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THE NATIONAL GEOGRAPHIC SOCIETY

The National Geographic Society, which conducted the explorations described in
this volume, was organized and incorporated under the laws of the District of Co-
lumbia, January 27, 1888, for “the increase and diffusion of geographic knowledge.””
The Society accomplishes its object:

1. By the publication of maps, books, and an illustrated monthly magazine, which
contains about 1600 pages per year. All receipts from its publications are invested in
the Magazine itself or expended directly to promote geographic knowledge and the study
of geography.

2. By the encouragement of geographic science and exploration by means of such
financial grants as its resources will permit. The Society has just concluded a series
of investigations, extending over three years, of the glaciers of Alaska, one of the most
important fields of geographical research in America. The results are given in this
volume. In cotperation with Yale University it has for several years maintained a
large expedition in Peru, making geographical, geological and archseological investiga-
tions around Cuzco, in a region which is generally believed to have been the birthplace
of the famous and little-known Inca race. It also had an expedition in Alaska investi-
gating the recent eruption of Mount Katmai, this study being preliminary to a compre-
hensive investigation of what is, perhaps, the most stupendous volcanic belt on the earth.

Its earlier expeditions to Alaska did much pioneer work in the exploration of that
territory. In 1902 the Society sent an expedition to Mount Pelée and La Soufriére
to study the terrible eruptions of these volcanoes. The Society has assisted various
Arctic expeditions, notably the last expedition of Robert E. Peary, which discovered the
North Pole, April 6, 1909. In 1909 it sent to Sicily a trained geologist to investigate
the Messina earthquake. A popular account of all expeditions is printed in the Maga-
gzine, while the technical results appear in separate monographs published by the Society.

8. By an annual series of addresses at the National Capital. During the past several
years the Society’s program has included President Taft; President Roosevelt; Secretary
of State Bryan; Colonel George W. Goethals, Chief Engineer Panama Canal; Sir Harry
Johnston; Sir Ernest H. Shackleton; Viscount James Bryce; President Charles W. Eliot,
of Harvard University; Gifford Pinchot; Robert E. Peary; Roald Amundsen; Dr. Wilfred
T. Grenfell; Sir Francis Younghusband.

4. By the maintenance of a geographic library at its headquarters in Washington.

5. By the award of gold medals.

The Society has many thousands of members distributed throughout every State in
the Union, and in every foreign country. It has members in 16,000 towns and villages
in the United States and in foreign lands.

The membership fee is $2 per annum with no entrance fee. Life membership fee is $50.

All members receive the Magasine and maps published by the Society during the term
of membership.
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PREFACE

The contents of this book are the result of a three-years’ study of the glaciers of
Alaska, financed and directed by the National Geographic Society, through its Com-
mittee on Research. The investigations were made at a cost of about $17,000, repre-
senting the interest of upward of a quarter of a million members of the Society, whose
continued support of the great object of the increase and diffusion of geographic knowl-
edge made the Alaskan undertaking possible.

Through the investigations, it is hoped, new light has been thrown upon the ice age in
America, new information has been collected as to the processes of glaciation, and a new
view has been gathered as to the effect of earthquakes and volcanic action upon glaciers.
Alaska offered the best field in the world for these investigations, its glaciers being the
largest in the world except those of the polar regions. There are thousands of them,
and only a few of them even have been named.

The work of research into the extent and behavior of the Alaskan glaciers was under-
taken in 1909, under a resolution of the Board of Managers appropriating $5,000 for
beginning it. This was followed by like appropriations by the Board of Managers in
1910 and 1911, with some additional aid from time to time, bringing the total contri-
bution of the Society to the work up to $17,000.

The Research Committee decided, at the outset, to devote the money expended by
the Society to the study of certain of the tidewater glaciers, notably those in and about
Yakutat Bay and Prince William Sound, and with the phenomena observed there this
book deals.

It is peculiarly fitting that the National Geographic Society should have undertaken
a scientific survey of the Alaskan glaciers, because it has been very closely identified
with the exploration work that has opened up that wonderful territory. Its Magazine
is one of the great storehouses of data on original glacial explorations in Alaska.

In the National Geographic Magazine appeared one of the first maps showing most
of the Alaskan glaciers.! This journal published the description of C. W. Hayes and
Frederick Schwatka’s explorations north of the St. Elias Range and in the Copper River
valley, with important contributions on glaciers and glaciation.? It published H. F.
Reid’s descriptions of the Muir Glacier and Glacier Bay.* It published I. C. Russell’s
descriptions of Mt. St. Elias and the Malaspina and Yakutat Bay glaciers,* first explored
by the two Russell expeditions which were partly financed by the National Geographic
Society. In its volumes are Henry Gannett’s descriptions of some of the glaciers of
Prince William Sound and other parts of Alaska® as well as Miss E. R. Scidmore’s
description of the glaciers of the Stikine River,* and her review of the discovery of Glacier

3

ks, VoU IV, 1508, pp. T7-107, 7 e P 255

3 Jbid., Vol. IV, 1892, pp. 19-84.

IbuL. Vol. ITI, 1891. pp 53-200.

s Ibid., Vol. X, 1899, pp. 507-512; Vol. XII, 1901, pp. 180-196.
*Ibid, va.x. 1899, pp. 5-9; Vol. VII, 1896, pp. 140-146; Vol. V, 1898, pp. 178-179.

vii
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Bay and of explorations in Alaska by members of the National Geographic Society;
C. A. Stockton’s! and J. C. Cantwell’s 2 descriptions of ground ice in Arctic Alaska;
C. L. Andrews’ study of Muir Glacier in 1902, the first after the great earthquakes of
1899;* Fremont Morse’s description of the same in 1907;* W. C. Mendenhall’s de-
scriptions of the glaciers in the Wrangell Mountains;* W. A. Dickey’s discovery and
naming of Mt. McKinley with its glaciers;* Robert Muldrow’s determination of its height
and the position of more glaciers;” A. H. Brooks’ plan of climbing Mt. McKinley, with
mapping of still more of the glaciers;® Ferdinand Westdahl’s photographs of the glaciers
and snowfields on the volcanoes of Unimak Island in the Aleutians;® W. H. Osgood’s
description of the glaciers near Lake Clark;!° G. K. Gilbert’s summary of the glaciers of
Alaska;!! and many other papers!? dealing incidentally with glaciers and glaciation in
Alaska.

The National Geographic Society’s Alaskan expedition of 1909, the plan of which
was announced in the Magazine for June, 1909, was under charge of the authors of this
volume, the other members of the party being W. B. Lewis of the U. S. Geological Sur-
vey, the topographer; Oscar von Engeln of Cornell University, who took and developed
many of the photographs; E. F. Bean of the University of Wisconsin, who acted as rodman
and general assistant; A. R. Campbell of the University of Washington, who ran the
launch; Charles Johnson of Yakutat, who was boatman and camp hand; and a Japanese
boy, as cook.

The Society’s 1910 expedition was under the leadership of the junior author, assisted by
Messrs. Lewis and Bean of the 1909 party, F. E. Williams of the University of Wisconsin,
rodman; R. G. Byers and E. A. Conner of the University of Washington, photographer
and boat engineer respectively; and a cook.

The Society’s 1911 expedition, under the direction of both authors of this volume, de-
voted most of the season to glacier study in other parts of Alaska than are described
in this volume. The junior author, however, gave two weeks to additional observations
of the Prince William Sound and Copper River glaciers before he was joined by the
senior author and Russell S. Tarr.

The junior author also visited Yakutat Bay in 1918.

Each of the authors had previously spent two summers in Alaska, the senior author in
Yakutat Bay in 1905 and 1906, the junior author in Controller Bay, Prince William
Sound, Cook Inlet, and Alaska Peninsula in 1904, and in Yakutat Bay in 1905. Both
of these previous seasons of field work in Alaska by the senior author were supported
by the U. S. Geological Survey. The 1904 season by the junior author was in a U. S.
Geological Survey party, but in 1905 he was supported by a grant of money from the
American Geographical Society of New York.

1 Nat. Geog. Mag., Vol. II, 1890, pp. 178-179.

2 Jbid., Vol. VII, 1896, pp. 845-346.

3 Ibid., Vol. XIV, 1908, pp. 441445.

4 Ibid., Vol. XIX, 1908, pp. 76-78.

§ Ibid., Vol. XIV, 1908, pp. 395-407.

s Ibid., Vol. VIII, 1897, pp. 822-327.

7 Ibid., Vol. XII, 1901, pp. 312-818.

8 Ibid., Vol. XIV, 1908, pp. 30-85.

¢ Ibid., Vol. XIV, 1908, pp. 98, 94, 97, 98,

10 Ibid., Vol. XV, 1904, p. 328.
1 Ibid., Vol. XV, 1904, pp. 448-450.

1 Ibid., Vol. XX, 1009, pp. 585-628; Vol. XXII, 1911, pp. 587-600, 786; Vol. XXIII, 1912, pp. 428429,
684-718.
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We sailed from Seattle June 24, 1909, on the Alaska Coast Co.’s steamer, Portland,
reaching Yakutat five days later. Here we spent about six weeks. We traveled and
transferred our food and camp equipment in a twenty-eight foot whaleboat, equipped
with a four-horse-power gasoline engine. We occupied two main camps and seven tem-
porary camps in Yakutat Bay. We left Yakutat on August 14th, taking our launch upon
the steamer from Yakutat to Valdez. Two days apiece were devoted to brief examina-
tions of Valdez, Shoup, and Columbia glaciers, in eastern Prince William Sound, travel-
ing in our launch, and camps being occupied at Fort Liscum opposite Valdez, on Heather
Island, near Columbia Glacier, and on Flemming’s Spit just outside Cordova. Two days
were devoted to a hurried view of the Miles, Childs, and Allen glaciers of lower Copper
River, the authors being taken by railway automobile to the end of the line, as then com-
pleted, and entertained at the railway construction camps. We left Cordova Septem-
ber 1 on the Northern Navigation Company’s steamer Lindsay, reaching Seattle ten days
later.

During the field season of 1910, the junior author and his party spent only two weeks
in Yakutat Bay, June 11 to 26, occupying five camps and traveling in the launch, which
had been purchased the previous year by the Society. The party was then taken
to Prince William Sound, where a special trip of Alaska Coast Company’s steamer
Bertha landed us on Heather Island near Columbia Glacier. In the following six weeks,
we traveled by launch clear around Prince William Sound, reaching Cordova on August
12, after occupying ten camps in the fiords near the several glaciers and on Latouche and
Hinchinbrook Islands. Three weeks were then devoted to the glaciers of the lower
Copper River. We worked as far north as Heney Glacier and had four camps along the
Copper River and Northwestern Railway near the larger glaciers. The junior author
also spent three days in a rapid railway and steamboat trip through the Copper River
canyon to Chitina. A week was occupied in a launch trip from Cordova to Columbia
Glacier and Valdez, whence the party sailed for Seattle on the Alaska Steamship
Company’s steamer Northwestern on September 9.

In 1911 the junior author went north alone, leaving Seattle June 5 on the Alaska Steam-
ship Company’s steamer Alameda, making a rapid reconnoissance trip to Valdez Glacier
and through Prince William Sound to Seward and back to Cordova, after which he spent
the time from June 15 to 20 at the glaciers of the lower Copper River. He was joined by
the senior author and after another trip through Prince William Sound and to Columbia
Glacier and a study of glaciers in the Kenai Peninsula along the Alaska Northern Railway,
we went through the Copper River canyon by train, saw something of the conditions of
glaciation in a day’s work at Wood Canyon, and then worked the remainder of the season
on the glaciers and glaciation of the interior and of southeastern Alaska.

In 1918 the junior author was guide for an excursion of the International Geological
. Congress which visited Yakutat Bay in September. The party consisted of about 50
geologists from all parts of the world. We travelled and lived on the specially-chartered
Canadian Pacific steamer Princess Maquinna, and landed at a number of points, as de-
scribed in later pages of this book.

Preliminary reports of the results obtained in 1909 and 1910 were published in the
National Geographic Magazine for January, 1910, and June, 1911. The junior author
lectured before the Society in Washington on February 18, 1910.

The phenomena of advancing glaciers observed in Yakutat Bay by the U. S. Geological
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Survey parties in 1905 and 1906 were further studied by the subsequent expeditions
of the National Geographic Society. The fullness of the description of the Yakutat Bay
region, therefore, depends not merely on the work of the seasons from 1909 to 1918, but
to a very large degree, on the studies of 1905 and 1806. The investigations of these five
seasons have developed a series of interesting and important results, the statement of
which can be adequately made only by making free use of the work of the previous ex-
peditions. This has, therefore, been done, not in the form of direct quotation of our
previous publications relating to the expeditions of 1905 and 1906, but in such abstracts
as have seemed necessary to the clearness of discussion of the problems which the Yakutat
Bay glaciers present. This report, in so far as the Yakutat Bay region is concerned, is
the summary and discussion of the results of five seasons of work, not of the seasons of
1909, 1910 and 1913 alone.

The description of conditions in Prince William Sound and on the lower Copper River
is almost entirely new. The discussion of the glaciers of Alaska in Chapter I of this book,
and of the glaciers and glaciation of Prince William Sound and the Lower Copper River,
Chapters XII to XXIII, is wholly the work of the junior author. The senior author,
however, with his greater experience and wide observation of glaciers in Greenland, Nor-
way, Spitzbergen, and the Alps, saw a great deal in the few days he spent in eastern
Prince William Sound and on the lower Copper River in 1909. Accordingly he was able
to advise in the arrangement of the materials of Chapters XII to XXIII and generously
gave much time and thought to the criticism of the portions of manuscript—all but
the last three chapters—which were completed before his lamentable death on March 21,
1912. He also wrote parts of the pages on the Comparison between Yakutat Bay and
Prince William Sound. The junior author’s debt to Professor Tarr, as teacher in lec-
ture room, laboratory, and field, and as councillor and friend can never be adequately
acknowledged.

Many of the photographs used as illustrations in this book weie taken by the authors
and by our photographers—O. D. von Engeln in 1909, and R. B. Byers in 1910. We
are deeply indebted to both of them for their excellent phétographs and for splendid
service in the field in Alaska, where the exposing and developing of photographs have
especial difficulties. In the Magasine for January, 1910, the former of these men de-
scribed some of these difficulties. We have also used a few photographs taken by the
late Professor I. C. Russell of the University of Michigan and Mr. H. G. Bryant of Phil-
adelphia, by members of the Harriman Expedition, of the United States Geological
Survey, and the International Boundary Surveys, by engineers of the Copper River and
Northwestern Railway, and several Alaskan photographers, as acknowledged specifically
in the legends of the plates.

Among the text figures are several based upon manuscript maps of Prince William
Sound, supplied by Professor U. S. Grant of Northwestern University. Some of the
cross-sections of the fiords were drawn by Mr. E. F. Bean of the University of Wiscon-
sin, who has also been of great service in assisting with the proofreading and with mak-
ing the index of this book.

We were thoroughly equipped for glacier study during each season in the field, thanks
to the large appropriations by the Research Committee. For assistance in arranging and
carrying out our plans in Alaska we are under deep obligations to the companies and
institutions whose contributions are acknowledged elsewhere in this book, as well
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as to the following gentlemen: Rev. Mr. Rasmusson, and Messrs. Beasley, Stimson,
Robinson, Flenner, and Gray, of Yakutat; the late E. C. Hawkins, General Manager,
and Mr. S. W. Eccles, the President of the Copper River & Northwestern Railway Co.;
the late Alfred Williams and Messrs. O’Neel, Van Cleve, Johnson, Withers, Corser, and
Wernicke of the Katalla Company, and Messrs. Murchison, Shields, McCune and Whit-
ing of M. J. Heney’s force; Messrs. Dalton and Hazelet of Cordova; the late Dr. L. S.
Camicia and Messrs. Lathrop, Peterson, and Crawford of Valdez; Captain MacGilvary
and Messrs. Johansen and Inglis of the Steamship Bertha, and Messrs. Barber and
Macgregor of the steamship Portland; the mine operators at Latouche; Professors
Landes and Meany of the University of Washington; the late Webster Brown and Messrs.
George Jamme and J. L. McPherson of Seattle, and R. P. Tarr of Tacoma; Commander
Ellicott of the U. S. Navy; Capt. C. G. Quillian of the U. S. Coast and Geodetic Survey;
Col. A. W. Swanitz, Chief Engineer, and Mr. O. G. Laberee, President of the Alaska
Northern Railway; Col. Richardson of the Alaska Road Commission; Mr. A. B. Emery,
Manager of the Bonanza copper mine at Kennicott; Messrs. James, Fisher, Rhodes,
Bigelow, Coleman, and Watson of Fairbanks and Manager Joint of the Tanana Valley
Railway; Messrs. Perry and Coffee of The Yukon Gold Company at Dawson, Mr. Cobb
and Judge Gunnison of Juneau; Mr. Bronson, U. S. Collector of Customs at Wrangell;
Mr. George Otis Smith, Director of U. S. Geological Survey; Mr. A. H. Brooks, geol-
ogist in charge of Division of Alaskan Mineral Resources of the U. S. Geological Survey;
Mr. O. H. Tittmann, Superintendent of the U. S. Coast and Geodetic Survey; Mr. W.
F. King of the Dominion Astronomical Observatory at Ottawa; Messrs. Fremont Morse
and N. J. Ogilvie of the International Boundary Surveys; Prof. H. F. Reid of Johns
Hopkins University, and many others.

We wish to acknowledge the generous support of every member of our parties in the
field, the cordial hospitality of all who met us in Alaska, and the assistance of the officers
of the Society, particularly Mr. Gannett, the President of the Society and Chairman of
the Research Committee, Mr. Grosvenor, the Editor of the National Geographic Maga-
zine and the Director of the Society, and the other members of the Research Com-
mittee, in doing everything in their power to make our field seasons effective and in
facilitating the preparation and publication of this book.

LAWRENCE MARTIN.

April 7, 1914,
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ALASKAN GLACIER STUDIES
CHAPTER I

THE GLACIERS OF ALASKA

The Alaskan glaciers are the largest in the world except those in polar regions.

The existing glaciers of Alaska are chiefly confined to the mountain regions and extend
more or less continuously through about 1,100 miles along the Coast and the St. Elias
Ranges, 400 miles in the Alaska Range, and 450 miles in the Endicott Mountains of north-
ern Alaska. These mountain, snowfield, and glacier belts average from 40 to 120 miles
in width. There are also scattered glaciers upon volcanoes through a distance of 500
miles on the Alaska Peninsula and Aleutian Islands. Glaciers are found through a range
of 15 degrees of latitude. The total snow- and ice-covered area has been conserva-
tively estimated at 15,000 to 20,000 square miles,! and is much smaller than the area
covered at the maximum stage of Alaskan glaciation. This, however, is less than four
per cent of the total area of Alaska. There are thousands of glaciers, only a few
hundred of which have been named.

The glacial districts in Alaska may be best described in groups associated with the
various mountain ranges (Map 1, in pocket), both because these enable us to take up
compact units, and because the mountains are jointly responsible with the climatic
conditions for the existing glaciation. It is the combination of lofty mountains facing
a sea coast where warm, humid, onshore winds bring abundant moisture, in a northerly
latitude, that gives the Pacific Mountains of Alaska from 80 to 200 inches of precipi-
tation yearly. It is the loftiness of these mountains, and the northerly latitude, that
causes a large proportion of this precipitation to fall in the form of snow. Therefore,
much more snow falls in a winter than can melt during a summer, causing permanent
snowfields and great glaciers. The variations in altitude, in latitude, in precipitation,
and in direction of slope cause the principal variations in the present size and condition
of the glaciers Most of these variations are associated with differences in the moun-
tains, but it is not certain that the climate is responslble for all the glacial oscxllal:lons,
nor that the ice tongues are consistently waning.

The mountain ranges upon whose slopes most of the glaciers have been formed are t.he
Pacific Mountains, including the various subdivisions of (1) the Canadian Coast Range,
(2) the St. Elias Range, (8) the Alaska-Aleutian Ranges.

Former glaciation will be discussed in connection with all these mountain groups after
the existing glaciation has been sketched.

Along the Inside Passage the Taku and Davidson Glaciers are rather familiar, as are
the Muir Glacier of Glacier Bay, the Malaspina and Yakutat Bay Glaciers of the south
side of the St. Elias Range, and the Valdez and Columbia Glaciers of Prince William
Sound; but most of the other glaciers of Alaska are little known.

1 Gilbert, G. K., Harriman Alaska Expedition, Vol. III, 1904, p. 9; Nat. Geog. Mag., Vol. XV, 1904, p. 450.
1




2 ALASKAN GLACIER STUDIES

Brief general lists or descriptions of the glaciers of Alaska have previously been
made by Muir,! Petroff,® Russell,? Dall,* Wright,® Baker,® Davidson,” Brooks,® Gilbert,?
Greely,!? and, for individual glaciers, by others listed upon subsequent pages. The
glaciers of the whole territory were first shown upon a map by R. U. Goode and
E. C. Barnard, published in the National Geographic Magazine ! and afterwards
reproduced by the United States Geological Survey.

CaNaADIAN CoasT RANGEB

Glaciers near Portland and Behm Canals. Beginning with the panhandle of south-
eastern Alaska the first existing glaciers north of British Columbia are those of the Bear
and Salmon River headwaters of Portland Canal, and the Chickamin, Leduc, and Unuk
River tributaries of Behm Canal. Here fifty or sixty valley glaciers, the larger ones
2 to 10 miles long and 1 to 24 miles wide, descend from snowfields at an elevation
of four to eight thousand feet and end at elevations ranging from 500 to 3000 feet above
sea level. None of these ice tongues, except the Soulé Glacier 4 as yet bears a name.
Photographs showing some of them were taken by the Canadian Boundary Commission
in 1894, and these photographs, as well as the detailed maps showing the glaciers,”
are of much value because a second series of photographs and maps made by the com-
mission engaged in locating the boundary in 1906 to 1918 will show the advances and
retreats of these ice tongues after more than ten years. The maps unfortunately
are on a small scale (1:160,000). They do not go far back into the snowfield area, nor
do they show all the glaciers, particularly those back in the interior of the Coast Range.
Glaciology has, however, a great aid here in the two sets of maps made as a result of the

1 Muir, John, In newspaper notices even before Petroff, Russell, and Dall; Notes on the Pacific Coast Glaciers,
American Geologist, Vol. XI, 1898, pp. 287-299; Harriman Alaska Expedition, Vol. I, 1901, pp. 119-185.

3 Petroff, Ivan, Tenth Census of the United States, 1880, Vol. VIII, 1884, pp. 24, 85-86, and Map VI facing
p. 75.

s Russell, I. C., Fifth Ann. Rept., U. S. Geol. Survey, 18834, pp. 848-355; Glaciers of North America, Boston,
1897, pp. 74-130; Scottish Geog. Mag., Vol. X, 1894, pp. 405407 and map showing known glaciers.

¢ Dall, W. H., Glaciation in Alaska, Bull. Phil. Soc., Washington, Vol. 6, 1884, pp. 38-86.

s Wright, G. F., Ice Age in North America, New York, 1891, 18-85.

¢ Baker, Marcus, Geographic Dictionary of Alaska, Bull. 187, U. S. Geol. Survey, 1902, 2d edition; Bull.
209, 1906.

1 Davidson, George, The Glaciers of Alaska that are Shown on Russian Charts or Mentioned in Older Narra-
tives, Trans. and Proc. Geog. Soc. Pacific, 2d series, Vol. 8, 1804, pp. 1-98.

s Brooks, A. H., Glacial Phenomena of Southeastern Alaska, in Professional Paper 1, U. S. Geol. Survey, 1902,
pp. 81-85; Geography and Geology of Alaska, Professional Paper 45, U. S. Geol. Survey, 1906, pp. 244248,
205-296, Pls. XII and XXII.

» Gilbert, G. K., Glaciers, Harriman Alaska Expedition, Vol. III, New York, 1904, pp. 1-223; Nat. Geog.
Mag., Vol. XV, 1904, pp. 449-450.

10 Greely, A. W., Handbook of Alaska, 1909, pp. 152-159, 265-267.

11 Brooks, A. H., Nat. Geog. Mag., Vol. XV, 19804, opposite p. 238.

11 Professional Paper 45, U. S. Geol. Survey, 1906, Pl. XXXIV; Bull. 845, Pl. I, 1908; Map A, Alaska, U. S.
Geol. Survey, 1909.

13 Some of these glaciers are shown on Chart 8050, U. S. Coast and Geod. Survey, Dixon Entrance to Head of
Lynn Canal; also on the map of Southeastern Alaska and a part of British Columbia, Showing Award of Alaskan
Boundary Tribunal.

1 Chart 8100, U. S. Coast and Geod. Survey.

s Sheets 4 and 7, Atlas of Award, Alaskan Boundary Tribunal, Senate Document 162, 58th Congress, 2d
Session, Washington, Government Printing Office, 1904.
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surveying necessary to the boundary arbitration. F. E. and C. W. Wright have briefly
alluded to these glaciers and the wonderful glacial sculpture of the adjacent fiords.!

In the valley of Blue River, and adjacent northwest tributaries of Unuk River is an
interesting series of recent lava flows, the latest thought to be less than 50 years old,
described by Morse of the Boundary Survey. One or more of the small glaciers near
Blue River is covered with ashes.?

Glaciers of Stikine River. On the lower Stikine River and partly in Canada are the
Great Glacier, the Popoff or Little Glacier, the Dirt or Mud Glacier, the Flood Glacier,
and many others shown on the Boundary Atlas Sheets ? already referred to, and on one
Coast Survey chart ¢ and one U. S. Geological Survey map.® The Stikine River glaciers
were visited and briefly described by Blake in 1867,* Hunter in 1877,” by Muir and by
Bell m 1879, by Dawson in 1887,° by Miss Scidmore in 1898,!° and others. Great
Glacier is an ice tongue of which only the lower sixteen miles have been mapped.
The upper glacier is over 4 miles wide, the lower valley about a mile wide, and beyond this
the Great Glacier spreads out to a width of four and a half miles in a piedmont bulb
which enters the Stikine valley from the west, forcing the Stikine River over to the
eastbank. The terminus of this first large glacier in Alaska is less than 250 feet above sea
level. The Dirt Glacier seems to be stagnant and moraine-covered. Russell shows
photographs of Orlebar and Bernard Glaciers on the Stikine River,"! which Dawson
states are the Great Glacier and either the Flood or Dirt Glaciers respectively. The
débris carried out from these glaciers has caused the Stikine River to build a great
delta seventeen miles wide which nearly ties Mitkof Island to the mainland and makes
it necessary for ships to go through the dangerous Wrangell Narrows in navigating the
Inside Passage.

Glaciers of Frederick Sound and Stephens Passage. This group of ice tongues includes
the LeConte, Patterson, Baird, Dawes, Brown, Sumdum and Sawyer Glaciers and the
unnamed glaciers of Whiting and Speel Rivers. They are shown on the Coast Survey 1
and Boundary Survey? and Geological Survey ¥ maps. The LeConte Glacier in lati-
tude 57° is the southernmost tidal glacier in Alaska. The Dawes, Brown, and Sawyer
Glaciers also reach sea level and discharge icebergs.’®* The group of glaciers near Devil’s

1Bull. 847, U. S. Geol. Survey, 1908, p. 24 and map, Pl II.

s Morse, Fremont, Nat. Geog. Mag., Vol. 17, 1906, pp. 178, 176.

s Atlas of Award, Alaskan Boundary Tribunal, Sheets 8 and 9.

¢« Chart 8200, U. S. Coast and Geod. Survey, 1891.

s Bull. 847, U. S. Geol. Survey, 1908, PI. ITI.

¢ Blake, W. P., The Glaciers of Alaska, Russian America, Amer. Journ. Sci., 2d series, Vol. XLIV, 1867, 96—
101; House Extra Doc., 177, Part II, 40th Congress, 2d Session, with map.

' Hunter, J., Map reproduced in Alaskan Boundary Tribunal, Maps and Charts accompanying the case of
Great Britain, Washington, 1004, p. 26.

s Bell, W. H., Scribner’s Monthly, Vol. XVII, 1879, pp. 805-815.

* Dawson, G. M., Geol. and Nat. Hist. Survey Canada, Ann. Rept., Vol. ITI, Part I, 1889, pp. 51B-53B.

» Scidmore, E. R., Nat. Geog. Mag., Vol. X, 1899, pp. 5-9.

1 Russell, I. C., 5th Ann. Rept., U. S. Geol. Survey, 1883-1884, Pl. LIV and LV.

1 . S. Coast and Geod. Survey, Charts 8200, 8210, 8300.

1 Atlas of Award, Alaskan Boundary Tribunal, Sheets 9, 10, 11, 12.

u Bull. 287, U. S. Geol. Survey, 1906, Pl. XXXVI; Bull. 847, 1908, Pl. ITI.

18 See description by Sir George Simpson in September, 1841, Journey Round the World, Vol. I, p. 218, quoted
by Klots, Geog. Journ., Vol. XIV, 1889, pp. 581-532.



4 ALASKAN GLACIER STUDIES

Thumb are the southernmost Alaskan glaciers seen from the steamer, Patterson Glacier
being visible from the north end of Wrangell Narrows.

The increase in glaciation with increase in latitude may be shown by the lower snowline
on Mt. Sumdum, than on the mountains to the south, as well as by the presence of tidal
glaciers. Larger glaciers appear now, the shorter arm of Baird Glacier being sixteen
miles long, the longer tributary being certainly over 17 miles; but its whole
length has not been mapped. They advance from vast snowfields whose extent
is not yet known. Some, notably the Dawes and Baird, are through glaciers, or ice
tongues which flow in opposite directions from a common, flattish, snow-covered
divide. Some of the glaciers of this region bifurcate so close to their terminus that one
name is used for both arms, as in Baird Glacier. The name Dawes is used for two ad-
jacent glaciers which formerly were one. The same is true of the Sawyer Glaciers.

The extreme glacial erosion and the lack of glacial deposits in southern Frederick Sound
has been pointed out by the Wrights.!

Klotz determined that LeConte Glacier retreated a half mile between the time of mak-
ing a Coast Survey chart, probably in the late eighties, and 1898.2 The bay it enters is
called Hutli or Thunder Bay from the noise made by the discharge of icebergs, accord-
ing to John Muir who visited this glacier in 1879.2 Icebergs then filled the bay for ten or
twelve miles. Patterson Glacier was advancing and destroying trees in 1891 according to
the Pacific Coast Pilot of that year.# Baird Glacier, not to be confused with the other
Baird Glaciers of the Tasnuna River and White Pass, has been studied by Klotz,* who
determined its rate of movement and rate of melting in 1894.

Holkham Bay, at the base of Mt. Sumdum, with its branches Endicott and Tracy
Arms, is said by Muir® to be one of the most interesting Alaskan fiords. It has four tidal
glaciers and a hundred or more glaciers of the second and third class. The icebergs
interfere with navigation by large boats and it is often difficult to reach the tidal glaciers
in small canoes. i

The unnamed ice tongues of Speel and Whiting Rivers are exceedingly attenuated,
narrow glaciers, 6 or 7 miles long and a tenth to a quarter of a mile wide.

Glaciers of Taku Inlet. This beautiful fiord just south of Juneau, is-visited annually
by thousands of tourists and the Taku Glacier has become one of the best known in
Alaska, especially during the past 15 years when Muir Glacier has been less accessible
and has lost beauty through retreat and loss of height. Within the fiord are also the
Norris, Wright, and Twin Glaciers, besides a few smaller glaciers up the Taku River,”
but the Taku Glacier is the only one discharging icebergs. These glaciers are shown on
several maps ® and there are also innumerable smaller glaciers. Muir says forty-five
glaciers are visible from a steamer sailing up the middle of Taku Inlet.?

t Wright, F. E. and C. W., Bull. 847, U. S. Geol. Survey, 1808, p. 24 and P1. ITI.

1 Klotz, Otto, Geog. Journ., Vol. 14, 1899, p. 532.

s Muir, John, Amer. Geol., Vol. XI, 1898, p. 291.

«Reid, H. F., Variations of Glaciers, Journ. Geol., Vol. VIII, 1900, p. 158.

s Klotz, Otto, Journ. Geol., Vol. III, 1895, pp. 512-518.

¢ Muir, John, Harriman Alaska Expedition, Vol. I, 1901, p. 125.

1 Hayes, C. W., Nat. Geog. Mag., Vol. IV, 1892, p. 151.

1 U. S. Coast and Geod. Survey, Charts 8050, 8300; Atlas of Award, Alaskan Boundary Tribunal, Sheets 12
and 18; Pl 19, Vol. IV, Nat. Geog. Mag., 1892; Pl. XXXVI, Bull. 287, U. S. Geol. Survey, 1806.

s Muir, John, Harriman Alaskan Expedition, Vol. I, 1901, p. 125.
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Taku Glacier for which the names Schulze Glacier and Foster Glacier were tempo-
rarily used, is 30 miles long, heading to the north on a 5,500-foot snow divide as a
through glacier, the other end of which flows down the east side of the Canadian Coast
Range. This may be the Llewellyn Glacier® of Atlin Lake. To the northwest it shares
snowfields as a through glacier with Mendenhall and Herbert Glaciers of Lynn Canal
and Norris Glacier of Taku Inlet. Taku Glacier receives at least ten tributaries, from a
half mile to a mile and a half wide, the main glacier being two to three miles wide. It gives
off two glacial distributaries, one of which feeds the west half of the Twin Glaciers of
Taku Inlet. The sea front is a little over a mile wide and 200 feet high and has been
described by Vancouver,® Muir,> Russell,* and many others.!? Taku Glacier suffered
severely during the Yakutat Bay earthquakes of September, 1899, but had a net advance
between 1890 and 1905. Norris Glacier, to which the name Windom Glacier was tempo-
rarily applied, is reported 7 to have lost part of its end following the 1899 earthquakes,
perhaps because of washing away of supporting gravels.

