The anchorage is good and the chanunel
deep, but the deep water is a long distance from shore, The hroad
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 railway terminus, although its use is
admitted to be possible.

Katalla Bay has sufficient depth of water, good anchorage, and is
entirvely 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 loeally from the east and northeast, it is
claimed by many that Katalla Bay in its present condition is a good
harbor and that stewmers could tie to wharves in it under all condi-
tions.  The deep-water anchorage is not safe for small boats in had
weather, but Katalla River and Slough give perfect shelter and ean
nsually 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.® Katalla Bay is
perfeetly practieable as a harbor, provided that severe storms do not
come from the southwest or west, or that brealowaters can be built at
reasonuble cost.

IFox and Whale islands give good shelter except from the sonthwest
and west, and have deep water close to the islands. The proposed
plan @ is to connect Whale Island with the mainland by a causeway
(this interval is 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 TFox islands and westward from the latter.
This proposition is similar to that at Katalln Day, except that deep
water is nearer shore at the islands, but the avea of natural shelter is
smaller. IMere, as at Katalla Bay, it is a question of safety {from possi-
ble southwest storms and of cost of breakwaters,

Orca Bay is a good harbor, being large, deep, and perfectly shel-
fered, 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 T).
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).

* Work was begun ot this project n 1HUT.
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ROUTES.

The possibilities of railway construction from any of the above-
mentioned local harbors to the Bering River coul fields are well shown
on the accompanying topographic map (PL 11, pocket), and are also
indicated by the lines of levels represented by the list of beneh marks
on page 13

It can readily be scen from the map that grades are insignifieant
and that the only problems will be those connected with ballasting
and bridges. The brond 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 River, cross the
65-foot (morve or less) divide o Berving Lake, and (restle or 1l across
Bering Lake (which barely exeeeds i feet in greatest depth and is for
the most part much shallower).  The bridges over Shepherd, Still-
water, and Canyon erecks will be =mall, but severe foods must be al-
lowed for in building abutments,

If Controller Bay is nsed as the harbor the wharves might be built
sither from the south end of Kanak Island or from the east shorve of
the bay. In the former ense a long bridge must be built to the main-
land. The road could then go by the Katalla River route already de-
seribed.  Frow 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. .\ 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 np in part of sand and gravel.
Many bridges, most of them ~mall, would be required, the largest be-
ing over Bering River,

A railway from thi= region into the interior would either go west
from Katalla along the ocean =hore and up the east side of the Cop-
per delta, or would go up Shepherd Creck (see Pls. T and I1),
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 construetion of bridges
over glacial stremns must always be a problen,

The route from Orea© to the coal field follows the foot of the
mountains on the west side of Copper Delta nntil the bridge site,
mentioned above, is reached. Tt would then follow the route, de-
seribed above. from Copper River to the coal field. The disad-

vantages of this route consist n its length and its crossing (npp&t

4 A raliroad from each of these harbors was Ia" un in 1007,

b Brooks, Alfred H., Rallway routes: Dull, 17, 8. Geol. Burvey No. 284, 190G, pp. UGl-15 3
Rallway routes in Alaska : Nat. Geog. Mag, 1907, pp. 182, 1090,

c{onstruction was begun on a riilroad frow Corndova, a new (own sltuated near
Orea, in 1906,




24 CONTROLLER BAY REGION, ATASKA,

River. A road from Orea to the interior ¢ would eross Copper River
twice, while one from a loeal harbor would eross it but onee to veach
the interior,

All the plans considered above are possible, and the choice must
depend on questions of cost, meluding both the actual cost of operat-
ing the road and the interest on the original investment. There
are no diflienlties 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 Orea to the coal field or from either terminus into
the interior present no greater difficulties than have been overcome
clsewhere. The tmportant 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.

GROLOGY.
GENERAL FEATURES.

The general sueces<ion of rocks in this region is shown in the fol-
lowing table:

tieneral geetion of voeks of the Controller Bup region.

T
Ay ;‘ Formation tmme, (haracter of rocks. I Thickuess,
B | .
\ Stream deposits. probably In part nu- 0500 &
derlain by marine sediments,
” ) Hediments and abandoned bewches of -0
Quinternnry, glacial lakes,
Morinal deposits. (=100 +
Marine silt and «¢lay. 100
!
| | "
Tertinry or lnter. | Dinbase nad bt dikes. \
| |
[ f
Toknn formation. 2‘}‘.2:;1'?“”"" | 9, {{g_‘
S S —_— ——— ——— ——— |
l Kushtuka formuation, | Arkose with many cond buds, | 2,500 4
B SO B,
stillwater formation. l Shale nid sandstone, | o000 4
b
Tertiary —_—————— ——— y -
Conglomerates, and sandstones  amd
shales, some of which nre conglomer-
atie, ¢ B0
, | Sundstone. B0
Rntalla formation.® | o g0 " soneretionary and with n glan-
vonitiv bed at the buse, 2,000
sandstone. 1,000
Shaje, i G-
]
S nEm i s 1 L — -
Pri-Toertinry. ] tiraywacke, slates, and igneous rocks,

" Brooks, Alfred 1., Toe, cit.
H e position of the Katalla formation with reference to the other Tertiary formations
Is not definitely established.  See disensslon on pp. A7-41.
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As the surface of the conntry is about eqnally divided between flat
lowlands and hilly distriets, =0 also the area of rock is equally divided
between unconsolidated alluvial deposits and indurated complexly
folded rocks. The geologic features in this respect exaetly coineide
with the topographic features. the hard vocks being entirvely re-
stricted to the hilly areas and the alluvinm to the flats,

The hard rocks, except two areas of mwetamorphosed pre-Tertiary
deposits 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 lave taken part.  Tgneons intrusion has taken place,
but has played a small part. Both the intensity of the folding and
the abundanee of dikes are greatest in the northeast part of the dis-
triet toward the high mountains,

NEIGHBORING PROVINCES.

As this provinee is topographically a foothill region on the edge of
the Chugach Mountains, so in its stratigraphy and stroecture it par-
takes of the general geologic conditions bordering that mountain
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 Sonnd region the rocks consist of two metamorphosed
sedimentary group=. the Valdez = series™ and the Orea  series,” of
undetermined bt probably Paleazoie age. The latter is associated
with greenstones derived from basie lava flows, Granitic masses and
other intrusives are represented.  In the Monunt St. Elias-Yakutat
Bay region © the rocks composing the high mountains comprise crys-
talline rocks, ineluding schists and gueisse< of mdetermined but prob-
ably early Paleozoic age. granitic intrusives. slightly altered sedimen-
tary rocks {Russells = Yakutat system 7Y of disputed age, but prob-
ably Mesozoic or late Paleozoie. and late Tertiary or post-Tertiary
sediments (Russell’s * Pinnacle system ™).

@ Drooks, \Ifr- 0] II The geography and geology of Alaska : 'rol. Taper 1. B. Geol.
Survey No. 43, 1906, pp. 20-32, 227228 253-256.  Schrader, I, C., and Spencer, Arthur .,
The geology and mineral resources of u portion of the Copper River Distrlet, Alaska. A
apecial publiention of the 1°. 8. Geol. Survey, 1001, pp. 32-30,

b Behrader and Spencer, op. cit.  Gram, U, 8. Copper amnd other minern] resources of
Prince William Sound : Bull, U, 8 tGeol. Sorvey No, 284, 1006, pp, 7O-80.

€ Rossell, 1. C., Nat, Geog. Mag., vel, 55, IS, pp, 130141, 140, 167, 170; Twentieth
Ann, Rept. T, 8. Geol. Survey, pt. 2, 1805, pp, 2426, 534, 52, M0,  Novarese, Inge Vittorlo,
Rocks and minerals of south Alaskn : The ascent of Mount S, Ellas, Appendix 1, 1004,
pp. 232-239, Tarr, R. 8. The Yakutat DBay reglon: Ball, U, 8. Geol. Survey No, 284,
1906, pp. 61-63: Glacinl geotogy awmd physiography of the Yakutat Bay reglon with a
chapter on the bed-rock geology (In pressi,  Blackwelder, Elot, Recononissanee on the
;‘adﬂr coast from Yakutat to Alsek River: Bull. 17 8 deol. Survey No, 814, 1007, pp.

2-87,
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The nature of the rocks in that part of the mountain belt which
lies immediately beliind the Controller Bay region is not knowi, 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 erystallines 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 viemity 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 const half
way between Caontroller and Yakutat bays at Cape Yakiag, where
gently folded shales and sandstones have heen deseribed * as outerop-
ping in an anticline near and parallel to the coast.

DESCRIPTION OF THE ROCKS.
'TE-TERTIARY.

The nmlumnrphi{: rocks of the Controller Bay region outerop in
two areas.  One of these covers all of Wingham Island except the
narrow snnllwﬂsl 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 eoloved fine-grained rocks of wn-
certain origing and greenstone and other igneons rocks which probably
inclnde both bedded and intrusive masses.  The observed contacts
with the Tertinry rocks are faults, and these rocks are probably in
both areas overthrust npon the Tertiary sediments.

The amonnt of metumorphism which these rocks have undergone
as compared with the Tertiary vocks, which though in direct contact
with them are entively 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 numerons
hut poorly preserved Globigering indeterminate species.  The oceur-
venee of Globigerinag (assuming that the lower range of Globigerina
s been finally determined) shows the rocks to be post- Larbumfuuma.

“ "purr, J 1.. A llnnnmlinnunu in nuulh\\tuirrn \hlnka In H-:‘IH Twenticth Ann. Ro]n
1, 8, Geol, ﬂlll\’P_\' pre T, L000, e 264, Marting G, C, The petroleam flelds of the Paelfie
const of Auska, with an wecount of the Becing River eonl doposite s Dl 17, 8. Geol,
Survey Noo 2530, TOOS, pp, 20=27 3 he Cape Yaktog plocers ; Bull, U, 8, Geol, Survey No,
200, 1005, P, SS-8t),
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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 ~imilarity of these older rocks to certain rocks at
Orea Kodiak." and Yakutat Bay.c is suggestive of w possibly corre-
sponding age.

The correlation ? of the rock= at Oren. Kodiak, and Yalkutat is, in
the writer's opinion, not positively established, while their reference
to the Lower Jurassic i~ bhased upon evidence which he regards as
both insufficient and open 1o a different interpretation from that
which has been drawn from it.  The weight of the existing evidence
concerning the age of the ~laty 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 <ame general stratigraphic position.

TERTIARY.
EATALLA FORMATION.

BESCRITTION.

The Katalla formation ocenpies the 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 outerop in Gandil Mountain. Nichawak Mountain, Mount
Campbell. and the neighboring sall hills of the Nichawak region,
on Kayak Island and on the southeast point of Wingham Tsland,
in the low hills west of Beving Lake. and possibly in parts of the
region north and northeast of Bering Lake.

The bulk of the formation i~ camposed of soft. dark, argillaceous
shales, in places with mauy limestone coneretions and with at least
one bed of glanconitic sanid.

¢ Sehrader, F. O, and Speneer, Arthae ¢, 'U)e geoloey and mineral resources of o por-
tion of the Copper Ihver digteiet, Alogka, o speclal pablication of the V. 8, Geol. Survey,
1901, po, 33-10. Brooks, Alfpred 1L, The geogenphy and geology of Alaska: Prof. Maper
T. 8. Geol. Survey No. 45, 1000, pp. 205-200.  vrant, UL 8, Copper and other mineral
resources of T'rinee Willinm Sound @ Tl U7, =, Geal, Survey No, 284, 1906, pp. 79-80.

U Brooks, Alfred 1L, loeo chte Uleleh, B v, Posslls and age of the Yakomt formafion ;
Harriman Alaskn Fxpedition, val. 1, 1904 ppo 125-1406.

*fUleleh, E. O, loe, clt, HBrooks, Alfred 11, loe. ¢dt. Tarr, B 8, The Yakutat Bay
region : Bull, 7, 8 Geol, Survey Noo 280, 1006, pp. 67 -6 @ Glacial geology and physiog-
raphy of the Yakutat Bay region. wihilh u chapler on the bed-rock geology (in press).
Blackwelder, Eliot, Reconnalsgance an the 'aclfic coast from Yakutat to Alsek River:
Bull, T, & Geal. Survey No, 314, 1007, pp, 8287,

4 Bmerson, 13, K., Hprrhoaoo Alaska Expedition, vel. 4, 1904, pp, 11-54.

e Ulrich, E, 0., lo¢, clt,
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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 inderlain 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. The conglomerates, though
massive. are of urecrn'.'n' exten{ and position, :md grade locally into
pebbly sandstone or shale, or lose their pebbles entirely. The more
typical of the conglomerates contain usunally well-ronnded but un-
sorted pebbles af 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 seratches have heen seen,
The matrix consists of fine shale, sandstone, and arkose.

FOSSILE,

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

From o prominent exposed rock Just abhove the Chilkat Tndlan village on the
west bank of Dering River: (4313) Chionelln, Cardinvm, Glyeymeris, Macomae,
Mya, Litovina, anwd Purvpurca, too indly preserved to be specifienlly identified. bnt
doubtless of Aliocene age. .

West shore of Bering iver, jnst above Chilkat village: (4317) (hionella,
Muaeopa, aud Aeila.

West shore of Bering River, one-half mile below Greene's eahin, or 14 miles
above Chilkat: (4317) Young Lunatia ().

Woest cshore of Teoring River, one-fonrth mile below Greene's cubin, or 13 miles
ahove Chilkat: (4318) Fragments of extinet crab, starfish, echinoid, aml
ophinran, ad species of Twrba (), Tsapis (2Y, Lunatie (7), Fusus (%), o
rihbed  Drewtalivm, Mareic (2Y, Chiopelln, Solen, Thravia, AMya, Periploma,
Wecane, Acila, and Nweila, -

Porine River, west hank, 2 miles north of Chilkat: (4435)  Spisula near
albavia Conv., Yeldia, Lede, Dentalivan, Waeome (2, Angulus (Y, Lunatio
8, aml indeterminahle gastropods,

West hank of Bering River, opposite Tower end of first island golng upstrean :
(43200 Macoma, Nucula, Ledo, and Yoldio sp, badly preserved; (4327) Ohi-
onelly (%) in conevetion; Miocene (7): (4374) Phaeoides sp. and indeter-
minable zastropods.

Binff on west bank of Bering River where the river Aows from Bering Lake:
(4315 Neala, Neverite, Pusas, Chione (), Phacoides, Spisula, Macoma, and
Yoldin.

Beaeh on somth shore of Bering Lake, on first point west of its onftlet ;. (43740)
Maewma, Nevevite €20 probably Miocene.

Split Creel, 100-2000 yads above branch that heads J[‘.‘ilillhi the Redwond
Creck divide: (432307 Deeten,

“There Is a |mss[hii'l|‘_r that the writer is in eérvor in regard to the existence of fwo
sandstones and that there is but one, which I8 on fop of the shale, the apparent lower
one, with its undevlying shales, being o vepetition of the npper sandstone and shale by
faulling. The evidence on this polnt will he discuszed under Age and correlation (pp.
B7T—41) and Strneture (po 44),
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The following echinoderms were determined by W. I3, Clark:

Guleh back of Greene's cabin, Bering River: (4119) Asterias sp. This speci-
men is evidently a species of Asterias, although some of {he finer diagnostic
characters are lacking, In genernl 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 Rering River, 13 miles above Chilkat: (43158) Sechizaster sp.
There are many gpecimens of {his form, aud although again some of the finer
diagnostic characters are abseut I kuow of no other genus to which I conld as
satisfactorily refer it, T am inclined to think t belongs bhere.  The range of
this genus is from the Kocene to the present, and it i= a common form throngh-
out the Terfiary., It Is very shwilir 1o a common mdetermine] species of
Nehizaster from the upper Focene of the Gulf, of which I have a good number
of spechinens frowd localitles In Misslssippl, It 08 hardly probable that it is
actually the same species, although it is closely related. )

I should be elined to regard the beds as Tertiary, possibly later Eocene or
early Miocene fn ocaxe there Is other corvoborative puleontologic evidence, 1
am sorey that the Behinoderm foris ek some of the essentinl features to
make their determination snre, There 1s g bave possibility that the supposed
Sehizaster might be o vather nnnsual form of o simpley Spantangoid, cither
fremiaster or a related genus, inowhich case the deposits might be pre-Tertiary
as far as the Echinoderm ovidence s coneerncd,  The fasciole, which is an
external character of the test, is =0 poorly preserved that 1 ean not determing
with vertainty atll of its charnetors, aud for that renson there must be gome
doubt in the watter,

The following plants obtained from the lower sandstone were iden-
tified by F. H. Knowlton:

South shore of Dering Loake, 1 wile east of Sinelair's cabin: Aside from a
few fragmwents of dicotyledons there is hut n single complete leaf., This
appears to be Liviodendron Weekdi Heer, ot least so far as size and shape 2o,
but as there is no nervation preserved I is impossible to identify it positively,
If it is this species, the age stondd be Upper Creetacenns, but if not, it is impos-
gible to state. y

Bering River. 1 mile above Chilkat Village: A single specimen representing
the base only of a leaf. Apparvently Daphnogene Kanii Heer, Age Kenal.,

Guleh back of Greene's eabin, Bering River: A number of dicotyledonons
leaves but poorly preserved.  Secmn to represent species of Quercas, Betulo,
ete,, but fmpoessible to be positive, The age is presmuably Kenaf.

Mollusks from the upper coneretionary shale were identified as

follows by W. FL Dall:

Mounth of Dering River. west ek, 18 feet past of waterfall : (4312) Mio-
cene shales much erushed, contaiuing species of Chionclla (7)), Petrieola, Thro-
ciw, Phavoldes, Macoma, Thyasiva, Yoldia, Acila, Neverita (%), and Buecinwm,
(4436) Phucoides, probally multilineata Conrad, a large Leda, Solempa, Lim-
opsis, Dentativm, sonwe indeterminable enstropods, Thracia 2, Pefricola 7, Bela 2,
Neaxiedve 2, Leda 2.

Creek 1 mile helow Greeone’s eabin, west bank of Bering River: elevation, 150
feet : (4328) Miocene shale with Tenevicardio near resfvicose Gonld; o smooth
Dewtalimm amd species of Bullarie, Lowatio, Wativie (9, and Aecile, with frag-
ments of crub,
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West banuk of Chilkat Creek, 2 wmiles above road: (4822) Chrysodomuas (%),
Lunatia, Macoma; probably Miocene,

Left bank of Buorls Crock. { nle sonth of o bare knoll and Jost opposite
the month of two small stremms that Joln as o fork Just before emptying
into Buris Creelk: (43210 Pseadamasiin, numervons bhut erushed so as to be
indetermimible, and fragraments of Yoldia (%) Miocene (%),

Miteher Creelk, a tributary of Redwood Creek: clevidion, 700 feet: (4326)
Extinet crab o coneretion.

Head of west fork of Avvestan Creek: (BI25) Pocten, Spondyglus (1), Den-
taliws, Hemithyris, mud indeterminable coral recalling Astrangia,

The following mollusks from the upper sandstone and conglom-
cratic beds were determined by W, 11. Dall:

Crest of ridge, 4 miles north of Point Fey: (4487) YVoldie sp. near monte-
regensis Dadl,

Three-fonrths of o mile northwest of Point Hey @ (4324) Hard shale with
fragmuents of Nererita, probably Miocene,

Near el of DPoint 1ley:  Phacoides (%) sp, Callistu (7)) sp., Conus sp.,
Pusns sp, A (medimm), Pasws 2 spe (small), Pwurvitelln sp,, Dentalium sp,
“ oo materinl, but the Conus, Fuses, and Deatalivm look like Eocene forms.”

Between Point Hey and Btrawberry Polut: Astrodapis (?) sp., Semele (7)
s Desbiditon sp.

Sonthe shiore of Winglung Islond @ (4310) small erab, of extiuet species, nud
indeterminable specles of Rolea, Macoma, Thracia, Leda, Yoldie, aond Lo
Heo (), Probalbily Miocene,

Deaclh on uorthwest shore of Kayak Islawd. The signal station at south el
of Winghaw Island bears NS B Gmag ) o (439 Marcie like sabdiaphana (uot
in pliace).

Near enbin on Kayak lugoon, Kayak Island: (4391) Crushed specimen of
clongnted uio,

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 identified the following
species: Leda sp. X, (smooth), Yoldia afl. scissurata Dall, Yoldiu
afl. thraciaformis Dall, Macoma of. calearea Gmel., Callista sp.,
Natica sp., Chrysodomus sp. A, Chrysodomus sp. B., Rostellites cf,
indurata Conrad.

STILLWATER FORMATION.

DESCURIPITON,

The Stillwater formation occupies the entire valley of Stillwater
Creek and extends for some distance up the valleys of Trout and
(lear creeks, eastward to Canyon Creek, and westward prabably
thronghont 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-
istie beds so far as is now known. No detailed sections have been
meastred, bnt the thickness apparently exceeds 1,000 feet. The base
of the formation has not been recognized.
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FOSSBILS.

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

Maxwell Creek, cast of Grade Trall and one-half mile south of Lake Char-
Totte: (4350 Fragment of a smooth Dentalivn ) apparently the same species
ug is found in the rocks above the coal.

Tributary of Clear Creek, about 1 mile northeast of Cuuningham's ware-
house ;  elevation, 275 feet: (43%54) Snwe as 4377,

Stillwater Creek, east bank, oune-half il halow Clear Creek : (44034) C'ras-
satellites? Spisula?

Float in bed of Maxwell Creck. one-half mile below Lake Charlotte: (4350)
Mactra? Cardivm? Luanatin? (Same fossils as foumd above the conl, marine,)

East side of moraine at head of Take Charlofte, one-fourth mile from lake;
elevation, H10 feet: (40981 Cprene 2 and Nwadonfa? (freshwater), Fusus? Lreaf
Macomad Mactira? Soaridomus? and Dosinia? (marvine), shark tooth.

Bastern edge of glacior woraine, 200 foet above the Jevel of Lake Charvlotfe:
(4379) Single valve, veealling Clewentin,

Lower eastern tribntary of Sheep Creck, 200 yards below waterfall, and 1
wile from Sheep Creek: (43080 Fosys? Leda, Yoldie, Nacoma? Mactin?