Glaciers East of Lynn Canal. On the east side of this great fiord a group of glaciers
descend from the snowfields of the Canadian Coast Range, the better-known valley gla-
ciers, named in order from Juneau northward to Skagway, being the Mendenhall,® Her-
bert, Eagle, Meade,? and Ferebee Glaciers. They are well shown on a number of maps.!®

Besides these large glaciers that bear names there are as many glaciers of equal size
that are as yet unnamed because not seen from Lynn Canal, as for example the five glaciers
terminating ten to fifteen miles back from Lynn Canal in the valleys draining to Berners
Bay. There are also hundreds of minor glaciers, such as the Lemon Creek Glacier and
others near Juneau,! and the glacierson the north sideof Lion’s Head Mountain, Berners
Bay.1t

The region from which the Mendenhall, Taku, and adjacent glaciers extend is a typical
ice-flooded region, an area of many square miles between Taku Inlet, Lynn Canal, and
the international boundary having, according to the map, a larger proportion of snow-
fields and valley glaciers than of projecting mountain ridges and isolated peaks. Many
of the ice tongues are through glaciers.

1 Gwillim, J. C., Geodl. Survey of Canada, Ann. Rept., Vol. XII, 1902, pp. 14B-15B and map 742.

s Quoted by Klots, Geog. Journ, Vol. XIV, 1899, p. 581.

» Muir, John, Amer. Geol., XI, 1898, p. 288.

¢+ Russell, 1. C., Glaciers of North America, Boston, 1897, pp. 78-80.

s For example, Davidson, George, Trans. and Proc. Geog. Soc. Pacific, Vol. ITI, 1804, pp. 79-81.

Egerton, H. G., Alaska and Its Glaciers, Nineteenth Century, Vol. 82, p. 1001.

Higginson, Ella, Alaska, the Great Country, New York, 1908, pp. 110-118.

Greely, A. W., Handbook of Alaska, New York, 1809, pp. 158-154.

¢ Reid, H. F., Variations of Glaciers, Journ. Geol., Vol. XIII, 1905, p. 817; Same, Vol. XIV, 1906, p. 408.

7Reid, H. F., Variations of Glaciers, Journ. Geol., Vol. XI, 1901, p. 258.

sKnopf, A., Bull. 502, U. S. Geol. Survey, 1912, pp. 11-13, 82-88, and PL. L

¢ Sheldon, Charles, The Wilderness of the Upper Yukon, New York, 1911, pp. 172-174.

# Coast Survey Charts 8050, 8300, 8302, 8308.

Atlas of Award, Alaskan Boundary. Tribunal, Charts 18, 16a, 17.

Bull. 287, U. S. Geol. Survey, 1906, P1. XXXVIII.

u Eldridge, G. H., Maps and Descriptions of Routes of Exploration in Alaska in 1888, U. S. Geol. Survey,
Washington, 1899, p. 102.

Juneau Special Map, 1904, U. S. Geol. Survey.

uKnopf, A., Bull. 446, U. S. Geol. Survey, 1911, p. 12 and P1. I; Berners Bay Special Map, Alaska,
Sheet No. 581, 1906, U. S. Geol. Survey.
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None of these glaciers are now tidal, although Mendenhall Glacier, which is 17 miles
long and two to three miles wide at its terminus, descends to within less than 100 feet of
sea level. References to floating ice here in 1794 by Vancouver’s lieutenant, Whidbey,
and by Sir George Simpson in 1841, as well as the Admiralty and Hydrographic charts
of 1865 and 1869, have convinced Davidson that Mendenhall Glacier reached tidewater
in those years.! He quotes Manson’s observations, based on a miner’s stakes near Men-
denhall Glacier, as proving a retreat of 40 or 50 feet a year between 1892 and 1901.

Davidson has briefly described the glaciers and glaciation of the head of Lynn Canal
or Taiya Inlet? and Schwatka ? has described the Saussure, Baird, and several other
small glaciers between Lynn Canal and Lake Lindemann. Andrews reports that eight
glaciers near Skagway were all retreating rapidly in 1903, one having gone back 30 or 40
feet annually since 1898.4 The Krause brothers visited some of these glaciers in 1881.5
Denver Glacier is visited annually by hundreds of tourists.

White Pass and Chilkoot Pass, which were crossed by thousands of gold-seeking pros-
pectors in the rush to the Klondike during the late nineties, are not covered by glaciers,
although there are many ice tongues in the mountains nearby. These passes, 2,600 and
8,600 feet respectively above sea level, were snow-covered, however, at the time of the
rushes, especially in the early spring. Russell has called attention to the 5 or 6 small
glaciers seen by him in 1889, and commented upon the fact that those on the north side
of the Coast Range are much smaller than those on the south ¢ where he saw forty small
glaciers from a single viewpoint. In 1896 J. E. Spurr observed that the glaciers on the
south side of the Coast Range were retreating.’ ’

St. EL1as RANGE

Glaciers West of Lynn Canal. On the west side of Lynn Canal a series of glaciers de-
scend from the slopes of the St. Elias Range, though none reach sea level.* These include
a number of valley glaciers in the region drained by the western tributaries of the Chil-
kat River, including the Knapp, Leslie, Jarvis, Le Blondeau, Takhin, Bertha, and Garri-
son Glaciers and the glaciers whose streams flow directly to Chilkat Inlet or Lynn Canal,
such as Rainbow Glacier, the well-known piedmont bulb of Davidson Glacier, and a series
of unnamed ice tongues, some of which are through glaciers descending from the snowfields
that also feed Muir Glacier on the west side of the same range. Wright has discussed
the general glaciation of the Porcupine gold district.?

1 Davidson, George, The Glaciers of Alaska that are Shown on Russian Charts or Mentioned in Older Narra~
tives, Trans. and Proc. Geog. Soc. Pacific, Vol. III, 1904, pp. 78-79.

# Bull. Phila. Geog. Soc., Vol. II, 1800, pp. 108-114.

s Science, Vol. ITI, 1884, p. 220; Report of a Military Reconnaissance Made in Alaska in 1883, Compilation
of Narratives of Exploration in Alaska, Washington, 1800, pp. 295-296 and map.

¢ Quoted by Reid, H. F., Variations of Glaciers, Journ. Geol., Vol. XII, 1904, p. 260.

s Krause, Arthur and Aurel, Ergebnisse einer Reise nach der Nordwest Kiiste von Amerika und der
Berings-Strasse, Jena, 1885; Krause, Arthur, Zeitschrift der Ges. fur Erdkunde zu Berlin, Vol. XVIII, 1888.

¢ Russell, 1. C., Surface Geology of Alaska, Bull. Geol. Soc. Amer., Vol. 1, 1890, pp. 148-151.

7 Quoted by Reid, H. F., Variations of Glaciers, Journ. Geol., Vol. V, 1897, p. 881.

s Coast Survey Charts 8050, 8300, 8302, 8303.

Atlas of Award, Alaskan Boundary Tribunal, Sheets 14, 17, 18.

Pl. XLIX, 21st Ann. Rept., U. S. Geol. Survey, Part II, 1899-1900; Pl. XXXVII; Bull. 287, U. S. Geol.
Survey, 1906.

» Wright, C. W., Bull,, 236, U. S. Geol. Survey, 1904, pp. 14, 18-19, and PL. I, V.
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In this region the Takhin and Le Blondeau Glaciers are of especial interest because
they seem to have blocked the Takhin valley, about 25 miles west of Haines Mission,
diverting the upper ten miles of this stream northeastward into Salmon River or Tsirku
Creek which flows into Chilkat River at Klukwan.! Rainy Hollow Glacier had an
advance of over 2000 feet between June and September, 1910, as observed by Webster
Brown.?

Davidson Glacier which has been described by Davidson, Blake, Muir, Meehan, Rus-
sell, Gilbert, and others ? seems to have been one of the first bulb glaciers recognized in
Alaska, Russell having described and explained its fan-shaped terminus.

Glaciers of Glacier Bay. These, the most visited glaciers in Alaska, include the Muir,
Carroll, and Rendu ice tongues that flow south or west from the portion of the St. Elias
Range just described, the Wood, Geikie, Charpentier, Hugh Miller, and Johns Hopkins
Glaciers that flow eastward from the Fairweather Range, and the Grand Pacific Glacier
which flows southward between these two divisions of the St. Elias Range, heading as a
through glacier, as does the northern part of the Muir, on a flat divide that sends an ice
tongue northward to the Alsek River. There are eleven tidal glaciers here, of which Muir
Glacier alone has a drainage area of over 800 square miles and over 850 square miles of
glacier surface. Its two main tributaries are 20 and 22 miles long.

Glacier Bay was visited by Vancouver in 1794 and later by several of the Russian ex-
plorers. The modern visits begin with those of Lieutenant Wood in 1877 ¢ and John
Muir in 1879 and 1880.* Glacier Bay was discovered in the sense of being made known
to the world ® by John Muir, whose name is fittingly attached to the grandest of its
glaciers. After Muir’s visits, Muir Glacier was first studied scientifically by G. W.Lam-
plugh in 1884 7 and by G. F. Wright in 1886.% All the ice tongues were studied and
mapped carefully by H. F. Reid in 1890 and 1892,° H. P. Cushing sharing the observa-
tions of Muir Glacier in 1890.1° I. C. Russell also made brief observations of Muir
Glacier in 1890.! The region was remapped by the Canadian Boundary Survey in
1895, and revisited by Muir in 1896.3

1 See PL. XXXVTI, Bull. 287, U. 8. Geol. Survey.

2 Journ. Geol., Vol. XX1, 1918, p. 426.

s Davidson, George, House Extra Doc. 177, 40th Congress, 2d session, 1868, p. 276; Glaciers of Alaska, etc.,
Trans. and Proc. Geog. Soc. Pacific, Vol. ITI, 1904, pp. 73-76.

Blake, T. A., House Ex. Doc., 40th Congress, 2d Session, 1868, p. 321.

Muir, John, Amer. Geol., Vol. X1, 1898, p. 293.

Meehan, Thomas, Notes on Glaciers in Alaska, Proc. Philadelphia Acad. Science, 1888, pp. 249-255.

Russell, 1. C., Bull. Geol. Soc. Amer., Vol. I, 1890, p. 152.

Gilbert, G. K., Harriman Alaska Expedition, Vol. III, 1904, pp. 12-16.

¢« Wood, C. E. S., Century, Vol. II, 1882, pp. 333-335.

s Muir, John, Amer. Geol., Vol. XI, 1898, pp. 204-299; Century, Vol. XXVIII, 1895, pp. 284-247; Harriman
Alaska Expedition, Vol. 1, 1802, pp. 125-128.

¢ Scidmore, E. R., The Discovery of Glacier Bay, Alaska, Nat. Geog. Mag., Vol. VII, 1896, pp. 140-148.

7 Nature, Vol. 83, 1886, pp. 299-801.

¢ Wright, G. F., Amer. Journ. Sci., Vol. XXXIII, 1887, pp. 1-18; Ice Age in North America, 1891, pp. 36-66;
Man and the Glacial Period, 1892, pp. 24-30.

* Reid, H. F., Studies of Muir Glacier, Alaska, Nat. Geog. Mag., Vol. IV, 1892, pp. 18-84; Glacier Bay and
Its Glaciers, 16th Ann. Rept., U. S. Geol. Survey, Part I, 1896, pp. 421-461.

1 Amer. Geol., Vol. VIII, 1891, pp. 207-280.

u Amer. Geol., Vol. IX, 1892, pp. 190-197.

11 Atlas of Award, Alaskan Boundary Tribunal, Sheets 14, 15, 16, 17, 18, 19.

1 See H. F. Reid’s Variations of Glaciers, Jour. Geol., Vol. V, 1897, p. 881. ’
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The Harriman Alaska Expedition visited Glacier Bay in 1899 and John Muir and G. K.
Gilbert studied the glaciers and glaciation.! Andrews and Case * made brief observa-
tions of Muir Glacier in 1902, and a United States Geological Survey Expedition in 19086,
under charge of F. E. and C. W. Wright, made detailed studies and maps, as yet only
published in abstract.? In 1907 the Boundary Survey work resulted in additional ob-
servations which have been briefly described by Klotz ¢ and by Morse ® and more recently
published in a new United States Coast and Geodetic Survey chart ¢ whose comparison
with that of 1892 7 shows the great glacial retreat that has been going on in this region
and which has been summarized by H. F. Reid.®! In 1911 Glacier Bay was visited by
the authors of this book? who found most of the ice tongues retreating, though Rendu
Glacier had advanced 14 miles. In 1912 the Grand Pacific Glacier was mapped by
N. J. Ogilvie of the Canadian Boundary Survey, who found that it retreated 1} miles
during two months, making a new Canadian harbor.® In 1918 Glacier Bay was
visited by an excursion of the International Geological Congress.!! Afterwards the
junior author of this book studied several of the ice tongues of Glacier Bay, finding
that Grand Pacific Glacier had readvanced and destroyed the new Canadian harbor,!?
and that the Reid, Lamplugh, and de Margerie Glaciers had also advanced. A great
number of popular descriptions of Muir and other Glacier Bay ice tongues have been
written.!?

Davidson has summarized the information based upon the maps and reports of Van-
couver, Tebenkof, and the Russian navigators and agrees with Wright and Reid that
Muir Glacier and the other ice tongues of Glacier Bay extended 25 to 40 miles farther to
the south in 1794. He also refers to native legends of the greater extension of these
glaciers.14

Muir Glacier receded about 13 miles between Muir’s observations of 1879-1880 and
Reid’s in 1890 and the several fronts of Grand Pacific Glacier retreated from one to six
miles. Between 1890 and 1892 Muir Glacier advanced about 800 yards, retreating
about the same amount between 1892 and 1894. Between 1879 and 1896 Rendu and
Carroll Glaciers retreated 2 to 4 miles. Between 1899 and 1907 Muir Glacier retreated
about 8% miles and Grand Pacific Glacier about 8 miles. The rapid retreat of the

2 Harriman Alaska Expedition, Vol. III, 1904, pp. 16-89.

t Nat. Geog. Mag., Vol. XIV, 1908, pp. 441—444.

s Journ. Geol., Vol. XVI, 1908, pp. 52-58.

¢+ Klots, Otto, Geog. Journ,, Vol. XXX, 1907, pp. 419-421.

s Morse, Fremont, Nat. Geog. Mag., Vol. XIX, 1908, pp. 76-78.

s Chart 8306.

1 Chart 8095.

¢ Variations of Glaciers, Journ. Geol., Vol. IX, 1901, p. 258; X, 1902, p. 817; XI, 1908, p. 287; X1I, 1904, pp.
258-260.

»See H. F. Reid’s Variations of Glaciers, Journ. Geol., Vol. XXI, 1918, pp. 425-426.

1 Martin, Lawrence, Glaciers and International Boundaries, Scientific American Supplement, Vol.
LXXVI, 1918, pp. 129, 186-188.

11 Martin, Lawrence, Guide Book No. 10, Excursion C 8, International Geological Congress, Ottawa,
1918, pp. 121-182, and table of errata.

12 Martin, Lawrence, The Literary Digest, Vol. XLVII, No. 1229, Nov. 8, 1918, p. 871, and thiee maps.

13 Burroughs, John, Harriman Alaska Expedition, Vol. I, 1902, pp. 85-48.

Egerton, H. G., Alaska and Its Glaciers, Nineteenth Century, Vol. 22, pp. 967-099.

1« Davidson, George, Trans. and Proc. Geog. Soc. Pacific, Vol. II1, 1904, pp. 66-72.
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recent period began just after the Harriman Expedition’s observations in June, 1899,
and seems to have been initiated, and perhaps somewhat hastened, by the shaking during
the severe Yakutat Bay earthquakes of September, 1899, but in large part as a result of
the increased area of ice front exposed to iceberg discharge. The rapid retreat of Muir
Glacier has resulted in the loss of much of its scenic beauty and in its relative inaccessi-
bility to tourist steamers between 1899 and 1909 because of the increased amount of
floating ice. This retreat is also dismembering the glacier systems so that the number of
separate ice fronts is continually increasing.

Alexander Archipelago. Chicagof, Baranof, Kruzof, Admiralty, Kupreanof, and Prince
of Wales Islands and the smaller islands of the Alexander Archipelago seem to have all
been glaciated but only small glaciers are known to linger upon them. Brooks shows
two small glaciers upon Baranof Island east of Sitka! on one of his maps and Knopf
has alluded to several small glaciers here.?

Glaciers on Pacific Coast of Fairweather Range® There are a number of ice tongues
that flow south or west from the Fairweather Range either to Cross Sound and Icy Strait
or to the Pacific. Among these is the Brady Glacier, a through glacier heading on the
divide with Reid Glacier of Glacier Bay and having a length of 27 miles and a width of
2} to 6 miles. It is not tidal but ends within 2 miles of Taylor Bay. It advanced 5
miles between 1794 and 1894,* and Muir reports that it was advancing and destroying
trees in 1880.°

LaPerouse Glacier is a small piedmont glacier near the base of Mt. Fairweather, and
and the only Alaskan ice tongue that enters the open ocean and discharges icebergs at
present. It was visited and studied carefully by G. K. Gilbert in June, 1899,* when
he found that it had retreated one or two hundred yards from a forest edge into
which it was advancing in September, 1895, as shown by a photograph from a Fish Com-
mission vessel. The junior author on October 5, 1904, and both of us in September,
1909, saw LaPerouse Glacier from a steamer close in shore and it had then retreated still
farther from the forest than when Gilbert was there ten years before. The same was true
in 1906 when the Wright brothers of the United States Geological Survey were there.’
Between September 4, 1909, and June 10, 1910, when the junior author was fortunate
enough to see the glacier from another vessel close inshore, the LaPerouse Glacier had ad-
vanced across the barren zone of three to six hundred feet observed by Gilbert, plus the
thousand feet or so of additional retreat during the ensuing ten years, and was once
more destroying the forest on both margins, as it had been fifteen years before.®! The
glacier next east of LaPerouse had also retreated from a forest edge in 1899 but was not
advancing in 1909 or 1910.

1 Brooks, A. H., Professional Paper 45, U. S. Geol. Survey, 1906, Pl. XII.

1 Bull. 504, U. S. Geol. Survey, 1912, pp. 10-11.

s U. S. Coast and Geod. Survey, Charts 8089, 8050, and 8304; Coast Pilot, Alaska, Part I, 1908, Pl. opposite
p-184.

Atlas of Award, Alaskan Boundary Tribunal, Sheets 15, 16, 19.

¢ Klots, Otto, Geog. Journ., Vol. XIV, 1899, pp. 526-528.

s Reid, H. F., Variations of Glaciers, Journ. Geol., Vol. V, 1897, p. 880.

¢ Harriman Alaska Expedition, Vol. ITI, 1904, pp. 39-43.

 Personal Communication from F. E. Wright. )

s Martin, Lawrence, Gletscheruntersuchungen lings der Kuste von Alaska, Petermanns Geog. Mitt.,
Jahrgang 1912, Augustheft, p. 78; Journ. Geol., Vol. XIX, 1911, p. 457.
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The tidal glaciers that enter Lituya Bay have advanced 2% to 8 miles between 1786,
when mapped by LaPerouse, and 1894 when mapped by the Canadian Boundary
Survey.! Dall? thinks at least a mile of this advance was between 1874 and 1894. One
of these glaciers advanced another half mile between 1894 and 1906.2

Farther west is the Grand Plateau Glacier, formerly thought to be nearly as large
as the Malaspina and Bering Glaciers. It is quite unexplored but is plainly visible from
the steamer. It was named by LaPerouse and described by Vancouver ¢ and by Dall.®
What was erroneously mapped by the Boundary Survey in 1895 as one large piedmont
glacier was clearly seen by the junior author in 1918 to be at least two separate ice
masses.

Glaciers of the Lower Alsek River. Theseice tongues include at least one through glacier
heading eastward on the Glacier Bay divide and a number of through glaciers heading
westward on the divide with the glaciers of Russell Fiord. They were first seen by Glave
who came down the Alsek River in 1890.¢ He described five great glaciers, of which the
lowermost, Alsek Glacier, is the only one bearing a name. One of these is the northern
terminus of the through glacier called Grand Pacific Glacier in Glacier Bay. At least one
other is a through glacier whose western termini are Nunatak and Hidden Glaciers of
Russell Fiord and Yakutat Glacier, east of Yakutat Bay.

The Alsek Glacier and part of the glacier system west of the river were mapped by
the Boundary Survey in 1895. In 1906 Blackwelder and Maddren visited, mapped,
and briefly described the Alsek Glacier as well as the Yakutat Glacier and smaller
ice tongues of the mountain front between Alsek River and Russell Fiord, ® several
of which had been roughly mapped by a United States Fish Commission party in
1901.* In 1906 and 1908 the Boundary Commission parties ascended the Alsek,
making more detailed maps and observations of the ice tongues surveyed by Glave
and the Canadian Boundary Survey party of 1895. They found !° the northern
terminus of Grand Pacific through glacier retreating while the glacier at the upper
canyon was advancing and crushing alder bushes. The glacier next above Alsek
Glacier, a terminus of the Nunatak-Hidden-Yakutat through glacier system, was 2%
miles back from the river and thoroughly stagnant. Alsek Glacier was more active in
1908 than in 1906.

The ice-flooded region between Alsek River and Russell Fiord is a typical glaciated
region, with all the valleys filled with ice and many detached ridges and peaks rising above
the glacier and snowfield.!! It is a distance of 39 to 42 miles by the through glacier sys-

1 Klots, Otto, Geog. Journ., Vol. XIV, 1899, pp. 524-526.

1 Dall, W. H., in H. F. Reid’s Variations of Glaciers, Journ. Geol., Vol. VII, 1899, p. 225.

s Wright, F. E. and C. W., Journ. Geol., Vol. XVI, 1908, p. 58.

¢« Vancouver, Capt. George, Voyage of Discovery, Vol. V, London, 1801, pp. 858-359.

s Dall, W. H., Journ. Amer. Geog. Soc., Vol. XXVIII, 1896, p. 8.

¢ Glave, E. J., Leslie’s Illustrated Newspaper, Vol. 71, 1891; Century Magazine, Vol. XXII, 1892, p. 880.

7 Atlas of Award, Alaskan Boundary Tribunal, Sheet 20; Pl. VII, Professional Paper 64, U. S. Geol. Survey,
1909.
s Blackwelder, Eliot, Journ. Geol., Vol. XV, 1907, pp. 415-483.

» Pl. XLLIII, Bull. 21, U. S. Fish Commission, 1802.

19 Morse, Fremont, and Netland, L., Journ. Geol., Vol. XVII, 1909, pp. 669-670; see also photographs, Nat.
Geog. Mag., Vol. XX, 1909, pp. 597, 598, 605.

11 Atlas of Award, Alaskan Boundary Tribunal, Sheets 20 and 21.
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tem from the unnamed second glacier of Alsek River to the terminus of Hidden or Nuna-
tak Glacier of Russell Fiord, the valley glaciers averaging two to five miles in width and
reaching elevations of from 2000 to 3000 feet on the highest divides.!

This region is one of glacier highways from Yakutat Bay to the Alsek over the
Nunatak or Fourth Glaciers. Several hundred prospectors utilized the Nunatak
(Third Glacier) route in 1898, among them the Messrs. Hill from whose sketches
the United States Geological Survey has compiled a map,? which shows the seven
or more great valley glaciers reaching the western or Kaskawulsh branch of Alsek
River, and the otherwise unexplored glaciers east of Mounts Seattle and Hubbard.
A complex system of through glaciers connects the Upper Alsek glaciers with the
Nunatak and Hubbard Glaciers of the Yakutat Bay region, the distance over the ice
being forty miles or more.

Glaciers of Y akuiat Bay and Mt. St. Elias. The Hidden, Fourth, Nunatak, Variegated,
Hubbard, Haenke, Turner, Black, Galiano, Atrevida, and Lucia Glaciers of Yakutat
Bay, Disenchantment Bay, and Russell Fiord, and the Hayden, Marvine, Seward, Agassiz,
Libbey, Tyndall, and Guyot tributaries of Malaspina Glacier are to be so fully described
in later chapters that they will not be further discussed here.

Glaciers North of the St. Elias Range. Throughout this loftiest part of the St. Elias
Range, 10,000 to 19,000 feet, whose glaciers are still largely unexplored, there is an intri-
cate system of through glaciers filling the valleys and passes. For 140 miles from Alsek
to Copper River no one has ever yet crossed the range. A striking feature is the smaller
number and size of glaciers on the north or leeward side of the range in contrast with the
great number of large glaciers that cover the south or windward side in the Yakutat Bay
and Mt. St. Elias regions.

These ice-filled valleys of the main St. Elias Range include unexplored through glacier
systems that extend from Yakutat Bay to the upper Alsek as well as to the headwater
regions of the White, the Tanana, and the Copper Rivers. The Abruzzi party in 1897
named the Colombo, A. Q. Sella, and other glaciers north of Mt. St. Elias.? The Kaska-
wulsh or O’Connor or Slims River Glacier is perhaps the northern terminus of the Hub-
bard through glacier system.* Its two streams flow one to the Alsek and directly to the
Pacific Ocean, the other to White and Yukon Rivers and Bering Sea. In 1899 and 1904
Kaskawulsh Glacier was retreating.® Other north-flowing ice tongues of the St. Elias
Range are the two Donjek River glaciers, 20 to 23 miles long, the Klutlan Glacier, and
the Russell Glacier, shown on several maps ¢ and briefly described by Hayes in 1891,7

1 Unpublished Map, 1906, Sheet 2846, Archives U. S. Coast and Geodetic Survey.

* Alsek River Region, 1: 360,000, 1905, unpublished.

s The Ascent of Mt. St. Elias, London, 1800, pp. 156-160.

s Map of Kluane, White, and Alsek Rivers, Yukon Terr., Dept. of Int., Canada, 1905.

s Brooks, A. H., 21st Ann. Rept., U. S. Geol. Survey, Part II, 1899-1900, Pl. XLITI, Pl. XLV A, and p. 864.

McConnell, R. G., the Kluane Mining District, Geol. Survey of Canada, Ann. Rept., 1904, Vol. XVI,
Pp- 2A, 9A, 10A, and Map 894.

s Nat. Geog. Mag., Vol. IV, 1892, Pl. 20.

21st Ann. Rept., U. S. Geol. Survey, 1898-1900, Part II, Pl. XLIII.

Map of Kluane, White and Alsek Rivers, Yukon Terr., Dept. of Int., Canada, 1905.

Professional Paper 41, U. S. Geol. Survey, Pl. XX,

Chitina Quadrangle, Map 601, Aliska, U. S. Geol. Survey; Nizina Special Quadrangle, Map 601B, Alaska,
U. S. Geol. Survey.

7 Hayes, C. W., Nat. Geog. Mag., Vol. IV, 1892, pp. 151-154.
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by Brooks in 1899 ! and by Moffit and Capps in 1908, during which time they have ap-
parently been retreating uniformly. Logan Glacier, northwest of Mt. St. Elias at the
headwaters of the Chitina River, was discovered by the Boundary Survey in 1912
when it was advancing.

Glaciers of the Wrangell Mountains. One of the most compact systems of Alaskan
glaciers is that upon the Wrangell Mountains, 10,000 to 16,000 feet, where the Drop,
West, Copper, Jacksina, Nabesna, Chisana, and minor glaciers flow northward, while
the Frederika, Nizina, Rohn, Regal, Kennicott, Kuskulana, Kluvesna, Long, Cheshnina,
Chetaslina, Dadina, Nadina, and others flow south. Nabesna Glacier is 55 miles long
and 2% miles wide. Kennicott Glacier is 19 miles long and 2 to 8 miles wide. These
glaciers have been partly or wholly described and mapped by Hayes in 1891, Rohn
in 1899, Schrader and Spencer in 1900, Mendenhall and Schrader in 1902, Moffit,
Maddren, and Capps in 1907 and 1908, and Dunn in 1908, the latter being the first
to ascend the 14,000 foot, snow-sheathed active cone of Mt. Wrangell. The snowfields
of these glaciers nearly cover the Wrangell Mountains, which include four volcanoes,
Mts. Wrangell, Drum, Sanford, and Blackburn. The lower portion of Kennicott
Glacier and several adjacent ice tongues were accurately mapped in 1908 by D. C.
Witherspoon and described by F. H. Moffit and S. R. Capps. In 1911 and 1912
several of these glaciers were traversed by Miss Dora Keen in her ascent of Mt
Blackburn.b

The radial consequent glaciers of Mt. Sanford are notable, as is the unsymmetrical
glacier drainage development on Mt. Wrangell, where it has been supposed that the
greater heat on the steeper west side of this active volcano results in melting away the
western glaciers. Some of the recent lavas overlie glacial deposits but have been them-
selves glaciated since cooling. Nabesna and Chisana Glaciers, northeast of Mt.
Wrangell, were retreating in 1898, but Nizina and Russell Glaciers advanced between
1899 and 1908. Frederika Glacier was advancing when seen by Hayes in 1891 but
had begun to recede before the visit of Moffit and Capps in 1908, while the small
glacier opposite it was then advancing.

1 Brooks, A. H., 21st Ann. Rept., U. S. Geol. Survey, 1899-1900, Part I, p. 364 and PI. I.

1+ Capps, S. R., Journ. Geol., Vol. XVIII, 1910, pp. 48-55.

s Hayes, C. W., Nat. Geog. Mag., Vol. IV, 1892, pp. 153-154, and map, Pl. 20.

Schrader, F. C., 20th Ann. Rept., U. S. Geol. Survey, 1900, p. 877.

Rohn, Oscar, Copper River Exploring Expedition, Narratives of Explorations in Alaska, Washington, 1900,
pp. 791, 799801, 820; 21st Ann. Rept., U. S. Geol. Survey, Part II, 1800, pp. 406407, and map, Pl. LIL

Schrader, F. C. and Spencer, A. C., House Doc. 548, 56th Congress, 2d Session, Washington, 1900, pp. 31-82,
58-61, 76-81 and map, P1. II.

Mendenhall, W. C. and Schrader, F. C., Professional Paper 15, U. S. Geol. Survey, 1903, Pl. III.

Mendenhall, W. C., Professional Paper 41, U. S. Geol. Survey, 1905, pp. 18, 62-72, 88-80, and map, Pls.
XIX and XX. '

Mendenhall, W. C., Nat. Geog. Mag., Vol. XIV, 1808, pp. 395—407.

Moffit, F. H. and Maddren, A. G., Bull. 874, U. S. Geol. Survey, 1909, pp. 8742, and map, Pls. L, IL

Dunn, Robert, Harper’s Magazine, Vol. XCVIII, 1909, pp. 479-509.

Capps, S.R., Journ. Geol., Vol. XVIII, 1910, pp. 83-57; Science, N. S., Vol. 80, 1909, p. 974; Journ. Geol., Vol.
XVIII, 1910, pp. 859-875; Bull. 417, U. S. Geol. Survey, 1910, pp. 36—42.

See also photographs, Nat. Geog. Mag., Vol. XX, 1909, pp. 612, 617, 618, 620, 621.

«Bull. 448, U. S. Geol. Survey, 1911, Pl. II and pp. 43-59.

s Keen, Dora, Scribner’s Magazine, Vol. 52, 1912, pp. 64-80; Ladies’ Home Journal, Vol. 80, August,
1018, p. 7.
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Glaciers of the Eastern Chugach Mountains. The Chugach Mountains are a part of
the St. Elias Range, forming the Coast Range westward from Malaspina Glacier to Cook
Inlet, and are from 6000 to 10,000 feet in altitude. The Bering Glacier, a large piedmont
glacier just west of Mt. St. Elias, and largely unexplored, is fed by unnamed tributaries
from the south side of the Chugach Mountains and descends nearly to sea level, being
fringed by a border of outwash fans from Yakataga to Controller Bay. Its area is prob-
ably between 1000 and 1500 square miles.

Sir Edward Belcher described some of the features of Bering Glacier in 1887,! and Seton
Karr observed it in 1886.2 Its general position has been shown upon several maps?
and its western portion was carefully mapped * and described in 1903-1906 by Martin ¢
who also briefly described the adjacent Martin River Glacier, the Slope Glacier and the
small glaciers of Ragged Mountain near Katalla.

Glaciers of the Lower Copper River. The Miles, Childs, Sheridan, and adjacent glaciers
of the front of Chugach Mountains and lower Copper River are not discussed here be-
cause described fully in later chapters.

Farther up Copper River the glaciers on the north side of the eastern Chugach Moun-
tains are largely unexplored. One of them is Tana Glacier of the Nizina headwaters,
a small north or leeward-slope glacier, which forms a striking contrast to the great Bering
Glacier of the south slope. Schwan and Woodworth Glaciers ¢ drain into the Copper by
Tasnuna River” and there are smaller ice tongues as at Cleave Creek, Worthington
Glacier, east of Valdez, the ice tongues at the head of Bremner River, and many
others.

Glaciers of Prince William Sound. The Valdez, Shoup, and Columbia Glaciers, and the
ice tongues of College Fiord, Harriman Fiord and other portions of Prince William
Sound are to be fully described in later chapters.