Lower casfern tributary of Sheep Creck, one-lialf mile above the month of
the creek (Hoat specimensi: (45357 Dewdalinm, Lanatia?  Fusus? Yoldia,
Solew, Spisila ? Dosxinin? (43920 Deatalivm, Buccinwm? Fusus? Leda, Mactra,

Iend of Lering River, just hoelow upper falls; 83097 Fusus? Lunatin? Spi-
stlaf

Bering River, one-fourth mile helow gorge s (4394 Fusus? Waotra ?

EKUSHTAKA FORMATION.
DESCRITTION,

The Kushtaka formation ocenpies part of the crest and mnch of
the eastern slope of Kushtaka Ridge. and extends westward through-
out the valley of Carbon Creck and np the east side of Shepherd
Creek to Lake Charlotte. The largest known avea extends in a broad
belt from the eastern edge of Knshtaka Glacier to the northeast
corner of the area mapped.  There are two or more small arcas in
the southern part of Carbon Mountain, .\ large area lies on the
north shore of Bering Lake and extends across the monuntain from
Shepherd Creek to Diek Creek.  Another large area reaches from
near the south end of Lake Charlotte to the cast end of Lake Tolkun
and extends south on the mountain =ide for about 2 miles.

The Kushtaka formation overlies the Stillwater formation, prob-
ably conformably, althongh as the contaets are in many places faults
the exact relations are none too well known.

It consists predominantly of conrse arkose, although some sand-
stone and much shale are present. It contains a large bhut nnknown
number of coal beds. Marine conditions are not known to be repre-
sented,

The thickness exceeds 2.000 feet, the exact total not being known.
The following sections vepresent 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 wpper put of Kushteka formation in valley of Corbon Creek.

Biack shale (overliin® by Tokon formation), Ft. In,
ol - A S S S e 1
Dark-bhickills MRS, .. s i e e s e 0
OOl o e e e e e e e e e e e 10
Dark blackish -ihuf(‘ s e o e e s e e 15
Coal e 4
Dark blackish shales \\llll mvnll more or less carbonaceous
T . Sy T 26
Thin-hedded arkose with shale___ 26
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RRE e e e e e e 2T
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Flaggy and thin-bedded avkosic sandsione with thin caleareous
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Thin-bedded arkose sandStONe— . oo 44

Thin-bedded sandy shale with caleareons conevetions. . 167
Coal with shale; outcrop obscured, abont 6 feet of eleau counl

estimated e 14 2
BRI e e e T e e e SR 25
Carbynaceous shale . e - - 1
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Carbonaceous shale ... o o oo s e il 1
Sandy shale (BIEh) e e 34
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Sandy shale with calcareous coneretions_ . __ 30
Basge of section in bottom of Carbon Creek at an elevation of 1,250
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Neetion of Kushtuka formation on erest of Kushtaka Ridgeb
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o Hpe fontnuto p. 85,
& The uppermost bed is S0 feet below U, 8. L. M., Kayak No. 4.
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odl
FOSSILS,

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

Conl opening @ near Grade Trail Cabin, 15 feet west of conl.  (4386) Mac-
tra or Spiswla? Naxsa?

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

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

Aralia sp. of. A, Jorgensi Leer, dicotyledonous leaves, fragments of large
leaves, stems.  Aralin Jourgensi Heer 18 of Mlocene age, and while the Aralio
in this collection is not quite the same it is pretty close, and for this reason 1
should ineline to regard the age as }li(mle

About 150 feet sonthwest of 17, 8. L. M., Kaynk No, 4. One specimen with
good ontline but ne nervation. Probahly a Napindus, or something of the kind.
Not sufficient to determine age.

Aboui 100 yards southeast of group of four small lakes, nbhout 1} miles north-
east of Lake Charlotte: T'wo specimens with fairly good ontline, but no nerva-

* See gectlon No, 646, p. 78, and V'L VIIL
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tion, I'robably leaflels of some leguminous pland, but not sufficient to settle
age,

Bed of creck flowing into head of Canyon Creek from Mount Chezunm, at an
elevution of 2,000 feet: Dryapteris spe oef. Pleris frigide Heer, Cornus sp.,
Juglans sp, CPteris feigide ™ s pormally o Cretaceous species, but the par-
tHeutur spechmen with which this is compared was from a Tertinry (Miocene?)
horizon, The generic reference I8 undoubtedly wrong, The two dicotyledons
wentioned ave very toodern o appenrance, and on this insecure basis 1 should
incline to regivd the age s Miocene.

Lower eastern tribntary of Sbeep Creck, one-half mile above Its month: A
single broken specimen.  Suaguests Andeomeda grayone eer,  The age I8 ou-
certain, but 1f this species = correetly identiied it shonll he Kenal,

Elevation of 1.000 feet on creck emptying into First Berg Lake, where trail
from Happy Hollow passes aronnd the shove,  Degopleris sp., Quercues sp., Hious
sp, s g, Juglans pe, Copois jpy This materiad I ample o amonnt and
beautifully presevved.  The forn i=oa splendid species and appenrs to be new, as,
indeed, do all the other forms So far as T awe able to determine, this is not
Kenai in age, but just what the age (s 1 nneertain. 1 should think it ought
to be Miocene, hut without an extensive compairison with known Miocene flovas
its exact position is in doubt,

Lower eastern fributary of Sheep Creelk, one-hadf mile above its mouth:
Quercus? sp., Fiens? spe Age anknewn, possibly Kenal,

Near head of Dering River (Hoatl specimens collected by Prof, W. O, Crosby).
Baliz sp. ef. 8. raviens Heer, Corplus Macquarcii (Forbes) Heer, Betula prisca
Ltt., Betwla grandifolin Ett.: These are well-known forms found in the so-
cilled Arctic Miocene, and indicate this age for the beds whenee they cume,

TOKUN FORMATION.
PESCRIFITION.

The Tokun formation onterops 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 erests and northwest slopes of Carbon and Charlotte
ridges, on the west slope of Knshtaka 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 apparvently vepreseuting w change from fresh-water to marine
conditions, The formation is at least 2500 feet thick. the lower 2,000
feet. consisting chiefly of sundy shales, which are well shown in the
following section:

section of the ok Jormation " o the crest af Carbog Ridge,

1L, In.
Nandy shale, poorly exposced, possibly woree gbosve : SUNTEUR " ¢, | S
Suandy shale (top of this makes hizhest point of l‘n[mu Iiiqh..o)__ 44 )
Fing shaly: sadstone . . ey 17 b
Bno sandy Fhplec=cuoe o e o = < W 72 i
Sandy shale . S s S S T ot g S G 159 0
Fine-gralned  shaly sandstone e 40 1

“The se uinn of the Kushiaka fﬂrmliou on pp. 32-34 anderlies this without a break,
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Fi. in,
Dark-gray tuegruined shales..______________________ _________ 135 11
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The shales (not all of which are represented 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 wile northenst of Summit Cabin, Kushtaka Ridge, 250 feet above
large coal seam on Queen Creek and near the base of the Tokun formation:
(4440) Spiswla, Pusus, Lunatio, Ledu, Solea, Lucina probably multilincatu
Conradd, Wolopophorax s (4378)  Same as BT, with the addition of the
print of a Lirge Scmcie?

Fine-grajued flaggy sandstoue with thin calenreons beds, 1,000 feet 8, 60° 1
of Quecn coal opening; elevation, 1,600 1o 1,700 feel.  (4377) Fusus or Latirus,
Litorina? Nasxa? Yoldia, Leda, Lunatiaf ptilus, Mocoma, Solen, Mactra or
Npisula, and Cytherea? or some YVenerold form.

Oue-half mile northeast of locality No. 4440, on crest of Kushtnka Ridge
(on the strike from locality No. 4440) : (4441) Ledo, Yoldia? Spisula?

Southeast edge of Kushtaka Glacier, about 1§ miles from Kushtaka lLake;
elevation, 350 feet : (4352) Fragments of the arus of an ophiuran,

Sonthenst odge of Kushtaka Glacier, about 2 wiles from Kushtaka Lake; ele-
vittion, 480 feet: (43983) Haminea or Bullavie, Yoldin, aond Macoma,

Gap between Mount Chezom and Monmment Mountain: (4305) Fusus? Lu-
natin? actra or Spisula?

One-fourth wile northeast of Moutt Cheziun, In deep canyon : (438)  Lo-
nwatiu, Diplodonta? Dontalivm, Pusws, Spiswla, Mactea? Macomu?

Middie fork of U'rout Creek near ite 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 inelnded
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 outerop is com-
plex; exposures at critical points are often wanting: and neither the
lithologic character of the beds nor the fossils which they contain are
sufficiently distinetive to make it possible to recognize with certainty
the complete stratigraphic sicecession,

The presence of two easily recognized horizons, the arkose and the
conglomerate, give distinetive character to two parts of the strati-
graphie column. The arkose, with its associated coal, is restricted in
aveal distribution to the region north of Bering Lake, and the con-
elomerate to the region south of the Inke. Between these regions are
areas of no outerops. and none of the beds of cither region can be
recognized with certainty in the other.

Newvtion uarth of Reving Lale,

l"l"‘[
Mok for fo: FRHIBRIONE o s o matios misem smetin s i s s s T
b, KRhale with thin, tlngey samdstones nnd with oceasional
hation. ealeareous conerelions ___________________________ 20004+
Kushtaka . Arhkose with many coal beds and with some shale and
formation, } RIS e e Ca e s 2, hnl
Stillwater ln*. Nl e sl sandstone . __ T R e e 1, (kK4
formation. |
Seeliow south of Beving Lake,
oo Conglomerste and eonglomerntie snndstones interbedded
with shale and ssiowdstone_ - ___. 2, 50
st Tises Flapgey somilsbone. o o e e eimme e cmam ee— e D00
Noft shale with enleareons conereflons amd with had of
mation, 5
shvmeonitie sl near T oo _ 2,000
Be SamIRbme o oo e e . T e i 1, 00y
i, Soft shnle - . __ _ . S Lo

The succession in cach of these seetions may be assnmed 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 heds of one section with
those of the other rests at present upon evidence which is incomplete
and unsatisfactory, and mnst 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 () may overlie the
conglomerates (¢) of the Katalla formation with a concealed interval
of unknown extent between them, or ¢ and b may be identieal with &
and 7. In the former ease the conglomerates underlie the coal field ;
in the latter case the conl nnderlies 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 localities, but they are
usnally poorly preserved or not characteristic. They consist chiefly
of leaves and of marine Mollusea, but include also a few echinoids,
Crustacea, fish, and fresh or brackish water Mollusea.

The strata and localities which yielded the more important fossils
are as follows:

1. Sandstones of the lower part of the Tokun formation. yielding
abundant marine Mollusea at several localitios,

Arkose and coal heds of the Kushtaka formation, yielding fossil
leaves at many loealities,

3. Shales and sandstones of the Stillwater formation. yielding
poorly preserved Mollusea of both marine and fresh-water tyvpes,

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

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

6. Soft shales (7) of the Katalla formation, yvielding marine Mol-
Insca. Crustacea, and fish.

7. Lower sandstone (%) of the Katalla formation, yielding marine
Mollusea and echinoids at several loealities 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:

T regard to the fossils themselves it shonld be premised that they consist of
ernshed aml distorted shells in a very tough and hard matrix which wholly
concenls the musenlar impressions and hinges of bivalves, and the apertore and
pillar of gasteropods, =o that in most eases even the genus is uncertnin, amd in
the present state of our knowledge it is Impossible to make specific identifica-
tlons, Hereafter when we shall know the Tertlary faunag of the Pacific const
thoronghly 1t may be possible to identify severnl of these species, but not till
then,

1 may add that there are no characteristic Eocene or Miocene types in the
spechnens collected ; that the famma below the conl appears to be identical with
that ahove It : that the Yarcia and Clementia point in the direction of Oligocens
nge; that the mixture of fresh water and salt water forms indicates a location
nenr salt water bt with fresh water near by, as in a river delta. 1 may express
the snggestion that the fanna is marine Oligocene corresponding to the marine
phase of the Kenal group, hitherto nnknown. It is certainly not Eocene, and
it Mioeene, not the sqme fauna as the Astorin or Coos Bay (Empire beds)
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Alipeene fauna, and apparently not that of the Crepiduia bed which overlies the
leaf beds at I'nga and on Popott Island, Shumagins. However, the faunn of the
Intter is menger and one way not he positive as to its relations to the Controller
By beds,

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

The materinl is apparvently all of ons e and condains bt one fanna, which
seems to he Miocene, The bad condition of the fessils, which have heen crushed
and distorted. makes it impracticable to identify most of them specifienlly, bt
there are severn! Miocene =pecies amoug e,

The prevalence of types closely recalling recent species of the snme region
Teads to the helief that ir 1= apper Miocene, and possibly might be even Pliocene
in nge. though the latter is nnlikely.  The rock varies from very hard tough
shale to o ermmbling soft saond rock, oot resembling auy Miocene matrix [ have
seon from the const.

Doctor Dall’s report on the matevial colleeted in 1906 from the
Tokun and Karalln formations is as follows:

The rocks in which these fossils are contained have been mueh heated,
erushed, and consgolidated : henee the Tossils have heen disturbed and broken,
and, in the majority of cases, retain only hmpressions which, in the ease of
bivalves, show neither the hinge nor the wnscular mpressions,  In many coses
even the senern can only he guessed af, il the species is deferminable for only
one or two forms, amnd then except in one case, with some dombt, There is n
strong probability that sowewlhere in the vieinity the smme rocks may exist in
better condition, containing recognizable fossils which, when worked out, would
onable ns 1o recognize those in worse comdition, but at present this is not prae-
ticable. The fauna, so far as it cin be determined, seems to be nearly or quite
the same in all the localities mentioved, with the possible exception of No. 4434,
Unfortunately therve I8 very little that is eharaetevistie in any of it. With the
exception of No. H34 the aspect Is Miocene and there are two species which re-
semble Astoria Miocene forms very closely.  Noo 4 is possibly Oligocene,

The paleontologic evidence may be simmarized as follows:”

1. The marine Mollusea from the sandstone of the Tokun forma-
tion are either so poorly preserved as not to admit of specifie identi-
fication or belong to nndeseribed species.” They are almost certainly
Miocene, but ean not be definitely corvelated with any known Mioeene
faunas of other regions.

2. The plants from the coal-bearing rocks include poorly preserved
individuals which suggest species of the Kenai formation of Cook Tn-
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 oceurs in this region,

 Data furaished by W 1L Dall and Ralph Arnold on ihe Mollusea, F. H. Knowlton
on the plants, and by W. B, Clack on the echinoids,
5 This statement applies to all the faunas of this reglon,
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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 uge more closely than Tertiary.

4. The marine Mollusea from the shales of the conglomeratic beds
on Kayak Island nre better preserved than most of the other fannas
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 mot yielded characteristic fossils and are to be correlated
with those on the island only on lithologie 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. A7) are later than Eocene and are possibly
Oligocene, though probably Miocene,

7. The marine Mollnsea of the lower standstone (/4) of the Katalla
formation, as exposed on the banks of Bering River, are Miocene, ani
Dall suggests that they are of the same age as the fauna of the Tokun
formation.  The echinoids from the same beds and loealities are not
distinetive,

It may be seen from the preceding paragraphs that the faunas and
floras ure of little aid in correlating these beds with those of other
regions und yield no satisfactory evidence as to the relation of these
heds nmong themselves.  There is no doubt that the entire sequence is
Tertinry 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
woutld 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. 37, is correct and thawthis
entive section helongs below the seetion 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

*lll 108, Geol. Burvey No, 250, 1005, p, 14,
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the coal measures to the Miocene or Oligocene. The difficulty 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 faunlt of which the existence 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 measnres are Oligocene
with a possible transition to the Miocene. and that all the rocks above
the coal are Miocene. The faunal diserepancies 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 geographie 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 struetnre can and should
be interpreted to meet the requirements of the paleontology. It would
be strange 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.

Small dikes and sills are very abundant in the Tertiary rocks,
especially north and east of Stillwater Creek. None were recorded
between Stillwater Creek and Bering Lake, but several were seen in
the region south of Bering Lake. Most 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 lengtheof several hundred feet, and is the largest dike seen
in the Tertiary rocks of the mainland.

The small basalt sills are especially interesting 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 Tsland. Tt 1 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 tuffuceous character, but the mineralogic
composition and the stratigraphie relations were not determined.

The high sonthern peak of Kavak Island. known as Cape St. Elias
(sce PL IV, R, p. 16).and the neighboring rocky spire are seen, from
the passing steamers, to be composed of a white rock, with well-
developed basaltic columus, “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 been made to show on the map the distribution
of the varions masses or to determine their microscopie character.

STRUCTURE.

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

Fra. 1.—8tructure on o ereek in the northeast part of Dering River coal field.

greater part of the vegion; 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 Lakes, where it is east and west, and at points in
and north of the valley of BDurls Creel. where it 1s northwest.
Monoclinal northwest dip holds throughout the greater part of the
region east of Kushtaka Glacier and Kushtaka Lake. In the north-
eaxt part of this region the strueture is 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
strneture, 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, und 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 Wushtaka Ridge has cuf
ont the Kushtaka formation and brought the Tokun and Stillwater
formations in contact with each other. Another fault of somewhat
uneertain clharacter extends along the western side of and about half
way down Kushtaka Ridge. Along the eastern side of the valley of
Shepherd Creck, from a point near the northern end of Lake Char-
lotte to 11 miles helow the lake, two faults bound a block of south-
eastward-dipping Knshtaka formation between northwestward-dip-
ping rocks of the Tokun formation. An anticline has its axis on
Carbon Creck. and another. which is probably a prong of the former,
on Queen Creck. DBetween these a synelinal mass of the Tokun for-
mation lies transversely aeross 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 Tolun contains regular stroeture with northeast strike
and novthwest dip. South of this s a synceline 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
Creel. and along it the Stillwater formation is overthrust upon the
Tokun formation. South of this fanlt 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 hias north and northeast
strikes, and both east and west dips.  An anticline extends along the
canyon of Chilkat C'reek. its western flank being broken by a fault.
East 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 Creel. and shown on the map by the
position of a belt of sandstone. Tt is highly probable that the western
bank of the lower north and sonth course of Bering River is on the
line of a fanlt.

The valley of Burls Creck and the hills wortheast of it econtain
several folds which are revealed by the sinnons boundary of the shale
and sandstone., These folds descend into the valley of Burls Creek
and die out or are cut off by a fanlt against the steep western side of
the valley.

The hills between Burls and Redwood ereeks have an anticline ex-
tending northeast and southwest through the headwaters of Split
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Creek. North of this is a spoon-shaped syncline, divided from the .
anticline by a fault. South of the anticline the monoclinal south-
ward dip continues to the edge of the flaty 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 cansed 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, und 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 ('reek 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 occur
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 possibilities have been alluded to in the description of the
Katalla formation on page 28,

The faet that the sandstones and conglomerates (-n-rt of Redwood
Creek are not found west of it indicates that o fault of considerable
magnitnde extends ulong the course of the creek. The hills between
Redwood Creck and Katalla River have an irregnlar syncline on their
sonuthern end, and several small, elosely 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 eut off by the Redwood Creek fault, to near the head of
Katalla Slough. The northern end of the ridge west of Redwood
Creek has monoclinal southeast dip.

The vocks of the erescent-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 relations 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 structure of the Nichawal region has not been determined.

The structural features as deseribed above show that these rocks
have been involved in very violent erustal movements, The rocks, in
spite of the apparent simpli¥ity of structure in areas 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 unsatisfuctory. hut that even the
broader scheme of the structure is not definitely known.

The presence of numerous faults has been alluded to above. 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. 113). call for structural theories,
which are not required by the distribution and attitude of the rocks
at the surface. The facts diflicult of explanation are (1) the pres-
ence of light-gravity petrolenm. which vields 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 dingonal both to the strueture and to belts of
outerop 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 outeropping 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 Mesozoie strata, which
were at a distance from the zone of intense deformation and hence not
affected by it. This theory, although not diveetly supported by any
known facts of structural detail, fits in with muny facts which are
otherwise unexplained. Tt gives significance to the straight sliore 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 Mesozoie rocks,
which are so well developed (sce 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 varinnee 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. Elias
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 u[:m Pliocene or Pleistocene
rocks,
QUATERN ARY,
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
surfuce 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 syneline, 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, containing some sand and peb-
bles, with glucial seratches, and have a maximum exposed thickness
of ubout 30 feet. Abundant, but poorly preserved, marine fossils are
present. The upper heds are from 30 to 50 feet thick. They consist
chiefly of course sand. but contain several bands, each from 6 inches
to 2 feet thick, composed of gravel and bowlders with glacial
seratches.  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 region
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, nmeh erushed and broken: contains Serrvipes )
gronlandicus and species of Wacoma, Mpn neay arenaria, Astarte (), Telling
(%), Modiolus, Bela, und Balanus, too imperfect to determine specifically.

GLAUIERS,

BERING ULACIER.

Deseription—Bering (Glacier occupies the coastal belt between the
Chugach Mountains and the ocean, from the eastern border of the

* Itussell, Israel C., Sceond expedition to Mount St. Elias : Thirteenth Ann. Rept. U. 8.
Geol. Survey, pt. 2, 1884, p. 35
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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 hy 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 ont through all the
vallevs, 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 <ource of Tann River, the largest southern tribu-
tary of the Chitina. These tributaries differ little, if any. from
valley glaciers of other regions.

The most striking featire of Bering Glacier, aside from its size, is
the flat surface of its main area. (See Pl VI, 1) This feature,
which it has in common with Malasping and Grand Platean 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. From 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 erevasses, 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 amonnts of detritus are accumulated on the
margin of the glacier. especially along the western and southern
fronts. A large part of this moraine i< on the surface of the glacier,
the ice in many places being ~o buried a= 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 i~ 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 fect ubove 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 Mirjelen 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 Cietani, 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 BIVEH GLACIER.