Glaciers North of the Chugach Mountains. As in the case of the main St. Elias Range
this part of the same range shows fewer ice tongues on the north or leeward side than those
that descend on the ocean side to Prince William Sound. Many of them are of good size,
however, as the Knik, Matanuska, Tazlina, and others. These glaciers were first mapped
and described by Mendenhall and Glenn in 1898, by Martin in 1905 and by Paige and
Knopf in 1906.2 Several of the larger ones may be through glaciers connecting with

1 Quoted by Blake, Amer. Journ. Sci., 2d series, Vol. XLIII, 1867, pp. 100-101, and by Davidson, Trans.
and Proc. Geog. Soc., Pacific, Vol. IT1, 1804, pp. 42-48.

s Seton Karr, H. W., Proc. Roy. Geog. Soc., Vol. IX, 1887, pp. 269, 274, 276; Shores and Alps of Alaska,
London, 1887, pp. 188-142.

3 U. S. Coast and Geod. Survey, Charts 8502 and 8518.

U. 8. Geol. Survey, Bull. 3385, 1908, Pl. 1.

« Map of Controller Bay Region, No. 601 A, U. 8. Geol. Survey, also in Bull. 885, Pl. II.

Chitina Quadrangle, Map 601, U. S. Geol. Survey; also in Bull. 874, Pl. 1.

s Martin, G. C,, Bull. 250, U. S. Geol. Survey, 1805, pp. 16~17; Bull. 385, 1908, pp. 16, 46-54, 6465, and map,
Pls. ITand V.

¢ Schrader, F. C., 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1899, pp. 362, 364, 396-308 and map, Pls.
20 and 21.

7 Chitina Quadrangle, Map 601, U. S. Geol. Survey:; also in Bull. 874, P1. 1.

s Mendenhall, W. C,, 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1900, pp. 826-327 and map, No. 16.

Glenn, E. F., War Dept., Adj. Gen. Office, No. XXV, 1899, p. 58 and map in pocket.

Martin, G. C., Bull. 289, U. S. Geol. Survey, 1906, pp. 7, 15, and map, Pl. L.

Paige, S. and Knopf, A., Bull. 327, U. S. Geol. Survey, 1007, pp. 38-87 and map, Pl. 1.
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the ice tongues of Prince William Sound, Tazlina Glacier perhaps connectipg with
Columbia Glacier, Matanuska Glacier with Harvard and Yale Glaciers, and Knik
Glacier with Barry or some other glacier of Harriman Fiord.

Just north of the Chugach Mountains are the Talkeetna Mountains, 5000 to 7500
feet high, within which are a series of smaller glaciers, the Chickaloon, Talkeetna, and
others, observed by soldiers accompanying Captain Glenn,! by Martin,? and by Paige
and Knopf, and shown on the same maps as those of the northern Chugach.

Glacters of the Kenai Peninsula. The Kenai Mountains, which continue the Chugach
Mountains to the southwest and form the west end of the St. Elias Range, rise to heights
of 6000 to 7000 feet and send valley glaciers east to Prince William Sound, south to the
Gulf of Alaska, and west toward Cook Inlet. There are many tidewater glaciers in west-
ern Prince William Sound and on the south of the Kenai Mountains, but none that dis-
charge directly into Cook Inlet on the west.

The ice tongues of western Prince William Sound include the Portage Glacier, the
glaciers of Blackstone Bay, Port Nellie Juan, and Icy Bay. There are glaciers on
the south side of Kenai Peninsula in Port Bainbridge, Fairfield and Days Harbors,
Resurrection Bay, Aialik and Nuka Bays, and Port Dick. In the interior of the
peninsula small glaciers discharge into Glacier River,? into the stream feeding Lake
Skilak, and into Lake Tustumena. In the southwestern part of the peninsula the
Grewingk, Wosnessenski, Doroshin, and Southern Glaciers descend nearly to Kache-
mak Bay and Cook Inlet. Several of these are through glaciers, as the Portage Gla-
cier of Passage Canal and Turnagain Arm, the Southern Glacier of Tutka Bay and
Port Dick, etc.

A number of the glaciers of the south coast of Kenai Peninsula were discovered by the
Russians and are shown on Tebenkof’s chart of 1849. Those in western Prince William
Sound were mapped by Vancouver’s lieutenant, Whidbey, in 1794 4 and by Applegate in
1887.% The glaciers of Kachemak Bay were visited by Dall in 1880, by Dall,® Becker and
Curtiss 7 in 1895, and by Gilbert and the Harriman Expedition in 1899.! Grewingk
Glacier retreated about 250 feet between 1880 and 1895, and 850 feet between 1895 and
1899.

Dall and Becker? have alluded to the evidences of former glaciation in Kodiak
and Wood Islands, the westward extension of the Kenai Mountains, as amplified later by
Gilbert.! No glaciers are known on Kodiak Island.

1t Mathys, F. and Bagg, J. S., Compilation of Narratives of Exploration in Alaska, Washington, 1800, pp.
681, 682-683.

s Martin, G. C. and Katz, F. J., Bull. 500, U. S. Geol. Survey, 1912, pp. 2526, 67-72.

s Tarr, R. S. and Martin, Lawrence, An Effort to Control a Glacial Stream, Annals Assoc. Amer. Geog.,
Vol. I, 1912, pp. 25-40.

« Vancouver, Capt. George, Voyage of Discovery, London, Vol. V, 1801, pp. 818-314.

s Davidson, George, Trans. and Proc. Geog. Soc., Pacific, Vol. III, 1904, pp. 18-20, 22-28, and Maps IV
and V.

¢ Dall, W. H., Journ. Amer. Geog. Soc., Vol. XXVIII, 1896, p. 15; 17th Ann. Rept., U. S. Geol. Survey, Part
1, 1896, P1. LI; 18th Ann. Rept., U. S. Geol. Survey, Part ITI, 1898, Pl. XIII; Coast and Geod. Survey, Chart
8651; Variations of Glaciers, Journ. Geol., Vol. V, 1897, p. 881.

1 Curtiss, F. H., in H. F. Reid’s Variations of Glaciers, Journ. Geol., Vol. VI, 1898, pp. 475-476.

s Gilbert, G. K., Harriman Alaska Expedition, Vol. ITI, 1904, pp. 87-102.

» Becker, G. F., 18th Ann. Rept., U. S. Geol. Survey, Part III, 1898, pp. 59-60.

10 Harriman Alaska Expedition, Vol. ITI, 1904, pp. 177-182.
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Some of the glaciers of the interior of Kenai Peninsula ! were observed by Mendenhall
in1898 and Moffit in 1904.! In 1908 and 1909 Grant mapped the fronts of many of the
glaciers of eastern and southern Kenai Peninsula.? The former were studied in 1910 by
the junior author of this book, and are described in later chapters.

THE Arasga RANGE

Glaciers of the Nutzotin and Mentasta Mountains. The eastern end of the Alaska Range
includes the Nutzotin and Mentasta Mountains which rise to heights of 5000 to 10,000
feet. Being relatively low and in a region of low precipitation, because in the lee of the
higher Chugach and Wrangell Mountains of the St. Elias Range, they nourish only a few
small glaciers, some of which were seen by Brooks in 18993 by Schrader and Witherspoon
in1902 ¢ and by Moffit, Knopf, and Capps in 1908.5

Glaciers of the Copper River Headwaters. The region between Mt. Kimball and Mt.
Hayes in the Alaska Range rises to heights of from 8000 to 18,000 feet. It must receive

more snowfall than the same range farther to the east, in the lee of Wrangell Mountains,
for it has large snowfields and sends good-sized glaciers southward into the Copper River
valley and smaller ones northward into the drainage basin of the Tanana and Yukon.
These ice tongues include the Chistochina, West Fork, Gakona, Gulkana, Canwell, and
Castner Glaciers. The first three glaciers drain to Copper River and the Pacific Ocean,
the last two to the Tanana and Yukon Rivers and Bering Sea, while Gulkana Glacier
sends one stream each way.

Gakona Glacier is a simple, single, consequent, valley glacier 18 miles long and 8 miles
wide and with its direction of flow at right angles to the axis of the Alaska Range. West
Fork Glacier is similarly simple. East of Mt. Kimball is a series of three small consequent
valley glaciers, each about five miles long, which enter an east-west valley parallel to

the axis of the range. The easternmost of the three glaciers turns eastward in an un-
symmetrical piedmont bulb a mile long, draining to Slana River. The westernmost
similarly turns westward in a one-sided piedmont bulb a mile long, draining to the Middle

Fork of Chistochina River. The middle glacier makes a symmetrical bulb whose drain-

age also goes westward under the last-named glacier. These are consequent valley

glaciers terminated by piedmont bulbs which divide a subsequent valley into two
compartments. :

West of these little glaciers is Chistochina Glacier, a piedmont through glacier in a
later stage of development. It heads in two valleys, Middle and West Forks of Chisto-
china River. It is 10 miles long, a mile and a half to two miles wide and extends east
and west paralleling the axis of the Alaska Range, from which it is fed by seven con-
sequent valley glaciers two to four miles long, and by four smaller tributaries from the
lower hills on the south. This seems to be a subsequent glacier.

1 Mendenhall, W. C., 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1900, pp. 328-329.

Moffit, F. H., Bull. 277, U. S. Geol. Survey, 1906, pp. 31-82 and map, PI. II.

s Grant, U. S. and Higgins, D. F., Coastal Glaciers of Prince William Sound and Kenai Peninsula, Bull.
526, U. S. Geol. Survey, 1918, pp. 52-72, see Bull, 879, U. S. Geol. Survey, 1909, Pl. IV; Journ. Geol., Vol.
XVII, 1909, pp. 670-671, and Bull. Amer. Geog. Soc., Vol. XLIII, 1911, pp. 721-787.

+Brooks, A. H., 21st Ann. Rept., U. S. Geol. Survey, Part II, 1901, p. 364.

¢ Professional Paper 41, U. S. Geol. Survey, 1805, Pl. XX.

s Moffit, F. H. and Knopf, A., Bull. 8379, U. S. Geol. Survey, 1909, pp. 162, 169.

Capps, S. R., Journ. Geol., Vol. XVIII, 1910, p. 86.
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The Canwell and Castner Glaciers were seen and mapped by Mendenhall and Glenn in
1898,! and briefly visited by the authors of this book in 1911. Those to the east were
mapped and described by Mendenhall and Gerdine in 1902.2 West of the Canwell and
Castner Glaciers, which terminate in the valley of Delta River, are a number of large
ice tongues near Mt. Hayes. They have been mapped by the U. S. Geological Sur-
vey. Those on the southern side of the Alaska Range have been briefly described by
Moffit? and those on the northern side by Capps.*

Glaciers of the Mt. McKinley Region. This portion of the Alaska Range, between Mt.
Hayes and Lake Clark, averages 7000 to 10,000 feet throughout its length and rises to
17,000 in Mt. Foraker and 20,300 feet in Mt. McKinley, the latter being the highest
peak in North America. The east end, near Mt. Hayes, is largely unexplored; the west
end has only small glaciers; but the central portion, near Mt. McKinley, supports some
large valley glaciers. Those on the southeast slope are larger than those on the northwest.
The ice tongues on the northwest include the Herron, Rearburn, Shainwald, Peters,
Muldrow, and Harvey Glaciers. On the southeast side are the Fidele, Ruth, Kahiltna,
Tokichitna, Caldwell, Fleishmann, Hayes, Stoney, and many unnamed glaciers.
Several of these glaciers on the south are 30 or 40 miles long.

These glaciers have been observed and mapped by Dickey in 1897, Eldridge, Muldrow,
and Spurr in 1898, Herron in 1899, Brooks in 1902, Cook and Dunn in 1903, Cook, Par-
ker, and Porter in 19065 All have been retreating so far as observed. Several were
utilized as highways by Dunn and Parker in their unsuccessful attempts to climb Mt.
McKinley in 1908 and 1906, as well as by Parker and Brown and by Stuck in their
successful ascents of the mountain in 1912 and 1913.

ALASKEA PENINSULA AND ALEUTIAN ISLANDS

Glaciers of the Chigmit Mountains. These low mountains, 2000 to 5000 feet, have
large glaciers practically only where volcanoes rise to a sufficient height to have snow-
fields. Of these active volcanoes Mts. Redoubt and Iliamna, 11,000 and 12,000 feet

1 Mendenhall, W. C., 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1901, pp. 827-328, 330-831, and Map
16; also photograph, Nat. Geog. Mag., Vol. XX, 1809, p. 616.

Glean, E. F., War Dept., Adj. Gen. office, No. XXV, 1899, pp. 1-72 apd map.

1 Professional Paper 15, U. S. Geol. Survey, 1908, p. 58 and Pl IX; Professional Paper 41, 1905, pp. 89-90,
and map, Pl XIX.

s Moffit, F. H., Bull. 408, U. S. Geol. Survey, 1912, pp. 3945, §1-53, and Pl. 1.

«Capps, S. R., Bull. 501, U. S. Geol. Survey, 1912, pp. 34—41, and Pl. I, Journ. Geol., Vol. XX, 1912,
pp. 428-430, 432-3.

s Dickey, W. A., Nat. Geog. Mag., Vol. VIII, 1897, pp. 322-827.

Eldridge, G. H., 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1900, p. 8, and Map No. 8.

Muldrow, R., Nat. Geog. Mag., Vol. XII, 1901, pp. 812-818.

Spurr, J. E., 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1900, pp. 252-253, and Maps 6 and 12.

Herron, J. S., War Dept., Adj. Gen. Office, No. XXXI, 1901, pp. 80, 49, and map.

Brooks, A. H., Science, N. S., Vol. XVI, 19802, pp. 985-986; Nat. Geog. Mag., Vol. XIV, 1908, pp. 30-85;
Smithsonian Rept. for 1908, pp. 407-425; Professional Paper 45, U. S. Geol. Survey, 1906, map, Pl. XI;
Prof. Paper 70, U. S. Geol. Survey, 1911, pp. 125-128, 184-136.

Dunn, Robert, The Shameless Diary of an Explorer, New York, 1907, two maps.

Parker, H. C., Review of Reviews, Vol. XXXV, 1907, pp. 49-58.

Porter, R. W., Reconnaissance Map of the Region South of Mt. McKinley, including the Yentna Mining Dis-
trict, U. S. Geol. Survey, 1910.

Capps, S. R., Bull. 584, U. S. Geol. Survey, 1913, pp. 36-45 and Pl. II.
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respectively, maintain good-sized glaciers. There are, however, minor glaciers in
the mountains proper, including the several small ice tongues that drain to Lake Clark,!
and doubtless others; and there may be many more, as the cirques in the mountains
east of Iliamna Lake? testify.

A Coast Survey chart shows a large tidal glacier in Redoubt Bay® half way up the
west side of Cook Inlet, but no description of it has been printed. West of Mt.
Redoubt, which doubtless has other glaciers, there are five glaciers upon Mt. Iliamna,
several of which were seen by Dall in 1895 4 and also observed by the junior author in
1904. These include one a mile wide, at the head of Tuxedni or Snug Harbor, which was
stagnant and moraine-covered in 1904, two on its east slopes, one a double glacier with
a red moraine, the other with trees growing upon it, another near Chinitna Bay, and still
another whose presence was known by its milky glacier stream; there are also several
glacierlets on the St. Augustine volcano.

Glaciers of the Alaska Peninsula. Several glaciers descend from the east slope of
Mt. Douglas, at least six of which were seen by Dall and Becker in 18955 The Coast
Survey chart ® shows some of the glaciers upon the slopes of Mt. Douglas. In 1904 the
junior author observed several of the glaciers in this part of the Alaska Peninsula. There
were three large glaciers on the north slope of Mt. Douglas, 11,000 feet, the easternmost of
which then ended a mile from sea level at an elevation of 150 feet. Six other large gla-
ciers were seen upon the east and southeast slopes of Mt. Douglas, the large one just west
of Cape Douglas having a bulb five or six miles wide and projecting 3 or 4 miles from the
coast, although not discharging icebergs in 1904 because mantled with moraine at the
terminus. Southwest of Cape Douglas is a large glacier with a remarkably sinuous medial
moraine. The large glacier of Hello Bay was seen from a distance. All these glaciers
seemed to be retreating in 1904. Pavlof Mountain has a large glacier seen in 1908 by At-
wood,” who has also described the former glaciation of the adjacent islands and mainland.

On Katmai Pass, across the Aleutian Mountains of Alaska Peninsula, three or more
small glaciers were seen by Spurr in 1900,8 the larger ones being on the northwest side.
South of Kialagvik Bay are three glaciers shown by Davidson ? to be upon a map made by
Vasilieff in 1881-1832 and seen by Dall in 1895 1° and by the junior author from the
steamer in September, 1904.

Glaciers of the Aleutian Islands. A few of the snow-capped volcanoes of the Aleutians
are known to have radiating glaciers. There are ice tongues upon the slopes of Mts.
Shishaldin, Round Top, and Isanof or Isanotski on Unimak Island, showing clearly in
the photographs published by Westdahl.!* The glacier of Mt. Makushin on the island of

1 Osgood, W. H., Nat. Geog. Mag., Vol. XV, 1904, pp. 326-331.

s Martin, G. C. and Katz, F. J.,, Bull. 485, U. S. Geol. Survey, 1912, pp. 14-15, 82-94.

3 Coast and Geod. Survey, Chart 8502, 1908.

«Dall, W. H., Journ. Amer. Geog. Soc., Vol. XXVIII, 1896, p. 11.

s Dall, W. H., Journ. Amer. Geog. Soc., Vol. XXVIII, 1896, pp. 8-9; 18th Ann. Rept., U. S. Geol. Survey,
Part IT1, 1898, Pl. XIV.

s U. S. Coast and Geod. Survey, Chart 8502, 1908.

1 Atwood, W. W, Bull. 467, U. S. Geol. Survey, 1911, pp. 18, 84-91.

s Spurr, J. E., 20th Ann. Rept., U. 8. Geol. Survey, Part VII, 1900, pp. 254-255, and Map 11.

» Davidson, George, Trans. and Proc. Geog. Soc., Pacific, Vol. ITI, 1804, pp. 12-18, and Maps I and II.

1 Dall, W. H., Journ. Amer. Geog. Soc., Vol. XXVIII, 1896, p. 17.

© Westdahl, F., Nat. Geog. Mag., Vol. XIV, 1908, pp. 91-99.

2
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Unalaska was visited by Theodore Blake in 1867,! under the direction of Davidson.?
When visited by Jagger in 1907 it showed no signs of retreat, nor did the glaciers on the
island of Atka.? In 1889 Russell ¢ visited Unalaska and concluded that there had been
no general glaciation of the Aleutian Islands, although local glaciers had existed.

CENTRAL PLATEAU AND BERING SEA

Yukon and Kuskokwim Valleys. The lack of former glaciation in the Central Plateau
of Alaska was established by Dall,* Dawson,® McConnell,” Russell,® Hayes,® Spurr,!®
Tyrrell,"* Brooks,”* and others. Detailed topographic maps and geological investiga-
tions have failed to show existing glaciers within most of this great area, but that they
were formerly present east of the Klondike district and in the upper Lewes, Teslin, Pelly
and Macmillan Rivers is abundantly proved. In the region between the Tanana and
Yukon Rivers the prospectors “Annual glaciers” referred to by Spurr,* Barnard 1
and Prindle ®* seem to be only long-lived snowbanks that melt before the summer is over.
One region where these are abundant is called Glacier Mountain. Streams in the
interior of Alaska which freeze solid and then overflow and freeze again are also
known locally as “glaciers.” The photographs from the Yukon-Tanana region show
cirque-like amphitheatres at the heads of many streams and it seems likely that local
glaciers formerly existed. This part of the Central Plateau rises to heights of 8000 to
6000 feet but has an annual precipitation of only 12 inches.

In part of the region between the Yukon and Koyukuk Rivers Mendenhall has
shown !¢ conclusively that there has been no glaciation but in another area between
these rivers Eakin 1 found evidence of local glaciation in 1918.

In the Kuskokwim Mountains which rise to 4500 feet above sea level, there were for-
merly local glaciers, in a small area recently described by Maddren,'® who finds cirques,
moraines, and other conclusive evidence.

1 House Extra Doc. 177, 40th Congress, 2d Session, 1868, p. 823.

s Davidson, George, Trans. and Proc. Geog. Soc., Pacific, Vol. IIL, 1804, pp. 9-11; Appalachia, Vol. IV, 1884.
s Journ. Geol., Vol. XVI, 1908, p. 668.

« Bull. Geol. Soc. Amer., Vol. I, 1890, pp. 188-180.

s Dall, W. H., Amer. Journ. Sci., Vol. XLV, 1868, p. 99.

¢ Dawson, G. M., Geol. and Nat. Hist. Survey Canada, Ann. Rept., Vol. ITI, Part I, 1889, p. 154B.

1 McConnell, R. G., Bull. Geol. Soc. Amer., Vol. I, 1880, pp. 548-544.

s Russell, 1. C., Surface Geology of Alaska, Bull. Geol. Soc. Amer., Vol. I, 1890, pp. 140-141.

s Hayes, C. W., Nat. Geog. Mag., Vol. IV, 1892, pp. 156-159 and Pls. 19 and 20.

1 Spurr, J. E., 18th Ann. Rept., U. S. Geol. Survey, Part III, 1897, p. 270.

1 Tyrrell, J. B, Bull. Geol. Soc. Amer., Vol. X, 1899, pp. 195-198.

11 Brooks, A. H., 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1900, p. 474; 21st Ann. Rept., U. S. Geol.
Survey, Part II, 1901, pp. 864-365; Maps and Routes of Exploration in Alaska in 1898, Special Publication,
U. S. Geol. Survey, 1900, pp. 69, 91.

1s Spurr, J. E., 18th Ann. Rept., U. S. Geol. Survey, Part III, 1898, pp. 320-323.

1 Barnard, E. C., Maps and Descriptions of Routes of Exploration in Alaska in 1898, Special Publication,
U. S. Geol. Survey, 1899, p. 79.

1 Prindle, L. M., Bull. 875, U. S. Geol. Survey, 1909, p. 12.

16 Mendenhall, W. C., Professional Paper 10, U. S. Geol. Survey, 1902, pp. 45-46.

17 Eakin, H. M., personal communication.

13 Maddren, A. G., The Innoko Gold-Placer District, Alaska, Bull. 410, U. S. Geol. Survey, 1810, pp. 18-15,
58-60.
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The Ahklun Mouniains. The Ahklun or Oklune Mountains, a small group north of
the Alaska peninsula near Bristol Bay are reported by Spurr! to still retain glacierlets,
the one in cirque on Mt. Oratia being specifically mentioned. The mountains had
previously been more fully occupied by local glaciers.

Islands of Bering Sea. In the shallow Bering Sea none of the islands, St. Lawrence,
Nunivak, Hall, St. Matthew, and the Pribilof Islands, all of which are low and in a region
of low precipitation, contain glaciers, and none seem to have ever been glaciated.?

TeE Rocky MoUNTAINS

Glaciers of the Endicott Mountains. The Rocky Mountains of northern Alaska,
which reach an elevation of 5000 to 7000 feet in a latitude north of the Arctic
circle, have an annual precipitation of only 6 to 12 inches and, therefore, maintain
only small glaciers. One stagnant, dying glacier can be definitely referred to, an
isolated débris-covered block observed in 1901 by Schrader and Peters? in the middle
of the John River valley near the divide in latitude 68° north. It was then a
detached circular mass 800 feet in diameter and 60 feet high. Schrader* speaks of
other small glaciers seen by prospectors in the eastern part of the Endicott Moun-
tains. Mendenhall reports the western Endicott Mountains as formerly glaciated,®
and Maddren has described the present ice tongues and the former glaciation of the
eastern Endicott Mountains, both in the part near the Hodzana Highland and Chand-
alar River® and in the region along the 141st meridian? between Porcupine River and
the Arctic Ocean. '

Baird Mountains. The Baird Mountains, which form the western extension of the
Endicott Mountains, contain small glaciers, for they are from 2000 to 3000 feet high,
higher than the mountains of Seward Peninsula, farther south, which still have small
ice remnants. Smith 8 has described several of thesmall ice tongues and discussed the
former glaciation. It seems quite certain that Baird Mountains were formerly exten-
sively glaciated, for these mountain valleys must have fed the great valley glacier which
extended down Kobuk River to the Bering Sea.?

Glaciers of the Seward Peninsula. Small glaciers are known to exist in the mountains
of Seward Peninsula, which are 1800 to 2500 feet high, and receive 20 to 25 inches of pre-
cipitation yearly. The region is proved to have formerly had much more extensive

1 Spurr, J. E., 20th Ann. Rept., U. S. Geol. Survey, Part VII, 1800, pp. 258254 and Map No. 10.

s Dall, W. H., Alaska and its Resources, Boston, 1870, p. 462.

Muir, John, Report of the Cruise of the U. S. Revenue Steamer Corwin in the Arctic, 1881, pp. 133-145.

Dawson, G. M., Geological Notes on Some of the Coasts and Islands of Bering Sea and Vicinity; Bull. Geol.
Soc. Amer., Vol. V, 1894, pp. 117-146.

Stanley-Brown, J., Geology of the Pribilof Islands: Bull. Geol. Soc. Amer., Vol. ITI, 1892, pp. 496-500.

Nordenskiold, A. E., The Voyage of the Vega, New York, 1882, pp. 583-585, 569.

Gilbert, G. K., Glaciers and Glaciation: Harriman Alaska Expedition, Vol. ITI, 1904, pp. 186-194.

s Schrader, F. C. and Peters, W. J., Professional Paper 20, U. S. Geol. Survey, 1904, pp. 84-91.

s Same, pp. 80 and 91.

s Mendenhall, W. C., Professional Paper 10, U. S. Geol. Survey, 1802, pp. 45-48.

sMaddren, A. G., Bull. 532, U. S. Geol. Survey, 1918, pp. 60-67.

7 Ibid, personal communication.

s Smith, P. S., Bull Geol. Soc. Amer. Vol., 28, 1912, pp. 568-570.

* Hershey, O. H., Journ. Geol., Vol. XVII, 1909, pp. 83-91.
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valley glaciers, as is testified by cirques, hanging valleys, transported bowlders, etc.,
in the Kigluaik, Bendeleben, York, Cape, and Ear Mountains. This is chiefly the result
of studies by Brooks,! Collier, Smith, Eakin and Moffit.

THE GLACIATION OF ALASKA

The phenomena of former glaciation in Alaska have been treated incidentally in the
preceding pages dealing with existing glaciers, and more fully in some of the reports
there cited. Several reports, referred to below, have dealt especially with the general
phenomena of Alaskan glaciation.

After Russell’s visit to Alaska in 1889 he wrote his Notes on the Surface Geology
of Alaska,? pointing out that northwestern North America had not been buried be-
neath a continental glacier when northeastern North America was ice-covered, but
that in the appropriate part of Alaska “the ice age still lingers.” At about the same
time Dawson was writing his suggestive papers? on the glaciation of Yukon Territory
and British Columbia in which he deals incidentally with parts of the Alaskan border,
particularly from Mt. St. Elias to Dixon Entrance, and shows the extent of glaciation
there.

After Gilbert’s summer in Alaska with the Harriman Expedition in 1899, he published
his wonderfully comprehensive descriptions of the existing glaciers observed, and then
wrote on the Pleistocene glaciation, deahng especially vnth the physiographic forms pro-
duced by glaciation in the coastal region.*

In Brooks’s Geography and Geology of Alaska® there is an excellent summary of the
knowledge as to the glaciation of Alaska, accompanied by a map which showed the exist-
ing glaciers and snowfields, the glaciated areas, the névé fields and areas in part above
ice sheets during maximum glaciation, the directions of ice movement, and the areas of
post-glacial silts,sands, and gravels. Otherwriters have discussed glaciation,’and Hayes,

1 Brooks, A. H., A Reconnaissance of the Cape Nome and Adjacent Gold Fields of Seward Peninsula, Alaska
House Doc. 547, 56th Congress, 2d Session, Washington, 1901, pp. 48—47.

Brooks, A. H. and Collier, A. J., Science, N. S., Vol. XIIT, 1901, pp. 188-189.

Collier, A. J., Professional Paper 2, U. S. Geol. Survey, 1902, pp. 256~29; Bull. 828, U. S. Geol. Survey, 1908,
pPp. 94-99.

Smith, P. S., Bull. 433, U. S. Geol. Survey, 1910, pp. 48, 135-187.

Smith, P. S. and Eakin, H. M., Bull. 449, U. S. Geol. Survey, 1911, pp. 83-86, 89.

Moffit, F. H., Bull, 588, U. S. Geol. Survey, 1918, pp. 14, 87, 61-63.

2 Russell, 1. C., Bull. Geol. Soc. Amer., Vol. I, 1890, pp. 99-154.

1 Dawson, G. M., Recent Observations on the Glaciation of British Columbia and Adjacent Regions; Geog.
Mag., 8d Decade, Vol. V, 1888, pp. 847-350; Amer. Geol., Vol. ITI, 1889, pp. 249-258; Geol. Nat. Hist. Survey
Canada, Vol. IT1, Pl 1, 1889, pp. 38B—438B; On the Later Physiographical Geology of the Rocky Mountain
Region in Canada with Special Reference to Changes in Elevation and the History of the Glacial Period,
Trans. Roy. Soc. Canada, Vol. VIII, sect. IV, 1890, pp. 25-74 and PL II, No. 4; Amer. Geol., Vol. VI,
1890, pp. 153-162.

¢ Gilbert, G. K., Harriman Alaska Expedition, Vol. III, Glaciers, 1904, pp. 113-194; Nat. Geog. Mag., Vol.
XV, 1904, pp. 449-450.

s Brooks, A. H., Professional Paper 45, U. S. Geol. Survey, 1906, pp. 245-249, and Pls. XII and XXII.

¢ Dall, W. H., Alaska and Its Resources, Boston, 1870, pp. 461-464.

Wright, G. F., Notes on the Glaciation of the Pacific Coast, Amer. Naturalist, Vol. XXI, 1887, pp.
250-256.

Tarr, R. S., The Glaciers and Glaciation of Alaska, Science, N. S., Vol. XXXV, 1912, pp. 241-258;
Annals Assoc. Amer. Geog., Vol. 1I, 1912, pp. 3-24.
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Spurr, and Brooks had partly shown its limits,! before the publication of Brooks’s more
complete 1906 map.

From this map it may be seen that the Pacific Mountains not only contain more and
larger glaciers than the Arctic Rocky Mountains at present, but that the same was true
at the stage of maximum glaciation. In the Yukon and Kuskokwim valleys and on the
Arctic slope the glaciers may have extended short distances farther than the limits shown,
for the till might be buried beneath outwash and recent alluvium, but the extension
would be slight. On the Pacific Coast little is known of the seaward limits of the ex-
tended glaciers.

EXTENT AND IMPORTANCE OF ALASKAN GLACIERS

The preceding brief outline of our knowledge of the present-day glaciers of Alaska
and of the former extent of glaciers in that territory is probably not complete, but it
suffices to show two facts with striking clearness,—first that there is an enormous num-
ber of glaciers in a very large area, and secondly that much remains to be done on the
study of Alaskan glaciers and glaciation before we can claim to have more than the merest
reconnaissance knowledge of the phenomena of this great field. When we consider the
remoteness of the region, the inaccessibility of many parts of it, and the brief time in
which systematic exploration has been in progress, the results already obtained in the
study of the Alaskan glaciers and glacial phenomena are noteworthy, especially as the
glacial study has often been but a minor incident in other work. To the United States
Geological Survey, and especially to the Alaskan division, under the direction of Alfred H.
Brooks, the major credit for these results is due.

From our outline of the present knowledge of Alaskan glaciers it is evident that it would
be possible to give, even now, a much greater body of space to the subject, for in the
reports to which reference has been made there are many important details and descrip-
tions of individual glaciers. This has not been done, however, because even with the
fullest abstracts of all reports, the discussion of Alaskan glaciers and glaciation would
necessarily be most incomplete, with great and important gaps. It is our hope, in time,
after some years of systematic work in the various glacier fields, to return to this subject
and to present an outline description and discussion of living glaciers and glacial phenom-
ena of Alaska, on the basis of wider observation. For scores of years, however, it is not
to be expected that a complete account of the region will be possible. At present we do
not know even the approximate number of Alaskan glaciers. There are several hundred
to which names have been given; there are dozens which are tidal and other dozens which
reach almost to the sea; scores reach beyond the mountain base and expand in piedmont
bulbs; and scores and probably hundreds of glaciers have a length of from ten to fifty
miles or more. In all, there are some thousands of glaciers in the Alaskan mountains
only a small percentage of which have received names, and many of which have never
even been seen.

The Alaskan region is one of the most wonderful regions of glaciation in the world, both
from the standpoint of number and size of its glaciers, and from the extent and variety of

s Hayes, C. W., Nat. Geog. Mag., Vol. IV, 1892, Pls. XIX and XX.

Spurr, J. E., 18th Ann. Rept., U. S. Geol. Survey, Part III, 1897, Pl. XXXVII.

Brooks, A. H., 20th Ann. Rept., U. S. Geol. Survey, Part III, 1900, Map 25; 21st Ann. Rept., U. S. Geol.
Survey, Part I1, 1901, P1. XLVII.
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associated phenomena; and a thorough study of any of its facts is certain to yield impor-
tant scientific results. The phenomena of advance and recession of the glacier termini,
the former extent of the glaciers and their deposits, and the stupendous work which they
have accomplished in sculpturing the wonderful series of fiords are among the phenomena
demanding attention. The features exhibited have far more than local importance
and application, for the fact that we have here large glaciers descending to sea level in
a comparatively-warm, humid, north temperate climate gives rise to phenomena resem-
bling those of the wasting margin of the great continental ice sheets of North America
and Europe, and, therefore, throw light upon' and furnish aid in interpreting these
phenomena. '



CHAPTER 1I

THE GLACIERS AND GLACIATION OF YAKUTAT BAY

GENERAL VIEW OF THE YAKUTAT BAY GLACIERS

Glacial Studies in Yakutat Bay. Among the many glaciers of Alaska those of a few
areas have been singled out for more continuous and thorough study than others, either
because of their accessibility or because they possess features of unusual interest. Of
these areas three have attracted the greatest attention: (1) the glaciers of Glacier Bay
and vicinity, (2) the glaciers of Yakutat Bay and vicinity, including the Malaspina Gla-
cier; and (3) the glaciers of the Prince William Sound region, including those of lower
Copper River. The National Geographic Society’s Alaskan Expeditions of 1909 and
1910 studied the glaciers of the last two regions and this report deals mainly with the
results of these studies, commencing, in this chapter, with the glaciers of Yakutat Bay
and vicinity. .

The results of the work in 1909-10, in so far as the Yakutat Bay region is concerned,
are so intimately related to, and in large part dependent upon the results of previous
studies that it will be necessary to briefly incorporate in this book the more significant
points determined by the earlier studies, making this, therefore, a summary of several
seasons’ work.

The investigations of the glaciers of the Yakutat Bay region began in 1890, with Pro-
fessor Russell’s famous exploration of the Malaspina and adjacent glaciers in his first
expedition! to Mt. St. Elias,? and was continued in 1891 in his second expedition to St.
Elias? Both before and after Russell’s expeditions there were other explorations in this
region, notably those of Schwatka, Topham, Bryant, and the Duke of the Abruzzi, but
none that contributed much that bears directly upon the problems considered in this
report,* until the Harriman Expedition in 1899.° The next visit of a scientific party hav-
ing glacial study for its object was the United States Geological Survey Expedition of
1905 in charge of the senior author and to which the junior author was attached as special
physiographic assistant.® The glaciers and glacial phenomena observed during this expe-

' Under the auspices of the National Geographic Society and the U. S. Geological Survey.

1 Russell, I. C., An Expedition to Mt. St. Elias, Alaska; Nat. Geog. Mag., Vol. ITI, 1891, pp. 53-208.

s Ruseell, 1. C., Second Expedition to Mt. St. Elias; Thirteenth Ann. Rept., U. S. Geol. Survey, pt. 2, 1892,
pp- 1-91; Amer. Journ. Sci., Vol. XLIII, 1892, pp. 169-182; Journ. Geol., Vol. I, 1898, pp. 219-245.

« For bibliography of the Yakutat Bay region sce I. C. Russell, Nat. Geog. Mag., Vol. ITI, 1891, pp. 58-74,
and R. S. Tarr, Professional Paper 64, U. S. Geol. Survey, 1909, pp. 20-25.

s Gilbert, G. K., Glaciers and Glaciation: Harriman Alaska Expedition, Vol. III, 1904, 231 pages; particu~
larly pp. 45-70, 104, 170, and 209.

¢A grant of money for this purpose was made by the American Geographical Society of New York.
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dition are described in several publications.! In the reports of the work up to and
including 1905 the glaciers of the Yakutat Bay region are fully described, and their
more significant features interpreted. With a single exception, that of Galiano Glacier,
the glaciers were found to be wasting, and recession was the rule between 1890 and 1905,
as Russell’s observations clearly show had been the general condition for years before
his first visit of 1890. ’

Apparently having no bearing on the problems of the glaciers and glaciation, but in
reality of the greatest significance, were the observations of 1905 upon the effects of the
great earthquakes which disturbed the Yakutat Bay region in September, 1899.2 For
on returning to Yakutat Bay in 1906, the senior author, in charge of a second United
States Geological Survey expedition, found that several of the hitherto-wasting glaciers
had begun a sudden activity in response to an impulse derived from the down-shaking
of great masses of snow in the glacier reservoirs during the earthquakes of 1899.}

The National Geographic Society’s Alaskan Expeditions of 1909-10 went first to
Yakutat Bay in order to determine what further changes had taken place in the interval
since 1906. Since these later observations ¢ fill out and verify those of the two pre-
vious expeditions, making, as it were, a complete story, it seems fitting to take up the
Yakutat Bay region as a whole, describing and interpreting its glaciers and glacial phe-
nomena in the light of all the studies from those of Russell in 1890 down to and includ-
ing those of the season of 1918, when the junior author visited Yakutat Bay in charge
of an excursion of the International Geological Congress.

Location and General Physiographic Features® Yakutat Bay is an indentation in the
otherwise almost unbroken coast line that stretches between Cross Sound and Controller
Bay, its mouth being near latitude §9° 40’ north and longitude 140° west. It is about
40 miles southeast of Mt. St. Elias, and very near the point where the boundary line

1 Tarr, R. S. and Martin, Lawrence, Observations on Glaciers and Glaciation of Yakutat Bay, Alaska: Bull.
Amer. Geog. Soc., Vol. XXXVIII, 1906, pp. 99-101; Glaciers and Glaciation of Yakutat Bay, Alaska,
Bull. Amer. Geog. Soc., Vol. XXXVIII, 1906, pp. 145-167; Position of Hubbard Glacier Front in 1762 and
1794; Bull. Amer. Geog. Soc., Vol. XXXIX, 1907, pp. 120-136.

Tarr, R. S., Glacial Erosion in Alaska: Pop. Sci. Monthly, Vol. LXX, 1807, pp. 99-119.

s Tarr, R. S. and Martin, Lawrence: Recent Change of Level in Alaska: Science, Vol. XXII, 1805, pp. 879-
880; Recent Changes of Level in the Yakutat Bay Region, Alaska: Bull. Geol. Soc. Amer., Vol. XVII, 1806,
pp- 29-64; Recent Change of Level in Alaska; Geog. Journ., Vol. XXVIII, 1808, pp. 80-43; The Yakutat Bay
Earthquakes of September, 1899, Professional Paper 69, U. S. Geol. Survey, 1912, pp. 11-80.

Martin, Lawrence, The Alaskan Earthquakes of 1899, Bull. Geol. Soc. Amer., Vol. XXI, 1910, pp. 338-407.

s Tarr, R. S., The advancing Malaspina Glacier: Science, Vol. XXV, 1907, pp. 34-387; Second Expedition to
Yakutat Bay, Alaska; Bull. Geog. Soc. Phila., Vol. V, 1007, pp. 1-14; The Malaspina Glacier: Bull. Amer.
Geog. Soc., Vol. XXXIX, 1907, pp. 278-285; Recent Advance of Glaciers in the Yakutat Bay Region, Alaska:
Bull. Geol. Soc. Amer., Vol. 18, 1807, pp. 257-286. Also incorporated in the final report for the two expedi-
tions of 1905 and 1906 in the section on Physiography and Glacial Geology of the Yakutat Bay Region, Alaska,
Professional Paper 64, U. S. Geol. Survey, 1809, pp. 1-144.

¢ Tarr, R. S. and Martin, Lawrence, The National Geographic Society’s Alaskan Expedition of 1909,
Nat. Geog. Mag., Vol. XXI, 1910, pp. 1-54.

Martin, Lawrence, The National Geographic Society Researches in Alaska, Nat. Geog. Mag., Vol. XXII,
1911, pp. 587-561; The Hubbard Glacier, Pop. Sci. Monthly, Vol. 76, 1910, pp. 208-305; Gletscherunter-
suchungen lings der Kiiste von Alaska, Petermanns Geog. Mitteilungen, Jahrgang 1912, pp. 78-79;
Guide Book No. 10, Excursion C 8, International Geological Congress, Ottawa, 1918, pp. 134-162.

s For a more complete discussion of the physiography of the Yakutat Bay region see Tarr, R. S., Physio-
graphy and Glacial Geology, Professional Paper 64, U. S. Geol. Survey, 1909. For areal geology, see Tarr,
R. S. and Butler, B. S,, ibid, pp. 145-164.
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between Canada and Alaska turns northward. The bay pierces first a low foreland occu-
pied by the ice plateau of Malaspina Glacier on the west side, but on the southeast side
composed of moraines and glacial gravels deposited during a former expansion of the
Yakutat Bay and Russell Fiord glaciers. It then cuts across the low front range of
mountains to the base of the lofty, snow-covered peaks of the St. Elias Range. It turns
twice at high angles, and parallels itself back to the foreland, the distance from the mouth
of the bay to its head being fully 75 miles.

The name Yakutat Bay is now applied only to the outer part of the inlet (PL I, A),
mainly outside the mountain front, and throughout most of its extent bordered by a low
coast, the wooded foreland on the southeast, the gravel fans and sandy beaches with
strips of forest on the west, and behind these the moraine-covered ice bank which forms
the outer border of Malaspina Glacier. This bay, which is 20 miles wide at the mouth,
narrows progressively toward the head and, about half way between the mouth and
head, the mountains approach to form the southeastern shore. At the head of the
outer bay the mountains also converge from the west, and here the bay narrows to 8 miles.
From this point, where the mountains form both shores of the inlet, on to the first bend
the name Disenchantment Bay is applied. It is walled in by mountains rising abruptly
from the sea to elevations of 2000 or 3000 feet and is a true fiord, with roughly parallel
walls and a width of from 2% to 4 miles. The name of the bay again changes where it
bends abruptly at an acute angle, from here on to the head of the imlet being called
Russell Fiord. Excepting at its very head this portion of the inlet is also a mountain-
walled fiord with a width of from 1 to 8 miles. Where the northwestern arm of Russell
Fiord bends slightly, at Cape Enchantment, the fiord bifurcates, one arm extending
southward as the southeast arm of Russell Fiord, the other extending eastward as
Nunatak Fiord.

With the exception of the irregular coast line of the foreland on the southeast shore of
outer Yakutat Bay, and of the head of Russell Fiord, also in the foreland, the inlet,
throughout almost its entire extent, has a generally straight coast line. There are a few
small projecting points and a few small bays, but, although there are many valleys
tributary to the inlet, the mouths of most of them are above the level of the fiord waters
so that there are few bays. There are only two notable exceptions to this statement,
Nunatak Fiord, at the head of which stands the ice cliff of Nunatak Glacier, and Seal
Bay in the valley of which lies Hidden Glacier whose glacial streams have deposited
an extensive outwash gravel plain, thereby greatly shortening this indentation. Were
Hubbard Glacier to recede notably, there would doubtless be still other irregularities
in the bay at the bend where Disenchantment Bay and Russell Fiord unite. The in-
terpretation of these features, which are due to the erosive work of formerly expanded
glaciers, may for the present be postponed.

The straight coast line which Yakutat Bay indents is a coastal plain built by glacial
deposit, and mainly by glacial stream deposit, but worked over, in its outer portion at
least, by the ocean waves which are ever beating upon its margin exposed to the open
Pacific.! To the southeast of Yakutat Bay this coastal plain is still in process of active
outbuilding, for numerous large glaciers descend from the mountains and spread out
upon it at the mountain base, with huge glacial streams issuing from their fronts and
flowing in braided courses across it; but these glaciers are evidently shrunken, and the

1 Blackwelder, E., Amer. Journ. Sci., Vol. XXVII, 1909, pp. 459-466.
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building of the plain is less active than formerly. To the northwest of Yakutat Bay the
coastal plain is a mere fringe around the margin of the Malaspina Glacier and in two
places is entirely absent, where the sea comes in contact with the glacier at Sitkagi Bluffs
and Icy Bay. What the condition is beneath the Malaspina ice plateau is unknown.

In the immediate vicinity of Yakutat Bay the glaciers are greatly shrunken, and,
excepting on the periphery of the Malaspina Glacier the construction of the foreland is
progressing very slowly. Yet this is the broadest part of the coastal plain, testifying
to the former great activity of deposit by glaciers and glacial streams. That the Yaku-
tat Bay inlet exists in spite of the former activity of deposit is doubtless the result of the
energetic erosion by the formerly expanded glaciers; and in the foreland area itself the
existence of the bay is probably due to the occupation of the area by an expanded ice
bulb which prohibited deposit there while it remained, and whose recession was so rapid
that deposits failed to fill the depression. That deposit was in progress on the outer or
ocean margin of the expanded bulb that filled Yakutat Bay is proved by the presence of a
crescentic shoal completely across the mouth of the bay, on portions of which the ocean
waves break in times of storm. Terminating, as it did, in the open ocean, the expanded
Yakutat Bay Glacier was unable to deposit as rapidly here as in the case of glaciers ending
on the foreland, for much of its supply of débris was borne off into the open ocean in ice-
bergs and spread over a broader area than that reached by streams charged with glacial
débris. ,

On the inner margin of the coastal plain the mountains rise abruptly. To the south-
east of Yakutat Bay the Fairweather Range rises in magnificent proportions, almost
from sea level, to elevations of from 10,000 to 15,000 feet or more, broken only by the
glacier-skirt Alsek valley and by a series of broad glacier-filled troughs. With snowline
descending to within 8000 or 4000 feet of sea level, with glaciers in all the valleys, and
with its lofty peaks of varied form and elevation, thisis one of the grandest mountain
panoramas in the world with the whole mountain range, from crest to base, almost at
sea level, exposed to view as one sails along the coast for a full day (see frontispiéce).
This panorama is perhaps not even rivalled by the St. Elias Range itself, which, though
higher, lies farther away, with Malaspina Glacier between it and the sea. Between Mt.
St. Elias and the Fairweather Range proper the lofty mountains of the continuous chain
lie farther back from the coast and are separated from it by lower mountains and by the
fringe of coastal plain already described. These foothills rise to no great height, rarely
reaching elevations above 5000 feet; but their crests are snow-capped, while glaciers
lie in most of the valleys; and through the larger ones descend great glaciers, fed among
the higher mountains of the St. Elias Range farther inland. Both arms of the Yakutat
Bay inlet pierce the foothills, making a complete cross section through them, and extend-
ing to the base of the crystalline mountains of the St. Elias Range. Here the mountains
rise rapidly in elevation, reaching heights of from 10,000 to 16,000 feet within a few miles
of the shore. From the shores of this bay the full grandeur of the St. Elias Range is
seen perhaps at its best, and certainly from a central vantage point. Mt. Fairweather
(15,880 feet) is visible to the southeast, the striking pyramid of St. Elias (18,024 feet) to
the northwest, Mt. Logan (19,500 feet) to the north, Mt. Hubbard (16,400 feet) to the
northeast, Mt. Vancouver (15,617 feet), Mt. Cook, (14,700 feet), Mt. Seattle (10,000
feet) and a multitude of other great peaks, many of them unnamed, still nearer at hand,
while in the foreground are innumerable lesser peaks.
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Causes of the Ezisting Glaciation. The region between Cross Sound and Cook Inlet is
the seat of the most extensive present-day glaciation on the North American mainland,
and includes some of the largest glaciers in the world outside of the Arctic and Antarctic
regions. Yakutat Bay lies near the center of this area of extensive glaciation, because
it is about in the center of the lofty St. Elias Range up whose slopes the winds, which
blow prevailingly from the ocean, bear their burden of vapor day after day. The un-
broken mountain chain, which causes the air to rise, interposing a lofty barrier of cold,
insures a heavy precipitation of snow at all seasons. At Sitka, to the southeast, the
precipitation ranges from 59 to 140 inches a year; and at Nuchek, to the west, an annual
precipitation of 190 inches has been recorded. The heaviest precipitation is in autumn
and winter. Both of these stations are at sea level and we have no records nearer Yaku-
tat Bay in the mountains of the St. Elias Range; we know only that the snowfall there
is exceptionally heavy, under the favorable combination of an unbroken mountain bar-
rier and prevailing onshore winds, blowing from a sea whose temperature is raised by
the inflow of warm water from the south.

On all the mountains except the very lowest there are extensive snowfields, on all of
them the snowfall is heavy, and above 4000 or 5000 feet the precipitation, both summer
and winter, is practically all in the form of snow. From these vast snowfields, and from
others farther back in the mountains, ice tongues radiate, flooding all the valleys and
filling the larger ones with vast glaciers, some of which end in the sea, others on the land
at the mountain base.

General Characteristics of the Glaciers. As yet there has been no detailed study of the

glaciers among the mountains back from the sea, but glimpses of portions of the region
have been obtained from elevated points by various observers. The authors have looked
into this snow and ice-covered mountain region from several of the low mountains near
the coast, and they have had descriptions of portions of it from prospectors. The
topographers of the Boundary Commission, notably A. J. Brabazon, in 1895, and the
Boundary Survey parties in 1906 and 1907 in charge of Fremont Morse of the United
States Coast and Geodetic Survey have seen a much wider area and have portrayed
it on the maps, while some of their photographs show the condition very clearly in
the snow and ice-flooded region along this part of the Alaska-Canada boundary.
From a far better vantage point than either of these, upon the higher slopes of Mt.
St. Elias, both Prof. I. C. Russell and the Duke of Abruzzi have looked down upon
this vast sea of snow and ice. No better word picture of the supply region for the
glaciers of Yakutat Bay and vicinity has been given than that of Professor Russell,
which is so vivid that it deserves quotation in all descriptions of this land of glaciers.
Standing upon Russell Col, on a northern shoulder near the summit of Mt. St. Elias
in 1891, and looking northward, Professor Russell saw a view which he describes in
the following words:

“What met my astonished gaze was a vast snow-covered region, limitless in expanse,
through which hundreds and perhaps thousands of barren, angular mountain peaks pro-
jected. There was not a stream, not a lake, and not a vestige of vegetation of any kind
in sight. A more desolate or more utterly lifeless land one never beheld. Vast, smooth
snow surfaces without crevasses stretched away to limitless distances, broken only by
jagged and angular mountain peaks. . . . The view to the north called to mind the
pictures given by Arctic explorers of the borders of the great Greenland ice sheet, where
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rocky islands, known as ‘nunataks,’ alone break the monotony of the boundless sea of
ice.l”

Filippo de Filippi describes the same view, as seen by the Duke of Abruzzi’s party from
Russell Col, as follows.? Looking to the northwest they beheld “an interminable stretch
of snow and ice, an infinite series of low mountain chains, bristling with numberless,
jagged, sharp-pointed, and precipitous peaks, where rocks and ice fields were closely inter-
mingled.” From the summit of Mt. St. Elias the panorama revealed “an unexplored
waste of glaciers and mountains, a vast zone bristling with sharp peaks and crags, rugged
and precipitous to the south, snow-covered to the north, and surrounded by vast snow-
fields free from crevasses, and connected with each other by the snowy cols of the
mountain chains. The medium altitude of the snow fields is about 7000 feet, that of the
mountains from 9000 to 10,000 feet. No words can express the utter desolation of
this immeasurable waste of ice, which Russell has compared with the ice sheet that covers
Greenland. No smallest trace of vegetation can be discerned on it, no running water,
no lake. It might be a tract of primitive chaos untouched by the harmonizing forces
of nature. Surveying this strange scene we realized for the first time that we were close
to the limits of the mysterious Polar world.”

This is the condition not only north of Mt. St. Elias, but east and southeast of it
(PL II) past the glaciers that enter Yakutat Bay, past those that enter the Alsek River,
and down to the supply ground of the Muir Glacier and the glaciers of the Fairweather
Range.

Where not too steep, the mountain slopes and tops are buried beneath fields of snow,
and with every snowstorm more is added to be avalanched into the valleys. So much
snow is sliding from the mountain slopes, or falling in the valleys, and there being trans-
formed into glacier ice, that the valleys are drowned in a flood of snow and ice which
rises high up on the valley sides. The cirques are deeply filled, the divides are buried
to a great depth, and lower peaks are partly or completely submerged beneath the vast
accumulation of snow and ice. The result is that there are extensive areas of snow-cov-
ered ice between the higher peaks, and these areas, being often in divide regions, are the
supply ground of glaciers radiating in several directions. It is, therefore, possible to
travel from the terminus of one of the glaciers up to the ice-submerged divide area, and
thence proceed down to the terminus of any one of the several glaciers fed from the same
broad reservoir; but it would be difficult to tell where the one glacier ends and the other
begins. To such a glacier condition the name through glacier has been applied (Pls. III,
VII, LVIII, LX, A, and Fig. 12). Where well developed, as it is east of Russell Fiord,
the through glacier condition forms an intricate maze of broad, rather flat-topped glaciers
of moderate slope, which so submerge the mountains as to give them the appearance
of a drowned mountainous land, like the island-skirted coast of southeastern Alaska.?

The snowfall in these broad reservoir areas is so great that the ice surface is leveled by
it, and usually the moderate slope and the deep snow-cover combine to cause a smooth

1 Russell, 1. C., Second Expedition to Mt. St. Elias: Thirteenth Ann. Rept., U. S. Geol. Survey, pt. 2, 1892,
p- 47.

s The Ascent of Mt. St. Elias, Alaska, by H. R. H. Luigi Amedeo di Savoia, Duke of the Abruzzi, Narrated
by Filippo de Filippi, illustrated by Vittorio Sella and translated by Signora Linda Villari with the author’s
supervision, London, 1900, pp. 148-149, 159.

s Tarr, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey, 1909, p. 36.
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surface, with few crevasses. Therefore, once the crevassed ice that is often present below
the snow line is passed, these through glaciers form excellent highways. Those to the
east of Yakutat Bay were followed by many prospectors, in 1898-1899, as the most feasi-
ble route to the Alsek valley, and their sledges and other relics of this over-ice travel may
still be seen on and near the terminus of Nunatak Glacier, Fourth Glacier, and at the
head of Russell Fiord.

Feeding the large through glaciers, both in the ice-submerged divide areas and in their
lower courses, are many valley glacier tributaries which descend from the mountains that
rise above the ice flood. None of them are as yet named, and none of them have so far
been studied, excepting only those on the slopes of Mt. St. Elias. They appear to offer
no unusual features, and nothing is known that distinguishes them from ordinary Alpine
glaciers above snow line. Some are small and steep, others long and with moderate
slope, and many increase in steepness near their lower ends, frequently forming ice cas-
cades as they descend from their valleys to join the main ice mass. The latter condi-
tion, characteristic of the majority of tributary glaciers in this region, is due to former
glacial erosion which lowered the main valley and left the tributary valleys hanging;
for great though the expanse of snow and ice in this region is at present, it is far less than
formerly existed, even in the supply areas. Indeed, in some cases, it is evident that
present-day through glaciers, now flowing in opposite directions, were formerly contin-
uous glaciers, flowing in one direction across the divide. Itis, in part at least, as a result
of this former condition that the divide areas have been so lowered by glacial erosion
that they are now flat enough to be drowned by ice and snow and serve as the distribu-
ting area of a system of radiating glaciers. At present there is a network of glaciers
flowing in various directions in the depressions between the higher peaks; formerly this
network was even more extensive but the direction of flow was often changed and even
reversed.

The ice supply of these through glaciers comes from three principal sources, (1)
directly from snowfall, since the snow line lies between 2000 and 3000 feet in the area
of the through glaciers, (2) from avalanches, (3) from tributary glaciers. From the last
two sources are supplied rock fragments as well as snow, and these are incorporated
throughout the ice, though naturally in greatest abundance near the glacier margins and
along bands medially placed by the junction of glaciers. A third source of rock frag-
ments is through erosion by the ice itself, and this débris is mainiy concentrated in the
bottom layers. From these several sources the Alaskan glaciers receive a large supply
of débris; but this is not apparent above the snow line where the white, snow-covered
surface (PL IV) shows the presence of rock fragments only occasionally where a
freshly fallen avalanche has not yet been buried beneath snow. Below the snow line,
however, the presence of abundant rock fragments becomes apparent, where, by
ablation, they become concentrated on the ice surface, often completely covering the
glacier in its lower portion.

The abundant supply of rock fragments from avalanches is dependent upon at least
five favorable conditions, as follows: (1) weathering, which is very active in these high
mountains, whose steeper slopes are exposed to sharp changes in temperature; (2) the
abundant snowfall which, forming deep accumulations on the mountain slopes, and
attaining a condition of instability, is all the time sliding down the slopes and by its ero-

sion tearing off portions of the mountain itself; (3) the condition of the rock, which in
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many places is friable schist or slate, or sheeted and jointed gneiss and granite that is
readily broken off by weathering or by avalanche erosion; (4) the oversteeping of the
valley slopes by long continued glacial erosion, causing cliffs and precipices down which
rock fragments are all the time avalanching to the glacier surface; (5) earthquake shat-
tering and shaking, forming rifts in the rock and thus aiding in weathering and in the
production of rock avalanches, and earthquake shaking acting directly as a cause for
abundant avalanches of snow and rock.

Since the St. Elias Range rises abruptly from near sea level, presenting a steep face
toward the sea, the larger glaciers to which the heavy snowfall gives rise easily find their
way down to or near sea level, for the snow line even on the seaward face of the moun-
tains is not more than 8000 or 8500 feet, while in sections less exposed to the warm air
and rains of the ocean it is no higher than 2000 or 2500 feet. For great glaciers to push
their termini down 3000 or 3500 feet below snow line is not difficult. Shorter glaciers
fail to do'so, and in the Yakutat Bay region there are scores of such glaciers, some ending
almost at snow line, others descending part way to sea level. Such glaciers differ but
slightly, if at all, from the type of ordinary Alpine glaciers, and in a region of abundant
great glaciers attract so little attention, that they have so far received little study, and
are for the most part still unnamed.

Of the large glaciers which reach nearly or quite down to sea level there are four dis-
tinct types. The first of these, illustrated by Hidden, Fourth, and Black Glaciers, is
not greatly different from ordinary valley glaciers, though in the case of the first two,
forming a part of a through glacier system. The glaciers of this type are enclosed and
terminate in mountain valleys, ending near sea level. The second type of glacier is the
tidal glacier, illustrated here by Nunatak (PL V), Turner and Hubbard Glaciers.
These may all be parts of a through glacier system, as Nunatak and Hubbard Glaciers
certainly are; but below the supply area they have the characteristics of valley glaciers
of large size, moving with great rapidity. Instead of ending on the land, however,
they terminate in ice cliffs rising out of the sea, and discharging icebergs into it. The
third type of glacier, which may or may not be part of a through glacier system, has
characteristics of an Alpine valley glacier in its mountain valley, but, being forced
beyond the mountain front, terminates in an expanded foot, or bulb, at the mountain
base, where no longer confined between mountain walls. Such a piedmont ice bulb may
lie entirely outside the mountains, as on the coastal plain which skirts the St. Elias
Range, illustrated by Galiano Glacier and other large glaciers to the southeast of Yakutat
Bay (Pl 1, B), orit may liein a broader valley within the mountains, as in the case of
Variegated Glacier in Yakutat Bay; or better still in the Allen and Miles Glaciers of the
Copper River valley. The fourth type is the piedmont ice plateau, of which the
Malaspina Glacier is the typical example, made by the union of two or more piedmont
ice bulbs. Malaspina and Bering Glaciers, the largest known examples of this class,
are each made by the union of many glaciers; but there are other cases of the same type
where only two or three glacier bulbs are united,—for example, the piedmont bulb made
by the union of Atrevida and Lucia Glaciers, just west of Yakutat Bay.

In addition to the differences between these four types of glaciers just mentioned there
are other notable peculiarities. The tidal glacier maintains activity to its very front,
and in all cases observed in this region is crevassed down to the ice cliff; but the other
types gradually diminish in activity toward their ends and finally assume almost com-
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plete stagnation, and in the case of portions of the piedmont bulbs actual stagnation.
In some cases the outer portions of the bulbs become completely motionless. More-
over, the tidal glaciers terminate farther back in the mountains than the other types, for
the sea eats into them more rapidly than the rains and warm air can melt away those
glaciers which end on the land.

As a result of these peculiarities there are among these glaciers distinct differences
in the phenomena attending the destruction of their outer portions. From the steep
faces of the crevassed tidal glaciers icebergs are constantly thundering as they fall
into the sea or rise from the submerged base of the ice cliff. Both ice and débris are
borne away from the glacier front, the ice to melt and the débris to be deposited at a
distance. Being back among the mountains, in a cooler climate, there is less melting of
the surface of the tidal glaciers than of those that project as piedmont bulbs beyond the
mountain face. There is consequently less water emerging from these tidal glaciers,
and that which does issue comes out mainly from ice tunnels beneath the sea. Because
of the rapidity of ice motion, the relative slowness of melting, and the active discharge
of icebergs, the tidal glaciers have small amounts of débris upon their surfaces. Only
along the lateral margins, where the motion diminishes, where iceberg discharge is either
checked or entirely stopped. and where the débris supply is great, are there extensive
fields of rock fragments accumulated on the surface as a result of ablation.

Those glaciers which terminate in their mountain valleys are sometimes covered byfields
of débris, but in other cases have little. The Black Glacier, for example, is completely
buried beneath morainic débris in the lower third of its valley portion; Fourth Glacier
has some débris, but not much, while Hidden Glacier is one of the freest from débris
cover of all the glaciers of the region; but this is in part, if not entirely, due to the fact
that its real terminus was buried (up to 1906) beneath an outwash gravel plain. The
piedmont bulbs and piedmont glaciers, on the other hand, are always either partly or
completely buried beneath broad fields of morainic waste. This is due to the fact that
these are large glaciers, with much incorporated rock débris, which spread out beyond
the mountain front, assume a condition of stagnation or semi-stagnation, and then slowly
waste away in the cool temperature, rainy climate of the Alaskan coast. Ablation then
concentrates rock fragments on the ice surface, giving rise in some cases to areas of many
square miles of barren rocky débris, which has been called an ablation moraine.! It con-
sists mainly of débris avalanched down upon the glacier within the mountains, incor-
porated in the ice mass, and near the glacier terminus concentrated at the surface by
the wasting, or ablation, of the ice. In the more stagnant portions of the glacier the
ablation moraine becomes so thick that it serves to so protect the glacier that further
melting proceeds very slowly. Then the soil assumes such stability that plants may
find a foothold. On the inner margins of this portion of an ablation moraine willows
and alder bushes are found as scattered individuals or in clusters; but on the outer mar-
gin the ablation moraine may become so stable that forests of cottonwood and spruce
grow, with trees a half century or more old.* The Malaspina, Lucia, and Atrevida Gla-
ciers each furnish illustrations of this condition.

1Tam, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey, 1909, p. 87; Tarr,
R. S, Some Phenomena of the Glacier Margins in the Yakutat Bay Region, Alaska, Zeitschrift fiir Gletscher~
kunde, Band II1, 1908, pp. 85-88.

s Russell, 1. C., 18th Ann. Rept., U. S. Geol. Survey, 1894, Pls. XIII, XIV.
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It is partly the presence of the ablation moraine on these piedmont glacier bulbs that
permits them to remain in a temperate climate so far from the mountain front and essen-
tially at sea level. Without the protection from the morainic cover these bulbs would
of necessity waste away; with it they linger for scores of years even when all further ice
supply ceases. How slowly the ice wastes is attested by the fact that dense forests thrive
in the morainic soil that covers the glacier.

When the ice melts entirely away the ablation moraine forms a thin, irregular veneer
on the surface where the glacier bulb formerly stood, and the sites of lateral moraines
are marked by benches and terraces of morainic drift; but terminal moraines are not
extensively developed at the front of the piedmont ice bulbs, though they are developed
at the fronts of glaciers which terminate within their mountain valleys, and probably
also in front of those which end as tidal glaciers. The failure to develop terminal mo-
raines around the front of the piedmont bulbs is easily understood when one considers
that the ice in them is either stagnant or so slowly moving that very little débris is brought
to the glacier end, and that, therefore, there is no opportunity for notable concentration
of deposit.

Instead of moraines around the periphery of these piedmont bulbs, the frontal accu-
mulations that are most noteworthy are those brought and deposited by streams. There
is much melting over the entire bulb area and even in the mountain valley above it, and
this abundant water is supplied with great quantities of sediment. Streams issue from
various portions of the ice front, some of them very large, and all heavily charged with
sediment, varying in texture from fine clay to large pebbles and small bowlders. Much
of this sediment must be quickly deposited on the plains that intervene between the ice
front and the sea and that are themselves the product of this same stream deposit. If
the ice of the piedmont glaciers of the Yakutat Bay region should melt away, without
further change, the position of their fronts would be traced by a series of alluvial fans
sloping away from the ice, while on the site of the ice itself there would be a thin, hum-
mocky deposit of bowlder strewn moraine derived from the ablation moraine of the gla-
ciers. Stream deposition is exceedingly active in this region of abundant water supply
and sediment load; but moraine deposit is slow and quite ineffective.

The Glaciers of Yakutat Bay. As has been stated, there are scores of glaciers in and
near Yakutat Bay, but the great majority have as yet received no detailed study, be-
cause they are small individuals in a region of much larger glaciers, and because they
present no features of exceptional interest, in a region where a number of the glaciers
have features of decided interest. Some of these smaller glaciers were studied and photo-
graphed during the expeditions of 1905 and 1906 and are briefly described in the reports
upon the work of those years, but in the National Geographic Society’s expeditions of
1909-10 attention was paid to only the larger glaciers, and those smaller ones that were of
special interest. In later chapters the results of these studies, in the light of our pre-
vious knowledge of them, are stated in detail; hereit isintended merely to briefly charac-
terize and locate these more important glaciers.