Description—This glacier, which is situated between the hills north
of Bering River (Pls. I, p. 10; IV. .1, p. 16) and the base of the

* Lyell, 8ir Charles, I'rincipals of geology, 101h ed.. 1867, vol. 1, pp. 376-379.
o Russell, Tsrael C., Second expedition to Mount St. Ellas, 1801; Thirteenth Ann.
Rept. U, 8, Geol, Survey, pt. 2, 1883, pp, To-50.
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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 Dering 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 southern margin. It 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-
ciers, in heing a nearly stagnant mass of ice along the front of the
monntains 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 mountains 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, i, p. 16). The formation of the main glacier takes
place in the same way as its immediate tributaries, and long lines of
medinl 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 erevassed, covered with a heavy coating of moraine,
and having forests over a considerable part of it.  Descending lobes
extend into the valleys of Kushtala Lake and Lake Charlotte.

Moraine~~The lateral moraine on the southern margin of the
glacier consists of heavy accumulations of débris, wpmuto:l 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 lukes.—There are two small marginal laukes on the north-
ern edge of the glacier, Like Berg Lakes, each of them is imprisoned
between a mountain spur and the edge of the ice.

MINOR GLAUIERS.

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 condirions for the formation of glaciers which now exist in this

21803 —13ull, 535—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 eases 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 fuct 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 maximu 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 np 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-
tulen 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. Tt extends up the
hillside to muximum 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 forcign 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 banlks
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 indieate that conditions of maximum glaciation were
represented by an increase in the extent of Martin River (ilacier to
the limits indieated 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, eansed the change of 1,000 feet in snow line. Other lines of
evidence, such as the depth of ulluvium-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 material 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 =tubmerged 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 beyoud the present known extent of the moraine,

4. That the land was elevated during the maximum glaciation,
and that the large glucicrs went ont through valleys now snbmerged
or filled with alluviun.

The first hypothesis fails in that the complete removing of all
material (even in sheltered places) over most of the area is unex-
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 loeal
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 loealities sheltered from melting,
and with the absence of all moraine at intermediate altitudes. The
distribution ealls for an explanation of genetic origin,  Destrue-
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 evidenee of =uch submergence, There are no wave-cut
benches: no elevated beaches. except the lake beaches deseribed on
p. 525 and no mnconsolidated marine sediments, except those oceur-
ring at a low level on Wingham Islund., (See p. 46,)

The third hypothesis ean be accepted as far as it refers to the up-
ward limit of the moraine of the larger glaciers and {o the extreme

“limits of the small, local. cirque-bound glaciers.  The possibility of
further extension of the large glaciers beneath the present alluvinm
must, however, be admitted.  This will be considered under the
fourth hypothesis, which is more comprehensive than the thivd.

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 hordering 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-
_seribed 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 islunds.
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 deseribed (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.

STREAN AND BEACH DEFPOSITS.

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 glacinl 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 Shocknm 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

+ Imwson, George M., Notos on the Geology of Middleton Island, Alaska: Bull. Geol.
Soe, Am, vol, 4, 1892, pp. 427=431.
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the lower courses of most. ather streams which enter Controller Bay.
These unconsolidated deposits, an unknown amount of which are of
finviatile origin, ave 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 and
glacial material, and are in part contemporaneous with the stream
deposits.  (Good examples of these are: Okalee Spit, all of Kanalk
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 entive front of the Copper Delta.

Not only are these deposits building now but they have formed in
the past, mil sonie of the older ones are still in existence. The beach
from (‘ave Point to Katalla is a broad, gently curving stretch of sand,
coneave toward the ocean. Its dry erest is covered with a narrow but
dense growth of spruces. Behind it is Katalla Slough, a muddy,
winding channel whose general conrse 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 slongh. 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 & winding slough or a line of small ponds.
The sandy strips are former beaches, which grew as the outer beach
at atalla has grown, across the valley from a rvocky 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
slonghs 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 LANITD FORMS.
ADJACENT REGIONS.

The southern coast of Alaska from the shores of British Columbia
to the Alaska Peninsula lies on an are, coneave toward the ocean, hav-
ing a radius of about 500 miles and with its eenter 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,



54 CONTLOLLER BAY REGION, ALASKA.
and range after range of interior mountains all lie approximately
parallel to this arc.

The coastward front of the Pacific Mountain system ineludes the
Kenai Mountaing on the Kenai Peninsula and the west shore of
Prince Williamn Sound. the Chugaeh 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 ent through by tidal waterways between Cook
Inlet and Cross Sound, though deeply embaved at Prince William
Sound and Yalkutat Bay. West of Copper River and east of Tey
Point the coast is fiorded, but this condition does not hold between
these. points except at Yakutat and Lituya bays. The coastal moun-
taing are not eut through by river courses between the Copper and
the Alsek. Tt is significant that east and west of these two rivers
the mountains approach closely to the sen and the coast 1s 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 mountaing 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
eathering ground for the greatest system of low-altitude, low-latitnde
elaciers 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 has long been regarded as a unique type, bnt which
lins companions rivaling it in size in Grand Platean Glacier to the
east and Bering Glacier to the west.

At the western extremity of the coastal lowlands deseribed 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 ont 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 direction is that of
the prevailing winds.
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DRAINAGE. hb

Behind Okalee Spit the east shore of Controller Bay extends north-
west to the mouth of Bering River. 1In 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 awd the
depth of the bay. The north shore of Controller Bay, between Ber-
ing River and Point Hey. is likewise bordered by wmuddy 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 and young-
est of a series of beaches (see p. 53) by which the land has here
advaneed. reclaiming the present Katalla Valley from the sea.

Softuk Bar, 2 miles northwest of Whale Island, is a long, narrow
«pit which is similar to Okalee Spit in size, shape, position, and di-
rection. It ix 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 sonrces is large.  The rainfall, as was shown above (pp. 17-19),
probably exceeds 150 inches a yvear. while the glaciers contribuie the
precipitation of many hondred 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 appronches Bering Lake, where
it spreads into a broad delta. Part of the water passes directly
through the southeast corner of the delta withont entering the lake.
The other part enters the lake through many channels along its
eastern margin, then turns divectly back along the south shore of
the lake and joins the streams which eut 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 Take rising and falling
from [ 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 hounr in the upper part.
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The ftributaries of Bering River above the lake include Canyon
Creek, which has its sonuree on the southern margin of Martin River
Glacier; Stillwater Creel, which draing Lake IKushtaka and re-
ceives a large part of its supply from the Kushtaka Glacier; and
Shepherd Creek, which draing 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.

The other streams inelude 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 riges on the western
margin of Martin River (ilacier and in Tokun Lake, and flows west
nntil it reaches the eastern edge of the Copper Delta. The waters
divide here, part entering (‘np]mr River, and part flowing along the
edge of the ountains close to the delta and entering the t]d.ll dloughs
bohmd Softuk Bar.

LAKFS.

Bering Lake is a former nrm of Controller Bay which has been
eut off from the bay by the growth of the deltas of Bering River
and its lower tribntaries,

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

T.aake Tolun 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, I)e-r ause they are still in process of formation.
Murtin River is a heavily loaded stream and is building flood plains
along its course. It is carrying and depositing more sediment than
its nonglacial tribntaries and iz building np its flood plain across
the mnuﬂm of these tributaries. The re.ault 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 cansed them and by the fact that they have
no beaches and that the forests on their margins arve being submerged
and killed by the rising waters. A similar lake is now in the initial
stage of formation at the moath of Shepherd Creek. Other lakes
intimately associated with the glaciers ave discussed on pages 47, 49
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RELIEF,
DISTRIBUTION OF TITE HITLS.

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 group
with the same general trend, which rises gradually toward the north-
east nntil 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, o that its landward parts, with
the recesses between its members, ave hare 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 cast 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 iz well shown ou the reconnaissance map (Pl 1)
and in PL IV. A (p. 16). Some of the smaller ranges in the vicinity
of Mount St. Elias (see PL I) have a similar trend.

The region is about half hilly and half lowland. The lowlands are
flat and swampy and rize 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, inelnding the Suckling
Hills, the four detached masses of hills in the Nichawak region, and
the peninsula south of Bering Lake. rise like islands ont of the
swampy Hats.

ACCORDANCE O 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 hounds, 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.



58 CONTROLLER BAY REGION, ALASKA.

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

Goeneral levels of vidge vrexts.

Position. \ Elevatbons fn feet

Carbon Mountain ., 3 :i..‘l.l.I: ...... | 2,460 |....... V.8N)
Between Canyon Creek ‘and Kush- | | '
taka Lake..... im0

Charlotte and Kushinka ridges .etua |
Shockum Mountalns. ... _. S pla ke i I T
Ridge west of Shepliord Creek F—— e
Hills west of Bering Lake ........0...... .0 e 2,100
Hills south of Bering Lake, . .

Mountains, .
Gandil Mountain .
Nichawak Mountal
Mount Cam lht'" ..... su]ons s gy
Suckling Hills . eaCoimaiaai T ieen) wettdrloree | Be iy MG
T B e il ...... [reeeene | ........... 1,800 |..-....

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 altitndes of from
3,800 to 4,150 feet, and large adjacent arveas (not shown on the map)
are even higher. The erest 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 3450 feet
o 3,600 feet, averaging 3,550 feet: the cols from 3,300 feet to 3,5
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
3300 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
clevation for about 6 miles of linear crest until it approaches, at the
south end, within 3 miles of the sea. [t then drops sharply in three
steps to general elevations of abont 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 2650 and 2.850 feet, respectively), and in
some of the lower spurs of Carbon Mountain.

A very distinet 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, A, 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 Canvon Creek, by the rvidges between lakes (‘harlotte and
Tokun. and by the ridge east of Katalla River.

Lower levels at 1,200 feet, at 800 feet. and at 500 feel are held by
many of the lower ridges. especially those near the coast.

TERRACES AND BENCHES,

The hillsides in all parts of the region have been eut into benches
and terraces, some being broad und flat, and others being narrow
shelves, small flat areas on the spurs of the hills. or locally widened or
wently 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
eive way to others at somewhat greater or less elevation. The alti-
tudes of the benehes in the several valleys ave shown in the following

table:
FAevations of forvaees aud benelies,
I'o=itiom Flevations in fesl,

Beng Lokes . . PR AN W't
Canyon Creek R 1 1]
Clear Creek.,.. 1, 7ui

Trout Creek
Shockum Monntains ..o oL Ry s e T e et I B
East side of Kushtaku Widge ... ... R R e e S S C
Bhepherd Creel, enst ide VAR i
Shepherd Creck, west siide 5 P

Lake Tokuiie. oo,
Diek Creek ....ooovnnnnns
Bering Lake, south shore
Bering lh\l.r Inhm Iulu-
Chilkat Creck .. . . _
Burds Creck ..vvevnns civmnnnennniaanin. R i e 500
h:ﬁ}'(?muk.“.

Redwood Cr
Katalla Vall
Kutalla Valley, » 7
Waest of Hnggod \Iulmmm

L]
Rk

Bty

Many of the divides are Lroad and Hat and have lakes and meander-
ing drainage upon them. this condition being well illustrated between
Dick (‘wek and Lake Tokun and betwee'. Lake Tokun and Lake

Charlotte.  The divides there stand at very distinet 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 Take,
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SIGNIFICANCE OF CREST AND BENCH LEVELS.

It may be seen that these elevations accord approximately 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 <how 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. Tt 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 tllut 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
constal 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 nnreduced
residuals.  Towever this may be, it is certain that the region has been
nearer to a condition of topogl aphic maturity in the past than it is
NOW.

The present land forms were produced by the uplift and erosion
of those older surfuces 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 latteir 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 redunced to levels which
did not ent 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 hl;.,h(-:
than now. This is confirmed by the fact that a drill hole on the
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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 sen 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.

HISTORICAL 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 indieates (see p, 27)
that it was toward the end of the Paleozoie 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 voleanic 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 voleanic vents, either continental,
insular, or submarine, which probably were not far away.

These deposits were clevated, 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 Triassie time. Igneous material has been introduced
into these rocks, but there is no evidence us 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 Mesozoie, unless it be in the slaty rocks referred
to above, has been preserved in this vegion.  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 Kenai Peninsula and through Afognuk and Kodiak
Islands may have been land during Mesozoic time. Triassic seas

s 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 restrieted
during the Lower Jurassie, for sediments of that age are known only
from Cook Inlet and the Alaska Peninsula. The sea probably covered
larger areas in the Middle Jurassie, 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 southeastern Alaska, the valleys of Copper und Matanuska
rivers, Cook Inlet, the Alaska Peninsula, and the Yukon Valley.®
The post-Triassic unconformity and period of folding may have
Lusted until the beginning of Upper Jurassie time, for the evidence of
the iinconformity is seen in the relation of Upper Jurassie to Upper
Triassic rocks,

The great Mesozoie granitic intrusions, which began after the elose
of the Triassic, were probably over in at least part of Alaska before
the beginning of the Upper Jurasgie, though they extend in other dis-
triets into the Cretaccous. In the Cook Inlet region the granitic in-
trusions do not eut rocks younger than the Triassic, the Jurassic in-
trusions and flows being of andesite, and the Tertiary and post-
Tertinry intrusion of andesite and basalt. Lower Cretaceous sedi-
mentation took place in widely seattered provinees and apparently
over broader areas, especially in the northiern part of Alaska, thun
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 Cretaccons time.

Nene of the deposits of these Mesozoie epochs have been recognized
in the Controller Buy region, or elsewhere on the Pacific coast be-
tween (Clook TInlet and the Alexander Avchipelago. This entive
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 werc

o Turassic rocks are known also at Cape Lisburne, but thelr 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 conl-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 {ervestrial and voleanie detri-
tus deposited in the sea and carvying marine fossils. They show that
the ocean covered part of the Alaska Peninsula in Middle Eocene
time and that voleanic agencies were active. Most of Alaska was
doubtless land.

The Tertiary coal-earing rocks cover large areas in many parts ©
of Alaska. They are known in southeastern Alaska, in the vicinity
of Mount St. Elius, on Bering River, in the valley of Copper River,
on Cook Tulet, in the Matanuska and Susitna valleys, on Kodiak
Island, on Alaska Peninsula and the neighboring islands, thronghout
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 oceur at Cape Yaktag, Controller Bay, the
Shumagin Islands, and other seattered places, They indicate that
Miocene waters did not cover broad areas in Alaska, bui were
restricted to narrow arms of the sea.

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

Returning to the interpretation of the loeal seetion, we find that
marine conditions existed during much of the deposition of the
Katalla formation, The Stillwater formation was Iaid 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 ov on a river. The transition from the Kushtaka to
the Tokun formation represents the return of marine conditions,
probably without unconformity. There i~ no evidence as to whether
the upper part of the Tokun formution represents marine or fresh-
water conditions. These four formations represent the local Tertiary

A This term Includes rocks of considerable diversity eof age, the exact position of some
of which has not been determined.

» 'alache, Charles, tieology about Chichagof Cove, Stepovak Bay: Harrlman Alaska Ex-
pedition, vol, 4, 1002, pp, GO—8S.

f Martin, A. €., The Alaska coal fields: Bull, U, 8, Geol. Survey No. 314, 1007, pp.
41-44. Brooks. Alfred I, Geography and geology of Alasgka, Prof. Taper U, 8, teol,
Survey No, 45, 1908, pp, 287-244,
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sedimentation, and were probably all laid down during Oligocene
and Miocene time. (See pp. 37-41.)

The folding of all these rocks took place in very late Tertiary time
or in post-Tertiary time, and was probably accompanied by the intru-
sion of small dikes and sills of diabase and basalt. Tt has been sug-
gested above (see p. 45) 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
ulong the western base of the Chugach Mountains on Yakuntat Bay#
although none so recent have been detected at Controller Bay.

The uplift of the region has been accompanied by vigorous erosion.
Several halts in the downeutting are recorded in the existing topo-
graphic forms. Each of the levels of accordant summits and hillside
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 3,600, 3,000, 2,450, 2,000 to 2,100, 1,750 to
1,830, 1,450 to 1,500, 1,200 to 1,250, 9350 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 lund
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 suceeeding movement was a depression of the Jand to near
its present level.

At an unknown time during the Quaternary a movement along n
fanlt on Wingham TIsland resulted in the elevation of a small body
- of unconsolidated marine sediments to a maximum height of ahout
100 feet ubove 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.

o Tarr, I{ 8., :lml Martin, Lawrence, Bull, Geol, Soe. America, vol. 17, 1904, pp, 20-64.
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The retreat of the glaciers to their prescut limits was probably brought
about by the depression of the land to its present position. The gla-
ciers 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 Malaspina ® und other glaciers
in the vieinity of Yakutat Bay. are possible at any time.

The waters of Controller Bay éxtended 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 glacial streams,
It was this process which transformed Bering Lake from a salt-water
bay into u 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.

MINERAL RESOURCES,
COAL.

AREAL EXTENT.

The surface extent of the Bering River coal. as known at present, is
restricted to the area of outerop of the Kushtaka formation, as rep-
vesented on the maps (Pls. V oand VI pocket). The area of such
territory which is believed to be underlain hy workable coal is given
below

Aveas wndertain i o,

Anthracite and sewdanthencite Square miles.
Carbon Mountatn, worth end B A WSS e e 25.6
Carbon Monntain, south end R |

26. 6

Semibitmminons (with some semianthracite) @

Retween Canyon Creek and Kushtaka Glacier. = ek SRR ., T
Kushtaka Itidge and valley of Carbon 'reck. e e BN
SBontheast of Lake Charlotte ! ) i e e B
Southeast of Tokun FLuke : - ; e 28
North sbore of Bering Lake ... - . . L . . .. 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.

® Tarr, Ralph 5., Sccond expedition to \nkumt Bay, Alnulm Bull, Geog, Hoc, Phila-
delphia, January, 1907, pp. 1-14.

215053—Bull, 355—08——35
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Areas covered at the sucface by the Tokun formation, parts of which way b

underlain by workable coal,
Sguare miles.

North of Cooniugham Ridge. . . 4.2
Between Lake Charlotte snd I\llshmku Qlaeier__ I N H
Kushtakn Ridge, north end__ . AT = SEoasees e .1
Kushitaka Ridge, south end. . . ___ o 1.6
Northeast of Tokun Lake_ . NeE s il s = 2.8
Sonth of Tokan Take . ; TR R R B A : .7
Between Shepherd and I.!itk treeks_ e 4.6

21.0

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 “undifferentinted,” is reported fo contain some coul.
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 nncertain. The value of such coal is also doubt-
fnl beeause of the complexity of the structure and the difficulties
of tran=portation. Coal has been reported as far as the vieinity of
the eastern end of Bering Glacier, but the discovery has not heen
confirmed. nor the amount and character of the coal reported. No
conl has been found west of the area represented as Kushtaka for-
mation on the map. There is, however, a good possibility that areax
of conl exist in the hills between Dick Creek and the north end of
Rugged Mountain, and this region oughteto be more carefully pros-
peeted.

STRATIGRAPHIC POSITION,

The conl 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 Stillw.ter formation are
entirely burren, The position of many of the beds is indicated in the
stratigraphic sections on pages 32-34.

DESCRIPTION OF TILE COAL BEDS.

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 VIIL, 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 thi= impo=<ible. The sections are arranged in order from
northeast to southwest.



COAL. 67

The exposures of anthracite at the extreme eastern end of the
area mapped are for the most part well up the mountain sides and
inacecessible.  The following seams were measured and were ualso
sampled when thus indicated:

Section on crest of Carbon Mountain 23 miles north-nortiiecst of  Fourth
Bervy Lake (1),

Feot,

Conl (havd and elean) o o ... . 0
Section 15 miles wp eveck from Fowrth Bevg Lake;  elevation 850 feet (2).
Duark shale roof. | I I

Cop ] "o o e s
Coaly shade _ : S P B R e e 1 4
il g R o NE— 1
Conly shade . S e e e e S B
)Y . T A S S i T S

Sl le Hour, e ——
2 10

Ntrlke No T6° W, dip 537 SW,

About u mile above this on the north side of the valley and just
below the hanging glacier n T-foot bed of anthracite is reported.  The
sumple shown to the writer is very bright, hard, and not erushed
at all.

seetion in guleh at head of Seeond Bevy Lake (4).

Sandstone roof. Ft.  In.
Conl, oy B - B [
Conl, hael and bright b SERlEE e L e 2

Sumdy shole Hoor,
Ntrlke No ST WL dip a2 NEL

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

Rection in thivd (castern) opewing on hillside trail on cast side of Carbon
Mountain (§).
Sl voof. Fi, i
Conl e -— 10 [

Shale Hoor,
Strike N. G607 E., dip 28° NW.

Nection ou cast sjde of Carbon Mowntain, sccond opening from aeest end of hill-
wside trail (5).
Shinle roof, Feer.
Conl iy R S e e b s i AR
Shale Hoor.
Kbk 1\'.. 777 Eoodip 227 NWw,

o Included ln watuple No. 2, p. 84, Uineluded in sumple No. 3, pp. 84-8T.
# Ionclhuded in sample No. 5, pp. 8487,
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It was not possible to obtain a complete measurement of this coal.
which is reported as being 23 to 25 feet thick.

Nection an cast side of Carbon Mountain, first opening from acest end of hillside

trail (6). 8
. in.

QORI i e e e o 10 G

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 measnred
by the writer:

Section of seum 2000 feet below hllside trail on cast side of Carbon Wown-

tain (7).
Shale roof, Ft. In,

IORT D s i s i cosn e i e s 4+ 8
Shale door,
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 1west side of Carbon Mountajn (8).

Shale roof, Feet.
Conl © (bright, clean, and often irldescent)_.. _____ . 15+
Rhale floor.
Strike N, 84° W, dip 25° NE.

Section at xouth cnd of hillside trail on weest zide of Carbon Mountain (9).

Shale roof. Feet.
Coal t
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 same ridge. show a coal which has the physical char-
acteristies of the anthracite at the other openings in the vicinity, but
whose analyses indicate a semianthracite. From the struetural rela-
tions it seems probable that one of the seams corresponds to the lower
coal described from the eastern side of the mountain.

» Included in sample No. 6, pp. 84-87, ¢ Ineluded In sample No. B, pp. 84-87T,
® [ncluded in sample No. 7, p. 84, ¢ Joncluded in sample No. §, pp, 84-87T,

S =~ S-S 0= WO - B PR | |
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Section in opening near erest (west side) of Carbon Mountein  between

trails (10).
Shale roof, Fr. .

Conil " e Pt S e P T 7 el i H
Shale foor,

Neetion in wpegivg S0 feel heloe Na, 10 (L.

Shale roof. Ft. o
Coatl, fmpmee L . . . - K]
Conl * cgowal and hed§ . o e S v 10

Slutle thoor,
Strike N 827 E.L dip 387 NW,

Numerons outerops of anthracite (mostly poorly exposed) were
seen on the hanks of Canvon Creck for a distance of 2 or 3 miles be-
Tow the glacier. The two following seetions vepresent the best of
these onterops:

Newliog ab swivee of Capgon Ceevle (eest k) (12).
Feet.
Pt

Conl _. e e eantia . 3 o i, e o ]

Neetion un acest bank of Caogen Creecl, 500 foet belio glacier (13).

Feet.
Connll . * R T i

e e e R E]

Keetion on teitarg to Caoyon Creck, on cast side and neet below Hunt's
cabin; eleration, 630 feel (14).

Conl © . - )
Strike N. 55° WL dip 317 XE.

Nection an same creck oax Noo 1y elevation, J30 feet (13).

Shale roof, Feet.
by -7 ) A s e e e S e S S e o
Slale toor,
Stetke NoGA7 KL ddip 607 NAW, .

Seetion v siope ceeole ws Nosg Lpoand L5, aliset 106 feet abaoce erveek ) clevation,
G feet (16).
Firme shale roof, Ft. In.
Conld . - - T
Shale floor,
Steike No O L. dip 460 NAWw

Seetion in tunnel an cast bank of Canpon Creck, near Hunt's eabin, 25 miles
abore mouth of ereek (I17).
Shale roof. Ft. in,
PO S s s s s i s g sl 2
‘Shale floor.
Strike N. 40° E., dlip G0° NW,

« Included In sample No. 10, pp. 84-87, * Tneluded In snmple No, 14, pp. 84-87,
* Included in sample No. 11, pp. 8487, 4 tneluded In sample No. 10, pp, 81-87.
* Included In sample No. 17, pp. 84-8T,
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Rection in east bank of Canyon Creck, 2 miles above s wonth (15,
Ft. o

2 b

Sandstone roof,
Ol o e e e o
Shale Hoor,
Sirike N, 70° W, dip 85° NE.
This bed is very variable in thickness and pinches ont higher in

the bludl,

Neetiog in ereek on geest slope of Carbon Mowntain oppoxite the manth uf
Canyon Creek; clevation, 850 feet (19).
Shale. Ft. .
IOIY = s s o e e R I |
Shale - o e 1
Coul 9 (ranges from 3 to 21 Inches) 1 0
Shate {ranges from 1 to 18 inches) . 1
_ Conl® (eanges from 14 to 21 inchen) 1 2
Hard shnle toor,
Streike (on floory N, 259 E, dip H3° NW. (varlable).,
Section on swme ereek as Noo 19 elevation, 000 feel (203,
Arkose roof, Ft.  in.
1 S

Conl ¥ (ranges from 8 to 22 inches) -

Avkose floor,
Ntrike N, 007 12, dip 33° NW.

At the south end of Carbon Mountain there is a high blufl, where
Bering River was forinerly pushed against the end of the mountain
hy Bering Glacier. and here the following section was measured :

Seetion nf south end of Carbon Mouniain (21).

Feel,

Raudstone . . e ieiae- : 3 a0
Coke . : i e i . 1
Sumddstone ] shde ent by dinbase sills_ . __ _ | 20
Coke _. ¢ e S e 2
Drinbaises si01 - B 24
Coke © s e 1-5
Dinbase  sill. - [ 3
Coke __ A A R AR W e 1
Drindaise  sill e - . N
[ e R TP S e P T e R SNl b ' 1
Shale - 2 ot e 5 e S i 120

strike N. 50° W, dip. 20°-25° N,
The eoke and gills at this point are shown in T'L INX, B (1. 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:

Seetion in small tunpcl on porth bank of Clear Creck; elevation, 750 feet (22).

Ft, In.

Shale roof,
s 10

Conl ___ e e e A e T
Rhale tloor,

W nehudel in somple Now L, ppe S4=8T, b oIneliuded in sample Noo 20, pp, 84-87.
“Tnelnded In o sample Noo 20, SH
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Keetion b tiwnnel o north bank wf Clenr Ceeek near top of Jalls (22),

Shale roof, Feet.
Conln = : I — |
Shale tloovr,

Reotion in stvipping v avethreat bank of Clear Creck abore falls (250,

Feet.

Conl s e 5 B I AR e i e 47

Section ta stiipping sonth of Noo 25 (235).
Feet.

Cotd . o e - R ) |

wevrion ot bise af Clear Coecl Falls (26).

Shale,

Dinbase sill, ) Feet.
Coke trnges from G o 12 dnchesy - . _ 1
Col b - . o
Coal = AT = mn

Shit e,

Srrike N 650 B, dlip 457 NWL
This seam varies considerably in thickuess 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 abount 16 feet.

Neetion an tributary to Clear Creck, heading soulheast of WMowwment Mewn
tain, elevation 1,530 fect (27).

Firm shatle roof. Pl im.
Conl S - [ 1 4
RAard shade . __________ T
Soft shale with some coal. I -
Shale . - - . PR . . H]
CTE ocaes sossaszesnes LT SaeavincaEa s e s

Sandstone door: fanlt af door ents off coal above i,
Strike (on ronf) N, S50OFL dip 227 NW

Newtmon vy see ceecl ax Nog 272 clevation 200 feet (2X).

Firm =hale roof, Fr,  In
Coal R P e S : 1 1
Bone ) o 4
Coald _ . Gz % : 11
Bony voal : i : T
Coald ; e e y . 3
Shaly eoal . . B . 4
Coald ... .. : i L E s e h i

Shale Liorse i
Shaly conl . . . ) e e 2
Cand - ! 1

Strike N. 677 B, dip 307 NWw,
= lncluded In sample No. 24, pp. 84-57. * loeluded In sample No. 27, pp. 84-87.

* lncluded in sample No. 26, pp. 84-87. Y loclnded In sample No, 285, pp. S4-57.
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Kection on cast bank of Clear Creck, 2.0 miles aborve its month (29),

Flaggy saudstone, Feet.
sandy. Shale oo s e o e o AT TR

RO s R s s s e s M
Diabase il .. ____ SR 4

Sandy shale.
Strike N, 907 I3, dip 67° N.
This is the lowest coal exposed on Clear Creel, 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.

Neetion in prospect apening an evest of vidge betweeea Trowt and Clear oeeeks,
sonth of Trail Gop; clevation 1,835 feet (20).
Ft. in
MRl o s cape e s e e s sre s s s e 1
Coal.. . s s e g e e 4
Sde____ . .4
Cond.- .- R R e R e e s . T
AT - o b a e S e e 1
11 7 T e B k= I R o D e erlEs mair B 4
BRI . e i n v St e e

Strike N. 70° . dip 34° ‘IW

Neetion on erest of game rvidge as No. 30, 500 feel farther south,

Feet.

TR b | R SO S e B R e A R e e e |
T s s s i s s e, SRS S
AUl e e e s

Strike N. 70° E., :llp 3-l \“
Several workable seams are exposed on Trout Creek. The following
sections, arranged in stratigraphic order begmmntr with the highest.
were me:m:wd

Seetion in tunnel on Trout Creek opposite house (33).

Shale roof. Feet,

Coal® e B
Shale flooy. )
Strike N, 85% W, dip 28° NI
Section ai eveck Tevel belowe No, 38 (34). i
Shale_ oo e e 4
Qonl® . _ L o A R s s A ST 6
Sandstone__ g i DU -

Strike N, 707 K., (lip 88" NW.

Seetion in long twioiel one-foweth mile below howse on Trout Creek (36).

F't. in.
[ 1 e ot e ) e e 2o S T R e i 4 1]
e Inctuded In sample No, 20, pp. 84- ‘ji ol lluhldod in sample No. 33, pp. 84-87.

* Inclnded In sample No. 34, p. 84,
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Rection in lang tunnel one-fourth mile belowe houge on Trout Creek (136),

Shale roof. Feet.
Bowl®oo. = L s as i T dan e wne.
Shale floor.

Strike N. 657 E. dip 48 NWw,
Section In tunnel 1500 Jret bheloar hoase o Trowl Creel (A7)

Arkose roof. It fu.
Conl . - A e e N e T 7
Arkose tHoor,

Section on small deain inte Teont Creeels feom the acest, near month of Bear

Sl e vool, Feot.
[SYTSTY - . N
Shade fHoor.
Strike N2 WL ddip 240 8w

Seetion o same deain ax N, A5 elevation 375 feet (39),
Coal . e : 6
sStrike X, 25° K. ddip 397 NW.,
Neelion un xame drain as Nos, 38 and 389 ; elevation 360 feet (j0).

Shale roof. Feet,
Conl . e 124
Shale floor.
Strike N, 15° E., dip 277 NW.

The following sections are all on the east slope of Kushtaka Ridge:

Section wn cast side of Kushtaka Ridyge. onc-fourth mile cast of 1/, 8. L. M.
Kapal: Nwo b (41).

Foot.

Suale . . O
EEL. oo s aa T st TR R A e G R
Conl and shale___ . _ ... B
e e e RS PR S S St ||
| S SUSIRE !

Shale floor,
Strike N, 387 E. dip 70° NW.

Nection un caxt side of Kushiaka Ridge, clevation 1,630 feet (42).

Shale roof. Ft. Iu.
Bone ... oo s
By ] R e T RS P LT e b s i e i 3 ]
1) R e e 1
ORI tasads ——— B 4
Booe — s = SN 3
Coal. e e 1 8

*Included In sample Noo G0, pp. S4-8T,
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1"t. in.

Bone . . .. ! el ¥ & o
Coal_ s i mEw wa e ; 1

Shale. . .. . . - . . £

Conl_ e s e sEa s milaw me 11

Howe - [ e 2

vk =hale floor, 12 1

Strike N, 45" B, alip 68° Nw,

Seetion on Kushitaka Ridge, cast side, 15 iles porth-nortinrest of eabin: ohe-
ration 1606 feet (430,
Shale roof. et
“mlll_ & - = = e T o 1‘i
Slinle flowr,

Neetion on Kushiaka Ridoe, cast zide, 1 apile porth woctheest of eabin ; olevation,
Nan feer (4.
Roft shnle voof. Feet.
Coal b . . . ]
Soft shale floor.

Strike N, 777 K, qip 407 Xw,

Newlion on vaxt side of Kushitake Ridge; elecation, 1335 feel ((55).

Ft. in.

Conl ~ N L - 12-15

Shale . - S s 1
Coal __ - o 2 "
Shale . . EEiETATS I oiD Sz am aa 2 5
Bone __ . . o oL 4
Conl _._ - == 2L E Slia,Ek a [
Dome - SR = i

Moal - . 1
Bone . . 7 . 1
Conl _ . 2 Y
a0 -

Strike N, 227 Fo dip 5857 XW.
section Tn tuwnel v trail 2200 feel porth of Kushtaka eabin (360,

Shale roof. IPent.
Coal (pinehing ont) ~ s 23 e EREPSC [) |
Strike N. 257 E.odip 427 XWL

Keetion in tunwed an cast fuee of Kushtaka Ridoe : clevation, 790 feet (§8).

Firm shale roof. . in.
Coal © somewhat bony amd with pyrite nodnles. 14 [H
Hard shale fioor,
Strike N. 65° K., dip 45 NW,

o ITneluded In sumple No. 43, pp. 84-57, “incloded In sample No. 44, pp. 8457,
rIncluded In samples Nos, 4510 amd 48h, pp. S4-87
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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 wile southeast. The stratigraphic posi-
tion of the beds is given in the section on pages 32-34.

Neetion on Kushloka Ridge just belme U, 8. L. W, Kapak No. §; clevation,
2400 feet (4.,

Shinle, Ft. in
o) 2 e = s 2 2
Cond, shaly : B : . 1

Nl o ; AR i ATt ]
Coal 4 s

Shule,

Strike N. 457 Eooallp 6l NWL

Neetion on Kushlaka Ridge Gon feel xontheast of 17, 80 Lo W, Kagal No. §;
clevatinn, 2340 fect (50),

Ft.  in,

Sl e, carbonneeons =2 o . 2
[RTTT] —— B i (e a 3
Shale, ecarbonaeeons = = i s 5

Strlke N, 457 KL dip ast NW,

Seetion on Kaxhtala Ridge Lt foet southoast of 10N, Lo W Kagak No. g
elevation, 2080 feel (31),
Ft. in.
Shale ! P |
Coal - g
Shale - G
(NTHY = H
Shalee i
Conl : 1
Slutle

Nirike NoAGT Fo dip 157 XW,

Neotion v cvext of Kaslitaka Ridge, 100 foof southeast nf 10 80 Lo M, Kapak

N, b oelevation, 2050 Jred 1o

. i,
Sandy shale____ -
Slide with conl strmiks 3 ~
(ST N b
Soft =hale floor. 1

Strike NoA0® L dip 40T NW,

Section vn Kushtuka Ridge, 1,700 feet semlheast of 1, 8, Lo Mo Kagole, Noo g
clevation, 2,000 feet (33),

g,

Shale with enal streaks . : . - o

Vopl coo ocaorisssrie o B RusToeme mEREny G 1

Shale - aacie i i o

Coal . . . e = ~ ]
Rzt v,

Strike N, A0° L dip 45 NW.
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The following sections are on the west slope of Kushtaka Ridge. in

the valley of Carbon Creek:

Neetion on norcth bank of Corbop Creck, near headieaters; clecation 1350 feet

(7hh.
Fi.
Nhale - e . .
LML i s i i i W e S e 2
Shale
) s S yE : :
Shale o 1

Strike N, 18° 10, dip 30° NW.

Nection of conl an nartlorest Dank of Quecn Creel (35)

Shale roof,
Conl® ____. S T S L S

Shale (pocket =) e
Cond . i e AT A e e -
[} | S P TR S Pt

Conlb ____ e .

~N

11

Feol,

&
-

i
“

10
|

Shale Hoor. T
Strike N, 47 L, dip 4279 NWwW,
Seetion of eoal an zautheast bank of Queen Creck (36,
¥t o,
1 | 2 R S S R S 14
Shade o oo - 4
(31 R S S A R e P S U S S N T
Shalee - o 3
Con] ... B ST e i a8t OTE el i Ml e = 2
PRI o cinaenonios v ostima s v ey sweisssm= - 2
G+ - | [ T A . S M oSN . 10
Strike N. 66° E., dip 58° SE.
Rection an small ercek southicest of Queen Creck (7).
Shale roof. re.  in,
ol s s e s e s e T a 1 1
Shate - _ 3 [
Qo] s cesmere SR s e : e & 2
Shnle with conl streaks___ . . . 1 ]
Y sy sir Ll it Ey renas _ = 3 i
Bhgle <o — o CraEE w5 (e Eee 8
Conl o ooo. . N G N
Shate _______._ RIS P % 3 i
Coli) . - 11
a3 T

o Included lo samples Nog. Sfe and 530, pp, S4-KT.
b Included {n snmples Nos, 58c and 55, pp, X4-87,
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Section on small veeck suuthicest of Queen Creck (38).

Shale roof, Ft. I
DO caicmsssavane masn ivsoummta sy S s == 17
Bhale . 41
COolll i ccmenine ome ssmesssssmpea e o s 4
Shale __.. ... .. o e .. I o
Conl ... = Do T iea LT e SR TS LT Cwsss 3
Shate . el 2 i
Pl asie: Saiiiss? eat e iisamsi: Zaise Son e 26

Carbonaewons shiale,

Seetion on small vreel sopthorest of Queen Creek (309,

Ieet,

Ol coissresaicTataacil CooiirRagses dnpaistande e g
Shule BH N o S P B S e 2
OOl = asraa s o me Lusins Gaas s S e A A S rw et L e, 3
32

section wn Lecper Creock, one-thivd mile aboce ds mouth (60),

Feet
Oy e e e e . BT
Strike N, 40" E, dip 75" NW.

Seotion In stripping an north side of Carbon Creel aborce the tunnel and at an
clevation of 830 feet (61).
Bhale voof, Feet,
O cammc s min i anm e i e s s e i s 8
Shale floor.
Sirike N, 50° 15, dip 457 NWw,

section in tunncl oo aonlh bank of Caebon Creck (ﬂ.!).

Arkose roof. Foot.
Coal ™ e e (R S § |
Shale floor,

sevtion in IHH.-III"f near ponth of Nevada Creek (68)).

Ft. In.

Darvk =hale . . L. ... R |
Coml®-__ . = ) i SR TR | | 7
Arkosee _________ : i e S e g . 10

Strike N2 907 KL dip TSN,

The following sections are in the upper part of the valley of Shep-
herd Creek. above the mouth of Carbon Creek:

* Included In sample No, 58, pp, 84,

FIncluded In sample No, 60, pp. 84-K7,

“Included In samples Nos. B2a and 62, pp, 84-87,
“ Includegl in samples Now, Gdu and 64b, pp, B4-8T7,
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Neetivn af noeth end of wpper trail on cast side of Lake Chartotte: oferation
R0 feet (63).

K, In
Shule roof 4 S smuanpRas s s . = 10
Coul . .. S P = =
RITHIIE i e e = 0
Cos ) with iany thin partings of bone___ . = 9
Mhutle and coal e 0

Strike N, 12° 10, dip 727 810,

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 again about half a wile
south of this point.

Neetiow of prospect opening scar Geade Peadl calidn (Dogle emmp ™ ) on cast

side of Shepherd Creek, 1y miles beloe Lake Charlutte (66),
Shale roof, : Ft.  In.
VBT s s e e o e D) i

Slinle Hoor,
Strike N, 40° 1, 737853 NW.

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

The following section is the only one measured in the lower part of
the Shepherd Creek valley. although o considerable area of conl =
kuown :

Neelion | owmile wortineest of Capoe Lawding e Shepherd  Creck : olevationg
200 feel (67).

1t in.
(| B i . 4
Bimlis . . 00000 seecaesee-cea e = - . 2
ol b . . 1 1

Strike N, 507 R ddip 657 NW.L

The opening is on the west side of the valley of Sheplierd Creek.
at an elevation of abont 200 feet above Bering Lake.
The following sections are in the valley of Lake Tokun:

Keetion in prospect opcuing on west bank of Tokua Creek, L} miles above Lake
Tokun (6G8).
Arkose roof. Teet.
[ 7] F— . 2
Shale floor.
Strike X, 657 F.. dip 337 XW,

Section in prospect opewing o shorl distapce above No, 68 (69),

Arkose roof. Feot,
Conl ___ I : e E ———
Shale floor, N

Rtrike N. G55, dip ST NW,

o Included In sample No. 05, p, 81 “locluded in sample No. 87, p. 84,
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Seetion o Toeer Gegaed s Paleit Ceecle, aland 100 yards above No, (G0 (70),

Arkose roof. Ft.  in
Coall® ____ . I 5
Shale Hoor.

Neetion e wpper twanel g Tokan Creek (74).
Satudstone, shnly, Feet,
Coalo_ - - .
Strike N, 757 W dip 407 XI5,
Seetion of hoewd of gorge o Trail Creele (T2).
Sandstone roof, It in.

Sanudstone Hoor,
Strike N, 157 WL, dip 557 N

The coal in the valley of Dick Creek 15 represented in the following
sections:

Section (0 il v befltary foo Divk Cveele from (e cast (4 aeiles alinre peoad i
ef Lk Crecle (74,
Iyt
(T TR R TR AR meE ANEO e Suscni: B
Nindstone Hoor,
Strike N 10 WL dip 607 NI

Section i tunnel o Poteers Creecle, Fouile woeile af Boeeing Lake (T5).

I, in
Coatl Ctop coneeaded b = A SR ceccagssios B
Shale. _ - - - . T 6
POl e : o s i

Samlstone Hoor,
Strike No 70T I, dip 350 NWL

Section on tribtary o Palls Ceecles Doanile northeast of Christopher's cabin;
vlevatiog, 200 feet (737,

Soft slade with probably o little overlying coal. "t i
Coatl . e x T
Shaleo____ ¥ : =% == = 7
[ 11 1A S = 5 ]
Shale__ CESUENITATS =i B = SiNS_TEEg RS 1 10
| 5oy R —— s e = o mweER R s 51
Conldy shwbe__ L . . [
Arkose,

Strike N, 257 L., dip 607 819

Section in opening in eliffs of Falls Creck, Doanile north of Bering Labke : elova-
ration, L0 feel (VE),

Arkose. Feet.
AN e e e g e o e e e e
Coal and shale_ . -
Coatd oo o R TS S P oSS - |
Samly shale floor.
Sirike N. 207 W, dip 25° NE.
fIneluded in sample Noo 70, po 84, “ Ineluded in sample No. 73, pp. 84-587.

B ncluded in sample No. T4, p. 84 dineluded 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 Creele | onile aboee its manth ; clevation, 800 feet (77).

Massive nrkose. + Feel.
L S |

Bhule oo o s s mn s nrann e e
CIEME i i i e i o

- PR
Strike N. 467 K., dip 35° NW.

Seetion on ridge south of Mownt Hamilton ; elevation, 1625 feet (78),

Fooet,
GIOBEY . oo i i i s i e = =
Shale e —————
Coal

B R e rare U

Shade

OOl coo searasnesies spne o semu sy s e e g i
Strike N, 807 W, dip 85° NE.

1S = | =

Nection vn vidge south of Mount Hamilton ; elevation, 1,550 feet (79),

Arkose, Ft. o

Bl oo e e o TR
Conl e T
T e T S R St 9

Conl N
R oo i v s e g e s e S 3
Strike N, 80° K, dip 407 NW.