Beginning with the western portion of the area, there is the Malaspina Glacier, the
largest of all, a vast piedmont ice plateau made by the union of the piedmont bulbs of
several large glaciers and many smaller ones. Most of its periphery is covered by abla-
tion moraine, and in places this moraine supports a forest of alder, cottonwood, and spruce.
The easternmost tributary to the Malaspina is Hayden Glacier, which, however, contri-



YAKUTAT BAY GLACIERS 3s

butes little ice to the plateau; but just to the west of the Hayden the great Marvine Gla-
cier descends from the mountains and supplies the ice which forms the easternmost of
the four lobes of the Malaspina Glacier. The low ice cliff of this lobe of the glacier lies
just back of the west coast of Yakutat Bay from near Point Manby to the Kwik River,
being separated from the sea by a fringe of alluvial fans across which many large, swift,
glacial streams flow. The Marvine lobe of the Malaspina Glacier is of distinct present
interest because of the rapid change from stagnation to activity which was observed in
1906.

East of the Malaspina Glacier, and between it and Yakutat Bay, are three glaciers
which extend beyond their mountain valleys and spread out in piedmont bulbs. The
largest of these, the Lucia, is the westernmost and it is now separated from Malaspina
Glacier, to which it was undoubtedly formerly a tributary, only by the gravels of the
Kwik River alluvial fan. Immediately east of the Lucia, and coalescing with it, is the
piedmont bulb of Atrevida Glacier. Both of these bulb glaciers are partly covered with
ablation moraine and on their outer stagnant termini support forests of alder, cotton-
wood and spruce. Atrevida Glacier changed from a stagnant to an active condition
between September, 1905, and June, 1906, and Lucia Glacier was changing in 1909.
Galiano Glacier, the smallest of these three glaciers, changed from stagnation to activity
sometime between 1890 and 1905, probably after 1899. Its piedmont bulb extends prac-
tically to the shores of Yakutat Bay from which it is separated only by a narrow gravel
beach. Two or three miles to the east of Galiano Glacier is the still smaller Black Glacier,
which has no piedmont bulb, and is interesting especially because, though so near the
Galiano, it gives no evidence of having undergone notable change in condition.

On the west side of Disenchantment Bay is the large Turner Glacier, a tidal glacier
with an ice cliff 24 miles in length, which, though changed slightly each time it has been
observed, shows no such pronounced variation in condition as those just mentioned.
Just north of it, however, is a smaller glacier, called Haenke Glacier, which, like the Atre-
vida, was absolutely transformed between 1905 and 1906, having become broken and
having advanced nearly a mile and assumed tidal condition in an interval of ten months.
Just north of this is the small Miller Glacier, which had a similar transformation
about 1901.

Next to these is the Hubbard Glacier, the largest tidal glacier in the region, fed by
two large tributaries from some unknown source far back among the mountains and hav-
ing a tidal front 5% to 6 miles in length. It presents many interesting features, and in
1909 had a very slight advance. Variegated Glacier, whose piedmont ice bulb coalesces
with the southeastern side of the Hubbard, presents the interesting condition of a
piedmont bulb in a valley, instead of at the base of the mountain front. It resembles
Atrevida and Lucia Glaciers in its ablation moraine, though it lacks forest growth. It
rivals Atrevida Glacier in the extent of its transformation between 1905 and 1906.
Almost coalescing with the Variegated is the Orange Glacier, entirely confined to its
mountain valley, unchanged since first observed by us in 1905, and f orming the western
end of a through glacier, whose other end is just back from the shores of Nunatak Fiord.
Near the southeastern end of this through glacier, a hitherto unnamed glacier, to
which we have given the name Butler Glacier,! descends from the mountains, and

1 After Mr. B. S. Butler of the U. S. Geol. Survey, whose efficient aid contributed greatly to the success of

the 1905 and 1906 expeditions to Yakutat Bay.
3
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emerges from its broad mountain valley, then spreads out in a piedmont bulb reaching
almost to the shores of Nunatak Fiord.

Just east of this piedmont bulb is the ice cliff of the tidal Nunatak Glacier whose his-
tory since first seen in 1891 up to 1910 was one of continued recession; but between
August, 1909, and June, 1910, it advanced about 1000 feet. It has also a wasting land
tongue, or distributary, and above its end hangs the Cascading Glacier, the typeofa
series of similar cascading glaciers in this region and elsewhere in Alaska. Opposite, on
the north side of the fiord is Hanging Glacier which no longer cascades over its hanging
valley lip. Hidden Glacier, to the southwest of Nunatak Glacier, was of peculiar inter-
est in 1905 because the outwash gravel plain which separated its stagnant terminus from
the sea rested for a distance on the glacier ice, which, by melting, gave rise to a pitted
plain. All this is now destroyed, for when seen in 1909 Hidden Glacier was utterly trans-
formed, having also undergone a spasmodic advance since last visited in 1906. The
last glacier of the series studied in 1909-10 is Fourth Glacier, which terminates within its
mountain valley, just back of the mountain front, being a typical valley glacier tongue
of a through glacier system. It shows no sign of other recent change than that of
recession.

Other names have been proposed for this glacier, notably Beasley Glacier, but we pre-
fer the name Fourth Glacier, by which it is known locally, and because there seems no

_good reason for attempting to substitute another name. Besides being sanctioned by
local usage, and by the United States Geographic Board, the term Fourth Glacier helps
to record one of the bits of history of this region, as Malaspina, Haenke, Atrevida and
other names record other historic events. In 1898-99 Yakutat Bay was visited by
large numbers of prospectors who undertook to reach the reputed gold fields of the Alsek
valley by an over-ice route, or else attempted to reach the Klondike district by an easier
route than that over White Pass. Going up Yakutat Bay in boats they named the large
glaciers in their order, First (Turner), Second (Hubbard), Third (Nunatak), and Fourth
Glacier, passing by Hidden Glacier, which perhaps they did not see, without naming it.
Parties crossed by both the Third and Fourth Glacier routes. It is an interesting episode
in the history of this region, and in the mining history of Alaska, and it is our belief that
it is best to retain this one of the names that these adventurous prospectors applied to
the region.

Former Expansion of the Yakutat Bay Glaciers. Throughout the entire Yakutat Bay
region the evidence is complete that all the glaciers have at a former period been far more
extended than at present.! The period of greatest extension of the glaciers was recent in
a geological sense, but was at least several centuries ago, for a mature forest grows on the
deposits laid down by these expanded glaciers.

There are several lines of evidence upon which the conclusion is based that these gla-
ciers were formerly far greater than now. In the first place, throughout the region the
valleys show clear signs of pronounced glacial erosion. The valley walls are scored,
grooved, polished and smoothed to elevations far above sea level, and, in those valleys
in which glaciers still linger, to elevations far above the surfaces of the present glaciers.
Tributary valleys hang above the level of Yakutat Bay, Disenchantment Bay, Russell

t Tarr, R. S. and Martin, Lawrence, Glaciers and Glaciation of Yakutat Bay, Alaska, Bull. Am. Geog. Soc.,
Vol. XXXVIII, 1906, pp. 156-164.
Tarr, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey, 19009, pp. 86-187.
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Fiord, and Nunatak Fiord; secondary tributaries to these lateral valleys hang above
them; and hanging valleys, many with cascading glaciers, lie above the level of the sur-
faces of all the larger existing glaciers. Many of these glaciers head in cirques, except
in the case of the through glaciers. A second evidence of former expansion is the pres-
ence of outwash gravels along the shores of the inlet in places where glaciers are no longer
present or depositing gravels, and even as far out as the mouth of Yakutat Bay. The
third proof is the distribution of transported rock fragments and the development of
morainic terraces at elevations high above the level of the inlet, and, where glaciers are
present, high above their present surfaces. Such deposits occur all along the shores of
the inlet, to the west of Yakutat Bay above the eastern margin of Malaspina Glacier, and
in the valleys of the larger glaciers which come down to Yakutat Bay. The moraine
terraces descend in the direction of the ocean, and are evidently to be correlated with
the deposits which constitute the fourth evidence of former glacier expansion,—the
bummocky moraine which forms the southeastern margin of Yakutat Bay, as far out as
Yakutat, the similar moraine about the head of Russell Fiord, and the crescentic de-
posit which extends as a submarine ridge across the outer part of Yakutat Bay.

From these four lines of evidence it has been concluded that, at the period of greatest
expansion, all the glaciers were much larger than now,—Malaspina Glacier then rose
much higher on the slopes of the mountains west of Yakutat Bay, its tributaries were
greater, it received tributaries, notably Lucia and Atrevida Glaciers, that are now dis-_
connected, and it coalesced with a great glacier that filled Disenchantment Bay and Yak-
utat Bay out as far as Yakutat and the submerged moraine that stretches in crescentic
form from Ocean Cape westward to Point Manby. To this expanded glacier that filled
Yakutat Bay, the name Yakutat Bay Glacier has been given; and the similar expanded
glacier in Russell Fiord has been called the Russell Fiord Glacier. The latter glacier
completely filled Russell Fiord and terminated in a piedmont bulb on the inner edge of
the foreland, where it has left a crescentic moraine from which outwash gravels slope
seaward.

Since the period of maximum glacier expansion, and far more recently than it, there
has been a minor advance, by which the united Hubbard and Turner Glaciers, joined by
others, pushed southward into Disenchantment Bay and southeastward into Russell Fiord,
while Nunatak Glacier, coalesced with Hidden Glacier and others, pushed northwest-
ward into the northwest arm of Russell Fiord, and southward into the south arm about
two thirds of the way to the head of the bay. During this advance a lake was formed
in the upper end of Russell Fiord whose shoreline can be easily seen and traced. This
advance of the glaciers was of such brief duration, and of such moderate intensity, that
the ice erosion did not succeed in removing the gravels previously deposited. It, there-
fore, contrasts strikingly with the earlier, prolonged advance by which the bed rock
was scoured out to a depth of many hundred feet by the powerful erosive action of the
expanded glaciers. Between these two ice advances there was a long interval during
which the glaciers receded even farther than at present, and forest growth extended
throughout the fiord, and even up the valleys now occupied by the glaciers. The ter-
mination of the last advance was but a short time ago, at the most but a century or two,
and the recession from this stage of advance was apparently still in progress as late as
1005. The proof of the recency of the last advance, and of the ice recession from that
stand, is the condition of the vegetation growing in the area occupied by the ice and the
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lake water. In the outer portion of the area covered by the expanded glacier, a dense
growth of mature alder and some cottonwood covers the overridden gravels, but the
growth rapidly decreases in amount and density toward the present glacier fronts. In
Seal Bay and Nunatak Fiord there are only scattered individual plants, and the density
of alder growth gradually increases thence toward the portions of the inlet where the
expanded glaciers ended. In other words, this period of ice advance was so recent that
only a part of the area is as yet occupied by vegetation (Pl. VI), and the outer portion
is occupied only by the advance growth of alder and, in the extreme south, of cottonwood.
The spruce forest of the Alaskan coast has not yet had time to advance upon the region
from which the glaciers have so recently receded. A

Recent Recession of the Glaciers. In Professor Russell’s visits to the Yakutat Bay region
in 1890and 1891 he found the glaciers to be in general in a state of recession. Dr. Gilbert’s
observations in 1899 led him to the same conclusion, and our observations in 1905 showed
that the glaciers were still wasting away. The evidence of this condition of recession is
partly inferred from the characteristics of the glaciers and the conditions at their borders,
and partly observed by direct comparison at the later dates with observations made
during the earlier studies. Russell, Gilbert, and the authors of this book, have all noted
the fact that many of the glaciers are covered by ablation moraines at their lower ends,
and that in some of the more stagnant portions these ablation moraines bear forests.
From this condition the inference is perfectly warranted that the glaciers in these regions
are wasting. More specific, however, is the evidence around the glacier borders, both
at the sides, and, in those which end on the land, at their fronts. While forest, or at
least alder (Pl. VI, B), extends nearly up to the front of many of the glaciers, and also
grows on the valley sides above them, there is, near many of the glaciers, a zone in
front of and just above the glaciers, which is barren of vegetation (Pl. VI, A). From
such a condition one infers with certainty that the ice has withdrawn from such areas
so recently that vegetation has not yet had time to encroach upon it. The extent of
shrinkage indicated by this class of evidence varies with different glaciers, but it was
present to some degree in the neighborhood of almost all the glaciers studied, and in
some it indicates a great and long-continued shrinkage. This is particularly true in
Nunatak and Russell Fiords, as already stated in the preceding section. Here it is
certain that in the last century the recession has amounted-to many miles.

By the photographs taken by Professor Russell, though they were taken merely as
incidents in a work of different object, a basis was established for future record of the
changes in the position of the fronts of some of the glaciers; and still further basis for
such comparative work was established by the photographs of the Canadian Boundary
Commission in 1895. Naturally, therefore, Dr. Gilbert instituted such comparisons
when, in 1899, he visited the region as a member of the Harriman Expedition; and he
added a new basis for futurecomparison by taking photographs of still other glaciers. We,
in 1905, therefore, had a body of photographic evidence upon which to study the changes
of positions of the glacier fronts during recent years. This study of photographic rec-
ords shows that some of the glaciers, notably Hubbard and Turner, changed but little
between 1891 and 1905, but that Nunatak and Hidden Glaciers receded greatly be-
tween 1899 and 1905. For the smaller glaciers there is no photographic basis for a state-
ment, though the other evidence gives conclusive proof of recession in many cases.

In 1899 the Harriman Expedition added still another basis for future studies of the
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positions of the larger glaciers by the construction of plane table maps by Mr. Henry
Gannett. Maps of similar character were also made by the United States Geological Sur-
vey expeditions of 1905 and 1906 by Messrs. Butler (in 1905) and Rich (in 1906). It was
part of the plan of the National Geographic Society’s expeditions of 1909-10 to make more
detailed maps of the larger glaciers of Yakutat Bay as a basis for future studies of the
changes in these glaciers, and for this purpose one of the topographers of the United
States Geological Survey, Mr. W. B. Lewis, was attached to the expeditions. Assisted
by E. F. Bean and F. E. Williams, he has made the contour maps which accompany
this book. All future students of the glaciers of this region will find in their carefully-
made maps a reliable basis for comparison of the positions of the glacier fronts as they
may change from time to time.

Recent Advance of the Glaciers. Earlier in this chapter it has been intimated, and in
other publications stated with full detail,! that some of the glaciers in the Yakutat Bay
region have been recently subjected to an advance of such unusual character as to lead
to the desire to study the phenomenon further. It was primarily this desire that led
us to return to the Yakutat Bay region in 1909 and 1910, and the results of the work of
these years that are of most value relate to the phenomena attending the advance of the
glaciers. These results will be stated in detail in later chapters devoted to the discussion
of individual glaciers; but in order that these details may appear in their proper setting
it seems desirable to make a general statement concerning the phenomenon.

In 1905, while a general condition of recession characterized the great majority of the
Yakutat Bay glaciers one, Galiano Glacier, presented convincing evidence of change to
activity in the interval since it was photographed by Russell in 1890. Then it had a
stagnant piedmont bulb on whose ablation moraine a forest of alder and cottonwood
grew, proved both by Russell’s description and by his photographs and also shown by
Boundary Survey photographs in 1895. This forest growth had entirely disappeared
in 1905, but the piedmont bulb was again stagnant and covered by ablation moraine,
though with only young alders scattered here and there. Neighboring glaciers, for in-
stance Atrevida to the west and Black Glacier to the east, gave no evidence of similar
change, and no such evidence was found in any other glaciers. Puzzled by the phe-
nomena, and forced to the hypothesis that it was in some way connected with the
earthquakes of 1899, we made no attempt at explanation but merely described the
facts. We were not at all prepared for the momentous changes which occurred in the
interval between the summers of 1905 and 1906.

Returning to Yakutat Bay in 1906, the senior author found four glaciers absolutely
transformed, and all the others unchanged. These glaciers that were so altered in the
brief interval of nine or ten months are, named from west to east, the Marvine Glacier
and the eastern lobe of the Malaspina Glacier that is fed by the Marvine, the Atrevida
Glacier, Haenke Glacier, and Variegated Glacier. In the summer of 1905 one could
travel over the surfaces of these glaciers at will. On two of them, Atrevida and Varie-
gated Glaciers, we walked freely, on the former late in August, without recognizing any
signs of coming change to activity. The glaciers were crevassed slightly only here and
there, and outside the mountain were in a stagnant or semi-stagnant condition and cov-
ered with a waste of ablation moraine; but in June, 1906, all four glaciers were trans-

1 See especially, Tarr, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey,
1909, pp. 41-85. Here will be found references to other publications on the subject.

]\



88 ALASKAN GLACIER STUDIES

formed to a sea of crevasses; and not only was it impossible to travel over their surfaces,
but it was not even possible to climb up on the glaciers except by the most difficult ice
work. Furthermore, the glaciers were even then actively advancing, and the advance
extended out even to the fully-stagnant margins, overturning forests of alder and cot-
tonwood that were growing on theouter portions of the Malaspina and Atrevida Glaciers.
Not only were the ice surfaces broken by a maze of crevasses, and the margins which had
hitherto been gently-sloping, moraine-covered icebanks transformed to steep ice cliffs
crowned by bristling ice pinnacles, but the margins were pushed forward, and the hither-
tofore stagnant piedmont bulbs were thickened. Haenke Glacier had advanced to tidal
condition; the Atrevida and Malaspina Glaciers were pushing into the forest that fringed
their margins; and Variegated Glacier had become notably thicker and had crowded out
over a rock gorge, destroying the glacial stream that had occupied it in 1905.

It was evident from these facts that the glaciers in question had been subjected to
some unusual impulse that had caused a sudden forward movement by which they had
been pushed forward, thickened, and their surfaces greatly broken. In seeking for an
explanation for such a phenomenon, not hitherto recorded, only one cause seemed ade-
quate, namely, the effect of the severe earthquake shocks to which this region was sub-
jected in 1899. The hypothesis put forward by the senior author was that the repeated
violent shaking during the earthquakes that occurred between September 8 and 29, 1899,
threw so much snow and ice into the reservoirs of the glaciers that a wave of motion was
started which reached completely down to the terminus of Galiano Glacier before 1905,
and which was passing down the four other glaciers during 1906. In testing this hy-
pothesis with the facts available, all were found to be in harmony with it, none were dis-
covered that were opposed to it, and no other hypothesis could be suggested which had
no fatal objections to it.

While the hypothesis of earthquake cause for this advance seemed, therefore, well
supported it was desired to subject it to still further test, and it was one of the main
objects of the expedition of 1909 to apply these tests. There were three such tests which
we had especially in mind. In the first place, if the advance were due to this cause, it
should be confined to the region of violent earthquake shaking. By inquiring regarding
the condition of glaciers southeast of Yakutat Bay, as in Glacier Bay, and by study of
some of the glaciers of the Prince William Sound region to the northwest we were able
to apply this test to some extent, but not so fully as to warrant definite statement of its
adequacy in support of the hypothesis. In view of the multitude of glaciers in the region
to the southeast and northwest of Yakutat Bay, the fact that among the comparatively
few which we were able to study or gain specific information about, we found none that
furnished evidence of spasmodic advance, is only contributory evidence. For final testi-
mony other studies over a wider field are necessary.

The second test is that of the behavior of other glaciers in the Yakutat Bay region in
the interval between 1906 and 1909. If the hypothesis proposed is correct, probably
some of the smaller glaciers of Yakutat Bay had advanced before 1905, and certainly
some of the other glaciers of the region ought later to show signs of the appearance of
the wave of advance. This was predicted in the report on the expeditions of 1905 and
1906.! There is reason to believe that there was an advance of some of the smaller gla-
ciers before 1905, though it is now difficult to obtain convincing evidence; but that the

1 Tarr, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey, 1909, pp. §3-94.
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wave of advance was extended to other glaciers between 1905 and 1910 was strikingly
illustrated by Hidden Glacier, which had advanced two miles and become greatly broken,
by Lucia Glacier, which was actively advancing and greatly transformed by crevassing
during the summer of 1909, and less strikingly by Hubbard Glacier, whose eastetn mar-
gin was just beginning to advance in 1909, and by Nunatak Glacier, which had a slight
advance in 1910,

The third test was that of cessation of advance in those glaciers that had moved for-
ward in 1906. With a sudden, great addition of snow, quickly terminated, and followed
by a spasmodic advance of the glaciers thus supplied, it would be expected that the wave
of advance would soon die out and the condition of stagnation return. This was also
predicted,! and our observations of 190910 show clearly that the prediction was correct,
for all of the advancing glaciers of 1906 had returned to stagnation in 1909, and the break-
ing of the ice had been so healed by ablation that we were once more able to travel over
the glaciers, though with far less ease than in 1905.

It is believed that the observations of 1909 add the further facts necessary to demon-
strate the hypothesis put forward in 1906, and that we are now warranted in stating the
explanation with confidence, as an established hypothesis,—a new cause for glacier ad-
vance. The sudden forward rush of a glacier, accompanied by pronounced thickening
and extensive surface breakage, may be called a glacier flood and the resemblance to a
river flood is noteworthy. When heavy rainfall, or unusual melting of snow occurs in
the upper reaches of a river, a wave of rising, rapidly down-moving water is started which
may cause a flood all along the course, and if a portion of the river is ice covered, the
rigid ice crust will be shattered and heaved into a maze of broken ice blocks; but under
ordinary conditions the river behaves more normally, slowly rising and falling with
variation in supply. So in a glacier, under ordinary conditions, variations in supply
manifest themselves in moderate advance or recession; but when a deluge of snow
and ice is thrown down in its upper reaches the condition for a spectacular advance,
a glacier flood, are introduced. The ice stream flows on more rapidly, its rigid upper
and marginal portions are cracked and broken, its surface rises, and its front is pushed
forward. There is, however, a striking difference in time occupied by the two classes
of floods. A river flood passes from the source to the mouth of the river in a few
hours or a few days, and its effects are soon past; but the far less mobile ice requires
several years for the transmission of the glacier flood, and its duration is months long,
while years are required to bring the ice surface back to its pre-flood state. There is
a striking difference, also, in the mode of motion, for the mobile river water itself
travels down stream to form the flood while in the glacier flood the advance and
breaking of the mass is due to the passage of a wave, not to actual bodily transfer of
ice from glacier reservoir to terminus.

With these facts in mind it is quite proper to predict the advance of other and longer
glaciers in the Yakutat Bay region as a result of avalanching during the 1899 earthquakes.
The oscillations of other Alaskan glaciers, for which there is no known climatic warrant,
may be due to other earthquakes. Earthquake avalanching may even be responsible
for oscillations of mountain glaciers in other regions, as for example in the Himalayas
and other youthful, snow-capped mountains still frequently faulted and shaken by seis-

1 Tarr, R. S, The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey, 1909, p. 94.
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With this general view of the glaciers of the Yakutat Bay region as a preliminary basis
for understanding their main characteristics and their behavior since first studied by Rus-
sell in 1890 and 1891, we will proceed to the study of the individual glaciers, and then,
upon this basis, to & consideration of the features of general interest and their interpre-
tation, including their bearing upon the interpretation of the Pleistocene drift phenomena
of North America and Europe. In this study free use will be made of the results of pre-
vious work, as well as of the new observations of 1909 and 1910, the purpose being to set
forth the phenomena of glaciation in this region in the light of a series of investigations
each of which has added something to a story of glacier condition and behavior of
more than ordinary interest, and of quite unusual character.



CHAPTER III

THE MALASPINA GLACIER AND ITS TRIBUTARIES

THE MALASPINA GLACIER

General Description. From snow-covered Mount St. Elias and Mount Logan, 18,000
and 19,500 feet high, and from the 10,000 to 16,000 foot mountains to the east and
west a multitude of glaciers descend, the six largest of which named from west to east,
are the Guyot, Tyndall, Agassiz, Seward, Marvine, and Hayden. These glaciers, fed
by many tributaries, have their sources far back among the mountains and their upper
portions are unknown.

Where they emerge from their mountain valleys they are broad ice streams, ranking
among the largest of the Alaskan valley glaciers. The great volume of ice which flows
out of these valleys suffices to build the broad ice plateau (Pl. VII) which skirts the
mountain base from Yakutat Bay to Robinson Hills, which, according to Russell, has
an area of about 1500 square miles, more than the area of the state of Rhode Island,
and far the largest glacier in America, or, for that matter, in all the world, excepting
only in the polar regions.

The single glaciers lose their individuality at the mountain base, where they all coalesce
to form the continuous ice plateau; but they nevertheless maintain an appreciable in-
fluence on the Malaspina Glacier even to its outer margin. Because of this influence
the ice plateau really consists of more or less pronounced lobes with boundaries sometimes
marked by medial moraines, and with a moderately lobate front. Tyndall and Guyot
Glaciers, deflected by the Chaix Hills, a south-extending spur of Mt. St. Elias, appear to
unite to form a pronounced lobe on the western margin, where the ice formerly crowded
out into the sea and was terminated by a magnificent cliff from which icebergs were
discharged into the open Pacific. From all the photographs and descriptions which we
have been able to obtain from publications of explorers and from conversation with
prospectors this western, or Guyot, lobe of the Malaspina differs from the eastern
portion of the glacier in maintaining a generally crevassed condition from the mountain
base to the sea. It is said to present an insurmountable barrier to travel, and it is the
common belief of prospectors in this region, that the Malaspina Glacier is absolutely in-
accessible from the west. It is certain that no one has yet crossed it. The Tyndall
Glacier was easily traversed by the Schwatka and Topham parties in 1886 and 1888 but
no attempt was made to cross the Guyot.

The Agassiz lobe, next east of the Guyot, fed by Libbey and Agassiz Glaciers, is a well
defined lobe, bordered by moraines on both the eastern and western margins, and faced
by a broad tract of stagnant and semi-stagnant ice bearing an extensive waste of abla-
tion moraine, and on its outer edge supporting a forest of spruce and cottonwood. Around
the periphery of this lobe there is the greatest development of ablation moraine, and
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apparently the broadest area of stagnation. Here too, we find the ice front farthest
from the sea, and with the broadest fringe of outwash gravels; and it is from the western
margin of the lobe at its junction with the Guyot lobe, that the Yahtse River emerges,
one of the largest glacial streams that pour out from the Malaspina front.

Adjoining the Agassiz lobe on the east is the Seward lobe, which, so far as our present
knowledge permits us to judge, is the largest of the Malaspina lobes. Certainly no other
exceeds it in size excepting possibly the Guyot, about whose extent and characteristics
little is known. On the western side and front it is fringed completely by a border of
ablation moraine, but on the eastern side it is not definitely separated from the Marvine
lobe. It is in the Seward lobe that the Malaspina Glacier extends farthest from the
mountains, reaching the ocean at Sitkagi Bluffs, but not discharging icebergs. At this
point there is a low, moraine-covered cliff against whose base the waves of the Pacific
Ocean break (Pl IX, A).

The easternmost lobe of the Malaspina Glacier is that dominated by the Marvine Gla-
cier. It is far less pronounced than the others, and, as already stated, the boundary be-
tween it and the Seward lobe is not marked by any line of moraine. Since Seward Glacier
is much larger than Marvine it might be inferred that the Seward lobe would crowd
eastward to the shores of Yakutat Bay, and possibly it does so under normal conditions;
but in 1906, when Marvine Glacier was advancing, the ice broken by the advance ex-
tended along the entire shore of Yakutat Bay almost to Point Manby. It is quite prob-
able, however, that the western portion of the broken ice was really a part of the Seward
lobe temporarily affected by the forward thrust of the Marvine ice. On its eastern side
the Marvine lobe spreads out nearly to Yakutat Bay and to the Kwik River. It is
enabled to spread out in that direction because of the absence of any obstacle; but toward
the west it competes with the Seward lobe for an opportunity to spread out as a piedmont
bulb. Really, therefore, the Seward and Marvine Glaciers combine to form one broad
lobe, each glacier dominating one side of the lobe and at the contact so merging into one
another that the line of division is not recognizable. The Marvine or eastern portion
of this lobe is fringed by a narrower border of ablation moraine than common, and its
front is separated from Yakutat Bay by only a narrow fringe of outwash gravel. The
extreme eastern margin of the lobe, which forms the western border of the Kwik River
valley, was, up to 1906, in such a stagnant condition that it was covered by a thick abla-
tion moraine in which grew a spruce, cottonwood, and alder forest. This stagnant part
represented that portion of the lobe that spread farthest east and was, therefore, least
under the influence of the supply of ice which the Marvine Glacier contributes to make the
lobe. The entire eastern margin, nearly to the mountain base, is covered with abla-
tion moraine. .

The Hayden Glacier, unlike the other tributaries, forms no great lobe, in this respect
resembling many smaller glaciers that unite with the Malaspina. It joins the ice plateau,
athwart the current of the Marvine, and almost at right angles to it. At Blossom Island
the Hayden Glacier coalesces with the Marvine lobe of the Malaspina and prior to 1906
the drainage of the Blossom Island region escaped through a subglacial tunnel at this
point; but the advance of Marvine Glacier in 1906 closed this tunnel and the drainage
found a new outlet farther up the margin of the Hayden Glacier.

In 1905 it was not possible to say where the Marvine ice and Hayden Glacier joined,
both being stagnant. In 1906 the contact between the Hayden and Malaspina Glacier
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was clearly indicated, from Blossom Island southeastward, by the crevassed ice of the
Marvine lobe, and it was evident that the Hayden Glacier contributed little to the ice
supply of the Malaspina. On emerging from its mountain valley the Hayden Glacier
spreads out, and in 1906 its crescentic outer boundary was shown with almost diagram-
matic clearness by the change in condition between the smooth surface of the ice con-
tributed by the Hayden and the broken, crevassed ice of the Marvine lobe. Besides
pushing out into the Malaspina, the current of the Hayden ice is deflected southeast-
wards along the western base of the Floral Hills, giving rise to a narrow, wedge-shaped
area which in 1906 was uncrevassed, in striking contrast to the ice of the Malaspina to
the west and south of it. The Kwik River emerges from its subglacial tunnel at the
point of contact between the Hayden wedge and the Marvine lobe.

We have no definite knowledge of the rate of motion of any part of the Malaspina Glacier
but from Russell’s description, and from our briefer study of it we are confident that
there is great difference in rate of motion in different parts. In the crevassed Guyot lobe
there must be rapid movement down to the sea; and that there is rapid motion where the
great valley glaciers emerge from their mountain valleys is indicated by the crevassing
there, as shown by the Abruzzi photographs of the débouchure of Seward Glacier, by
the enormous ice plateau which they supply and maintain, and by areas of crevassing
in the valley portions of the tributary glaciers. From these extremes there is every gra-
dation in rate of motion to complete stagnation in interlobate areas and in those por-
tions of lobes where the ice has spread out farthest; but throughout the greater part of
the ice plateau there must be some motion in order to keep up the supply. That this
motion is not rapid, however, is indicated by the general absence of extensive crevassing.
In general the surface of the Malaspina Glacier during the period of observation, up to
1906, was smooth and slightly broken. There were of course some cracks, and some
areas of crevassing, there were moulins, and there was roughness due to differential abla-
tion; but that there was a condition of general smoothness, as glaciers go, is indicated
by the successsful use of the Malaspina Glacier as a highway of travel and transportation
of supplies, partly by sledges, by all the mountain-climbing expeditions, over several
routes.

In winter the entire surface of the glacier is buried beneath a thick blanket of snow,
and from much of its surface this is melted off by the first of August, but patches remain
in protected places throughout the summer. The snow line on the Hayden Glacier,
according to Russell, lies at an elevation of 2500 feet, which brings it well up in the moun-
tain valley tributaries of the glacier. This agrees with our observations of 1905 when the
snow line was above Floral Pass late in August, and in 1906, when we found the snow line
just below Floral Pass, in July. In 1905 its elevation was above 1500 feet at least, but
in 1906, owing to an accident to our barometers, we were unable to determine its elevation.
While some of the higher parts of the Malaspina Glacier may rise above snow line, es-
pecially near the mountains, most of its ice surface is exposed to melting during a part
of the summer. In the lower, outer portions, the summer ablation continues through
several months, but on the higher portions, near the mountains, the period of ablation
is very brief. Observations on Hayden Glacier between Floral Hills and Blossom Island,
in late July, 1906, showed a rate of ablation of about 4 inches a day and at this point the

water on the ice froze as soon as the sun sank low in the western heavens. The rate and
extent of ablation on this glacier is so great that unless it were in motion throughout
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most of its area it could not maintain its size and form. Back of the fringe of ablation
moraine, which checks ablation, there would, of necessity, be a depressed area due to
wasting away of the clear ice unless new supplies were being constantly added.

The surface of the Malaspina Glacier, is, in general, a vast expanse of clean ice
(Pl. IX. B); but the monotony of the waste of ice is relieved by areas of moraine,
especially prominent in two positions, as ablation moraine around the periphery
(PL X, A) and as medial moraines between lobes. The latter areas represent lateral
moraines of the glaciers forming the lobes, brought in relief by ablation. The former,
consisting mainly of material incorporated in the ice in the mountain valleys and the
glacier reservoirs, is concentrated at the surface in broad tracts, and in places to con-
siderable depth, by the ablation of the ice through which the débris was scattered.
Possibly some of this peripheral moraine is supplied by uprising bottom layers, but of
this we have no evidence. A third class of moraine, more difficult to understand, is
long, sinuous lines of scroll-like moraine, forming a black tracing in the expanse of
clear white ice. Russell suggested as explanation of such moraines some unknown
variations in ice currents and this is possibly a correct interpretation though it is
difficult to conceive the process. Another hypothesis suggests itself to us, namely,
that these sinuous moraines may, in part at least, represent avalanche falls upon the
upper glaciers, spread out in lines by the currents of the ice. We have seen them only
from a distance, but they are most striking phenomena, resembling the lines of foam
that develop in a swirling river current.

The periphery of the Malaspina Glacier is for the most part skirted by a fringe of al-
luvial fan deposits, crossed by a multitude of streams of which the largest, all raging tor-
rents, are the Kwik, Kame, Osar, Manby, Yahna, Fountain, and Yahtse (Pl. VIII). All,
burdened with vast quantities of clay, sand, and gravel, are depositing rapidly in the sea
and thus extending the area of the fringe, and, by deposit in their beds, being forced to
divide and subdivide, and constantly shift their courses, are raising the surface of the
alluvial fringe. Where the streams cross the narrow strip of outwash gravel plain the
rapid deposit by the ever-shifting branches prevents the growth of vegetation and, there-
fore, gives rise to barren alluvial fans; but in those portions where only small streams
flow there is a growth of vegetation, in places spruce and hemlock forest, elsewhere cotton-
wood, or only alder and willow. Because of the fact that the plain lies near sea level,
while the ice immediately back of it is so covered by moraine that it has little effect on
the climate, the forest here grows as luxuriantly as elsewhere on this part of the Alaskan
coast wherever the absence of glacial streams gives sufficient freedom from destructive
inundation. This forest grows not only in front of the glacier, but, wherever there is a
sufficient degree of stagnation of the ice to permit the growth of trees without the under-
mining action of a slumping soil, it encroaches on the glacier itself (Pl. X, B). This is
not a general condition around the whole margin of the Malaspina but is confined to two
limited regions of exceptional stagnation,—along and near the Kwik River, and in
the neighborhood of the Yahtse River.

Malaspina Glacier is interesting in itself as a perfect type of a kind of glacier not recog-
nized until Russell described its characteristics. It has an even wider interest from the
fact that it is an existing example of a type which in former times must have been far
more extensive, During the period of former expansion of Alaskan glaciers it was dupli-
cated in many places along the Alaskan coast. The piedmont type of glacier was repre-
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sented in former times in many parts of the Rocky, Cascade and Coast Ranges of western
United States and Canada when glaciers flowed down these mountain valleys to the
base. The type may very well have appeared in Norway and Great Britain as the ice
sheets of the Glacial Period advanced from the highlands, and again as the waning ice
sheets shrank back toward the highland areas. In the Alps, too, conditions favoring
the development of piedmont glaciers appeared. Indeed, wherever mountain glaciers
passed beyond their mountain valleys out upon level land, expanded piedmont bulbs
must have formed, as in the valleys of the Italian lakes south of the Alps; and where
two or more such bulbs coalesced piedmont glaciers resulted, as upon the plateau north
of the Alps. For the interpretation of the evidence of such former piedmont glaciers
the study of the conditions on and around the Malaspina Glacier throw much light. The
resemblance of those piedmont glaciers which have vanished to those which still exist
in Alaska in the main features, both of form and deposits, must have been great, for in
both cases the conditions of supply are similar, and in both cases the conditions of
wastage in a cool temperate climate are alike.

Early Observations on the Malaspina. The early explorers of the eighteenth century
seem to have recognized the glacial character of this great ice mass, for Vancouver, in
describing Icy Bay in 1794,! says he saw a “high abrupt cliffy point forming the west
point of a bay, bounded by a solid body of ice or frozen snow.” Tebenkof’s Icy Bay
chart of 1848 (Fig. 1), based upon the log books of several Russian explorers sent out
in 1788 and from 1793 to 1807, shows eight miles of glacier fronting on Icy Bay behind
which is a surface supporting trees.? Belcher in 1837 ? says that “the whole of this bay
and the valley above it was now found to be composed of (apparently) snow ice about
thirty feet in height at the water clif. . . . The small bergs or reft masses of ice,
forming the cliffy outlines of the bay, were veined and variegated by mud streaks like
marble, and where they have been exposed to the sea were excavated into arches, etc.,
similar to our chalk formations. . . . In Icy Bay the apparently descending ice
from the mountains to the base was in irregular broken masses.” Vancouver also said,
“As the vessel advanced along the coast from Point Riou the country became less woody,
and beyond the low, projecting point it seemed only to produce a brownish vegetation,
which further to the eastward entirely disappeared, and presented a naked, barren
country, composed apparently of loose unconnected stones of different magnitudes.”
Tebenkof described the low country between Mt. St. Elias and the sea as a forest-covered
tundra where “through cracks in the gravelly soil, ice could be seen beneath.”

Possible Great Advance of the Malaspina. These statements, some of which have been
quoted previously by Russell ¢ and by Davidson,® assign to the Malaspina Glacier such
different conditions from those observed since 1890 that one is led to question whether
the difference can be entirely due to failure of observation. A possible explanation of
the difference may be that before 1794 Malaspina Glacier had undergone a long period
of stagnation and recession resulting in the ablation-moraine surface of “naked barren

1 Vancouver, Capt. George, Voyage of Discovery, Vol. V, 1801, pp. 349, 851.

* Tebenkof, Capt. Michael, Hydrographic Atlas and Observations, with 48 charts. St. Petersburg, 1848
and 1852.

1 Belcher, Capt. Sir Edward, Narrative of a Voyage Round the World, London, 1843, Vol. I, pp. 79-80.

¢ Ruseell, 1. C., Nat. Geog. Mag., Vol. III, 1891, pp. 66-70.

s Davidson, George, The Glaciers of Alaska that are Shown on Russian Charts or Mentioned in Older Narra-
tives, Trans. and Proc. Geog. Soc. Pacific, Vol. ITI, 1904, pp. 4847, and Map VI.
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country”’ with “loose unconnected stones” and ice beneath cracks in the gravelly soil
observed by Vancouver and the Russians, with trees growing in it where the crevassed
Guyot Glacier is now unencumbered, with the shore-line east of the Yahtse River shown
on the 1788-1807 chart markedly different from that of Russell in 1891, and with the
deep re-entrant of the Icy Bay of Vancouver, Belcher, and Tebenkof. Subsequently
there may have been an advance of Malaspina Glacier front, notably altering the condi-
tions. This advance would probably be shortly after 1887, as the surface was not ap-
parently much crevassed when seen by Dall and Baker in 1880, by Schwatka in 1886,
and Topham in 1888, and trees had grown to good size before Russell’s visit in 1891.
Russell neither mentions nor shows photographs of any trees on the west or central part
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of Malaspina Glacier old enough to disprove this interpretation. Davidson suggests
that Malaspina Glacier has crowded its way seaward obliterating the old Icy Bay.!

The most specific evidence in connection with this interpretation, with which we agree,
and not discussed by Davidson, is found in a map, and a native legend. Among the
maps showing Icy Bay, we refer to that from Tebenkof’s Atlas (reproduced here as Fig.
1). The native legend is one quoted in Topham.

The map shows a very definite Icy Bay five miles wide at the mouth, extending north-
ward six to eight miles and apparently about on the site of the present Yahtse River.
Within it are soundings of 5, 12 and 15 fathoms where only a delta existed at the time
of Schwatka’s, Topham’s, and Russell’s visits in 1886, 1888, and 1891, as their maps
show. Tebenkof’s chart also shows a pronounced cape just east of Icy Bay, Shoal Point
(the Pt. Riou of Vancouver), behind which is a good sized lake or lagoon, Shoal Bay,

1 Op. cit., p. 48.
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which no longer exists. The shore-line eastward to Yakutat Bay is also very different
from the present coast.

Russell explained the absence of Icy Bay by supposing that it had been filled by the
glacial streams and that its site is the present delta of the Yahtse River.! That this
interpretation is erroneous, and that Icy Bay was destroyed by glacial advance is indi-
cated by the testimony of Yakutat natives. H. W. Topham was told in 1888 by George,
second chief of the Yakutats, of this advance. He says:? “There is a tradition amongst
his people, that formerly there was a large bay running up from the sea to the very foot
of St. Elias; that there was a village at the head of that bay; that all around the village
was swampy or muddy (Yahtsé) ground; that the mountain was, therefore, called
Yahtsé-tah-shah, tah meaning harbor, and shak meaning peak; that a river flowed into
the bay from the northwest, where were large glaciers; that the east of the bay was all
ice, but the west, sand and trees; that at the mouth of the bay dwelt some Indians,
and that one day an Indian came rushing home crying ‘Quick, quick, the ice is coming,’
pointing to the river down which the ice was seen to be rapidly advancing. The Indians
escaped along the shore. The ice came on right across the bay, till it struck the opposite
shore, when it turned and continued down the bay to the sea, swallowing the village in
its course.”

The description of the bay at the very foot of Mt. St. Elias, with the river coming in
on the northwest, agrees with the Tebenkof map, except that the west side had the glacier
and the east side sand, swamp, and trees according to the map, but Mr. Topham may very
well have misunderstood the natives about this, or the native story may have been in
error. Native testimony and native legends are not very trustworthy bases for scientific
conclusions; but in this case there is some reason for believing in the general accuracy
of the story, for it is in harmony with the map which we have reproduced. While, there-
fore, we cannot consider it demonstrated, we believe it possible and even probable that
early in the nineteenth century the front of Malaspina Glacier has been very decidedly
modified by pronounced advance. There is nothing in the present condition of vegetation
in the region that disproves such an advance within the period between 1837 when Bel-
cher“reached into Icy Bay”’and “ tacked in ten fathoms, mud,”? and 1886 when Schwatka,
Libbey, and Seton Karr found no Icy Bay, but a Malaspina Glacier 25 mileswidebetween
the south end of Chaix Hills and the ocean.t Indeed, Seward lobe may have possibly
felt the impulse of advance before the Agassiz and Guyot lobes and have advanced before
Belcher’s visit, for he mentions that the small islet under Pt. Riou shown by Vancouver
was no longer there.® The diameter of the trees on the ice near Pt. Manby, as described
by Russell, suggest that the advance on this side was perhaps before 1837. The advance
was pretty surely before 1874, when Dall made his first visit to Malaspina Glacier alluded
to below, but as he did not visit the part of the ice front near Icy Bay this cannot be
settled positively.

The establishment of a modern advance of such magnitude just west of Yakutat Bay

118th Annual Report, U. S. Geol. Survey, 1894, p. 18.

1 Topham, H. W., A Visit to the Glaciers of Alaska and Mt. St. Elias, Proc. Roy. Geog. Soc., Vol. XI, 1889,
Pp- 432-438. :

1 Op. cit., Vol. 1, 1848, p. 79.

¢Seton Karr, H. W., Shores and Alps of Alaska, London, 1887, map on p. 87.

¢ Op. cit., Vol. 1, 1848, p. 79.
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would be very important, for it matches the latest great advance in Yakutat Bay and
Russell Fiord,! which we have tentatively dated as not much over a century ago, but
from which the ice has now retreated 15 to 25 miles, as will be described in a later chapter.
That Malaspina Glacier has had a recent great advance, though of a date which cannot
be stated exactly, is proved by the forest trees incorporated in the gravels at Blossom
Island, although trees are growing on its summit. This advance may have occurred
within a century, and it may be indicated by the evidence above stated; but we cannot
correlate it with certainty.

Later Observations on the Malaspina. Between May 21 and 26, 1874, a Coast Sur-
vey party visited Yakutat Bay and made a determination of the elevation of Mt.
St. Elias.? At this season the entire surface of the Malaspina Glacier was so covered
with snow that its true character was not discovered; but in June, 1880, when the snow
had disappeared from the lower portions of the glacier, the fact that it was a low-lying
ice plateau at the mountain base was discovered by Dall and Baker and the name Mal-
aspina was given to it.3 It was then stagnant and partly covered with moraines with
some vegetation on the ice near Pt. Manby. In the next decade several expeditions
crossed a part of the glacier and made observations upon it, though the main object of
the expeditions was the ascent of Mt. St. Elias rather than glacier study. These were
the New York Times Expedition of 1886, as a result of which parts of Malaspina Glacier
were briefly described by Lieut. Frederick Schwatka, by H. W. Seton Karr}® by
Prof. William Libbey, Jr.,* and the Topham Expedition of 1888, after which parts of the
western Malaspina Glacier and its tributaries were described by H. W. Topham,” by
George Broke ® and by William Williams.® These explorations, however, were not made
in that part of the Malaspina Glacier on which the authors of this book have made
their recent observations.

It was not until Prof. I. C. Russell made his first expedition to Mt. St. Elias, in 1890,
that the remarkable peculiarities of the Malaspina Glacier were made known;!° and addi-
tional observations were made the following year in his second expedition.”” On these
two expeditions Russell crossed all the tributaries of the Malaspina between Yakutat
Bay and the base of Mount St. Elias, and ascended several of them; he traversed the
entire outer margin of the Malaspina from the Yahtse to Kwik River; he crossed the

1Tarr, R. S. and Martin, Lawrence, Bull. Amer. Geog. Soc., Vol. XXXVIII, 1806, pp. 162-164; Tarr, R. S.,
Professional Paper 64, U. S. Geol. Survey, 1809, pp. 134-137.

1 Dall, W. H., Ann. Rept., U. S. Coast Survey for 1875, Appendix 10, p. 157.

3 Coast Pilot, Alaska, Pt. 1, Washington, 1888, p. 212.

¢« Schwatka, F., New York Times, Oct. 17, 1886; The Expedition of the New York Times, Century Magagine,
Vol. XLI, 1891, pp. 865-872.

s Shores and Alps of Alaska, London, 1887, pp. 45-124; Alpine Regions of Alaska, Proc. Roy. Geog. Soc.,
Vol. IX, 1887, pp. 260-276.

¢ Some of the Geographic Features of Southeastern Alaska, Bull. Amer. Geog. Soc., Vol. XVIII, 1886, pp.
279-800.

7 A Visit to the Glaciers of Alaska and Mt. St. Elias, Proc. Roy. Geog. Soc., Vol. XI, 1889, pp. 424—433; An
Expedition to Mt. St. Elias, Alpine Journal, Vol. XIV, 1889, pp. 845-871.

s With Stock and Sack in Alaska, London, 1891, pp. 87-121.

» Climbing Mt. St. Elias, Scribner’s Magazine, Vol. V, 1889, p. 887-408.

10 Russell, I. C., An Expedition to Mount St. Elias, Alaska, Nat. Geog. Mag., Vol. III., 1891, pp. 53-208;
Twelfth Ann. Rept., U. S. Geol. Survey, Pt. 1, 1891, pp. 59-61.

1 Russell, I.C., Second Expedition to Mount St. Elias, Thirteenth Ann. Rept., U. S. Geol. Survey, Pt. 2, 1892,

pp. 1-01.
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glacier from the Yahtse to the base of Mt. St. Elias; and he made several excursions out
upon the ice and to the bordering mountain side. From this comprehensive study he
has given us an account of this remarkable ice plateau which has not since been im-
proved upon; he made a general map (Pl XI) which is the basis for all others; and
be showed clearly that the Malaspina represented a hitherto unrecognized type of
glacier to which he gave the name piedmont glacier.

In 1887 two expeditions started from Yakutat Bay with the object of ascending Mount
St. Elias. Both crossed the Malaspina Glacier to the mountain base, using the glacier
asa highway of travel as Russell had done. One of these, led by H. C. Bryant, was forced
to abandon the attempt to reach the summit of the mountain, and unfortunately no
description of the results obtained has been published. The other, led by Prince Luigi,
Duke of the Abruzzi, succeeded in ascending to the summit of St. Elias, and in the report
of the expedition! there is some description of the glacial phenomena, and some excellent
photographs by Vittorio Sella are published.

Our own observations of Malaspina Glacier are principally upon the eastern edge where
we traversed portions of its surface and some of its tributaries in 1905 and 1906, examin-
ing more distant parts of the glacier with field glasses in these years and in 1909, 1910,
1911 and 1918 and seeing parts of the western edge from the ocean in 1904 and 1910.
For the sake of completeness, however, we shall review the conditions in the whole
glacier, dealing with the western part of Malaspina briefly, except where we present fresh
facts and discuss new interpretations of conditions there and more fully with the
eastern portions where personal observations enable us to write with greater confidence.

Guyor, TyNpaLL, LiBBEY, AGASSIZ AND SEWARD GLACIERS

The western tributaries of the Malaspina (shown in Fig. 2 and Pl. XI) have been ob-
served by the authors of this book only from a distance. No recent advances of these
glaciers, similar to that of the eastern tributaries of the Malaspina described in this
chapter, are known to have taken place. As the western glaciers are liable to future
advances, similar to that of Marvine Glacier, it has been deemed proper to describe
their history so far as it is known, especially as we are able to call attention to evi-
dence of older advances, not previously summarized.

Guyot Glacier seems to have been severely crevassed from rapid normal movement
throughout recent times and there are no known changes aside from the possible great
advance above referred to.

Tyndall Glacier was apparently rather inactive in 1886-88, more active and crevassed
in 1891, and perhaps not as active in 1897. The map published by the New York Times
Expedition * and the Topham Expedition ? indicate that Tyndall Glacier was not im-
passably crevassed in 1886 and 1888, for the routes of these parties go up near the middle
of the glacier. A photograph from the Chaix Hills, taken by Russell in 1891, reproduced
here as Pl. XTI, A, shows such severely crevassed ice along the route followed three years
before by the Topham party that a renewal of activity between 1888 and 1891 is thought

1 Filippo de Filippi, The Ascent of Mount St. Elias by H. R. H. Prince Luigi Amedeo di Savoia, Duke of the
Abruzsi, London, 1800,

s Seton Karr, H. W., Shores and Alps of Alaska, London, 1887, map on p. 87.

s See Broke, George, With Sack and Stock in Alaska, London, 1891, map facing p. 61.
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possible. Bryant’s photograph of Tyndall Glacier from an adjacent peak in Chaix
Hills in 1897 seems to show much less ¢revassing.
A rumor in Alaska in 1909 that a long narrow bay extending many miles back into the
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western part of Malaspina had recently formed, suggested that Tyndall and Guyot Gla-
ciers had either retreated very rapidly by the floating away of large ice masses or had
advanced notably so that a new bay was formed along one side of the lobe. This was
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investigated as far as possible in 1910 and a prospector, Mr. Joseph Pelagrini of Yakutat,
who had recently been to the west edge of Malaspina Glacier, informed the junior author
that a small cove does exist in the ice front near the Robinson Hills but that it is much
smaller and shallower than has been commonly reported; that it is not on the site of
the old Ice Bay but west of Guyot Glacier; and that it was not there on an earlier occa-
sion when he visited this coast. He thought it had been formed by the floating out of an
ice block.

In May, 1911, Mr. C. G. Quillian, commanding the United States Coast and
Geodetic Survey steamer McArthur went within a mile of the western edge of the
Malaspina Glacier. He examined the new Icy Bay at its western margin.! It is in
such a position as to indicate that the Guyot lobe of Malaspina Glacier has receded
several miles. The latest Coast Survey map ? indicates that this recession of Guyot
Glacier is about 9 miles, but Captain Quillian’s estimate of the distance is only 2% to
3} miles. The discharging face of the glacier within the bay was 200 to 250 feet high
in 1911. The recession which formed this bay surely took place later than October 4,
1904, when the junior author saw Icy Cape from a steamer close inshore, and before
1909.

Agassiz Glacier and its tributary, the Libbey Glacier, are normally somewhat crevassed
in their mountain valleys, Libbey less than Agassiz, but their outer portions and exten-
sion into the piedmont Malaspina plateau were stagnant and more or less covered with
ablation moraine when seen by Bryant in 1897 (PL XII, B), and by Russell in 1891.
In view of this inactivity the advance of the border of Agassiz lobe on the edge of
Chaix Hills in 1886 is worthy of notice. Schwatka states? that “at one point of the
ice foot the glacier had shoved down into the timber, crushing into pulp and splinters
huge trees five and six feet in diameter, as a child would sweep together his pile of jack-
straws with his hand.” Seton Karr ¢ locates this point of advance on February 28 and
24, 1886, on an “island”’ south of the end of Chaix Hills, one of their camp sites,
“This island was bordered on one side by the glacier, which was gradually advancing
over it, crushing up the tall pines, rending them into matchwood, and heaping one
over the other—=a scene of gradual destruction by a resistless force. The onset of
the glacier was overriding and burying the patch of wood.” . . . “Close by, over
the river and looming through the smoke, hung frowning cliffs of ice, the flank of the
glacier-face which was burying our island; while, as if to add an additional horror to
the scene, a tree crashed down at that moment, overborne by the weight of the ad-
vancing glacier.” It is not explicitly stated by Schwatka and Seton Karr but it seems
clear that this was an advance of Agassiz rather than Tyndall Glacier because of the
ease with which the latter was traversed by the party during the next few days.

Topham, however, describes the continuation of this advance specifically in connection
with his journey up the east side of Chaix Hills on the border of Agassiz Lake, in 1888.5
This advance seems to have continued for at least two years, although it must have
been nearly over in 1888 when they were able to travel along the edge of the ice. He

1 Personal communication.

8 Chart 8002, March, 1912.

? Century, Vol. XLI, 1891, p. 869.

+ Op. cit., pp. 91, 96.

$ Topham, W. H., Proc. Roy. Geog. Soc., Vol. XI, 1889, p. 428.
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says “the Malaspina Glacier has shrunk away from the hills, and has left a mo-
raine along their sides. Nevertheless, at one place, at an angle formed by a spur
of the hills, the glacier is pushing up against the side of the hills and is crushing down
the scrub trees and beautiful flowers. So fast is it doing this, that branches of alder,

. partially covered with stones and quite alive, are peeping forth from under the débris
and protesting against the encroachment of the ice. This débris consists for the most
part, not of stones brought along upon the surface of the ice, but of an old moraine,
which is being overwhelmed and crushed. I believe that this ice is sliding and swelling
over the older ice below so that it can have little or no effect upon the Malaspina Glacier
taken asa whole. There are no signs along the edge of the latter down by the mouth
of the Yahtsé-tah, that it is either advancing or receding There are no piles of stones
left behind to indicate its retreat, and no trees crushed down to show its advances.”

The upper parts of Agassiz and Seward Glaciers, apparently normally crevassed
because of more rapid movement, have been vividly described by Russell and by Abruzzi.
Seward Glacier (Pl. XI), perhaps the largest valley glacier in North America, with its
known length of 25 miles and unknown extension of perhaps 25 miles more, its
average width of 8 to 6 miles and its scores of great tributaries, is of especial interest
as it is the largest tributary of the Malaspina.

In 1890 Russell described the Seward Glacier within its mountain valley rather fully,!
making measurements of its rate of movement which seemed to be about 20 feet a day in
the central part of the ice stream.

Seven years later the Abruzzi expedition traversed parts of Seward Glacier, taking
many splendid photographs which will be of value for determining future conditions
in Seward Glacier, and noting especially ? a greater amount of crevassing than in 1890.
The motion, however, was apparently slower in 1897 than the rate measured by Russell
for Filippi calls attention to the fact that “Mr. Russell and his fellow-explorer, Mr.
Kerr, both relate how seracs frequently crashed down with such force as to shake the
ice under their feet, and they add that almost incessant reports and rumblings were
produced by the rolling and shattering of the fallen rocks. Nothing of the kind was
observed by ourselves during the days we spent on and about the Seward. The glacier
was always perfectly quiet; only now and then a solitary stone would come down, or a
fragment of sérac would drop into a crevasse with a dull thud.” A possible interpreta-
tion of the greater crevassing but slower movement in 1897 would involve a period of
more rapid movement just beginning in 1890 (Russell unfortunately did not go back this
way in 1891), but which had ceased before 1897, although the glacier was still severely
crevassed the latter year as a result of it.

In 1911 Seward Glacier was easily crossed near Pinnacle Pass by a Boundary Survey
party. Their photographs indicate that the crevassing was about the same as in 1897.

In 1891 Russell observed near Point Manby evidence of a former advance of the Mala-
spina border due to earlier renewal of activity of either Seward or Marvine lobe.? “A
recent advance of the glacier had cut scores of spruce trees short off and piled them in
confused heaps. After this advance the ice retreated, leaving the surface strewn with
an irregular sheet of boulders and stones. . . . The glacier during its advance

1 Nat. Geog. Mag., Vol. III, 1891, pp. 177-180.

s The Ascent of Mt. St. Elias, London, 1900, p. 111.

¢ 18th Ann. Rept., U. S. Geol. Survey, 1894, p. 6S.



MALASPINA GLACIER 53

ploughed up a ridge of blue clay in front of it . . . thickly charged with sea shells
of living species.”

In neither 1805, 1906, nor 1909, did we make any observations on Seward Glacier or
the Seward lobe of the Malaspina Glacier excepting to look out upon it from elevated
points near the eastern margin of the Malaspina. Even such views, distant though they
were, were sufficient to show that the Seward lobe had not in any one of these years
felt the impulse of a forward thrust similar to that which swept down the Marvine lobe
in 1906. From Blossom Island, in 1906, an area of crevassing was seen near the point
where Seward Glacier emerges from its imnountain valley which was thought to possibly
represent the beginning of an advance, for one of the 1906 party, Mr. Alexander, who
was on the Abruzzi Expedition in 1897, was sure that the crevassing was much greater
the latter year in parts of the glacier sledged over by him nine years before. So far as
could be seen in 1909 no great advance had taken place in the interval. The surface
of the Seward lobe appeared to be as smooth as formerly, though near the mountains
there is a very irregular ice surface which is probably normal, for photographs by the
Duke of Abruzzi’s party in 1897 also show crevassed ice in approximately this position.

It may be pointed out that it is quite possible for a large glacier, with many tributaries,
to have more than one advance, with different degrees of intensity, as an outcome of
earthquake shaking. The advance of one tributary, or of several combined, might cause
slight advance, and later another greater advance might result from the thrust derived
from a larger glacier or several tributaries. There is no proof that this has been the
case in the Seward Glacier and it is merely stated as an interesting possibility, and in
order to make it clear that a slight thrust may have occurred in 1906 and yet, after
an interval of years, a still greater advance might begin.

MARVINE GLACIER

Stagnant in 1890. Russell describes Marvine Glacier within its mountain valley as
peartly covered with “interminable fields of angular débris,””! with areas of “hard blue
ice,” some medial moraines, “broad areas covered with sand cones and glacier tables,”
but apparently with no amount of crevassing such as would interfere with rapid packing
over its surface.

The Marvine lobe of Malaspina Glacier seems to have also been inactive in 1890
and possibly at least as long before as 1874, as is suggested by the observation of
the botanist Coville.* In 1899 with a small party from the Harriman Expedition he
spent several days on the eastern border of Malaspina Glacier about half way from
Disenchantment Bay to Point Manby. Here the ice at the border of the Marvine
lobe was covered with a thin layer of soil which supported vegetation. There were
no spruces growing on the ice but the oldest alder bushes were perhaps 8 feet high
and 25 years old.

Little Changed in 1905. On August 22nd, 1905, the junior author climbed up from
Hayden Glacier and looked out upon the Marvine and Malaspina Glaciers, with field
glasses, from an elevation of 1585 feet on the Floral Hills. At that time the valley por-
tion of Marvine Glacier and a broad belt along the eastern margin of the Marvine lobe

1 Nat. Geog. Mag., Vol. II1, 1891, pp. 122-128 and P1. 17.
3 Coville, F. V., Personal communication.
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of Malaspina Glacier were covered with ablation moraine. This was recorded by notes
and in a sketch map and photographs (PL XIII, A). Dirty, somewhat crevassed ice
was observed along the border of the Hitchcock Hills toward the point of emergence of
Seward Glacier, in Malaspina Glacier down to what was then taken to be Kame Stream,
and thence eastward parallel to the glacier margin. Qutside this moraine belt was clear
ice with the morainic scrolls previously alluded to. There was no lake visible near
Blossom Island. The Marvine Glacier, however, was apparently not crevassed, in its
valley, and seems to have been almost exactly as when traversed by Russell in 1890.
The whole eastern Malaspina Glacier, although not seen from nearer than this, seems
to have been in the fall of 1905 essentially as it had been when crossed by the expeditions
of 1890, 1891, and 1897, except in the portion near the east border where crevassing had
then commenced. Near the débouchure of Marvine and Hayden Glaciers the moraine-
veneered ice was broken into flat-topped tables or seracs, but practically none of the
débris had as yet disappeared into the crevasses. Its condition was not unlike that of
lower Lucia Glacierin 1909. In view of the remarkable extension and continuation of
crevassing observed by the senior author in 1906, this beginning of crevassing in 1905
is of much interest,! especially as this wave of advance which produced the crevassing
seems to have appeared in the piedmont bulb before it affected the valley glacier. This
area of crevassing is similar to the nuch smaller one seen in Atrevida Glacier the same
year. Our impression was that even the crevassed area could have been crossed in
August, 1905; but in 1906 this part of the Malaspina Glacier was impassable.

Advance of Marvine in 1906. The expedition of 1906 had for its object the crossing of
Malaspina Glacier from east to west and the further study of this piedmont ice mass;
but by a sudden and most unexpected change in the condition of the eastern or Marvine
lobe this plan was thwarted. The nature of this change, as observed along the eastern
margin of the Malaspina Glacier from Point Manby to Blossom Island, has been fully
described ? elsewhere, and will only be summarized here.

Where Marvine Glacier emerges from its mountain valley above Blossom Island the
progress of the expedition of 1906 was absolutely barred by a sea of crevasses and bristling
pinnacles (Pl. XIV), the entire glacier surface from side to side, for a width of fully 4
miles, being broken as only rapidly-moving glaciers are, and resembling an ice fall in the
intensity of the breaking. Yet it was at this very point that Russell had easily crossed
in 1890, carrying his entire outfit toward Mount St. Elias. From this point down to
the sea the surface of the Marvine lobe was broken into an impassable condition, and the
margin of the glacier was also continuously broken except where joined by the Hayden
Glacier, by which the area of crevassing was pushed out from the mountains. We
could not get far out upon the glacier at any point along the margin, for everywhere the
way was barred by an impassable network of crevasses. This condition of breakage
extended even to the shores of Yakutat Bay, and across the routes followed by Russell
on his retreat in 1891 and by the Bryant and Abruzzi expeditions in 1897. The area

1 The fact of this beginning of crevassing in 1905 was not seen by the senior author, who did not cross Atrevida,
Lucia, or Hayden Glacier in 1905. It was not known to him when he wrote the several papers on the 1906 con-
ditions in which he has assumed that the crevassing began between August, 1905 and June, 1906. We did not
sce the area together in either 1905 or 1906 and the recorded observation of crevassing in 1805 has only been
noticed since our 1809 expedition.

2 Tarr, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey, pp. 83-88; Tarr,
R. S., Bull. Geol. Soc. America, Vol. 18, 1907, pp. 278-277.
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of crevassed ice, some 4 miles wide where Marvine Glacier emerges, broadened toward the
sea (Fig. 8), being about 5 miles wide opposite Blossom Island, and on the shores of
Yakutat Bay extending from the Kwik River at least as far as Point Manby. For a
distance of over 15 miles, from the mountains to the seaward face of the Malaspina, the
ice was crevassed over a width increasing from about 4 miles near the mountains to 12 or
18 miles near the sea.

Near Blossom Island the senior author found this lobe of the glacier very different
from its condition when Russell and others walked and sledged over it. It was im-
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passably crevassed outside its mountain valley. There were many pinnacles and arétes
near the margin, and in the middle were flat-topped seracs surrounded by deep crevasses
extending in all directions. It was clearly evident that the breaking in the expanded
piedmont bulb in 1906 had been far less intense than in the mountain valley. The
broken area had not been long exposed to ablation, for the flat-topped seracs had been
so recently cracked that melting had not had time to round off their corners. The fact
that not only the snow-covered, but even the bare serac-tops were not notably affected
by melting proved that most, if not all, of the breaking had taken place after the period
of ablation of 1905 had ceased.

Sledging over this surface, which Russell and others had crossed easily, would have
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been impossible in 1906 and even travel on foot could be undertaken only by the most
difficult ice work.

We traversed the eastern margin of Malaspina Glacier from the point of emergence
of Marvine Glacier to the mouth of the Kwik River, and along this entire distance, ex-
cepting only where dominated by Hayden Glacier, the ice was greatly broken. Prior
to 1906 this land margin had been covered with ablation moraine bearing a forest of
cottonwood and alder and some spruce along the margin of the lower Kwik valley, and
this margin was so moderately sloping that it could easily be ascended at any point;
in 1906, however, the margin was for the most part changed to a steep and broken cliff
down which the ablation moraine was constantly sliding, while in the forest-covered area
trees and bushes were overturned and were falling into crevasses or crashing down the
newly steepened ice face (Pl. XV, A). The clif was crevassed, often, into impassable
condition, and the broken ice blocks protruded through the ablation moraine, giving the
appearance of a frost-riven rock cliff, heightened by the earthy stain that the angular ice
blocks bore, and by the trees that still stood among them. The ablation moraine, which
had covered the ice for a depth of from 2 to 15 feet, and had so protected it from
melting that sufficient stability was secured for the growth of trees to maturity, was
now sliding into crevasses and down the ice cliff, often in mud flows. Abundant water
(PL. XVI, A) was now supplied by the melting of the ice, newly-exposed to the air and
rains, and small and large streams, heavily charged with morainic débris were issuing
from all portions of the ice margin, where hitherto only trickling streams of clear water
slowly oozed fromn the moraine-covered glacier.

That the ice was being broken and crowded forward during July and August, 1906
was evident as we passed along its base; and that the entire breakage was a result of
changes during that year was indicated by the fact that among all the trees found over-
turned, not one was seen that had not fully developed foliage (Pl. XV, B). This was the
last season for many trees, for in August some were dead and others had yellow leaves,
as if dying. This evidence is in harmony with several other facts which indicate that
this advance was confined mainly to 1906. These facts are as follows: (1) Our obser-
vations of 1905, though not very full, indicate that the advance had barely begun; (2)
other glaciers in the region underwent similar absolute transformation in the brief period
of njne months; (3) the slight amount of ablation on the broken surface of the Marvine
lobe, already mentioned; (4) the closing of the subglacial tunnel by which the waters of
the Blossom Island region had formerly escaped, which occurred between the autumn of
1905 and the middle of July, 1906, and which gave rise to the formation of a temporary
expansion of the lake which lies in the Blossom Island depression.!