2

Neotlon T guich tica-gfths of o aile southicest of Hount Hamilton; clecation,
1100 fect (80).
Shale roof. Fi.  in.
5| R e R S L e S et i S
Shale at top wd bottom, concenled between____ 30
Oouly alle: . . .o e e R
* Coal * (somewhat impure) .- ________ SRR |
BURAAE DEE s i s s s A s
Coul * with shale streaks__ . 1
Bhule . cao-. e i e e e o
Coal ¥ with little shale___ IS
BhplE e s e
Conl? ___ I - S
Shale —_..._.... e A A B L S AN T 1
Coal, lmpmre ... e T A S W e
Conle i iscas, o waaaiaa i e, ik mew s A
Shale - . - e e S e R R
Conl® et e 4
Shaly sandstone ooy,
Sirike N, 40° B dip 52° NWwWL

]

e = L3

s =

=R

“ loctuded in sample No. Sta, pp. B4-K7, * Ineluded in sample No. BOb, pp. B4-8T.
v Included in sample No. 8Oc. pp. 8487,



CHARACTER OF COAL, 81

Section in tunnel on shore r;f Bering Lake halficay between Poul Point and
mouth of Dick Creek (81).

Shale roof. 't,  inm,
Coal ___. T P R R ) . 5
Sandstone . . o R SR S e T 1
Coaly shale. . S n
Conls _____. __ == i e et e B e 4
Soft shale . - e G

Possibly some conl Leyolul.
Strike N. 76° E. dip, 72" NW,

CHARACTER OF THE COAT,

PHYSICAL PROFERTIES,

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

These properties are not evident 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 described above, are found. and
the best of the natural and artificial exposures of the coal beds contain
some fragments which indieate 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. 90-01) by the other properties of the coal.

It is. however. not certain that this coal. thongh 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 ernshed and shatrered. The valne 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 erushed
of it somewhat resembling part of the softer bituminous coals of the
Eastern States. Many of the beds have been severely erushed and
sheared, and the coal is certain to he badly hroken up in mining and

L lnclﬁded In -snmple N;.l.-Sl, pLy. S4-8T,
21803—Bull. 335—08——+~
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shipping, thus yielding 2 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 throngh the grates.

COMBUBTION.

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 eaking. 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 und fine and little or no elinker 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. 78) were
tested by the writer in the summer 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 deaft.  After several hours the ends were banked and
only a small epening 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 coke was firm,
strong, porous, and had a good ring and luster. The test showed
conclusively that an excellent coke ean 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 heen 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 erudely, and
it was found that practically all of the coal here classed as semi-
bituminons possesses such coking qualities that probably by proper
treatment a good coke can be made from almost any of it.
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@HEMICAL AND CALORIMETRIO 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 off 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 sepavated in the ordinary practices of actual
mining. The parts of each bed which went into the sample arve in-
dicated in the local sections. The sample was then pulverized and
carefully quartered. .\ 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 wnalysis—The samples collected in 1905 and 1906
were analyzed by . M. Stanton of the United States Geological
Survey fuel-testing plant at St. Louis, Mo., nsing 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 represent approximately the
proportion which the coal will contain in uncovered 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.

& Bamples No. 53b, 55d, 62h, and 65 were shipped In eanvas sacks, and consequently had
n chance to dry In shipment, They were otherwise treaied as described above.

b Bull, . 8. Geol. Burvey No. 261, 1905, pp. 10-20; I'rof, Paper 1", 8. Geol. Survey No.
48, 1008, pt. 1. 177-193; Bull. T, 8, Geol, Survey No, 200, 1006, pp, 29-30,

* Penniman. W. B. D., and Browne, Arthur L., The chemical and heat-producing quali-
ties of Mavylamd cmils @ Maryland (Geol. Burvey, vol. 5, 1005, pp. 620625,

# Bull. U, 8. tieol. SBurvey No. 261, 1905, pp. 19-20; Bull. U. 8. Geol. Burvey No. 200,
1906, pp. 20-30.
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Analyses and tests of Bering River coals.—I,

1 [ = |
! T | Proximate nnalysis, ! Calorific
| = : g _'___ [ ___'____'___ value.
- ; g | ¢ | &
P T g2 ‘i - 1 B2 | & EE Fuel ratin,
3 kS % | B . | : : 5
& = ZE | £ g | 22 =g [ | = E B
% |3 'b|:=|-':'"|52 NEEERE
IERERT AN AL EERE AR NS N
£ 3 | F [ | E ! = = - & 8= |
vl sl wi| ml te| sw| wel wE . el TL42
b3 ) 2850 217 100 874 h6dl| 86.92( 48| L1 1h. 8%
| 480 | 15+ 6.10 | 8.83| 6.96| S200 3.81 111 | 12 %9
b6 | 288 | 1.5 | 13.20 mwl 01| 78.8| 7.23| .= 14,74
b7 | M| 4.7 | 620 7.2, 6ed| 7580 710,21 L2 11,44
he | 96| 15 520 593 6.76| 8147 5. 84 .82 12 05
P9 | 22| 10 | T.00| B 72| B4 2M| L5 11.5%
| | 78] 615 ma| 7m| 180[.... .. 12, 86
5.25| 500 704\ 02| 7853 4.83 I bsampeen 2 B, 5
o8| 150 | 4.43 | 10.14| MO.TR| 463 51| 7678 |ae..i... 7.97
6.75| 6.00( 7.77| 7.40{ .89 o.M 66 1 6,988 | 12 ha 10.21
;?? 6.20 a;i; a.gg ;‘H._? }13’6'3 1'31 8 gt% 11,801 u; 10
e Ef lessssnas i B, . 2. . YR (i
267 6.80| 7.64| 0.82 76,81 6, 23 A7 | 7,265 18,000 7
1.«7 1.80 ?'ﬁ 25‘1} ;E.gd 1;.% 1.% 12, 787 ne
B leiiaan I 1L & ; T liensssalins 13. 43
18 ) 5,00 B7LI 876 | 80, 4065 [ 1| 7881 | 14,18 9,21
R 4,80 0 40| 871 860|200 | 1,42 8,091 [ 14,5064 0.7
3 5AO [ 659 02| TLAE | 167 60 | 6,60 | 12,348 5.77
To4r | AB0 | 6RO | 10,86 | 7841 L8| a0 | 7,530 | 18670 7.0
efeeeeeeee] B8O B8T] mhob | 0| LOM|....... | K77
U w40l 869 wWa7| 7100 6.04| 308 5.8
[ 180 201 1858 | 79.68| L6378 1 Kl
[ g P 2,96 | 1812 | 71.87 7,63 .78 3,97
’ SoAD| .34 14.20] 69.55 [  9.82 L {87
1 8.00 | 0.87| 12.00 | 7a02| 862 L63 .70
' w.80 [ 548 1312 79.65 | 1.80| .67 607
.5 | 1.90 | 268 Lol 733 1266 | 5.9 |, 664
4.5 1.80 | 2@ §0.74 | 7182 15.02| 414 6,64
97 | 8300 4.23) 14.08| 7975 | 199 .96 B, B
U7 ieeeewsd  WB8| 1681 7RTI 12| 1.2 . 4,74
A1 4607 566 18.65 7.8 a88{ .77[ fi 63
il 1.20| 17.28 | 77.69 | 3.88 TR | 449
17 L4 1By TH| L8 83 5.79
8 401 1246 .47 606 LI 4, 23
11 4220 1337 7860 8.6l 156 5.5
11 .38 [ 16.97 ‘ 77.48| BI17| 102, 4.57
10,4 6.95 | 13.01 | 76.12| 4.92 .61 A. 83
19.6 241 | 1508 | 7o.24| 832 .51 527
2.5 GlOTes| 1w | e w72| 5% 840
TB |eeownesd L.54| M.BR uml m.mt .69 f.01
667 | 870 435| 1.97| T3] 10.3] L13 6.13
8.5 510 5.84| 11.74| 60.21 22.21| 3.8 . 5,13
258 | 8.0 5.51| 1285 64.34 | 17.36 | =253 | 5.0)
7 5.20 | 6.03| 1288 R40| 259 0 . 604
5 5.20| 7.74| 15.57| 6788 88| .84 436
5% ; 270 &7 04 4710 BL1S| 647 @61
0.3 420 612 17| AHL11| 805 &35 1.36
1 £60) 614! 13900, 79| 500 116 A 16
7242 | 039 L8 lieiiioerannnns] 598

] A8 1200

# These numbers agree with the seetion numbers given on PL VILL and in the sectlons
of conl heds. The acrangement is gm'agl‘:’ic from northeast to southwest.

*Sample collected by G. C. Martin, 1905; analysis by U. 8. Geological Survey fuel-
lesting plant.

* Average of analyses 2-0 (anthracite). N

‘Iliample colleeted by G. C. Martin, 1906 : analysis by TU. 8. Geological Sarvey fuel-
testing piant.

. Ban;})‘-‘le collected by . C. Martin, 1903 ; apalysis by Penniman & Browne, aof Balti-
more, 1
fAverage of anal 10-28, excluslve of No. 21 (semisnthracite).
" Bampl: e‘:ﬂlecl by fi. . Martin, 1904 ; apalysis by E. C. Bullzvln. U. 8. Geological

urvey.
b Average of mnalyses 20-81 (semibituminous).

®
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LOCALITIES,

52 15 miles above Fourth Berg lake.
3. Guleh at head of Second Berg Lake.
55, Carbon Mountaln, east side, second opening from west on hillside trall,
b 6. Carbon Mountain, east side, first opening from west on hlllside trall,
7. Carbon Mountaln, enst side, 200 feet below hillside trail.
8. Carbon Mountaln, west slde, north end of hillside trail.
B4, (arbon Mountaln, west side, onth end of hillside trall.
"ll.l Carbon Mountaln, west side, near crest at traill.
b 11. Carbon Mountuln, west slde, B0 feet below the last,
6331{4 ‘I'ributary to Canyon Creek on east side and next below Hunt's eabin, elevation
1:]1;" Trﬂalltnr;‘ to Caoyon Creek on east slde and vext helow Tlunt's eabin, elevation
o
H'l? *l‘!.}\imel un enst bank of Canyon Creek, 28 wmilles above mouth of creek, near
unt's cubin,
“5:') 1;1. Carbon Meuntaio, west side, creek opposite mouth of Canyon Creek, elevation
{ ‘eel.
90;2?. Carbon Mountain, west side, ereek opposite mouth of (Canyon Creek, elevation
eet.
« 91, (Carbon Mountain, south end (natural eoke),
""'i. Tunnel on sorth bank of Clear Creek above the falls.
420, Tunnel at base¢ of Clear Creek Falis
427, Openlng on tributary to Clear Creek heading sontheast of Monument Mouutaln,
olnvn:lun 1400 feet.
498, Opening on tributary to Clear Creek heading southeast of Mooument Mountaln,
elevntlun 1,200 Teet.
29, Opening on eust bank of Clear Creek. 2.9 miles above the mouth of the creek.
Mg Trout Creek, tunnel opposite house,
44, Trour Creek, opening «t creck level helow the last.
Bag. Trout Creek, tunnel epe-fonrrh mile below
"’4.! M‘Elening on i\ushrnkn Ridge, enst side, 1% miles north-northwest of cabin, eleva-
tion 1
8"‘ qlrl Opening vn Kushtuka Ridge, enst side, 1 mile north-northwest of ¢abin, elevation
o0 feet,
b 48a, Tunnel on east face of Kushinka Ridge, elevation TH0 feet,
# 48b. Tunnel on east face of Kushtaka Ridge, elevation 7090 feet (same tmonel and
feAm as last),
b 55a. Opening on northwest bank of Queen Creek, upper bed,
# 35D, Opening on northwest bapk of Queen Creek, upper bed (same as the last).
b 55c. Opening on northwest bank of Queen Creek, lower bed,
# 50d. Opening on northiwest bank of Queen Creek, lower bed (same ns the hast).
b AR, Opening on smiall creek sonthwest of Queen {'reek,
4 G0. Tunnel on Leeper Creck, one-third mile above its mouth.
b g2, Tunnel on south bank of Carbon Creek.
g fi2h. Tunmne! op south bank of Carbon Creek (same as the last),
b4a, Tunnel near mouth of Nevada Cree
¢ G4b. Tunmel near mouth of Nevada Creek (same as the last t).
S].Elﬂ?. t(lpenlng at porth end of apper trail oo east side of Lake Churlotte, eleyvation
eet,
*GT Tunnel 1 mile northwest of Cance Laoding on Shepherd Creek, elevatlon 200 feef,
»70. Lower tunnel on Tokun Creek.
b 74, ‘Tunnel on Powers (reclc. 1 mile north of Bering Lake,
* 5. |.r|||||rur:. to 1alls (‘reek, one-half mile northeast of « hriatophprn cablu, elevation

200 fee

b 740, l. "iffs on Falls Creek, 1 nille north of Bering Lake, elevation 110 feet.

‘8011!. Guleh two-fifths of 0 mile southwest of Mount lamllton, elevativn 1,100 fest,
upper

El‘i(]ll Guatel n\-u-ﬂﬂlls of o mile southwest of Mouvot 1Tamliton, elevation 1,100 feet,
luwer Ded, \|{:pﬁr bench

s0c. Guleh two-fifths of a mile sonthwest of Mount Hawmilton, elevation 1,100 feet,

!nwer b, lower hench.

481, Tunuel on shore of Bering Lake, halfw ay between PPoul 'olunt and Dick Creek.
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Analyses and tests of Bering River conls,—11,

SAMIP'LES A8 RECEIVHD,

: )
E— £ | Proximate unulysis, Ultimate analysis. |Gatoritie value,
L b1 —T g
B £ | |

L [ 3'—' r'ﬂ | E |
dl'—.ﬁ_-,.E‘d g |
gié'lghféggf“g 8 | .=|E : gg

s N 1 2 [ | T

Iﬁ |§ | E K] : e | g E E
=] =

5,5‘||-| | & |2 g | §(d .7|: z[éaﬁ
e e Lo B0 gl (M e B ool [ s
w\m& 217 1,00 | .97 | 441 | 8054 | 5.08 | 100 8.54 | 8160 | 136 7.32 | 7,590 | 18, 662
b5 | 2480 | 154 u.st.u: 801 | Mo 7 | 880 | L)1 | 418 | AD47 138 (9.2 | 7,000 | 13500
b6 | 2453 | 10,5 (13,20 1430 | 400 7374 [ 746 | .%2 ' 438 | 71.26 | 130 14.53 | 6,651 | 11,972
b | 249 | 16 5.m]a.na 0,42 | 80,97 | 5.72 | (82 | 4.08 | 79.50 ' 1.57 | 8.21 | 7,463 | 13,433
b9 | 2882 | 1 7.00 | 8.52| 576 |83.20 | 2562|105 | 4.02 |46 145 9.50 | 7,619 | 13,714
() il avess |#.54 | 5,42 8158 | 4.86 | .98 | 4.08 |75.92 | 1.39 | 9.52 | 7,365 | 18,25

_— e EERE— e

B10 [2481 | 5,25 | 5.00 | 7.68 | 9.28 [ 7844 | 4.73 | .79 [ 4.10 | 76.51 | 141 1287 | 7,300 | 18,156

o i iw cn) an A8 G2 8] in R8I TR IAE 12 n

G (iR AR ITh|SRILR WE HILL R LElan e

a2 | 4459 | 1,67 | 1,80 2Isa| 681 | 76,70 | 14.50 | 1008 | 3.69 | 74.09 | 118 | .48 | 7,108 | 12,787

A23 [ 4431 118 | 5.00 | 571 | 276 | #0089 | 466 [ 1122 | 428 | B1LE6 | 128 | 7.04 ' 7ws1 | 130086
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A These numbers agree with the section numbers as
beds (pp. 67-81). The

tlons of conl
sonthwoest,

l§:$'¢!.|| on PL. VIIT and in the see-

arrangement gengraphie from wnortheast to

¢ Hample collected by G. O, Martin, 1903 ; aoalysis by F. M. Stanton. I". 8 Geol, Sor-

vey ruel-lmctlnf
*Average o

4 Bample collected by G, . Mart!

vey fuel-test Inf

plant.
analyses 4-0 (anthraecite).

plant.

in, 1906 ; analysis by F. M. Stanton, 17, 8, Geol, Sur-

“ Avernge of analyses 10-28 (semlanthracite).
f Average of nnalyses 20-81 (semibltominous. )
LOCALITIES.
* 3. Guleh at head of Second Berg Lake.
A0, Carbon Mountain, east side, second opening from west on hillside trail,
S, Carbon Mountain, east side. frst open west on hillside trall.
M. Carbon Mountain, west side. north end of hillside trail.
44, Carbon Mountaln, west side, south end of hillside trail.

#10. Carbon Mountain, west =i

de, pear crest at frail

#11. Carbon Mountaln, west side, B0 feet below the last,
4 14. Tributary to Canyon Creek on east side and nexr below Tlant's cabin, elevation

G30 feet.
¥ 16. Tributary to Canyon Creek
H20 feet.
19, Carbon Mountain, west side
ot

et
20, Carbon Mountain, west =ide,

feet.
* 23, Toone! on north nnk of C)

on east slde and wext helow Hunt's cabin, elevation
. creek opposite mouth of Canyon Creek, elevation 950
. eroek oppogite month of Canyon Creek, elevation 900

ear Creck, above the falls,



CHARACTER OF COAL., 87

Analyses aud Tosts of Beving River confs,—IH—Continued.

ALR-DRIED SAMPLES (calenlaled from table on p, 86.)
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LOCALITTES —Continuel,

428, Tunnel at base of Clear Creek falls.

427, Tributary to Clear Creek headiog southeast of Monument Mountain, elevation
1,450 feet.

428, Tributary to Clear Creck heading southeast of Monument Mountain, elevation
1,200 feet,

420, East bank of Clear Creek, 2.4 miles above its mouth.

BUA, Trout Creek, tnnpel opposite honse,

P3G, Trout Creek. tunnel one-fourth mile below honse,

443, Kushtaka Ridge, cast side, 12 miles north northwest

444, Kushiaka Ridge, vast side, 1 mile novth novihwest of eabin, elevation 850 feet.

4 48h, Tinoel on east face of Kushtaka Ridge, elevation 790 feet.

boSa, Northwest lank of Queen Ceeek, upper bed,

o0, Northwest hank of Qneen Creel, lower hed. -

T80, Tunnel on Leeper C'reek, one-thivd mile above its wouth,

PG2a. Tnnnel on south bank of Carbon Oreek.

Mada, Tunnel pear mouth of Nevada Creok,
’U".."D Tfrh l"[‘I‘!llllral',\‘ to Falls Creek, vne-lialf mile northeast of Christopher's cabln, elevation
2 eel.

BTG, Cliffs on Falls Creek, 1 mile north of Bering Lake, elevation 110 feet.

I8, Guleh two-tifths mile southwest of Mount Hamilton, elevation 1,100 feet, upper

of cabin, elevation 1,600 feet.

ed.

T80L. Guleh two-fifths mile sonthwest of Monnt Hamilton, elevation 1,100 feet, lower
Tied, upper bench.

#80c. Gruleh two-fifths mile southwest of Mount Hamilton, elevation 1.100 feet, lower
Led, lower bench.

481, Tunnel on shere of Bering Lake, halfway between V'oul 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 19035 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-
sieal properties, behuvior on burning, produets of distillation, and
chemieal 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
coul is all either anthracite, semianthracite, or semibituminons, so the
basis of classification of only these will be considered here.

No one of the characteristics enumerated above forms a suflicient
basis for the classification of coal, and since each class of coal proba-
bly grades completely across into other classes, it follows that if «
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 distingnished 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
cllctmgnhhed from each other by their physical ‘appearance, but lht‘\

s Compare with plhosphorus In }ulrmunt West Vieglnls, coking aunl . 111
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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 hy coking
properties, but can be distinguished by the length of flame, by the
amount of smoke. by the relative proportions of the produets of dis-
tillation, and by the chemical composition.

Tt can be seen from the preceding paragraph that either the prod-
uets 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 Pennsylvania 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 anthracite 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 eoals. These proportions are usually used in
the.form of a ratio, or index of classification, such as the ratio of
carbon to hydrogens carbon to oxygen, or some other ratio? or

e This term, although well enough understood for practical purposes, is somewhat
misleading, for unalysis implies a separation Into constituents, yet the volatile matter
as obtained in a * proximate analysis ™ is not a constituent of the coal, but a product
of destructive distillation.

b rans, Am, Inst. Min. Eng., vol, 8, 1877, p. 430; Geol. Survey Pennsylvania, Vol. MM,
1879, pp. 128-144.

¢ Campbell, Marius R., Trans. Am, Inst. Min. Eng., vol. 36, 1906, pp. 324-340; Prof.
Paper 1. 8. Geol. Burvey No."48, pt, 1, 1906, pp 1566-173.

Jarr, 8, W., 1linols Geol, SBurvey, Bull, 3, 1904, pp. 2778, Grout, I'rank ., Econamie
Geology, vol, 2, 1907, pp, 2256-241,
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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 northern
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 distriet from 12.61 to 19.62, in the mid-
dle distriet from 7.22 to 1112, 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-
triet, and semibituminous in the western distriet.

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 distriet from
19.66 to 23.21, and in the western district from 15.42 tq 22,89, There
is some overlapping of valunes, but in general the differences between
the three distriets 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 probably be changed
when more analyses were available.

e This sample contalns 24 per cent of ash, Consequently, since excessive ash usually
appears 10 lower the fuel ratio, possibly becausze of the aflinity of clay for olly sub-
stanees, the next lower fuel ratio (7.22) should perhaps be regarded as near the typieal
lower range of this group of coals,

brhls sample (No. 65) algo contains an excesslve amount of ash and copsequently hns
an abnormal foel ratlo.

r Campbell, Marius R., The classification of eosls. Trans, Am, Tost, Min, Eng, vol,
806, 1906, p. 340,
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Carbon-oxygen ratios fail utterly to show any mnity of character
of coal in either district, or any marked difference between the sev-
eral distriets. 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
14.40) are from coals whose other characters are anthracitie.