Thus a long period of stagnation of sufficient duration to permit the growth of a forest
with trees a half century old, and in other portions of the glacier a period of such moderate
motion as to permit the development of a smooth ice surface over which travel was
easy in all directions, was abruptly ended by such a sudden and rapid forward motion
that even the most stagnant portions of the ice margin were broken. Whether the ice
was thickened by the advance could not be determined, for we had no exact basis for
measurement, but, in view of the fact that other glaciers which advanced were thickened,
it is probable that this one was also. There was certainly some advance along the mar-
gin, for only by this could the ice cliff be steepened and broken, and ice blocks caused to

1 Tarr, R. S., Professional Paper, U. S. Geol. Survey, 1909, p. 88.
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fall from its front; and, moreover, there were places where it had encroached on the fring-
ing forest; but there was no basis upon which we could determine the amount of forward
motion. It is probable, however, that the amount of advance and thickening was not
pearly so great here as in other glaciers, for there was a broad area of piedmont ice in
which the energy of the forward thrust could be dissipated, that it is hardly to be
expected that extensive thickening and advance could also be caused. It is remarkable
that so vast an area of piedmont ice should have been affected (approximately 800 square
miles) and this could only have resulted from a thrust of great vigor from the Marvine
Glacier on its emergence from the mountain valley.

Again Inactive in 1909. In the report on the expeditions of 1905 and 1906,! it was
predicted that the new cycle of advance of Marvine lobe would probably end in a treeless
and moraine-free glacier margin after another season’s melting had destroyed the forest
and removed much of the moraine. Speaking of the advancing glaciers in general it
was inferred that in each case stagnation would soon follow the dying out of the wave
of advance, after which ablation moraine would again cover the glacier margins. The
latter prediction was fully borne out by our studies of 1909, but the former was not.

By the time we approached the margin of the Malaspina Glacier in 1909 we had already
satisfied ourselves as to the main elements in the problems of the advancing glaciers,
and felt little need of a comparative study of the Malaspina margin, which we had at
first thought of undertaking. To have done so meant the entire abandonment of our
plan of visiting the Prince William Sound region, for the difficulties of travel up Kwik
valley are so great that several weeks would be required, and the route through Floral
Pass was closed to us by the recent advance and resulting broken surface of Lucia Glacier.
We, therefore, undertook nothing further than an examination of the Marvine lobe
from elevated points at a distance, from which, however, we could clearly see its condition
even with the naked eye, and satisfied ourselves that it showed no new features of
importance that were not exhibited by other advancing glaciers of the 1906 group. In
1010 the ice jam in Yakutat Bay made it impossible to land on the west side of the bay
and examination of Marvine lobe with field glasses added no significant facts to those
observed the previous year. In 1911 Marvine Glacier was once more so little crevassed
that it was easily crossed in its mountain valley by a Boundary Survey party. In
September, 1918, the Marvine lobe of Malaspina Glacier was examined from a distance
with field glasses by the junior author. It seemed to be entirely stagnant and inactive,
the margin being again covered with ablation moraine.

All theseobservations clearly indicate that theadvanceof 1906 was short-lived, and that
by July, 1909, it had completely ceased. Moreover, ablation had so healed the broken sur-
face and margin that we were convinced that the advance ended soon after August, 1906.
In the clear ice area of the Marvine lobe back of the margin, the ice surface looked much
as it did in 1905; similar swirls of moraine were seen and the surface looked quite smooth.
Doubtless a nearer view would have shown that the surface was far rougher than in 1890
and 1897 but it was certainly much less irregular than in 1906, and it appeared probable
that one could travel over the glacier surface with no great difficulty.

The eastern margin of the Malaspina was also noticeably healed, as compared with
the 1906 condition, though still rough, broken and steep. The jagged marginal cliff
had disappeared, though steep ice cliffs still appeared in places, and while much of the

1Tarr, B. S., Professional Paper 64, U. S. Geol. Survey, 1909, pp. 87 and 94.
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forest that grew in the ablation moraine had gone, much alder and cottonwood still
remained. The destruction of neither the moraine nor the forest was complete, but the
margin presented a far different appearance from that of 1905. Then the forest-bearing
portion of the glacier margin was a moderately sloping embankment covered with forest
verdure; in 1909 there were wooded patches interspersed with areas of barren moraine,
and even with ice cliffs visible from a distance. In view of the rapidity with which the
moraine was being removed from the ice in 1906 and the forest being destroyed, the
fact that no more destruction had been accomplished makes it difficult to believe that
the period of advance and breakage lasted even into the summer of 1907. With cessa-
tion of motion, ablation in the low marginal areas would quickly bring about a sufficient
degree of soil stability for vegetation already growing to maintain itself with little further
destruction by undermining. However, that ablation was still proceeding rapidly
in those parts of the glacier not protected by a deep ablation moraine was indicated by
the volume of the Kwik River, which appeared to be even larger in 1909 than in 1906.
That such a speedy ending of the 1905-6 advance, and the consequent rapid healing
of the broken surface by ablation was not peculiar to the Marvine lobe of the Malaspina
Glacier is made clear in later pages where other advancing glaciers are considered.

HaypEN GLACIER!

This glacier has already been mentioned as one of the tributaries of the Malaspina Gla-
cier, though contributing little ice to it. Heading on the western slopes of Mount
Cook the Hayden Glacier flows as a broad, moderately-sloping valley glacier (Pl. XIT1,
B), with a width of 8 or 4 miles, and, on emergence from its mountain valley, expands
to almost double that width, coalescing with the Marvine lobe of the Malaspina.
A moderate recession would disconnect it from the Malaspina, giving it independent
existence, such as Atrevida and Lucia Glaciers, once tributary to the Malaspina, now
have. It is somewhat crevassed in places, and below the snow line, just west of Floral
Pass, is bordered by lateral moraines, while on the expanded portion, outside the moun-
tain, are several medial moraines and morainic swirls of interesting pattern. The
amount of moraine on the surface increases toward the Marvine lobe, giving rise to
many morainic ridges; but nowhere except along the margins is there a continuous
cover of ablation moraine.

This glacier was partly crossed by the junior author in 1905 and observed and photo-
graphed from the western slopes of Floral Hills; and it was crossed and recrossed several
times, and along several routes by the senior author in 1906. Travel across its surface
in any direction was not difficult and it was evident that there had been no noteworthy
change in condition since Russell crossed it in 1890. We did not get as far west as the
Hayden Glacier in 1909 for the broken Lucia Glacier stood in the way, but we saw por-
tions of its surface with field glasses in 1909 and 1910 and were convinced that it had
not undergone any noteworthy change in the interval between 1906 and 1910. This
negative result is interesting in view of the fact that Marvine Glacier, the next large glacier
toward the northwest, and Lucia and Atrevida Glaciers, its large neighbors toward the
southeast, have both felt the impulse of the earthquake advance. One may anticipate
that its turn will soon come.

1 For a fuller description, see Tarr, R. S., Professional Paper 64, U. S. Geol. Survey, 1909, pp. 81-8S.



CHAPTER 1V
LUCIA AND ATREVIDA GLACIERS

LuciA GLACIER

General Description. Lucia Glacier, which is between fifteen and twenty miles long
and about two miles wide, is a valley glacier expanding in a piedmont bulb outside the
mountain front, and in its lower portion covered with a broad waste of ablation moraine.
Its sources are unknown, but in the main, if not entirely, are on the slopes of Mount Cook.
That there is no large tributary heading farther back in the St. Elias Range is indicated
by the morainic débris, which includes none of the crystalline rock of which these more
remote mountains are composed. While the exact sources are unknown, it is certain
that the glacier receives many tributaries, and some good-sized ones from both sides are
visible from the lower portion of the glacier.

Opposite Floral Pass, where the Lucia Glacier is enclosed on both sides by mountain
valley walls, the width of the glacier is 2 or 8 miles, but it expands beyond this point
because the valley becomes wider and further down because the valley wall on the east-
emn side terminates. The width of the expanded piedmont bulb is 4 or § miles at the
broadest part, the glacier being prevented from further expansion by the presence of
the Floral Hills on the west and by the competing piedmont bulb of Atrevida Glacier
on the east. The outer portion of the Lucia extends southward to the Kwik valley,
forming one wall of that valley, while the Malaspina border, a mile or two away, forms
the opposite wall. The Lucia and Atrevida piedmont bulbs coalesce and form a small
piedmont glacier, similar to the great Malaspina, but supplied with ice from only two
tributaries (Map 2, in pocket).

Basis for Study. This glacier, as well as the Atrevida, was crossed by Professor Rus-
sell and named by him in 1890.! He first used this name, however, for Seward Glacier.?

It was next visited by the Geological Survey expedition of 1905, during which its lower
portion was examined from a neighboring mountain and was crossed by the junior author
and studied late in August. In the Geological Survey expedition of 1906 access to the
glacier from the east was cut off by the advance and breaking of the Atrevida Glacier,
but it was reached and crossed from the west by the senior author.? The National
Geographic Society’s expedition of 1909 traveled to the eastern margin of the Lucia
Glacier, but further exploration was checked by the advance of the glacier. We were,
however, able to examine it from Ampitheatre Knob and from an elevation on Terrace
Point, just above its eastern margin, from which we could see all parts of the glacier
except the upper portion far back in the mountains. The description of the 1909

t Nat. Geog. Mag., Vol. ITI, 1891, pp. 92, 105-108.

¢ Twelfth Ann. Rept., U. S. Geol. Survey, 1891, p. 60.

s Por a description of this glacier in 1905 and 1908, from which portions of the following description are ab-
steacted, see Tarr, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey, 1900,
op. 75-80.
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condition is based upon these observations. The glacier was seen only from the east
side of Yakutat Bay in 1910.

Description by Russell. Lucia Glacier was inactive in 1890, for Russell described
it during the first part of July, 1890, as ‘““covered from side with angular masses of sand-
stone and shale . . . while further up the valley the débris on the surface of the ice
disappeared, and all above was a winter landscape. The brown desolate débris fields

extended far southward, and covered the expanded ice foot in which the
glacier terminates. Most curious of all was the fact that the moraines on the lower
border of the glacier were concealed from view by a dense covering of vegetation, and
in places were covered with forests of spruce trees.” He also described the nunatak
on the west side of the glacier and the outwash plain at its base.

Continued Inactivity in 1905 and 1906. Lucia Glacier seems not to have changed
significantly between 1890 and 1905 ; and between 1905 and 1906, there was no notable
difference, except a possible increase in crevassing up the valley to which reference will be
made later. In 1905 it was impossible to clearly detect the boundary between Lucia
and Atrevida ice tongues, the two lobes of this piedmont glacier; though for a part of
the distance a line of alder growth, forming an oasis in a broad waste of ablation moraine,
marked the site of the interlobate area of greatest stagnation. Above this the two
glaciers were separated by the gravels of Terrace Point, and near the outer border of
the piedmont glacier a stream emerged and formed a valley, apparently in line with
the boundary between the two lobes; but for some distance above this valley the two
lobes so coalesced that the boundary between them was indistinguishable. In 1906,
however, the advance and crevassing of Atrevida Glacier, which pushed westward into
the still stagnant Lucia lobe and destroyed the interlobate strip of alder, brought out
sharply the area occupied by each lobe (Pls. XXVI and XXVII). The Atrevida lobe
was everywhere broken, with clear ice showing along the boundary between the two
lobes, while the Lucia was unchanged—a broad, undulating waste of ablation moraine
which, from a distance, bore little resemblance to a glacier.

One of the most interesting features of the Lucia Glacier was its ablation moraine;
it seemed stagnant near its terminus and wasting in its valley and was the best illus-
tration of this type in the Yakutat Bay region. For over 7 miles, from its terminus
to a point well up the mountain valley, the glacier surface was obscured by ablation
moraine (PL XVII, A), and throughout fully nine-tenths of the area no ice could be
seen from a distance. The ablation moraine extended well up the valley portion of
the glacier, to a point at least a mile above Floral Pass, becoming rapidly thinner, with
more ice showing up the valley, and finally giving place to bands of medial and lateral
moraine. Opposite and below Terrace Point the moraine increased in proportion and
ice appeared only in small bands, or in depressions holding lakelets, at least a score
of which dotted the moraine-covered portion of the glacier. The surface of this desert
waste of ablation moraine was nowhere notably crevassed, and travel over the surface
was possible in all directions, the only difficulty being the extreme irregularity of the
surface due to differential melting, and the occasional slippery slopes where the moraine
veneer was thin. There were numerous moulins of large size, and morainic débris was
being carried into these by the drainage. This was the only escape for the concentrated
morainic débris, for there were no crevasses of any considerable depth in this slowly
moving glacier.
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For two miles or more the outer margin of the Lucia lobe was clothed with vegetation.
On the inner side of this forest-covered part of the ablation moraine scattered individuals
and clusters of alder were growing in the more stable portions of the moraine, but the
amount of vegetation rapidly increased toward the outer margin of the glacier, and in a
short distance the entire surface was covered and hidden by alder thickets. Farther out
individual cottonwoods rose above the alder, and at the extreme margin a forest of
cottonwood and spruce occupied the ablation moraine. The forest covered more than a
mile of the outer glacier margin and in it no ice was visible from a distance. The extreme
outer margin consisted of a low, wooded, gently-sloping embankment which rose above
the gravels of the Kwik valley, and it was exceedingly difficult in places to tell where
the glacier ended. Without examining it carefully, one unfamiliar with the phenomenon
of forest-covered glaciers would not suspect that this wooded slope was a glacier end.
One noticeable feature, however, was the large number of small, trickling streams of
clear, cold water that emerged from the embankment, and at one or two points larger
streams, bearing sediment.

In the ablation moraine were many interesting details, most of which have no direct
bearing on the glacier as a whole but are phenomena of melting. There were, however,
several noteworthy features. The most prominent of these was the extreme irregularity
of the surface due to differential melting. In crossing the ice surface one was constantly
dlimbing over knolls and ridges and descending into valleys, some roughly circular, others
linear or crescentic, and the difference in elevation from valley bottom to ridge crest
was often fully 100 feet. The elevations occurred where the drift was thick, the depres-
sions where it was thin, and it was evident that the relative positions of these higher
and lower portions of the moraine surface were constantly changing as the thickness
of the drift cover changed through downsliding. During the ablation of the under ice,
steep slopes are developed down which the débris slides to the depressions, leaving nearly
or quite bare ice slopes, while the débris accumulates in the depressions and in time doubt-
less accumulates to sufficient depth to retard their further reduction. Then the depres-
sions are gradually transformed to elevations, and the former elevations, denuded of their
drift cover, are lowered to valleys. Where the drainage escapes into moulins there are
conditions favoring more permanent valleys. It is this constant shifting of débris that
prevents the growth of vegetation on these thinner portions of the ablation moraine,
and the struggle that plants are making to find a foothold here is often illustrated near
the margin of the plant-covered portion of the ablation moraine, where annual plants
and one or two year old alder and willow bushes are found overturned, or dying where
they stand by the removal of the s0il from around their roots.

A second noteworthy feature of the ablation moraine was the fact that the rock frag-
ments were all angular, so far as we were able to observe. They were frost-riven frag-
ments and avalanche falls derived from the steepened upper valley walls and in part,
doubtless, supplied with the snow itself as it slid down into the reservoirs. In the outer
part of the piedmont bulb the ablation moraine consisted of a confused maze of hillocks
and depressions, with no definite system, and with a topography reminding one of some
areas of sand dunes where ridges are absent; but farther up the glacier, where the moraine
was thinner, the ablation moraine presented a series of crescentic ridges, where longitu-
dinal ridges, perhaps medial moraines, swung across the glacier instead of down it. The
cause for this peculiar arrangement of the morainic ridges is not clear, but is %
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in some way connected with the flowage of ice under the conditions of expansion into a
piedmont bulb of semi-stagnant or stagnant condition.

A final feature of note was a narrow depression between morainic ridges which in
1905 and 1906 ran eastward from the base of Lucia Nunatak, for about a half mile.
It was much smaller than similar ice-flats seen on Variegated Glacier in 1905 and on
Atrevida Glacier in 1909. The development of crescentic ridges and interior flats seems
to be a phenomenon common to piedmont ice bulbs, and other instances will be pointed
out in the descriptions of other glaciers. Their significance will be discussed in a later
chapter after the various instances have been described.

On the western side of Lucia Glacier, almost at the mouth of Floral Pass, a low hill
rises between 700 and 750 feet (Pl. XVI, B). Russell described it in 1890 as “a huge
rounded dome of sandstone rising boldly out of theice. This is similar to the ‘nunataks’
of the Greenland ice fields, and was covered by ice when the glaciation was more intense
than at present. On the northern side of the island the ice is forced high up on its flanks
and is deeply covered with moraines; but on the southwestern side its base is low and
skirted by a sandplain deposited in a valley formerly occupied by a lake. The melting
of the glacier has in fact progressed so far that the dome of rock is free from ice on its
southern side, and is connected with the border of the valley toward the west by the
sandplain. This plain is composed of gravel and sand deposited by streams which at
times became dammed lower down and expanded into a lake. Sunken areas and holes
over parts of the lake bottom show that it rests, in part at least, upon a bed of ice.”

From its position this hill is useful as a register of changes in the glacier, and for that
reason calls for detailed description. In 1905 and 1906 the eastern face of the nunattak
was a steep cliff at whose base the glacier flowed in contact with the rock. The northern
side, less steeply sloping, was also in contact with the ice, but the southern, or lee slope
was free from ice, although the glacier spread westward just below it. On the western
side a small ice tongue, or distributary of Lucia Glacier protruded part way down to
Floral Pass with a slope of 12° ending in a low, moraine-covered terminus. Thus the
hill, which is about # of a mile long and almost half as wide, had ice contact for about
half its periphery, while ice was present at a short distance both to the west and south,
being absent from less than a quarter of the periphery, toward the southwest. The ice
on the northern slope rose more than two-thirds of the way to the top of the nunatak.

Fortunately the junior author made a careful section of the north side of Lucia nunatak
in August, 1905. The ice rode up on this stoss side, at an angle of about 22°, to a height
of 550 feet above the base where there was a rude moraine terrace, 100 yards or so in
width, with an ice foundation still present (Fig 4). Above this were two earlier
moraines 156 and 50 feet respectively below the top of the nunatak. The lower
moraine was about 75 feet wide and the upper contained small lakelets. These 1905
relationships are shown in Pls. XVI, B and XVIII where the 1905 profile is contrasted
with that of 1909.

The height to which the ice on the north side of the nunatak rose above the level of
the main glacier, in 1905-6, made it seem unlikely that it could have been crowded up
to that level by the then-existing thrust of the glacier. The natural inference from this
condition is that some recent thrust had pushed the ice up here, and this inference is
supported by the fact that for fully 100 feet above the ice the hill slope was barren of

1 Nat. Geog. Mag., Vol. III, 1891, p. 106.
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vegetation, although there was abundant plant growth above this zone. That part
of the glacier which rose above the glacier level on the northern slope of the nunatak was
completely covered with a thick coat of moraine by which ablation must necessarily be
greatly retarded, so that the thrust which pushed the glacier up may well have occurred
years ago, probably long before Russell’s visit in 1890. By the advance of 1909 the ice
condition around Lucia Nunatak has been greatly changed, as is stated below.

The western margin of the glacier, below Lucia Nunatak, was bordered by a large
marginal stream which emerged from an ice tunnel at the southeastern corner of the
nunatak and joined the Kwik River, receiving on the way, first a small tributary from
the ice tongue west of the nunatak, then land streams from Floral Pass and other valleys
in the Floral Hills, and small streams from the glacier. Lucia Stream was an impassa-
ble glacial torrent where it emerged from the ice tunnel, but it was swollen to nearly
twice that size before it united with the Kwik. Although this stream flowed along the
western margin of the glacier it was not everywhere in contact with it, for Lucia Glacier
crowds against projecting spurs of the Floral Hills and the stream was at such places
forced into rock-walled gorges cut across these spurs. Thus the marginal stream valley
consists of stretches where the mountain forms one wall and the glacier the other, alter-
nating with short sections enclosed on both sides by steeply-rising rock walls, against
whose base the river in places flowed, forcing us, in our attempt to pass up the valley, out
of the gorge upon the higher wooded slopes of the projecting spurs.

Conditions on the eastern margin of Lucia Glacier were quite different. Above Ter-
race Point the snow line was soon reached and the glacier was then in contact with the
mountain, but at Terrace Point a broad valley existed, with the moraine-covered ice
for one wall and the gravels of Terrace Point for the other wall. In this valley was a
small stream, supplied by drainage from the land and from the ice, which disappeared
beneath the ice, but which had earlier in the season been dammed to form a lake. Lacus-
trine deposits and stream gravels had accumulated here, and the process of formation
of the gravels of Terrace Point was here being duplicated and illustrated in miniature.
One or two small lakes existed farther down in this marginal valley in the depression
between Atrevida and Lucia Glaciers, and below that came the area of coalescence be-
tween the crevassed Atrevida and the stagnant Lucia Glacier. Beyond this junction
the two lobes flared apart and there was a valley, broadening rapidly westward to a
V-shape, in which a small stream flowed over an alluvial fan, bordered on the west side
by the low, wooded embankment of Lucia Glacier and on the east side by the similar
slope of Atrevida Glacier. This stream evidently carried the drainage from the Terrace
Point region plus such water as escaped from the eastern margin of the moraine-covered
Lucia and the western margin of Atrevida Glacier. A large part of this water had
passed beneath the stagnant interlobate area between the two glaciers. Evidently,
therefore, the main drainage of Lucia Glacier was on the west and of the Atrevida on the
east side, and the interlobe drainage was moderate in amount. This condition was
greatly changed in 1909.

Lucia Glacier has at some former time been far more extensive than now. This is
proved by the morainic deposits that cover Terrace Point, and by the moraine terraces
that lie high up in Floral Pass and in other valleys in the eastern slopes of the Floral
Hills. It has at some period been tributary to the Malaspina, and, while there is no
proof of it, it is entirely poasible that ice may even at present lie beneath the gravels of
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the Kwik valley that now separate it from the Malaspina. These deposits are so thick
that they would suffice to almost prevent further melting.

Advance of Lucia Glacier in 1909. So far as we know, Lucia Glacier was receding
continuously between 1890 and 1909. In 1906 there was some evidence, though not
very conclusive, of a coming change, and an advance was predicted on the basis of an
apparent increase in crevassing up the valley and on the assumption that a longer glacier,
like the Lucia, might reasonably be expected to advance later than the shorter ice tongues,
like the adjacent Atrevida.!

When we saw Lucia Glacier in July 1909 it was advancing as the Marvine and others
were doing in 1906, but had reached a less complete stage of advance than aay of the 1906
glaciers. In view of the rapidity with which the advance passed down the glaciers, once
it had started, as observed in 1908, it seems doubtful whether the crevassing observed in
the upper Lucia Glacier in 1906 was in reality the forerunner of the 1909 advance. Had
it been an indication of coming change one would expect that its effects would have been
felt in the lower glacier by 1907. Still, our knowledge of the behavior of glaciers advanc-
ing under the impulse of snow supplied by earthquake shaking is too slight and too
fragmentary to warrant definite exclusion of this suggestion of coming change. It may
be true, for example, that only one or two of the tributaries had communicated the
impulse of advance to the main glacier and that sufficient force had not yet been supplied
to extend the crevassing farther down, while a year or two later the impulse from other
branches, either more numerous or larger, gave sufficient impetus for a continuation
of the thrust and for the extension of its effects down the glacier. This is an hypothesis
at least worth retaining until the behavior of such advancing glaciers is better understood.

Be this as it may, Lucia Glacier, when seen in July, 1909, almost exactly three years
after our last observation of it in 1906, was utterly transformed, and was rapidly changing
under our very eyes. Between Terrace Point and Lucia Nunatak, where we had so easily
crossed in 1905 and 1906, the undulating moraine-covered surface was rent by a series
of gashes (Pl. XVIII) which rendered the glacier impassable. These gashes were pro-
found, flaring crevasses of great length, spaced a few yards apart, nearly parallel, and
extending in the direction of flow of the glacier. The glacier had the appearance of
being newly-crevassed by differential strain due to motion down the valley and toward
the center of the glacier there was some indication of faulting, with the uplift on one side
of the crevasses. The direction of the crevasses varied both below and above Terrace
Point, but in each case changes in direction seemed attributable to change in direction
of flow of the glacier. For example, near Lucia Nunatak the crevasses pointed toward
the valley center, as if the ice flow here were deflected by the nunatak; and in the
piedmont bulb portion the crevasses fanned out as the ice itself does to form the piedmont
expansion. Between these parallel linear gashes there were very few, in fact scarcely
any cross breaks, but there were long, undulating strips of serac, still covered with
ablation moraine, over which travel would be easy; and it seemed probable that once
one reached this gashed area it would be a matter of no great difficulty to cross the
central part of the glacier by a zigzag course, threading one’s way around the ends of

crevasses.
Along the margin, on both the east and west sides of the glacier, the condition of cre-

vassing was widely different from that of the center. Here the ice was confusedly broken,
3 Tarr, R. S., Professional Paper 64, U. S. Geol. Survey, 1909, p. 80.
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Prate X

A. MORAINE-COVERED SURFACE OF MALASPINA GLACIER
Photograph, 1891, by I. C. Russell.

B. Forest COVERING OF MALASPINA GLACIER
Photograph, 1891, by I. C. Russell.
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Prate XVI

A. MORAINE-COVERED FORESTED EASTERN MARGIN OF THE MARVINE LoBE oF MALas-
PINA GLACIER
The ice, recently thrust forward, has protruded through the soil; the trees are tilted at
various angles and overturned; and the underlying ice, exposed to air and rain, is rapidly
melting. Streams of water and of liquid mud descend the slope. In early July the foreground
was occupiced by a lake upon which the alluvial fan had encroached. the stream, in the mean-
time, being greatly increased in size. Photograph taken August 9, 1906.

B. Lucia Nusatak

With stagnant. moraine-covered ice riding up on its northern slope. Photograph, August 22,
1903, from Photo Station E (Map 2), at eastern end of Floral Pass.
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the crevasses being short and extending in various directions, giving the glacier the ap-
pearance characteristic of an ice fall. Its pinnacled condition was only in small part
due to greater ablation, for even here a large part of the surface was still protected by
moraine. The glacier surface had the appearance of having been broken by dragging
and shoving as the strain of the glacier flood swept down the deeper central portion and
caused a swelling of the ice against the valley margins, the thinner marginal portion having
too great rigidity to accommodate itself to the strains thus induced. One was reminded
somewhat of the broken blocks of ice that are piled up along the margin of a frozen river
that rises in flood. This condition extended all along the visible margin and was strikingly
developed both on the stoss slope of the nunatak and around its eastern base.

‘\

Fia. 4. LoNGrrupiNAL SkcTioNs oF LUciA GLACIER AND NUNATAK.

Above Terrace Point the glacier was also badly crevassed. Those tributaries that enter
from the west were not notably broken, but two that enter from the east, just above
Terrace Point, were impassably crevassed where they emerged from their valleys, and
the crevassing of these extended for only a half mile into the main glacier. It seems
certain that some of the impulse of the advance of Lucia Glacier was supplied by these
tributaries, but the greater part was apparently supplied from the main glacier, which
was badly crevassed above these two tributaries, and, in fact, as far into the mountains
sswe could see. A noteworthy feature of the glacier above Terrace Point was the pres-
ence of a crescentic depression between the crevassed area of the two eastern tributaries
and the crevassed main glacier. It is as if the glacier level were raised by the impulse
from the main glacier, while the advance of the two tributaries had raised a crevassed

5
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piedmont bulb where they emerged from their valleys; but between the two was an area
that was less raised and broken, being between two different currents of recently accel-
erated ice motion.

Below Terrace Point the crevassing diminished in amount and finally died out com-
pletely before the alder-covered portion of the ablation moraine was reached. This
outer portion, beyond the area of crevassing, was apparently in no notable respect differ-
ent from its 1906 condition. Indeed three lakes showing in the forest in the 1906 photo-
graphs were still present on the glacier. There was no crescentic crevassing, such as
was so prominently developed in Atrevida Glacier during its advance, and no noticeable
thickening of the piedmont portion. This section was still a field of ablation moraine,
with the outer fringe of forest and alder grading into a waste of barren, undulating, rocky
moraine with no ice appearing when viewed from a distance. But in 1909 this desert of
ablation moraine graded into an area of gashes in which ice was revealed in increasing
amounts up the glacier.

While there was no noticeable thickening of the piedmont portion of the glacier, there
was thickening along the margins at Terrace Point and Lucia Nunatak, and presumably
also between these two points. The thickening and advance was best shown at Lucia
Nunatak. Here the ice rode high up on the stoss or northern end. The undulating,
moraine-covered stagnant ice that in 1906 rested high up on the northern slope of the
nunatak was now replaced by an up-domed area of greatly crevassed ice which had
overridden the barren area and advanced into the zone of vegetation that covers the
nunatak top. At this point, therefore, the glacier was over 100 feet higher than in 1905
and 1906. A peculiar dome of broken ice also rose against the middle of the eastern side
of the nunatak, but the cause for this could not be determined at the distance from which
we viewed it. The stagnant tongue of Lucia Glacier which formerly stretched down
the valley between the nunatak and Floral Hills, and which in 1905 and 1906 was not
visible from the crest of Amphitheatre Knob, had been pushed forward and broken into
impassable condition so that it was now plainly visible from that viewpoint, and the ice
tongue extended a quarter of a mile beyond the southern end of the nunatak. Its total
advance is estimated to have been between half and three-fourths of a mile. Whether
it united with the main glacier below the nunatak could not be determined, but if it did
not actually unite it certainly almost did so, and the hill was once more nearly if not
quite a true nunatak.

At Terrace Point the ice had been pushed up laterally and, as already stated, had been
greatly broken. During the earlier visits, in 1905 and 1906, this margin was a moderately-
sloping, moraine-covered embankment with almost no ice showing, and one could ascend
the slope at any point. Now the broken ice was bordered by a jagged precipice from
which both moraine and ice blocks were constantly falling. The marginal valley be-
tween the glacier and Terrace Point had been greatly narrowed, the ice having pushed
out laterally one or two hundred yards. At no point was the ice in contact with Terrace
Point and a narrow marginal valley still existed. In the lower portion of this valley
stood a narrow linear lake at least a half mile in length and two or three hundred yards
wide, with the jagged ice precipice forming one margin and the southern end of Terrace
Point the other. This lake was filled with icebergs, and as we looked down upon it we
saw many fall into it. At the southern tip of Terrace Point in 1906 a small lake stood
where the advancing Atrevida Glacier had pushed forward to dam the drainage from
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the eastern margin of Terrace Point, forming a lake which did not existin'1905. This
lake still existed August 3, 1909, but south of it for over half a mile the moraine-covered
depression between Lucia and Atrevida Glaciers was covered with icebergs. The
expanded lake in which these icebergs floated was seen from the crest of Amphi-
theatre Knob on July 21, 1909, but before August 3 was drained through a subglacial
tunnel.

Another notable change along the eastern margin of the Lucia Glacier was the de-
velopment of a huge glacial stream in the depression between the outer portions of the
Lucia and Atrevida lobes. In 1906 there was only a small stream here, but in 1909 one
of the largest glacial streams of the region was flowing. This increase in volume was
probably due in part to the recent breaking of the glacier, thus exposing the ice to more
rapid melting; but this does not seem to be a sufficient cause for so great an increase.
It is probable that a still more efficient cause is the interference with and destruction
of the subglacial drainage which had developed during years of stagnation, and which
in 1905 and 1906 found escape at the southern end of Lucia Nunatak on the opposite,
or western, side of the glacier. The advance and breaking of the glacier, so notable
near the nunatak, must have destroyed this system of subglacial drainage toward which
most of the water from the glacier formerly flowed. Whether the new drainage all went
to the east side, or whether a considerable portion still emerged on the western margin
could not be determined; but that a large proportion escaped through the eastern stream
iscertain.

This remarkable change in condition of Lucia Glacier in the interval between August,
1906, and August, 1809, had wholly altered the appearance of the glacier, and yet we con-
dude that the thrust by which the change has been caused was either a weak one or else
only just beginning to make its efforts felt, probably the latter. The reasons for this
conclusion are several, all based upon the changes which a similar advance brought about
in other glaciers. Compared with the Atrevida in 1906, for instance, the Lucia in 1909
was far less broken, and the piedmont area was not noticeably thickened, as the Atrevida
was. Asyet there had been no development of great crescentic crevasses in the piedmont
bulb as was the case in the Atrevida, and the crevassing did not reach out into the alder
sone as it did in the Atrevida. In other words, the stage of breaking of Lucia Glacier
was in 1909 far less advanced than that of Atrevida Glacier in 1906. It was far less
broken than the Marvine, Haenke and Variegated Glaciers also.