The carbon-oxygen ratio is theoretically a good index of classifi-
cation, but it fails practically for these classes of coals, becanse 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 impraectical.

The separation of the conls 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 anthracite, 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 ofl 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 loeal, the coal being altered for
only a few inches from the contact.

COMPARISON WITH OTHER COAL,

It was stated above (p. 81) that coal having all the physieal 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 Imown
whether they exist.

The samples of anthracite, of which analyses and tests are given
on pages 8487, came from beds which do not show all the physiecal
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 excellent 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 other 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 outerops, the steep
dips and complieated structnre, 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
congequently a large amount of the coal is above drainage level. A
large number of the coal beds are known to outerop in the bottoms of
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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.«

The effect of dip, in addition to that discussed above in regard to
the position of the conl beds, is chiefly 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. Tt seems probable thut there arve areas within the
field in which. beeanse of these diﬂi('ultics. the coal can not be sue-
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 greater value of the coal.

PERSIETENCE OF THE COAL.

Variability in thickness of the seans, especially of the thicker ones,
may be considered an ever-present problem. the exact magnitude of
which can be determined only by underground exploration. Tt is
the current belief in the region that the seams will assuine 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 oun the structure of the vocks.  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 outerop 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 u serious problem in
mmmg in this region: but on the other hand, it is likely that they
will in large degree be balanced by numerous arveas of e'ct_esswely
thick beds and by the high fuel value of the coal.

# See description of the structure, pp. 42-43,
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PHYBICAL OONDITION 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 erushes during transportation, it will be at a decided
disadvantage in the market. No openings on the anthracite have as
vet 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. Tn some of the stream beds are nu-
merous pieces of anthracite which are firm and hard, indicating either
that these pieces came from fresh exposures, where the coal was not
softened und 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 ont, 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 GAB.

1t is probable that underground water will be encountered in large
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 shafting for a long time. Consequently the water, although it
may be very anmnoying, will not add materially to the expense of
mining.

Gases have been encountered in several of the longer tunnels and
will have to be considered as a factor in the cost of mining. It 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.

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 digcussed 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 conl 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 conl 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 earry.  Comparison should
rather be made with rates on ore and conl on the Great Lakes and on
conl on the regular ocean routes,

MARKETS,

The question of markets for Alaska conl 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 bronght up to date and the estimates revised.

CONSUMPTION OF FUEL IN ALASEA

AMOUNT AND sOURCES,

The coal consumption of Alaska from June, 1904, to June, 1905, is
estimated at 110.000 tons, derived from the following sources:

femanunplion of coul b Llaska, June, 100, o Juae. 19005,

l.ong tons,
Local sapply - ; o - - 440
Imporied from United Stites o - 442 728
Liported fron forelgn conntries, chiety British Colnmbin 64, 832

110, ()

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

* Brooks, Alfred H., The outlook for c¢oal mining in Alaska: Traps, Am. Inst. Min,
Eng., vol. 36, 1905, pp. 683-702,

P Martin, G, €. Markets for Alaska counl: Bull, U, 8, Geol. Survey No. 284, 1004, pp.
18-29,

r Estimated (the avalloble statistles being for the enlendur year),

* From table on p. 07.
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und Alaskn. This fuel comes largely from the home ports of the
steamers or chiefly from Puget Sound. The fuel of local coastwise
and river boats is, however. included in the total of 110,000 tons, The
total coal consumed in Alaska 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 uf coal conguwmed in Alaske, June, 1904, to June, 1905,

Towns and mines: Long tons.
Southeastern Alaska______ - .. a 42, 000
Pacitic coast from Yakutat to Dutch Harbor_ _ ______ @ 10, 000
Bering Sea nnd Avetle consto oo a 205, 000

Claunertes and cannery honts:

Southeastern Alaskn.. .o~ Y5, 00
Paeifiec const from Yakutut to Chlgndk. _ o _____  « 5,000
Bristol Bay oo e e 212,000

Sttt iers
Locial constwise and river steamers (excluding can-

GYY BOALE) o caicnsanmsnmmires s o man i AP
I'nget Sound to sontheastern Alaska._ B 45, (00

. IPuget Sound to Prince Willlam Sound and Cook Inlet_ 523, 000
PPuget Sound to Nome._ .. . .. ______ 32000
San Franelscoto Alaskn . - _._______.__ 7,000
British Colnmbia to southensteru Aluska__ __ ____ 25 (00
Forelgn ports to Nome_ - ..o oo oo 3,000
247, 000

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

o Fstimated from customs veports.  The Individual [tems may not be exact, bhut the tota)
uf these items (110,000 tonss, as given {o the precediug table, Is falrly accurate.

b rom data furnished chiefly by the steamship companles.

* Computed from tonnage and horsepower of bLoats,
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PROSPE(CTIVE INCUREANE IN LSE OF (OAL

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

Shipments of coal to Alaska, July 1, 1002, to June 30, 19062
I rwnhemumlm r-uﬂhnu June 30—
1903, IEID-I.. 100(1‘ 1806,
¥ L ong " Lon e
Eﬁ:’f Valne b t:‘::if Value b Lﬁ:'l:." Value.h ";:f \'u'lu‘u.*-
Domestic anthraeite. . o0 F27R BB esessrensnlvasssenss
Domestie bituminnus. . af, 120 | 235,841 2, '4‘1 187, 852 67,208 | §265, 047
Domestic coke .. 65 e 478 4,281 w6 8,676
FOPeign AIATRCITE <. oo ceusseees crssaness conennssss aeisrarns 10 148 a4 1, B
Cana bituminous .. M,072 216,089 fid, 632 6], 987 5,272 | 260, 110 | 41,481 187,312
Other foreign bitumin-
[+, 1 RN AR e 1,909 o | iiseiisat srivennay ledensssnissssavsres
Foreign bilumimms |
sh:lppeﬂ via Umlod
States.. . 80 | 3,320 28004 5,50 20678| 06| 498
Total.... AT 84 110,951 489, I%5 107,580 481, 657 | 110,130 | 462,700

® Commerce of the noncontiguous territory of the United States, Burean of Statistics,

1903, 1904, 19045, 1914,
» At port of shipment.

An inerease 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 inerease
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. .\ 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 San Francisco. The aggregate ton-
nage of Alaska steamers which. according to the reports of the
Bureau of Statisties, was increasing at the rate of 6 per cent per
annum from 1903 to 1905, inereased 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 petrolenm has alveady, to a large.
degrec. 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-
cizco market, thus spoiling what might otherwise be a very important
market for Alaska coal.

PEK DF PETROLEUM 1IN ALASKA;

The importation of petrolenm and its fuel products into Alaska is
shown iu the following table:

shidipmcnts of petroleam to aska.'

Crode petroleam, Naphthas,
f\’f’ll"d. e T — '
Gallons, ‘ Burrels. | Value, | Gallans, | Value,
Stk monthg ending—
Pecember, 1902 S i § 21, 000 0 | F300 60, 468 §12, 1856
June, 1004 .., 000 240, 000 28,000 | 210, 147 34, 531
Devember, 1 L Oosy000 (- 24, 00t | 56, 0001 8,776 | 18,06
June, 1 1, 008, 400 24,010 Bn 820 | 231,668 43,814
December, 14 . 1008, (30 24, 001 33 G | 106, B4 &, WM
June B .. o ceicsriisiae s sssaiar e s 1, T80, 326 42,389 J‘J, 04 | 499, 196 | 75, 187
I)evember. P, rmassarsgonsorsnnaerasssyessns 955, 06l 22, 263 a1, 8 214, 300 84,734
UG, 1006 ~vvvosooo o inee oo 1428000 | 3002 | 200400 | S610681 | 60,214
December, 1006, ... R SR G, Ly 1, 260, 100 S0,000 18 00 219, 29: 40, 450

" Munthly summury of commepee and finanee, Bmvuu of Statisties, 1902- 10904,

PEFECT OF CALIFDENIA 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 petrolenm is applicable. The statisties contained in
the following table will shed some light on this subject:
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Relation of production of petrolewm to outpud and price of conl on the Pacific
onast,

'roduction of coul on the Pacifio enast (short tons. )

Production . ) i'!‘o!xl Pa-
Year | Cewmin  Caliienian Oregon.e | Wahbgton.a - VEGEELECC Soast
California tion. 1
| Ibarrels). a = — = R S CRGP S
Xmmml..ps:ﬂ;ﬁl Amount. 1.:;'%‘:""‘_' Arnonmt, p]::lg::, Amonnt, | Amount.
188, ... 1.20S.380 ctata10 | g2 | 1,058,045 | 2, 50,605
1596 . ... L232 557 106, el 2.00 1 1008760 | 2270 5as
1897...... T1,903.411 1.9 | T, Ol‘rL Ao |2 644, 603
1808, .. ... 2,579 L8 1, 24k, 151 a0, 142
1R99___ ... 2,642,095 1780 1,847 Al | 3,625,050
1900, | 4,834,451 L0 l BOATY 025, 044
1001....... 8, 786, 330 1. 62 £
190, ... .| 18, 951265 L7 .
1903 20, 3=t 452 1.6 i
1904....... 20 640, 131 164 L 7
106, ... 33,427,474 .59 LA 510 | 4, 160, 136
1006....... 33,08 708 &, 976, m LN 1,399,355 | 4,71

“ Mineral Resotirees T 8. for 10Mui, [, 5. fieal, Sievey, 1007, . R3L
b fdem for THOS 10061, pp, 554 WhDotor 1 (0T, pp. G538
¢ [dem for 193 (100G, ppe G316 [0 R RTINS | I, pp. T07
¢ Idem for 1905 o 10, |1{ IR lTlll’ for 1w (180T, pp. ?'ﬂ :'ﬂi
o Ann, Repts, Miopisee of Mines, Birlilsh Columbin,

f Computed from the ofher ftems in this tuble,

Nore—The prive of conl per 1om as given above represents = spot valoe

at the mines.

Variation in amount of cowl produced and wsed on Uie Pacifie const (short tong).

! i [ (‘mlmﬂ
Totul Pacitie Shipmentsol ' Conl eon- | Coal von- sumed on
Yunr, const pri-  eoaltothe Pr- sumedon P | snmed In | Paclfle coast
duction.«  eific conse.bd  eifie consto | Callfornia, b outside
| Californinm

[T . 08785 5101 2,808,716 | 1,008,020 1,255, 195
1896, sesasss 287, 5% 5 Mg 2,838, 267 | 1, G, e 1, 432, 607
1897... e 26046, B t d W 3, 06X, 3351 I, 601, B0 1,466, 741
1848 N . 5.3, 142 316, 222 3,696, 964 1,802,473 1, 504, B9l
18G9, u i £, 625, 050 299 947 3, 925, 006 1, 740, 027 2,184, 079
1900... 000000 - o L2 g P s A, 6, s 1, 889, 124 2,657, 570
T A N 1,207,938 306, 746 1,574,719 1. 851, 780 2,739, 934
1008, ... 00000000 | 4,22, %) 68, Dot 4. 597, 20 1, 445, s 3, 151, 605
1008, . 0vecennnns . 4,35, 15% 156, 742 4, 509, 900 1,215,655 | 3,050, 34
il e ae e 1473 oag W09 LTS | 1L [ 87066

a Compited from the other items in these taliles,

* The llrndmlhm of el in LM vadvance chapter from Mineral Resources U, S, for
10041, U, B, fieol, Sarvey, 1005, p, 102,

During the ten years (1805 to 1904) completely covered by these
tables there hns heen an extraordinary increase in the output of Cali-
fornia petrolenm.  The production in 1904 (29649434 barrels) is
243 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 conl and that we would find. throughout the same
period. a corresponding deercase in coal mining and coal trade not
only in California but in the other vegions which supply California
with coal.  The statisties. however, show that the production of coal
in California increased from 1895 to 1900 and has fuctuated, 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-vear
period.  The Washington mines have increased their 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 showed a rise
and subsequent fall during the interval. Shipments from Atlantic
anel 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
coust (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 3,620,940 tons in 1904,

The price of coal mined in California increased during the period
under djscussion, but subsequently fell (1906). Oregon and Wash-
ington coals decreased in value, althongh the price has been rising
from 1904 to 1906, No figures are at hand regarding the prices of
Vancouver Island or other imported coals,

The general effect of the increase in petroleum has been to demoral-
ize the San Francisco coal market. The gradual inerease in oil
output from 1895 to 1900 was accompanied by a very prosperous
condition of the coal trade not only in California but throughont the
conntry.  After this the output of oil became so great as to preclnde
all possibility of competition by coal in the oil territory except for
those special uses to which oil can not be applied. That is, conl was
foreed 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.  Tn the
former the price of coal rose and the demand increased.  This result
may be attributed to the very factor which in other respeets demoral-
ized coal trade. The increase in petrolenm ontpnt, furnishing a
cheap and abundant fuel, stimulated general industrial conditions and
thus increased the demand for coal in its special markets,

The entting down of shipments from the other Pacific coast fields to
Sun Francisco has resulted in a reduction in prices. eaused by the at-
tempt to compete with the cheaper petrolenm 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, ns may be seen by the great inecrease (2809 per
cent) in consumption of coal on the northern Paecific coast during the
ten years from 1895 to 1904, This means a large inerease in manu-
facturing nnd other business interests. and indicates that there is u
substantial permanent increase in the demand for coal, which helped
cause the lately inereased price and production and which. barring
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overproduction or an unlooked-for invasion of petrolenm, chould lead
to a continuation of the upward tendency in prices,

CAPABILLITY OF COAL TO COMPETE WITH PETROLEUM,

The following factors determine the possibility and result of compe-
tition between coal and oil:

1. Relative adaprability of coal and oil to the special nse under
consideration.

2. Relative eflicieney of oil and cond,

3. Relative prices as determined by cost of production and freight.

4. Supply available.

Relative wlaptability.—The factor of relative adaptability deter-
mines the special markets for conl and for oil.  In each of these
markets the other fuel ean not compete at any price.  The Dering
River coal. like ~ome of the other Maska coal, is of such quality that it
ix especially suitable for use as a domestic fuel. As such it shonld find
a widespread market along the Pacifie const, selling at a high price
in San Franciseo and the California oil fields,  Competition with oil
will be slight, at least intil 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 competition with petrolenm, 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 inerease in steel and
smelter indostries will make great demand for such coals,

The Bering River field will also firnish a high-grade blacksmith
conl.  Petrolenm will not compete for this purpose.  In fact, the oil
fields of the Pacific coast will thems=elves constitute one of the most
attractive markets, and any extension of the oil fields will ereate new
demand for blacksmith conl.  The present supply of such coal on the
Pacific const i= practieally all bronght from the east at great cost.

It does not seem practicable at present to adapt petroleum to
general naval use.  Petrolenm will consequently not compete with
Alaska conl i this market. Much of the Bering River coal is of
such quality as to make 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 conl available for competition and thus indirectly to reduce the
selling price. If naval architects succeed in solving the structural
and storage problems which at present keep petroleum from being
used in this way, present conditions will be changed, for petroleum
has many advantages over coal for this use.
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L]

Relative officiency of coal and il —The fuctor of relative efficiency
is determined primarily by the quality of the coal, the fuel value of
petrolenm being more nearly constant.

The United States Naval * Liqumid Fuel ™ Board has obtained the
following results from tests with the Hohenstein marine water-tnbe
boiler:

Mpuivalent evaporation from and at 212° F. per pound of oil®

Pounds.

Beanmont petrolenm iaverage of 47 teste)y ez P

California petrolemn tavernge of 20 tests) o . 1LY
Mixinre (dregsy of Beanount gl Callfornin zm‘lrulvum (average of

2 L T 3 ) D eI ST S e Il e PN [ [

Eaguiralent craporution from anl al 2027 P per pound of coul as fired.”

Tounids.
Pocilumtas conl, run of mine (avernge of tests 1 to 3) NG5
Pocalumtas conl, ran of mine (avernge of tests 4 to 6y ________ _____ U {1}
New River eoal, rin of mine (avernge of tests Tto 9) 907
Poeabontas conl, haod pieked and sereened (average of fests 1010 17) - L0

From eaclt can or bag of coal that was brought into the fireroom a specimen
wis taken gl collectod inoa box, so that there conld be forwarded for annlysis
a fair ssnple of the fael used.

The following tabile gives the resnlt of the analyses of samples of ench 1ot of
coal,  The jnmlyvses wore poude by the chemist at the New York Navy-Yaml:"

Auilyses of coal used in comparative fuel fests,

Volatile | Fixed Fuel
i Moisture, [ matter, carbon. Ash.  Sulphur, ratio,
Povg hontas cand, nn of wihe, |
used in tests 1 lnlﬁ 4 0,40 17.61 4. 80 8,60 | 0,45 | 1 o
Foenhonins conl, o of min | i
used in1ests 4 to 6 LT 19.53 75.78 390 | | &~

New Rtiver eoal, mn of mine, |
nsed intests Tt ® ... .. Y 2L 74 2.9 4.73 | A6 3.5
Poenhon tus coil, hand pieked

wind servened, asod o tesis |
0D JT e isnacaciinrsmsanesrres .73 19.62 6, 81 | .73 $.91
| |
ﬂ_\dm— ( . ! Mm-;- { ) }
Curbon, [ gen | Oxygen. | “on, |Elliphur.| Asly, | Kot
Povalontas voal, run of mine, | |
vised in tests 1o 8., .20 | 3,50 ozl e 0, 49 8,60 14067
Pocahontas conl, 7on of nnve, | ) |I
used in WS 406 s1,9t 407 ! o6 00 | Py o R 14, i
New River vonl, mn of mitne, | | |
el 10 (eate T 0 0o N300, 4.8 487  La1] 48| 4.81| 1M
Pornhontas coad, hand pdeked | ,
and sereened, pasd in tests
LN AL v semmsisiammiin s ans ol 44 L0 L (B2 3,18 I 1, 2

@ tept. 17, 8 Xaval © Liguid Fuel © Board, 10804, pp. 250-252,

by elt, po 52,
©Op, it po T
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The following conclusions are stated in 1the report:©
s |

The relative evaporative efficiency off ofl amd conl as o fel, as determined by
this extended series of compurative experiments, is praetically in the propor-
tion of 15 to 10, ‘The actunl superiority of oil will be considerably greater, for
in the coal experiments nnnsual sk was oxercised In the management of the
fires. Laump conl of superior quality was nsed; and as the tests with conl woern
of comparatively short duevation, the vesulting loss from cleaning fives was
mueh Jess than wonld oceur in actunl service,  The oll experiments, however,
were carried on pnder comditions that more elosely approximated these that
could be secnrad on board  the sen-going vessel, The actual  evaporntive
efficiency of o ponnd of wil as compared with o pond of conl will therefore
be in the ratio of 17T to 10, mud these figures enn be regneded as substantially
corvect,

- - . = w - .

In noting the comparative economlinl efficiency. for naval purposes, of ofl
and coal, there must also be taken into eonsideration the faet that a ton of oil
can be stowed in somewhar Jess spacee e o ton of bituminous coal.  Then,
again, it muast be considerad thar in the cireyiog of the oll the compartments
can be more completely filled, The velative efficiency of oil and good steaming
conl from the waval stamdpoint of foel supply in war ships may thus be re-
garded as In the ratio of 18 10 10,

Tt was found by comparative tests of coal aml oil on the steamship
Alameda hetween San Francisco and TTonolulu that the efliciency of
equal weights of oil fuel and a mixture of British Columbia and
Australia conl was in the ratio of 1.42 to 1. or that 1 ton of coal
equaled 4,10 barrels of ail.

The following quotations will show the relative values of various
conls in comparison with petrolenm :

Testg have proved that 1 pownd of California petrolenm used on a passenger
locomotive evaporated 10,06 pounds of water from and at 212° ., as compared
with T4 pounds of water wnder like comditions evaporated by 1 pound of
Comox hituminous eoal, or 4 harrels of oil did the work of 1 ton of coal. This
is rather below the results attained by other tests, which In many cases showel
that from 3] to 31 barrels of pervolein did the work of 1 ton of coalb

Copiptrison uf petealowm weith varioas conls,©

Barrels of

Pounds of  |petrolenm re- Loss 10
wng{ evapo- lqu}lr»d to l‘iul (;::;r‘ {"rfn"':’zi | t.-ullu,nw nyg
. . | rated at the same to the grenter
Combmstible. |F. p;-r murul luunnmlnf t‘l:‘lmpe::' = ﬁ;:nmn;lm:
of eum- evaporativn g In lin,
bustible, | asltonof |§1perbarrel. ;n,-trn:ule’r.lm‘c
coal
——— ————— __J'—_-—-—l S — —
Petroleum, 15° to 18° Baume. .. ... ... ... 16.0 |..ccvneas ansesnsnsalessns sesisans
Cardiff lump, Wales . 10.0 $1.00 .60
Cape Breton, ( ‘anada . 9.2 3.70 l 13
Nanuimo, British Columbin ... .. - k% 3 200 | 2,61
tnn]-vruuu: British Columbin............ ... 9 8,60 3
5 cun S 7.6 3.00 .70
curbon Ilill Washington................... 7.6 3.00 2.70

*Op. cit., pp. 417418,

b Oliphant, ¥. 1., The production of petrolenm in 1901 : Mineral Resources 1. 8. for
1001, T°. & Geal, Sarves, 1902, p. S50

“ Miphant, F. 1L, The production of petroleam in 1903 (separnie from Mineral Re-
sources 17 ¥, for 10902), 17, 8 Geal. Rurvey, 1004, p, 170,

[
|
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The following estimates have been gathered from various sources:

Hawivalent in petrolenm of 1 ton of various coals.
Barrels of

petroleum.
Pocahontas coal e i e R e .,
Georges Creek coal ___.___ e S W
Pittsburg eond - __ _____ ... 43
BN QOB —= = mnau e e s s e s HEL
Carbon Hill coal _ e R R A A U |

There is some variation in the values given. Thl*«i may be ascribed
in part to differences in quality between different pmis of the same
field, in part to differences in the efficiency of the boilers, in part to
differences in value of varions petrolenms, and in part to errors.

There is, however, no doubt that a large part of the Bering River
conl is of snch 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 pelative efficiency of coal und
petrolenm when used with a stcam engine.  The values repre-wnling
the relative efficiency of these fnels when used with a gas engines or
for direct heat (as in roasting or smelting, or in a stove), might be
very different.

Relative prices—It is impossible to here make any definite estimate
of the cost of producing and shipping Alaska coal. Tt would secem,
however, that it should not be much in excess of the cost in many other
western mining distriets. Tt is reasonable to assume that with proper
management it could be reduced below the present selling price on
Vancouver Island.

Freight rates from Bering River mines to tide water ought not to
be excessive, and ocean rates from Alaska to Puget Sound or San
Franeisco should be very low.

The price of California erude petroleum at the wells ranged in 1904
from 17} 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. estimating 1 ton
of coal as equal to 3 barrels of oil, are as follows:

Petrolenm at $0.125 per barrel = coal at $O370 per ton.

Petrolenm ot £0.25  per harrel = conl 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 33 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-festing plant, ete.:  Bull T R,
Gienl, Supvey No. 261, 1905, pp, 16, 17, 85-120,
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106 CONTROLLER BAY REGION, ALASKA,

equivalent of only 1.7 or 1.8 times the coul then burned on the Pacific
const of North Amervica alone.  In 1906 the consumption of fuel oil in
California exceeded the production in that States Tt would appear
from this that the supply of fuel petroleum’ must increase very mnch
before it will be possible for petroleum to make much greater in-
roadls into the coal market without ultimately causing a veactionavy
advance in prices.  Such an increase from the present producing oil
fields is not probable.

COMPETITION WITH OTHER COAL.

ALASKA COAT.

There are many distriets in varions 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 sonrces of lochl supply. and
may thos restriet the market which the better coal ean 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.

listribution and arca—~-The distrilmtion 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) arveas 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.
ureas in which eoal 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 ulso to the table of aveas given on p. 107, The areas
mapped us = coal-bearing rocks ™ are consequently not well defined
and must be regarded as zubject to considerable changes by subse-
quent exploration. They are intended to indicate the regions in
which new discoveries of coul seem, in the light of onr present knowl-
edge, to be most probable. The extent of the various areas noted
above, ns 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,

“ Griswold, W, T, Mineral Resources U. 8. for 1006, U. 8. Geol. Survey, 1007, p. 827,
EAInrtin, (3 €, The Aluska eoal fields: Bull. 1", 8. Geol, Survey No, 814, 1907, pp.
404163,
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ALASKA COAL FIFLDS. 107

or 792,820 neres. of known workable coal. and 12,576 square miles,
or 8,048,640 neres, of = coal-beaving rocks:™

Areas ? of Alaska conl fields.

1 Synarey miles. |

Areas b
Coal of coal
arens. | bearing
rovks,
Anthracite:
BETIEE TIVEE . siss -othnoion b boimanys beNiss rovieaisensenssssohivassianbisnvener 2.4
MARIIEE HEVHT -, oo iiahiiaaiinadh susabaaibidun i hin s buds sessibannenhe | 4.2
Semibituminons:
Bering River... 20
Matanuoskn Rive
Cape Lishurne ..
M7
- B e
Bltuminons; |
B | n.o 00
Alnska Peninsulu.. . i, (1
Yukon Basiv........ N
Cape Lisburne ... g

Anaktuvik River.. ...

Tortu) atnthirneite wnd WamInmES. .. . o.ooiiie iiiiee h brsseeiaseiaann 7.4 ‘ B, 80

Lignite:
Boulhenstern Alaskn. ...
Cook Iulet region. .
Southwestern %Im.kn
14J|il‘ per Rn vr L

Bering
.\1mhem Al

Grand vl L

= The diference between the arens a.i\t'n here and those which have been published elne
where is due chiefly to the recognitivn of four classes of voal Instead of three, and ﬂm
consequent divislon of the Lisburpe arvas inte scmibitnminons and bituminons and of th
Yukon areas into hituminous and lignite, aml of <imilar changes in other smaller areas,

b See explanation on p. 106,

Pacific coast region—The Pacific const coal fields (which include
the Bering River field) are of moderate aren but of wide distribu-
tion. They include both Mesozoie and Tertiary coals, having a com-
plete range in composition from a good quality of anthracite,
through high-grade semibituminons steam and coking coals and ordi-
nary bituminous coal, to lignites of various eharvaeter. The coal beds
are frequently of great thickness, especially where the coal is of high
carbonization, but unfortunately there usunlly 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 sitnated for shipment, and in this respect,
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as in their character, offer possibilities for a larger, more regnlar,
and wider market than any of the other Alaska coals.

laterior region—The iterior region. which is here defined to
inclnde the valleys of Copper and Yukon rivers and their tribu-
taries, containg Cretaceous bituminous coal on the lower Yukon and
Tertiary lignite and subbituminons coal on the upper Yukon and in
the Tanana, Koyukuk, and Copper river basins. None of this coal
i= suitable for export. but it may be of considerable importance as
local fuel,

Bering Sea and dvetie slope.—The coal of this region has great
runge in geologic nge and great variety in character. Coal is present
in the Carboniferons, Jurassie, Cretaceons, and Tertiary. In the
Cape Lisburne region Carboniferous semibituminous and Jurassic
bitwminous coals oceur, and in the Colville basin Cretaceous bitu-
minous conl and Tertiary lignite are present. In other regions (ex-
cept nt Wainwright Inlet, where the coal is Jurassic), the coal, so far
as s now known, is of Tertiary age and is lignite.

It is not likely that any of this coal is of immediate valne for other
than local use. The high-grade coal at Cape Lisburne may find
an extensive market at Nome, but the shipping problems are serious.
The other conl 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 local operations.
but it is not good enonugh to ship very far from the mines.

Developments 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
vears, 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 nuntil recently and ean 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 operations have been on Cook Inlet, on the
Alaska Peninsula, on the Yukon, in Seward Peninsula, and at Cape
Lisburne. All of these were carried 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 seale for shipment away from the coal
fields. 'This coal, much of which rivals the Bering River coal in
amount and quality, is adapted to nse® on ocean steamers and rail-

@ Martin, ., A reconnndseanee of the Matanuska conl fleld, Alaska, in 1005 : Bull,
1. N, Geol, Survey Noo 285, 1hot, 3 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.” Tt is believed
that this project is legitimate and that if favorable title can be ob-
tained the field will be producing on a large seale within a few years.
A railroad is now under construction.

The coal of the interior and northern parts of Nlaska 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 eamps 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-
tance, 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 varions 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 conl from the various kuown areas,

Analpses uf Alaska coils,

: Vola-
- Mirls- Fixed Sul- | Fuowel
? onl.
District und kind of con e, R enrbon, Al | cnnr. | ratdo,
ANTHIACITE, |
1. Bering River. averige of Tanalyses, ......ooouee, 7,88 mlA 72 7.7 1,80 12 86
2, Matanuska River, 1 sample ... ooovveiiaiicnaanns 2,55 08 B3 .05 | A7 1190
SEMIANTHRACITE,
3. Bering River. uvernge of 11 analyses..ooooiianns N, E0 EKT | T6.06 847 ] 1.08 R, 77T
SEMIBITUMINGUH,
4, Bering River, coking conl, average of 28nnnlyses. 418 | 14,00 0,38 1.73 508
5, Cape Lisbume, ave mgenf‘i Aanklyses R66 0 1747 .02 . i 4. 46
6. Matanuska Ri\er cokin:.' mul nve b

ANAIFRES ©_.. . sovoemsesssnnasenennansonsnsnsns| L7171 20,98 | 6020 ' 10.80| .57! 328

|
HITUMINOUS,
7. Lower Yukon, average of 11 analyses. ..., ..... | 4.68 | 3114 | 56.62 7.66 .48 | 1.90
SUBBITUMINOUS, l
8, Matanuska River. average nu a:ml;&e: .| 0.56| B85, 13! [T T 8,57 87 140
9, Koyuknk River, 1 sample.. vemenanateensecaes| ST | L2} 4820 1205 |.iee.... 1,40
10, Nation River, 1 sample,. - 220770 1.39 | 40.02 | 55.55 | B.0f | 2.98 1,39
11, Alnska Peninsula, aumgt!nl'fmuul\mw ........ | 284 | BR.08| 40.7h 0. 22 1.07 1.30
12, Cape Lisburnie, average of 11 analyses ... ... 0,385 I #8010 | 4714 .45 I 5 1.24
13, Anakiuvuk River, 1sample. ... ... ... ... 6 85 38.391 4388 18,88 54 100
7 Branks, Alfred H., Raflway routes, Bull, U. 8 Geol, Survey No, 284, 1006, pp. 10-17;

Railway routes in Alaska, Nat. Geog. Mag., 1907, pp. 165-100.
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Analyses of AMlaska coals—Continueml,

] Vola- | 4
Distriet at & o | Mois. Fixed | Bul-  Fuel
' and kind of coal. | ture. ln:’:::,l,_ urbun.’ Ash. | Shar.  mtio.
LIGNITE, ]

1. Port Graham, 1 sample.........o0o0uee wpenssannen 1. R .12 6, i .49 1.0
%, Southenstern Alsska, aversge of b samples NN /| SLAN TN B 1.02
16. Wainwright Inlet, 1 sample............. of 1065 .M N 62 .00
17. Colville River, Lsample. .. .ooo0oinrenniniiinn, 1,50 V2T | 20 .50 1.00
18 Upper Yukon, Canadian, avernge of 13 annlyses.| 13,08 L 2N 7.7 126 B

19, Upper Yukon, Cirele provinee, svernge of 3
L e L S 10,45 L A 7% 0 1.40 N

2. Upper Yukon, Rampart provinee, average of 6
T L R A SO W o e 1. 42 |oBhOh T 0,48 | .8 .M
21. Beward Peninsula, 1 nnmrh-........ “e .92 WS W an 68 SR
22, Chitistone River, 1sample ....... ... () 10,76 | 6,10 ..,..... S
23, Knehemnk Fuy, average of 6 nnalyses. o 10 MR ] N, 68 ) R
4. Nenanan River, 1 sample | ik (1] 42,40 5,97 B i
25, Kodlak Island, Vsample oo | sk 2.0 A7 it
26, Unga Islnnd, avernge of 2 annlyses 28, 1h 74T La N ]
2. Tyonek, Il\'t‘l‘ﬂ{ll‘. of 4 annlyses ... B MU0 B, 02 . i 88| 8
U8, Chistochina River, 1 sample. ...... LEORT) BT T8 I [0 T R TR | V]

1

i Formerly Cantwell River,

1. 'I'his report, e B4,

Lo Boll 1 8, Geol. Burvey No, 284, 1906, p O8, poalysls 1,

A This report, p. H4,

4, 'I'hls report, p. R4,

N Bulle U, 8. Geol, Burvey No, 278 1006, p. 47, annlyses 18 to 16,
0. Bull, U 8, Geol, Survey No, 284, 1900, p, O8, analyses 2 to
T Bull. 1. 8. Geol, Survey No,
N Bull, 11 8 Geol, S8arvey No.
0, Bull, U, 8. Geol, Survey No,
. Bull. 1. 8 Geol. Suryey No.
1‘
b ]
4
il
1
'

1
218, 100, pp, 62, 03, annlyses 20, 28 (o 08,
. 1006, p, 05, apalyses 1K to 21,

I8, 1908, p. 62, analysis 28,
18, 19003, p;’lm. analysis 17.

-

. . 1. 8, + . 284, 1900, p, 2

. Bull, U, 8 Geol. Rurvey No, 27 'p . AT, analyses 1 to 7, O to 12,
. Prof. 'aper U, B Gool. Survey No, 20, ?904. . 114, analysis 607,

. Bull. 178, Geol. Burvey No, 250, 1905, p, 170,

. Bull, 17, 8. Geol. Survey No, 284, 1006, .

. 'rof. Poper T 8, Geol. Survey No, 20, ﬁma. p. 114, analysis 633

. IProf. Paper 1. 8, Geol, Survey No, 20, 1904, p, 114, analysis 620,

. Bull. 11, 8, Geol, Survey No, 218, 1005, pp. 61, 62, analyses 3§ to 15,

. Bull. T, 8, Geol, Survey No, 21K, 1003, p. 02, annlyses 16, 18, 10,

. Bull. U, 8 fieol, Survey No. 218, 1904, p. 62, analyses 20 to 25,

21. Bull, U. 8 Geol. Sarvey No. 247, 1905, p. 87,

2. Prof. Paper U, B, Geol. Barvey No. 41, 1904, p. 125,

%, Bull, 17, 8, Geol, Survey No, 250, 1905, p. 170, analyses 3, 4, T to 10,

. Bull, U, 8 Geol, Burvey No. 218, 19048, p. 62,

e Bull, U, 8 Geol, Survey Noo 258, 1905, p. 170

. Bull, 1L 8 Geol, Snurvey No. 258, 1905, p. 170

. Twentieth Ann, Rept. U. 8. Geol Surn-_r.o&;. 7. V0, p. 23, analyses 1 to 4,
I'rof. I'aper U, B. Geol. Survey No. 41, 1906, p, 124,

et il e el ek

IMPORTED COAL.

The coal which is now being shipped to Alaska is derived from the
following sources: Vancouver Island, Puget Sound, Australia. the
Appalachian vegion, and Wales. Alaska coal will not only have to
compete with these at home. but if it secks a more extended market
will also mieet these coals on Puget Sonnd. at San Franeisco, and in
the navy-yards and coaling stations of the Pacific, and will also com-
pete to some extent with the coul now being mined in California and
Oregon. Tt 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-
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tical tests and which may be relied on to give a close approximation to
the quality and valne of the coal:

Avevage compusilion of Pacifie coals,

| %
P Valu-
Mois- . | Fixed Sul- | Fuel
Distriet und kind of conl, tire. |m}ll‘lﬁ_,r_|wbon. Ash, | shar, | ratio,

British Columbin, Crows Nost Pass, average of 10 |
g 21070 T0RM 7.28 0,57 $.3h
LIN Sl 62y | .40 154 22
A O R | Ah, B4 T4 L 1.1
Wuh ngton, Wilkeson, nverge of T analyses fu b, Lo 2710 | BLs2 | 101 142 2,98
Washington, (‘nlu-dnle uvernge of d analyses f 4, 197 | 99.04 | 02,30 8. 49 S 2.22
Washington, Blie Canvou, avernge of § ninlyses | f ni L62 Ao | 6047 ) 54 1,85
Washington, Carbonndo, averga of 15 analyses @ (. L7 H3, 10| 6874 8. 48 M 1,7
‘axhington, Roslyn, avermeo of $annlyses bfp b, N | Ho8T 0 BT N7 24 1.5
Washington, Franklin, uwmwn of hunnlyses S o .. | 8,021 356,40 | hR.B2 7,06 b 1.54
Washington, Renton, nverage of 10 analysesgh, . A48 | #6011 AL17 8,428 R 142
Washington, N sthe, ave nuunlﬁunnl}de-!u TR BT | AR B, B A8 1.0
W gton, Rack i uwrum-annnhm,ﬁfﬁ 444 40.50 0 51,73 3,43 A 1.4%
. Coos Bay, nvenige ol 4 nnnt!.nw.r ............ 0.4 | 46,15 | 36,85 | 660 | L2 .80
Callfornin, nverwe of 10 analysesJ | * -| 11492 | 45.00 | 85.91 . N P LA0
Japan, nvernge of 8 analyses® . sesesss, LB 42,49 BOLOT | 4,82 . 118
Phlllppmeulll.n-nunwcu[l}aml\xﬁf ........... TLOD | 31408 | BOGS L ). ) PO 1.8
Philippines ( Butat, avernge of 5 analyses ! .. 18,67 | 36,91 | 44,92 4 B0 fasacauan L2
Now |lllh Wiles, sonthern, nvernge of 'lumlymn LT | 2310 | 6.2 | 10,67 A6 2,83
New Sonth Wales, western, average of 13 analysesm|  1.87 | 31,49 | 561 | 14.08 N 1. 67
New South Wales. nortlier. averageof 77 naalysexm 192 | 39.00 | 5L.0s %01 | ol Lee

"Anu Repr. tieol, Survey lumldu Vol. 3, ISHT—HNI:? 12T-15T.
b Ann, Rept. Minister of Mines, Iritish Co umhla for 1902, p. 262H.

* Ann. Rept. tieol. Survey Canada, 18..-3 pp. uEI- B.

4 Ann. Rept, Gieol, Survey Canada, 1870 3&

« Apn. Rtept. Geol. Survey Canadn, 1882-1

I 'Twenty-second Ann. Rept. U, 8. Geol, Burrex {at t llul' pn. 400, 501, 510,

'a\nl‘l tept. Washington Geol. Survey, Vol .

* Rept. Siote InnL wetor of Mines, \\uhinnon.

‘.\nn llrpt Was! Im:lon (-mi Survey, Vol. 1, l!.mi. Pls XXV, XXVIL

! Geology of Callfornia, I 4 p. 48

* Outlines of the mlnfy o Ja mn Imperial Geol, Survey of Japan, 1902, p, 100,

" "'he._conl measures he l'h ippines (report to the lInnul States mlllurr governor
in lhe "ulllppines:, War l)epanmml 1901, pp. 178181, 256-250,

 Migeral resources of New South Wales, u.u op. ¢ ..4—3-1

Arevage conpoxilion of rastern emls,

I - | I
Mois NI Fised | | | Sul | Fuel

District nnd kind of coal, L carbon | phur,| ratio.

Remurks,

. . . - _
8.10 BNl SETR OS2 050 233 Domestic coal,
L9 107 | s 7w s&! 7.3 .

|

!

|

|

l\mmyl\'lnlu.nnllmu:'ilt\ uverage of |
B nnnlyses. |

Loyalsock, l'a seminnthruecite, aver- | |
age of 4 atnlyses.a |

Pocahontas, W, Vo, semibitnminous, | AT TR et a2l 4.46 | Hteam and coking
average of 38 analyses, b | b coal,

Georges Creek, Md,, wmihltumlmu 1 ST INKL TR T l.lllj &sﬂ!mmn ecoul,

|

avernge of 53 ubalyses 1 i
Connelisville. Pa.. hlmminm.m. AVeEr- 1.07 :rl.'ml .28 505 81| LW l‘nl:lng conl,
ﬁ,lﬁll'.!.m luluukln;! nnd

of 3 analyses. o
rmont, W, Va,, hituminous, avoer- JTR | a8.16 |
| steam conl.
|

age of 63 annlyses ¢

Bl 63

= Ann. Rept. tieol, Survey Pennsylvania, ‘USH.-. m’ a1,
¥ Rept. Geol, Survey West Virginia, an . 19 _;) 69.‘ 606, 700,
¢ Rept. Maryinnd Geol. Survey, Vol. 5, A’I 633,
:%ep% :-ru: :nrw,\ {"!ennu l\m{ﬂ? ‘\n! MM f!i{'ll. . 21-22,
ept. Geol. Survey West nin, Vol, 2, 1903, A
f The phospliorus in these analyses ranges from nrmw to 0,037, averaging 00117,
£ ming

It may be seen from these tables that the Bering River anthracite
has no equivalent among the coals now being mined on the Pacifie
coast and that it compares favorably with Pennsylvania anthracite,
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It ought to be put into the San Francisco und other Pacific const
markets at a cost far below that of eastern coal. in which ease it should
have no difficulty in entirvely supplanting the Iatter.

The Bering River semibituminous (like part of the semibituminons
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 coual
that is now being mined on the Pacific coast. or if offered at equal
prices should readily «drive the latter from the market.

Part of this coal will prodnce 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 (rows Nest Pass. If an important smelter 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
ronst,

PETROLEUM,

INTRODUCTION.

LOCATION OF THE 0IL FIELD.

The Controller Bay petrolenm field is located in the southern part
of the mainlund region disenssed in this report. The localities at
which there are indications of petroleum are confined to a belt about
25 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. Tts sonthern 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 outerop within the oil belt, as shown on the
geologic map (PL V. pocket), are chiefly the varions members of the
Katalla formation represented in the section of rocks south of Bering
Lake as given on p. 7. In addition to these some of the metamorphie
rocks, the Quaternary deposits. und the dikes deseribed on pages
2442 are rvepresented. The strueture has been deseribed 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, ns 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
vields a moderate 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 o1l stands near the top of the
casing.

Drilling has proved to be very difficult and expensive and the
results not as encouraging as hud been hoped. These facts, together

o Ol wails {intiuaing abardoned and unsuccessful

\
-cns}.numurcs a3 inthe feat " ‘m

E‘] lll.h\\' \\\\

- oil secpagas Lo

Fiz. 2—>ap of Contreller Bay oil field. sbowing pesition of wells and seepages.

with the uncertainty us to the amonnt 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.

OCOURRENCE 01 PETROLEUA.
SEEPAGES,
GEOURAPIITC DISTRINUTION,
Tt may be seen from inspection of the map (fig. 2) that the seep-

ages all ocenr within a long narrow belt extending from the edge of
the Copper Delta to Bering Glacier, a distance of about 28 miles

21808-—Bull, 335 —08——8
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from eust 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 scepages at Cape Yaktag @ are also reported to lie
on a line having the same direction as this and practically coineid-
ing with it in extended position.  Several of the smaller groups of
seepages, such as the gronp 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 distinet linear arrangement each
running about N. 157 . These lines coincide with the directions
of the valleys in which they oceur, and the velationship suggests
that either the position of the valley and that of the line of seepages
are due to the saume 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. 116-110), The seepages west of Katalla are associated
with metamorphie roeks, 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 petroletm in rocks of this character is somewhat unusual
and worthy of notice.  Similar oceurrences of small quantities of oil
in metamorphic rocks ave 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 oceurrence. 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
overtheust npon the shales along a fanlt plane of low hade, and that
the oil 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 ereeks ave all in the soft shales which compose u
large part of the Katalla formation (¢ of section on p. 37). Those
between Redwood and Burls crecks are associated with conglomer-
ates of presumably higher position (¢ of the section). Such of the
seepages of the Nichawulk 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 T0 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 slightly metamorphosed rocks in which the detailed

Locally kuown as Cape Yiakatagu.
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structural features hiave not been determined.  The group on Red-
wood Creelc 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 Creck anticline being prob-
ably broken near or west of its axis by a-fault. The seepages between
Burls and Redwood creeks are on monoelinal conglomerates. The
general structure of the Nichawak region has not been determined,
but the rocls have steep dips ad arve probably elosely and complexly
folded. The Yaktag region, which has not been visited by the writer,
is said to have an anticline near and parallel to the coast. north of
which the rocks have monoclinal northward dip. The seepages ave
said to ocenr on the north flank of the anticline, parvallel to and not
far from its axis,

It may be seen from the preceding paragraphs that, although small
groups of seepages lie on locad structove lines, vet the general distri-
bution of all the seepages in a long, narrow, east-west belt diagonal
to the structive and to the belts of outerop of the various kinds of
rock is unexplained. The existence and position of this belt, never-
theless, must have been determined by the stratigraphy and strue-
ture—if not by that of the surface rocks. then by that of some rocks
which do not outerop at that surface.

The rocks which outerop within thi= region have been shown
above to be for the most part analtered Tertiary sediments, with
smaller aveas of metamorphosed rocks similar to those which prob-
ably compose the greater part of the Chugach Mountains and of
the shores and islands of Prince William Sound.  These older rocks
are of undetermined age, but the weight of the evidence from all the
wide vegion through which they extend indieates that they are
Paleozoic. In this case there is an hiatus 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 Trassic e 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 Alaska
Peniusula 7 over 2,000 feet of npper Triassie, 8,500 feet of Jurassic,
and probably several thousand feet of L-letll(:t‘t'lll.‘-; rocks intervene
between the metamorphosed Paleozoic and the slightly consolidated
Teru.m, lw\'.-ﬁ

" Eschradnl F. 4%, nnd Spencer, A. l'_. The geology and miuolal resolrces nf o porlion
of the l'_‘f;pper iver disteier, Alaska, A special publleation of the [ 8. Geol. Burvey,
1O01, pp. 4i-50

& Mendenhatl, Walter €., Geology of the ecentral Copper River region, Alnska: Prof,
Traper T, 8. Geol, Burvey Noo 41, 1905, p. 52,

e Paige, Siduey. ol Konopf, Adolpb, Geologie rveconnalssance in the Matanosks sand
Tailkeetna busins, Alaska @ Bull. T. 8. Geol. Burvey Noo 327, 1907, pp. 16-24,

ERtanton, W, and Martin, .t Mesozele section on Cook Inlet and Alaska Penin-
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 const fields,

The inference naturally follows that the Controller Bay petro-
leum may be derived from Mesozoic strata which are buried beneath
the Tertinry rocks. If such be the case a fanlt parallel to the coast
and to the mountains will acecount 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. DBy such a fanlt the Ter-
tiary rocks, closely folded when in immediate proximity to the monn-
tains, might have overridden Mesozoic beds which were at a distance
from the zone of disturbance, und hence not necessarily folded or dis-
turbed.  The oil could then come ualong the fault planes and
through joints from buried Mesozoic rocks of possibly simple strie-
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 oceur-
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 af seepages.

DESCRIPTION OF THE SERPAGES,

Petroleum seepages and gas springs ure very nfimerous in many
parts of the oil belt, and at some of them the flow of oil or of gas iy
large.

Several lurge oil seepages were.seen by the writer on the Lanks of
Mirror Slongh, near the mouth of Martin River. The petroleum
veaches the surface frow the elay and nod of the valley floor, and a
large amount has accumulated in the pools on the swampy surface
and in the soil.  The nearest outerops of hard rock are sandstones
or graywackes, prolinbly the same as those on Wingham Island and
in Ragged Mountuin. and if so of pre-Tertiary and probably Pale-

“”;\I‘;'il‘“'l’l. (h ., The petroleum Helds of e Paciie coast of Alaska, with an acconnt
of the Bering River el deposits : Bull, ', 8 Geol. Sarvey No, 250, 1005, pp. 37 50

Netes on the petrolenm  tields of  Alaska: Ball, 170 S0 teol. Survey No.o 250, 115,
pry 128149,
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ozoic age. Tt seems almost certain that oil came from these rocks.
Seepages were also scen 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 arve 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 gquantities
direetly from the joints and bedding planes of the steeply dipping
slate. chert, and graywacke.

Oil is reported to have been seen in livge nmounts 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 Iargely 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 Slongh. 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 outerops 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 1} miles
northwest of the mouath of the creek and near a well (No. 8, fig. 2, p.
113), oil can be seen coming directly from soft, fissile, fron-stained
shales. The shale has been broken into small angular fragments and
recemented by ferruginous material.  This condition is frequent at or
near secpnges in these shales. but it is not known whether it is n
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 fanlting. 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 <hore 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 outerops a
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few feet away. but the oil ean be seen only on the surface of the soil,
the direct souree not bheing visible,

The upper part of the valley of Burls Creek contains many seep-
ages at which the oil vozes directly from steeply dipping shales
which here contain « large amount of glauconite grains, which gives
the rock a bright-green color. Thin sections show abundant easts
of Foraminifera and diatoms. Large calcareous concretions are
abundant and often take the form of septaria nodules with ealeite
fillings. Organic remains consisting chiefly of mollusks and erabs
are frequently seen in the concretions. The soft shale is also rich
in organic material, some beds being o dark as to suggest in appear-
ance impure coal. No coal was seen by the writer in these rocks,
either at this loeality 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 materinl was seen here as on Redwood Creek.

Some seepages with considerable surface accumulation of oil were
seen ulong the edge of the tidal flat, close to the wagon road, half
way between Durls Creels 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
Inrgest one seen by the writer is in the west bank of the ereek, 14
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 ussociated 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 vieinity of Cape
Yaktag, about 75 miles east of Controller Bay. The amount of oil
is said to be very large, there being a continnons 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 dirvectly 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  gus springs” seen by the
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writer are in Mirror Slongh and in Katalla River. The former is
sufficient to furnish a large continunons 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 ocenrrence of
oil. A flow of oil had been obtained in one well (No. 10, fig. 2) and
less quantities in three others (Nox. 5, 8, and 13).  All of these wells
are close to seepages and are on the onterop 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. Tt is unfortunate that no other wells have been
drilled in similar positions on the structural lines alluded to above.
Such wells might not be suceessful, but they would test the possible
theory that the above-mentioned lines have something 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 nnmerous enough 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 suflicient 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 remnnerative 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
enougli 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 accidents 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. 3. 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 o 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. Strawherry Harbor. The derrick was built on piling about
1000 feet offshore. Casing sunk deep into the mud in 1904 withont
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 o1l was obtained. Drilled to 550 feet in 1903
without further vesults. In 1904 this well was pumped for fuel at
the other wells of the snme company. Tt is now capped, the oil oozing
from around the casing. The following is o record of this well, as
reported by the Alaska Steam Coal and Petroleum Syndicate, and
published by F. H. Oliphant: ¢

Recard of 330-faat well near head of Katalle Slough.

| Thick- |

plreny Depth.

Feet. | Feel,
BITRod VI .o onis cir i it s e R S e e b Wb B SRR R SR S N SR [} [
R L 0 10 16
Light-colored shale........... B T P P S e 140 156
Fine-gramed sandstone, containing é-inch bed of coal ... .. grrap e vasans 1 1744
Durk shale, very hard, including 6 inches of quartz containing iron pyrit bi 65
OUESAD: BOW OF Ol oo s b s sk Wb g 4 R 4 A B 0 1 366
Length of 12-noh CaSIIE- ... ccovemnimciaiinsonireesanssrrrsasssanissnersns ] R i 220
Langth of Sh-4Anch easlng- . ... .c.uvirm e crrsansris i iara sttt raran s rssenans rafussrases 340

Numerous stall showings of petrolenm nd natoral gas were encountered as
the dreill proceeded down, and at 366 feel a lnrge quantity of oll was developed,
which flowed some petrolenm.  The well is sald to have continued to flow unfil
cnpped.

No. L1, 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 productlon of petroleum in 1902 : Mineral Resources 1. B. for 1802, U. 8. Geol.
Survey, 1903, p. 583.
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No. 13. Near head of Kuatalla Slough. Drilled in 1904 to unknown
depth. }m\- capped, the oil squirting at times in strong jets from
the casing.

No. 14. Between head of Katalla Slongh and Cave Point. Drilled
in 1003 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 (o 1906 to a depth
of about, 1,500 feet. Work still in progress,

CTIARACTER OF “T1NE PETROLELUTAL

A sample collected by the writer from a well (No. 10 in list, on
P- 120) near the head of Katalla Slongh was tested by Permiman &
Browne, of Baltimore, with the following results:

Test of petrolenm from Katalla Slough,

I Percent. | Specific gravity at 15.5° ¢,

Distillation Ly Engler's method:
Benzine (80° 10 100 Co). e cenenreeioiisimunracoasssiessans 21 | 0. 747834, 0° Bauméd.
Burning ofl {150° to 3007 C.). i i AL | 820440, 6° Banmd.
Residunm (paraffin baso) . Za R | 0=, 0 Bamd,
Bulphur.................. - Trace,
3paciﬁ.c gravity of ernde oll. . wereerenrs] o H28 i), 1° Baumé.

The burning ol was puritied by concentrated sulphurle acid and soda, the
volume of acid used up belng too small to measure. The puorified burning oil
wias 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 ofl compares very favorably in these respects with Pennsylvania oil pre-
pared in the sawme way,

The following analysis of this petrolenm was published by Mr.
Oliphant :

Annlysis of petvolewm from Katallae Sltowgh avell,

Specific gravity at 60° F. 0.7955, equal to 45.07 Raumé,

Cold test: did vot chill at 3% F. below zero.

Distillution : Per cent.
Below 150° ., naphtha___ 38.5
150° to 285° (., illnminating petroleww. . _ . . ____ 31
Above 285° C., lubricating petrolenma.______ . . . _____ _____ 21,5
Residoe, coke and logs.. . ______ et e T

The following tests of Controller Bay suul \aklng oil have been
published by Redwood ¥ from results obtained in his laboratory.

& The production of pc-lrnlvum In 1902 : Mineral Resources [T S, for 1002, 11, 8, Geol,
Burvey, 1803, p. 381
» Redwood, Sir Boverton, Petroleum, vol, 1, 2d ed., 1906, p. 198,
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Phoysien! peopertive of erude petrofewins.

. | Flashing- I
Loculity, Spectllo t | Unbur,
greviy _:.\é?i‘am.;
oF. |
PP OIAEK. o LoovoiivamadaibcinSaadinisbivia ibss bsnaies o, 04! 2i4 | Dark reddish brown.
Johnstone Creek, 1_. . L 200 . Dark brown.
fohnstone Creek, 2., iy . 178 Do,
Poul Creek (lowest) | 50 250 Da.
‘oul Creek (top, west) £ JME] a7
Poul Crevk (upper) ... B S 156 | Do.
Katalla Meadow, 1.... ... .o iiiiliiiiaminiciaaans « ) 240 | Dao.
Katalla Meadow, 2. ___ . ... .... A e L 156
Ratalla Meadow, 3. ... o ouinicnnsrenrinrensrnses NI 156 |
Katalla Meadow, LS 152
Kutalla Mendow, 5.0 coeieinn.en Syl

Bore hole at Katalla, 120 feet (1902)
Bore hole ot Katalle, 355 fect (1002)
DR UMK ., ;5 oseiiiniicsinnrdrsnunm

. 06
M2 Balow Bn Dark red.
S0 | Telow 60 | Do.

856 108 | Dark hrowi.

Morrison Creek. o oiieeiiiionn cnn . fiit il ( Do.
Argyil Crook Cley Buyd .. ... 0Ll Lol i 410 Do.
Yakogell @ ............................................. Sy 246 Do.
Crooked Crek. .. .....coocvmiiirinceiiinipiannesiponnnans 021 172 Do.

Commercial products of crude Alaska petroleum.*

e i SR R S
| R
Petroleum s
anwllF\o'. | Epirit Krmm‘!'l:l?;:w:}gﬂ Coke. |
g (wnzine). isolid nydro-
| carbons, ‘|
| Pey cent. Per cent, | Per vent Per of.
R BT 9.0 | w6 | LT
Bl ieieiooo_ . 8.0 | 5.6 | 2.7
248 5.9 Wi L2

* Hedwood, Sir Boverton, op. ecit, p. 214,
The analyses given below were published by Stoess:®

The following analysis was made in Seattle from o sample of the crude oil
tken from the well ar Katalla ;
Vintlysis of oil from Katallu well,

Specific gravity, 0. 800,
RPN e cooanns i s s e e S i e e i i

Muaminating ol i 34
Yabripnting olEcmnsa oy s rasge s ern s g sy ey 16.5
Coke und residwe_. _ ____ . . R - 14.5

Another analysis [;wlhly the same as thm publlshed ln_v Oliphant and
quoted above), wade In Los Angeles, Cal., gave—

Analpsis of wil from newr Katalla,

Specific gravity . e 0.TO5T (45.0° B)
Cold test-__ . : ) ) ~ Not chilled at 3" helow zern
Naphtha ___ _ _______ A R VA R e R R i i T
IMuminating oil_ _ B I - 5 P 1
Imbeloating-olln e ooy cosvisi i el e e e e s s v SRR
OOl il B o i o R R ek A

011 has o fash test of 707 o 807, Of1 §s Hght green lu color,

o Qtpess, 1. (', The Kayuk coal and oll fields of Alasks : Min. and Scl. Press, vol. R7T,
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The results of all available analyses and tests on oils from the Con-
troller Bay and Yaktag regions are brought together in the following
table:

Swmmary of anolyses and tests of Controller Bay and Yakteg petroleum.

—————— e e
[ 8 | | F >
' Grav-  Flash- | | ae Lubri-  due:
Loeality. [ ator fio | e Cing. | Ben-  Kero- | ooiing | Coke
’ ! Sﬁ“" Baumeé, point, ! zine. | mene, oll.

i |y | loss,

. S P s
| . *F Per ol !‘rr ef.! Per . . Per o.

Burls Creck........ ........" Dark reddish
i nhr:“{"
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Johnstane Crepk. .. ..o PR PRI

' I\ D

Poul Creeke.nveniin |

Katalla Meadow . ... ]
il Creek. . .
Morrison Creek .. P TN
3}?“(‘"“3. ley llm [T o
- .&n..
{1

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 with those of other petro-
leums in the following table:

Tests of petrolewm from Alaska wnd other giekils,

' i 4 Pennsyi- | Colo- Y-

,\uah.-iausl.n,&l. vaniae  Oniod | SO0 | Mexico./ moat,

i o ;_- == PR S Z
Benzine (S0°-150° C.)__________ | 21! sl s 10 1 [ 10 2.5
Burning ail (130°-30° ). 51! am 54 | 0 40 ) 0
g;ddwm‘ 2 28 | lma‘ 2 40 «I 30 5;.;
Gravity . L LTI R, [ ET ! 'T.,'.'"i"n'n‘l‘..iiillﬁi 2 .

® Penniman & Browne for this report.

'l“m’mul F. H.. The production of petroleam in 1902 : Minernl Resources 17, 8. for
S Geol, sm-tey 1903, p. 5838

* Peckham. 8. F.. Report on Petrolegm, p. 365,

“ Woodman, Durand, Jour. Am. Chem. Soc.. Vol. 13, P 168,

'Oﬂph.ml F. W.. Petroleum : Minernl Resources U, 8. for 1001, [T, 8. Geol. Survey,

'Stlhnan T Pnglnm nl' Cllemislry . 364,
¥ Hayes, \". W.. and Ofl “ficlds of Texas-Louisiang coastal plain : Bull,
U.‘Ez‘.“l;mllm ﬂurwy No, " .’. l.tu'i. ml 140-171.
u
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The petrolenm is clearly a refining oil of the same general nature
as the Pennsylvania petrolewm. Tt resembles the latter in having
a high proportion of the more volatile componnds and a parvaffin base
and in containing 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 OUCCURRENCE OF PETROLFUTMM,

The four great problems of the geologic occurrence of petrolenm
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 aceurate 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.  DBut 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 il acenmnlates. 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 oceurs in rocks of practically all ages from the oldest
Paleozoic to the Recent.  All known productive bodies of oil are
in rocks of sedimentary origin, such as sandstones or sands, shales
or clays, limestones, and conglomerates.  Minute guantities of oil
have, however, been seen in voleanic or other erystalline 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 which was associated with the min-
eral constituents of the rocks at the time they were deposited; or it
may he 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 lnrger and more widespread
acewmulations of petroleun. '

The movement of petrolenm 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 chaunels
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 ave porous, dry, and not too warm for the oil to
exist as such. Tt 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 will
accumulate, .

The effect of capillary attraction is to cause the oil to be diffused
somewhat throughonut the rocks in all directions, provided the rock
is dry and of the right texture to permit capillary movement. The
divections 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 Dboth water and oil and a lower Hmit® beyond which the
water cnn not go. The water, because of its greater density, seeks n
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 confinéd under pressure with a poten-
tial upward foree.

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 contignons bady to the oil or being given off from
or within the oil. and an impervious bed above the gas and through
which it ean not pass. The gns then tends to ﬂuumul.lte on the
upper surface of the oil and to fnlu- the oil downward in the direction
of least resistance, which may be either vertical or have a lateral com-
ponent. The o1l would already have been in the lowest available
space,” so further downward motion imp[io« the displacement of
water. The motion continues until there is equilibrium between the
expunsive pressute of the gas and the hyvdrostatic pressure of the
water. The oil is then confined hetween these forces and will esca
under pressure at the first opportunity.

The most favorable conditions for the occurrence of petrolewm
over large and regular areas are the following:

1. A large and widely distvibuted original souree of vil-yielding
material,

"1r llw IIqIII(I- linve not already reng h"l.l this lower Himit, 1he case I8 mnnlf]mnhhf |:|:|ud]
fled, aud the exact conditivn can nof. in the present state of omr knowledge, be positively
asserted,
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2. Thick, extensive, aud regular porous beds in which the vil can
move freely and aceunnlate.

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 oceurrence of petroleum in
large, regular, and easily ontlined pools, to moderately large produe-
tion and long life of the wells, and to a lavge degree of certainty in
oil prospeeting.

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 satisfying these conditions
than any others in North \meriea. Tt is very evident that few of
these conditions arc met in the Controfler Bay vegion, so nothing
will Dbe gained from further comparison with regions in which
simple structure predominates,

Some of the California. Wyoming,” and Colorado @ oil fields are
characterized by complex and broken structure, in this respect being
not nnlike the Controller Bay region. These western fields show
that it is possible for large accumnlations 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 and of locating the pools in such u field, and demonstrate
very clearly the need of careful operating and the risks which are
necessarily involved.

EXPLOITATION,

LOCATING FOOLS,

If oil is found in quantity it will almost certainly be in circum-
seribed areas. and the loeation 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 ean not be foretold in ad-
vance of all drilling or at the present staze of development, The

a Eldridge, G, 11, and Arnold, Ralph, The Santa Clara, Puente Hils, and Los Angeles
oil distriets, southern California : Bull. U, 8. Geol. Survey No. 300, 1007, 266 pp. Arpold,
Ralph, Geology and oll resources of the Summeriand districf, Santa Barbara County,
California :+ Baull. 1. 8. Geol. Survey No. 321, 1907, 91 pp.  Arnold, Raiph, and Anderson.
Robert, Geology and oil resourves of the Santa Marin ofl district, Santa Barbara County,
California : Buoll. U. 5 Geol. Surver No. 322, 1907, 161 pp.

b veatel, A. .. Geography and geology of a portion of southwestern Wyoming, with
special reference to coul and oil: Prof. Paper UL 8. Geol. Survey No. 66, 1807, 178 pp.

r Fenneman, N. AL, tieology of the Boulder district. Colorado : Bull. U. 8. Geol. SBurvey
No. 263, 1905, 101 pp,
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wells which have been drilled in this region arve 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 ontlined 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. Tor this reason it 1s of the
utmost importance to obtain complete and aceurate records of all
wells and to use the information and experience thus gained in locat-
ing subsequent wWells.

DIFFICULTIEE 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 lioles 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 diffienlties 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 unecased
too long, the rock caves in, often burying and frequently causing the
loss of the tools, and sometimes making it necessary to abandon the
well.  Much delay has been cansed 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
undesivable 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 rock, in
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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 outeropping at the seep-
age will be encountered at depths of from a few hundred feet to the
limit (in depth) of drilling.

4. Subsequent wells should be determined in position by the loca-
tion of existing wells and by the strncture. With respect to produe-
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
wn«;iderable distance, from the wells,

. Drillers and tool dressers should be obtained from regions
w hem there is diffienlty in keeping the holes straight.
5. 1f 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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The Alaska coal fields, by G. €. Martin.  In Bulletin No. 314, 1907, pp. 4046,

Methods and costs of gravel and placer mining in Alaska, by C. W, Purington.  Bulletin
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Dulletin Niv. 347, 190K, i

an[zmri quadrangle map; seale, 1:250000; by D. €. Witherspoon, Contained in
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The following maps are for sule at 3 cents a copy, or §3 per hundred:
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Grand Central Special, Seward Peninsula; scale, 1:62500; Ly T. G. Gerdine.
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s fpecial, Seward Peninsula; scale, 1:02500; by T. G. Gerdine, i
on Special quadrangle, Seward Peninsula: scale, 1:62500; by T. G, Gerdine.
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Covert.
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XNo. 10, 1802, 68 pp.
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Coal ﬂr-?ils ufll'{u- Cape Lisburne rogion, by A, J. Collier.  In Bulletin No. 259, 1905,
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Topogra plic maps.

Fort Yukon to Kotzebue Sonnd, reconmmissance map of; seale, 1:625000; by D, L.

" Reaburn.  Contained in Professional Paper Xoo 10, Not published separately.
Koyukuk River to mouth of Colville River, including John River; scale, 1:625000;
by W. J. Peters, Comtained in Professional Paper No. 20, (Out of stock.) Not
published soparately,
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