In view of the rapidity with which these waves of advance pass down a glacier, essen-
tially the whole transformation in the case of those that advanced in 1906 having taken
place within a period of nine or ten months, it is not improbable that the lesser develop-
ment of the Lucia advance was not due to weakness of the thrust but to the fact that our
observations were made too early and before the advance was finished. We can state
with certainty that the entire breakage was recent, and mainly, if not entirely, in the
season of 1909, and that it was still in progress in August. The proof of this is conclusive
and of several kinds. Most noticeable of all is the condition of the crevasses and inter-
crevasse or serac areas in the middle of the glacier. Although well below snow-line, and
in a situation where ablation is rapid, the edges of the crevasses were sharp and angular
as if freshly-broken, and the serac areas were still so completely covered with ablation
moraine except on the crevasse faces that little ice was seen in this entire area. Even
Dear the glacier margin, where the ice was so broken and pinnacled, a large part of the
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ice was still veneered with moraine, a condition which could not possibly have been
the case had ablation been long active on this maze of jagged pinnacles.

The marginal lakes, and the formation and drainage of one of them, point to the con-
clusion that the advance was in progress; but more important than this is the fact that
during our visit the ice along the glacier margin was being broken by the thrust. As
we stood on Terrace Point for a few hours we heard ice falls every few minutes, and that
this had been in progress for some time was proved by the presence of many white ice
patches in the ‘broken, débris-covered marginal area, caused by the recent fall of ice,
and even more noticeably by the great numbers of icebergs floating in the marginal lake
and stranded on the bottom of the abandoned lake.

We believe that these facts demonstrate that the advance of Lucia Glacier began no
earlier than the autumn of 1908 (and probably even more recently), and that it was in
vigorous progress in August, 1909. We have no reason to doubt that in a few weeksa
notable difference would have been observed in the appearance of Lucia Glacier. We
looked forward with the utmost interest to re-examining this glacier in 1910, for it was
to be expected that great changes would take place in the interval. If they had it would
have given basis for a fuller statement of the nature of the changes in these advancing
glaciers than is now possible. Hitherto the advance has been nearly or completely
finished when observed, but in this case there is reason for thinking that the advance,
as seen in 1909, had not reached the maximum. The ideal plan, had it been possible,
would have been to stay right at Lucia Glacier and record the daily changes throughout
the fall and winter. '

Condition in 1910. When the junior author returned to Yakutat Bay in June, 1910,
he regarded the observations of Lucia Glacier as the most interesting and important
which it was his privilege to undertake. On going up Yakutat Bay an enormous amount
of floating ice was encountered and, as it was then apparently impossible to cross to the
west side of Yakutat Bay, the investigation of the Hubbard, Nunatak and other glaciers
was undertaken first, in the hope that the ice jam would thin sufficiently in the course
of a week so that the west side of the bay and Lucia Glacier might then be reached.

Upon the return to outer Yakutat Bay, however, the ice jam was undiminished but
three attempts were made to penetrate through the icebergs to the west side of the bay,
each time without success. A camp was maintained on the east side of the bay and the
ice was watched constantly for favorable conditions but each time we attempted crossing,
the launch was turned back by the ice jam, after some arduous and dangerous experiences.
Finally, the date of the northward-bound steamer approaching, it was necessary to
choose between not seeing Lucia Glacier in 1910 or losing two weeks or a month of the
season in Prince William Sound, where the author had been directed to spend most of the
summer. With deepest disappointment the Lucia Glacier observations were then given
up.

Such observations as could be made with field glasses from high points on the east
side of Yakutat Bay revealed, however, that Lucia Nunatak had not been completely
overridden and that the stagnant moraine-covered outer bulb of Lucia Glacier had not
been broken up. The ice rode little, if any, higher up on the north side of the nunatak
than in 1909. The crevassed glacier surface was still dark with large amounts of ablation
moraine upon the serac tables. The trees upon the visible outer part of the glacier bulb
were undisturbed. The Kwik River and smaller streams north of it that receive dis-
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charge from Lucia Glacier seemed not appreciably larger than in 1909, although as the
observations were made fully two weeks earlier than the junior author had ever been
in Yakutat Bay before, and as snow still lay on the ground at sea level, the latter point
could not be stated with certainty.

These scanty and tantalizing observations gave the impression that the advance of
Lucia Glacier had not continued very long after our leaving the region ten months before
or else that the rate of advance had slowed down so that changes were taking place very
slowly indeed.

Stagnation in 1911. By the summer of 1911 the advance of Lucia Glacier was all
over, for it was easily crossed by a Boundary Survey party in that year. The return
to stagnation after the advance of 1909 was evidently quite as rapid as in the other
gaciers of Yakutat Bay which have had advances stimulated by earthquake avalanch-
ing. It was partly covered by ablation moraine when seen by the junior author from
the bay in 1918.

ATREVIDA GLACIER

General Description. Atrevida Glacier, which is much shorter than the Lucia, is an
ice tongue of similar characteristics. It expands much more in its lower course, however,
being only about a half mile wide in its deep mountain valley but flaring out rapidly to
a mile and three quarters at the point where it passes between Amphitheatre Knob on
the east and Terrace Point on the west, and coalesces with Lucia Glacier. The whole
glacier, piedmont bulb and all, is probably less than ten miles in length. Several streams
flow from it (a) to Kwik River, (b) directly to Yakutat Bay, and, (c) by Esker Stream,
from the eastern side at the base of Amphitheatre Knob (Map 2).

Condition tn 1890 and 1905. The glacier was named by Professor Russell in 1890,
who described it in about the same terms as the Lucia, besides showing its condition by
several pictures. The 1890 conditions seem almost exactly like those in August, 1905,
when we obtained a bird’s eye view of it from the summit of Amphitheatre Knob,
which rises above its eastern margin, and later in August when one expedition was
made in various directions over the ablation moraine near the east side and another, by
the junior author, from the east side to Terrace Point and back by different routes.

The exact length of the glacier is not known, but the valley portion is probably less
than five miles, while the distance from Terrace Point to the terminus of the piedmont
bulb is about five miles more. There are numerous tributaries, all small, so far as seen,
and descending in steep courses as cascading glaciers. In the lower portion of the valley
there are cascading glaciers which no longer unite with the main glacier. The valley
walls, which attain elevations of 5000 to 6000 feet, are everywhere steep, showing clear
evidence of profound valley deepening by glacial erosion, and between them lies the glacier
with a width of two or three miles, broadening toward the valley mouth. So far as
observed in 1905, with a single small exceptional area, Atrevida Glacier was in a semi-
stagnant state in its valley portion and quite stagnant on its outer portion beyond the
mountain front. It was possible to travel easily on any part of the glacier and we walked
freely over its surface. For a mile or a mile and a half within its mountain valley the

glacier was covered with an almost continuous sheet of ablation moraine and the surface
was an undulating waste of rock fragments of all sizes, from huge angular bowlders to

3 Nat. Geog. Mag., Vol. III, 1891, pp. 92-5, and Plates 10 and 11.
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clay. The only difficulty in travelling and packing camp outfit over this surface was
the unstable position of the rock fragments resting on the glacier, and the necessity of
constantly climbing ridges and knobs and descending into pits and valleys, in whatever
direction one travelled. There seemed to be no system to the hillocks and depressions,
their origin being evidently differential ablation of the under ice which the moraine pro-
tected in varying degrees according to the local thickness of the moraine cover.

In the upper portion of this morainic desert the amount of visible ice increased, the
moraine cover became notably thinner, and the surface was less irregular. Some cre-
vassing also appeared, but nowhere in sufficient amount to prevent travelling over the
glacier except in one small section where a dome of crevassed ice appeared in the midst
of the moraine desert. It was so abnormal a feature that we photographed it, thinking
that it represented the updoming of ice in passing over some elevation in thevalley bottom.
We predicted the existence here of an unborn nunatak, but the crevassed dome is now
interpreted as the first sign of the coming transformation of the glacier which was ob-
served in full progress in 1906. Still farther up the glacier, clear ice predominated and
finally the moraine entirely disappeared, but we did not visit this part of the glacier and,
therefore, cannot describe it in detail.

Nowhere in the upper part of the valley portion of Atrevida Glacier did vegetation
grow in the ablation moraine, for it was shifting rapidly. But farther down, near the
end of the valley portion, scattered alder bushes and clusters of alder grew, extending’
farther up the valley on the eastern margin than in the center, because the lateral moraine
deposits were thicker and, therefore, under more stable conditions. Just outside the
mountain valley portion of the glacier the ablation moraine was covered with alder, and
farther out, with cottonwood and spruce. These bushes and trees were mature, indicat-
ing a long condition of stagnation in this part of the glacier. The stagnant outer part
of the Atrevida was a true piedmont bulb,extending four or five miles beyond the moun-
tain front and expanding fan-shaped until it attained a width of about twice that of the
valley portion. On the western side it coalesced with Lucia Glacier. As already stated
in the description of that glacier, the two glaciers were separated in the lower portion
by a V-shaped valley, then by an interlobate section on which a narrow strip of alder
grew, and above this the two glaciers again separated a short distance below Terrace
Point, which, with the mountain back of it form the dividing walls between the valley
portions of the two glaciers.

Both at Terrace Point and along the eastern side of the valley portion of Atrevida Glacier
the margin had a thickly moraine-covered, moderately-sloping embankment which we
could ascend at any point. It formed one wall of a marginal valley, carrying some
drainage. On the west side there was little drainage from either the Lucia or Atrevida,
and only a small stream escaped in the V-shaped valley between the interlobate portion
of the coalesced Lucia and Atrevida; and there were only small streams emerging from
the outer portion of the piedmont bulb which rose above the Kwik valley. A small
stream emerged from the forest-covered part of the piedmont bulb on the eastern side
and flowed into Yakutat Bay, but it was easily forded. The main drainage of the glacier
emerged from the east side at the base of Amphitheatre Knob. At the point of emer-
gence of this stream, which Russell called Esker Stream, there was a low cave with vertical
or overhanging walls above which the ice edge had a slope of about 85°, down which
a few stones were sliding. The ice was nowhere heavily débris-laden, though dirtiest



LUCIA AND ATREVIDA GLACIERS 71

near the base. There were a few crevasses, dipping like joint planes at an angle of 5°
or 10° from the horizontal and suggesting differential ice movement. At the top of the
200 foot ice slope there was a dense alder thicket with bushes estimated to be fifteen or
twenty years old. We are inclined to interpret the slight crevassing of the ice cliff as
the beginning of the advance and profound breaking which were observed nine months
later.

Professor Russell crossed Atrevida Glacier in 1890, starting at the point of emergence
of Esker Stream, with his entire outfit. From his description we are led to infer that
the Atrevida was in essentially the same condition in 1905 as in 1890. One of the
photographs illustrating his report! shows the glacier surface covered with ablation
moraine; another shows the ice cave from which Esker stream emerges and we could
notice scarcely any difference in its form in August, 1905. Russell’s description of the
conditions in 1890 was as follows? “The waters, brown and turbid with sediment,
welled out of a cavern at the foot of an ice precipice 200 feet high, and formed a roaring
stream too deep and too swift for fording. . . . The dark-colored ice, mixed with
stones and dirt, might easily be mistaken for stratified rock, but the dirt discoloring the
ice is almost entirely superficial. The crest of the cliff is formed of débris, and is the edge
of the sheet of stones and dirt covering the general surface of the glacier. Owing to
the constant melting, stones and boulders are continually loosened to rattle down the
steep slope and plunge into the water beneath.”

There is every reason to believe that the glacier had changed very little for many years
before Russell’s visit. Its piedmont portion must have been in a stagnant state for at
least a half century before 1905, otherwise the ablation moraine and its forest could not
have developed. That it had not been notably more expanded for an even greater length
of time was proved by the presence of a mature forest growing up to the very margin
of the moraine-covered ice. No notable recent recession had taken place, for there was
only a very narrow area along this margin in which the forest did not grow. From the
evidence that we possess we feel warranted in inferring a long period of stagnation, with
no notable advance or recession for several decades, and probably for more than half a
century. Up to the autumn of 1905 the Atrevida was a fine example of a valley glacier
with a piedmont terminus completely covered with ablation moraine and in the outer
portion so stagnant that it bore a dense growth of vegetation. No one would have ex-
pected that such a glacier would suddenly spring into activity, and such a thought never
occurred to us even when, in June 1906, the senior author approached the Atrevida
with the purpose of traversing a route westward to the Malaspina along the line followed
by Russell in 1890 and by the junior author in August, 1905.

The Advance of 1906. As the Geological Survey party approached the margin of
Atrevida Glacier early in June, 1906, never dreaming of change, the first surprise came
when at a distance of several miles a jagged ice cliff was seen where nine months earlier
there was a low, moraine-covered ice margin, bearing forest; and later investigation
showed that the entire glacier, with the exception of the outermost portion, was utterly
transformed and quite impassable. A bird’s-eye view of the entire glacier was obtained
from the crest of Amphitheatre Knob (Pls. XXVI, XXVII), which rises directly above
the eastern margin of the Atrevida, and early in August a visit was made, via Floral

1 Ruseell, I. C., An Expedition to Mount St. Elias, Alaska, Nat. Geog. Mag., Vol. III, 1891, P1. X.
tNat. Geog. Mag., Vol. ITI, 1891, pp. 94-5.
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Pass, to the western margin at Terrace Point. Such a sudden and absolute change in a
glacier in so short an interval of time had never before been observed and described, so
far as we know.

From side to side, and from as far up the mountain valley as we could see, down into
the alder-covered portion of the piedmont bulb, was such a sea of crevasses (Pl. XX) that
there was no direction in which it seemed possible to cross the glacier; and even to ascend
to its surface proved to be a matter of great difficulty. Where formerly there was a waste
of ablation moraine, with no ice appearing in a distant view, the glacier was so pro-
foundly broken that clear ice appeared on every hand. Much of the ablation moraine
had disappeared into the crevasses and during the summer still more was thus removed,
80 that the glacier surface was transformed not only by the development of innumerable
crevasses but also by the loss of much of its morainic veneer. Moraine still clung to
the tops of the broader serac ridges, but more than half the surface was clear ice; and
instead of the undulating morainic surface there were ice splinters, pinnacles, arétes,
and profound crevasses extending in all directions.

In the valley portion of the glacier there was no appearance of system in the crevassing,
but beyond the mountain front, where the glacier spreads out, the crevassing assumed a
crescentic form. A series of concentric gashes, with radius increasing toward the outer
portion of the crevassed area, showed their crescentic form very clearly where the pure
ice was opened in the dark ablation moraine, and still more clearly in the dark-green
alder zone. It was almost weird to see these ice-walled gashes rent in the soil in which
dense thickets were growing, but it showed vividly on what an unstable foundation
the vegetation was growing. Toward the outer margin of the broken area the crevasses
gradually died out, the outermost ones being short, narrow rents. Ablation was proceed-
ing with rapidity, the soil beneath the plants was sliding down the slopes and into the
crevasses, and they were being undermined and overturned. It was evident that the
alder thickets on that part of the glacier which was broken were doomed to destruction;
but whether the ice would be still further broken here, or whether the area of crevassing
would be extended farther into the forest-covered part of the glacier could not be foretold.

Not less remarkable were the accompanying changes along the glacier margin, on both
the east and the west sides. At Terrace Point, on the western side, the ice was crowding
up on the land, overriding the gravels and pushing them up in low ridges. Below Ter-
race Point the ice had pushed out some distance, in the low interlobate area between the
Lucia and Atrevida Glaciers, overriding a camp site occupied in 1905, and forming a new
lake by the extension of an ice dam across the marginal drainage of the two glaciers.
The ice was also noticeably thickened; for in 1905 the Atrevida had about the same ele-
vation as the Lucia where the two coalesced, the boundary between the two being marked
by a strip of alder; but in 1906 this alder was destroyed by lateral thrust and the area
of crevassed Atrevida ice was much higher than the ablation moraine of the adjoining
stagnant Lucia. The thickening amounted to fully 200 feet near the boundary between
the two glaciers. At the same time the crevassed Atrevida bulb extended across the
interlobate section into the area of the Lucia, and, being both higher and much crevassed,
it was then easy to trace the boundary between the two glaciers.

A noteworthy feature of the glacier just below Terrace Point, and thence eastward
three-quarters of the distance to Amphitheatre Knob, was a roughly-crescentic area of
white ice bordered on both the up-stream and down-stream sides and on both margins by
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débris-covered ice. The surface of the white area was crevassed as badly as that of
the surrounding débris-covered glacier. The appearance of this area of white ice (pp.
78-9) in the midst of moraine-covered ice, and where débris had previously covered the
glacier, was a puzzling feature. The significance of this feature is discussed in another
chapter (p. 187), after other similar areas have been described.

The view of the broken glacier from Terrace Point (Pl. XIX, A) showed clearly that in
1906 Atrevida Glacier was impassable from as far up the mountain valley as we could
see down to the outer border of the crevassed area in the alder zone. This view, over a
month later than the one from Amphitheatre Knob, showed considerable change in detail
through ablation, but otherwise no notable difference in condition. The western margin
of the glacier near Terrace Point consisted of a high, crevassed, inaccessible ice precipice
replacing the moderately-sloping, moraine-covered embankment, up and down which
we easily traveled in 1905. By cutting ice steps all the way this margin could be
ascended; but further progress was barred by a complex network of profound crevasses,
with intervening ridges and pinnacles, that could not be crossed with a camping outfit.
It was a wonderful contrast to the easily-traversed surface of 1890 and 1905.

Along the eastern margin titanic changes, quite like those along the margin of the
advancing Marvine Glacier were in progress before our very eyes. At Esker Stream the
ice front had advanced an unknown amount, destroying the vegetation on the slopes of
Amphitheatre Knob. The moderately sloping cliff of 1890 and 1905 was changed to a
jagged precipice of broken ice blocks, down which débris was incessantly falling. The
cave from which Esker Stream issued had disappeared through ice faulting (Pl. XXI, A),
and the stream had increased in volume. The faulted, splintered ice cliff extended
westward with overhanging cornices due to horizontal thrust faulting (P1. XVII, B).
In the one place where the cliff could be ascended, further advance was halted by deep
crevasses before the level of the glacier surface was reached. The morainic soil, with
the bushes growing upon it had disappeared into crevasses or had slid down the front
of the glacier. Moraine, ice, and wood were constantly sliding down from the glacier
front, the avalanches sometimes including score of tons, and it was always dangerous
to the observer. By this material the coniferous forest growing in front of Atrevida
Glacier was being tilted, buried, and destroyed, including alders, underbrush, and trees
over 50 years old (PL XXII, B). The breaking also resulted in exposing to melting the
buried ice that had long been protected by moraine and forest, so that augmented
streams were rapidly cutting into the soil, gravels and rock. All this change had taken
place between August 23, 1905 and June 26, 1906.

Condition in 1909. Knowing of no previous observations upon the behavior of glaciers
undergoing abrupt change from long continued stagnation to great activity, and from
unbroken surface to impassably crevassed condition, we could not, in 1906, predict with
any certainty what was in store for the Atrevida Glacier. In view of the suddenness of
the transformation, and the rapidity with which its full effects spread over the glacier,
we were prepared to believe that the cycle of activity would be a brief one if the cause
of earthquake impulse were the correct explanation. We did not, however, suspect
what the evidence of the 1909 observations clearly demonstrate, that the advance had
pa.ssed its height and had almost ceased when the Atrevida Glacier was being studied
in the summer of 1906. The probable future of Atrevida Glacier predicted in 1906 by
the senior author was that the alder and forest growth within the crevassed area would
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be destroyed, with perhaps a larger area if the forward thrust reached further. It seemed
probable that the latter would be the case, for the breaking observed in 18906 suggested
that the maximum had not been reached. As a matter of fact the Atrevida Glacier had
practically ceased its forward motion in August, 1906, and the termination of its advance,
and its return to a condition of stagnation, have been almost as spectacular as was its
transformation into a state of activity between August, 1905 and June, 1906.

In 1909 we reoccupied the sites from which the observations and photographs of 1905
and 1906 were made, and were, therefore, able to make exact comparisons of the con-’
dition in the several years (Pls. XX, and XXI, A). No new observations of Atrevida
Glacier were made during the two weeks spent in Yakutat Bay in 1910. In 1809 it was
clear that the glacier had advanced but little since last seen in August, 1906, that the
wounds from the spasmodic advance had been to a great extent healed by ablation, that
the glacier had again relapsed into a state of stagnation, and that it was now once more
possible to travel over its surface. In 1909 the Atrevida Glacier was far more like what
it was in 1905 than in 1906, but its surface was much rougher than in 1905. The greater
part of the glacier was covered with a sheet of ablation moraine (PL XIX, B) and this
extended much farther up the valley than it did in 1905. This is a remarkable fact,
and no other explanation occurs to us than that the extension of moraine cover up the
glacier valley is due to the downshaking of rock fragments from the steep valley walls
during the 1899 earthquakes, thus furnishing an unusually great supply of débris that
was above the snow line in 1905 but had been brought down into the zone of ablation
by the rapid advance of 1806. A few small areas of clear ice appeared in the waste of
moraine that covered the glacier above Terrace Point, most of them in the middle of
the glacier, where one would naturally expect less débris from avalanches. This upper
glacier surface was viewed and photographed at the same site on Terrace Point, in both
1806 and 1909 (Pl. XIX) and the photographs show clearly a decided lowering of the ice
surface in the interval of three years. It is impossible to state the exact amount, but
it cannot be less than 50 feet and may be even more than 100 feet. This lowering of
the ice may not all be the result of ablation, for there may have been a flattening through
the forward creep of the lower ice of the glacier after the spasmodic advance ceased.

Between Amphitheatre Knob and Terrace Point, just where the valley glacier portion
may be said to end, more detailed studies were made than elsewhere, because it was here
that Russell crossed in 1890, and the junior author in 1905, while it was carefully exam-
ined from both the east and west sides in 1806. There was, therefore, a better basis for
comparative study here than elsewhere. In 1909, therefore, this portion was examined
and photographed from Amphitheatre Knob and from Terrace Point, as in 1906, and it
was crossed, as in 1905. With the exception of a narrow medial area, in which small
patches of clear ice appeared, the entire surface was covered with a sheet of ablation
moraine as it was in 1905; but the surface was much rougher than then, the morainic
hillocks being higher and the intervening pits and valleys deeper. No sign of the
crevassed dome observed in 1905 was visible in 1909. As compared with 1906 the
surface was of course far smoother, and when viewed from either side no crevasses were
visible, and, excepting in the area mentioned, almost no ice could be seen. This con-
trasts strikingly with 1806 when the glacier was broken by a maze of crevasses, and more
than half the surface was clear ice; and the contrast is brought out most strikingly by
the photographs taken from the same site on Terrace Point in the two years. In these
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photographs, also, a distinct lowering of the ice surface is noticeable, in this case surely
of more than 100 feet.

It was found possible to walk freely over the ablation moraine though, owing to its

greater roughness, with much more difficulty than in 1805. Alder was no longer grow-
ing on this part of the glacier but there was a thick cover of ablation moraine, though
with many bare, débris-stained slopes and others with only a thin veneer of moraine.
Melting was in rapid progress and small streams were coursing down all the slopes, but
there were no large moulins, for the ice drainage had evidently not yet progressed far
enough to develop these as they were developed in 1805. Crevasses were seen in many
places and care was necessary lest one should step into those hidden from view by the
moraine. Several times such a crevasse was unexpectedly discovered when stepping on
what seemed to be solid, moraine-covered ice. We soon learned that the ridges were the
places to be avoided and that the depressions offered the safest routes, for few and
only shallow crevasses were found in the valleys, while the ridge crests were almost
uniformly the sites of crevasses. The explanation of this fact is not difficult. After
the glacier was broken by the advance, the moraine slid into the newly-formed crevasses,
and, when ablation proceeded to lower the glacier surface, these filled, or partially filled,
crevasses, with their greater depth of moraine, were so protected that they were preserved
and stood above the level of the inter-crevasse areas. Then the rock fragments on
and in these elevated crevasse areas slid down into the valleys, and doubtless the
next stage will be the rising of the filled valleys and the lowering of the emptied crevasse
areas.
In addition to the ridges due to crevasses the ablation moraine is diversified by bands
and patches of rock predominantly of a single kind, such, for example, as black shale
or conglomeratic rock, and in these areas are found unusual numbers of large angular
blocks. They did not seem to be arranged in any order that could be correlated
with flowage lines and may possibly be interpreted as rock falls and avalanches trans-
ported down the valley and spread out irregularly by the movement of the ice and
by distribution through sliding, as ablation lowers the ice and undermines ridges and fills
depressions.

It would be interesting to know the rate at which ablation has been proceeding on this
ice surface. That the rate must have been rapid is indicated by the evidence furnished
by the Atrevida and other glaciers. This evidence is of several kinds. A comparison
of photographs from the same point show a general lowering of the surface sufficient to
be apparent in photographs. It is possible, as already stated, that some of this lower-
ing may be due to flowage after the first vigorous advance, but much of it, is certainly due
to ablation, for the old crevassing and the noticeable proportion of clear ice have both
been in large part destroyed, and only ablation could account for this. Moreover, the
transformation of crevasses to ridges 50 to 100 feet high can be explained only as a result
of ablation.

The only specific knowledge that we have regarding the rate of ablation in this climate
are the measurements made on Hayden Glacier in 1806 when in a period of twelve days,
in late July and early August, it was found that the surface of the glacier was lowered
at the rate of 4inchesa day. This, however, was on a smooth ice surface, and at a much
greater elevation, where the temperature on clear days descended below freezing point
even before the sun set. The surface of Childs Glacier was lowered 7 inches a day in
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July, 1909. The surface of the Baird Glacier of southeastern Alaska was lowered an inch
a day by ablation in 18938. Muir Glacier surface melted 2 inches a day in 1890 and 1892.
On the broken Atrevida, much nearer the sea, and at a lower elevation, the rate of abla-
tion must have been greater than that on the Hayden. But when the ice surface began
again to be sheeted with moraine the rate of ablation must have notably decreased. With
these variable factors, and the absence of exact measurements, we can do no more than
make the general statement that ablation, at first rapid, then at a decreasing rate, had so
greatly lowered the surface of the Atrevida Glacier between August, 1906 and July, 1909
as to partially heal the crevasses that resulted from the spasmodic advance of 1906 so
that it was possible to once more travel over its surface.

Specific measurements of the thickening of Atrevida Glacier through the 1906 advance,
and the subsequent thinning through ablation before 1909 are based upon a pair of cross-
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sections of Atrevida Glacier which the junior author made, one in 1905 before the advance
had commenced, the other in 1909. The 1905 and 1909 elevations are barometric. These
are shown in the three profiles of Fig. 5. The slopes and elevations of the 1906 cross-
section are hypothetical. Each cross-section is from Esker Stream at the base of Amphi-
theatre Knob on the east side of Atrevida Glacier to Terrace Point on the west side. It
will be seen that the 1909 cliff at Esker Stream is 125 feet higher than that of 1905. As-
suming ablation here of 50 to 100 feet we should have had an ice cliff in 1906 of 400 to 450
feet. The thickening would therefore be 175 to 225 feet at least. In the middle of the
glacier the thickening, similarly computed, must have been at least 130 to 180 feet.
These comparisons, though in part based upon rough estimates, clearly indicate great
thickening, and may safely be considered minimum measurements, since the amount
of ablation is unknown, our calculation being based upon average depth of crevasses, to
or near the bottoms of which ablation has now reduced the glacier surface.

The margin of Atrevida Glacier was examined both at and near Esker Stream and at
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Terrace Point. In the latter place the glacier margin had lost its precipitous, broken
ice cliff which was replaced by a moderately-sloping embankment of moraine-covered
ice, steeper than in 1905, but ascended easily at practically all points. The margin

stood almost exactly where it did in 1906 having melted back only a little, leaving a

parrow marginal valley with no vegetation either in its bottom or for a short distance
up the side of the terrace.

Along the eastern margin, near Esker Stream, the jagged cliff was also gone and one
could again ascend the glacier (Pl. XXIII,) but up a much steeper slope, with thinner
moraine cover than in 1905. The broken ice cliff above Esker Stream (Pl. XXI, B)
was healed and the stream once more emerged from a well-defined ice cave (Pl. XXIT, A)
though a much smaller one than that which existed previous to the advance. The
stream volume was greater than in 1905 but less than in 1906. It was clear to us,
though the evidence as to the exact amount is not conclusive, that this part of the gla-
cier continued to advance for a short distance after it was last seen in 1906. This is
supported by photographs in the two years showing the trees at the ice margin just
west of the stream, where the ice had advanced many yards into the forest.

Since the advance ceased there had been a slight recession, leaving a narrow barren
zone like that at Terrace Point. At the base of Amphitheatre Knob there was a confused
mass of broken and battered alder which was bombarded by falling bowlders and ice
blocks during the advance; and in the débris that accumulated at the base of the ice cliff
during this period, were incorporated the remnants of the alder thicket that grew on
the glacier margin and in the marginal valley into which the ice cliff had been pushed.
‘On the west side of Esker Stream, overturned and inclined spruce trees were seen in the
morainic débris at the base of the glacier margin as they were in 1906; but instead of a
jagged ice cliff rising above them (Pl. XXII, B), and constantly discharging bowlders,
ice blocks, and torrents of muddy water and mud flows into the forest, there was a mo-
raine-covered embankment down which small rock slides fell occasionally (Pl. XXIV, A).
“The destruction of this forest, so actively in progress during the summer of 1906, had
ceased; but the effect of the advance on the fringing forest and on the alder thicket grow-
ing on the ice was strikingly apparent. There were hundreds of dead and dying spruce
trees fringing the ice and partly buried in the morainic débris, and there were thousands
of dead alder bushes, often in windrows, on the ice surface.

In the piedmont ice bulb that spreads out beyond the mountain base was seen evidence
of the same changes as have already been described for other parts of the area. It is
clearly evident that the advance had about ceased when observed in 1906 and that the
outer border of the glacier was unaffected by the advance. It, therefore, still retained
its forest of alder, cottonwood, spruce, and hemlock. In the broken area the crescentic
rings of breakage were still plainly visible but ice no longer appeared in them and no
crevasses were seen. Ablation had so healed the scars that, viewed from a distance, the
entire surface was a waste of ablation moraine; but there was a system of concentric
crescents of ridges and valleys developed by ablation in the formerly broken area. The
extent to which ablation had proceeded here since 1906 was vividly brought out by the

destruction of the alder thickets. In 1906 the alder still grew on the inter-crevasse areas,
and the crevasses formed crescentic white gashes in a field of green. Now the alder

was all dead within the broken area and it lay in brown windrows piled up on the
moraine-covered ice.
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Thus, proceeding down the glacier surface, one sees, first, barren ablation moraine
with no vegetation, then ablation moraine with crescentic ridges and valleys littered with
dead alder, and finally ablation moraine covered with dense alder thickets undisturbed
by the advance. No evidence as to the extent of lowering of this part of the glacier
was seen, but the photographs show clearly that the western portion of the piedmont
bulb, as observed from Terrace Point, had been greatly lowered, and that a series of
crescentic ridges and valleys had developed in the moraine-covered outer portion. The
amount of lowering here is comparable to that observed elsewhere. The crescentic
breaking, and the ridges and valleys which have succeeded it, present the appearance
of viscous flowage of an underlying ice stream, carrying with it and breaking up a rigid
upper crust of ice.

One of the most notable features on the Atrevida Glacier, as seen in 1909, was a large,
roughly-crescentic area of clean white ice, with only a few short ridges of débris upon it,
just outside the mountain front (Pl. XXV, B). Upstream from it lies the valley portion
of the glacier which is almost completely covered with débris; and downstream from it
lies the area of crescentic crevassing of the piedmont bulb, already described. This
clear ice area extended westward nearly to Terrace Point, broadening in that direction
and occupying a part of the bulb which protrudes toward Lucia Glacier—the part of the
Atrevida in which there was the greatest thickening and forward movement. In 1905
the site of this area of clear ice was occupied by moraine-covered ice, but in 1906,
(Pls. XXVI, XXVII) as already mentioned, it appeared in the broken glacier surface as
an area of somewhat-domed, clear ice (PL. XXV, A) surrounded by broken, partially-
débris-covered ice. On its inner, or up-stream, side the glacier surface rose abruptly in
1909, as a high wall covered with moraine, and above this the glacier was almost com-
pletely covered with ablation moraine. The clear area was fully a mile and a half long
(from east to west) and half or three quarters of a mile wide in the middle, which is the
widest part, narrowing toward both the east and the west. It had spread somewhat in
the interval between our photograph of 1906 and the period of observation in 1909.
In 1909 moraine-covered ice rose above the clear area on the down-stream side and on
both ends as well as on the up-stream side, but the change was less abrupt and pro-
nounced in these directions than up-stream. The clear ice area formed a distinct de-
pression in the glacier surface. Down-stream the clear ice area gradually died out,
bands of débris appearing in it. The fact that this area was lower than the surrounding
débris-covered ice is probably the result of more extensive ablation in the clear part of the
glacier; and that there had been much ablation here is further proved by the fact that
most of the crevassing, by which the area was severely broken in 1906, had disappeared.
Many shallow crevasses, broadened by melting, still remained, but they were only the
remnants of the former extensive gashes,—the crevasse bottoms. The surface was
quite rough, but travel over it was not difficult, only short detours being necessary
to avoid the crevasses (Pl. XXIV, B). Although not directly on the route it was
chosen as the easiest path from Amphitheatre Knob to Terrace Point.

In seeking the explanation for such a peculiar area of clear white ice in the midst of a
waste of ablation moraine we are aided by four noteworthy facts: (1) it has appeared asa
result of the 1906 advance; (2) morainic débris that covered the ice on this site in 1905
had disappeared, for practically none remained even in the crevasse bottoms; (3) the
clear ice area was distinctly domed in 1906; (4) some, at least, of the layers of ice in the
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white area are highly inclined and in some cases vertical. All these facts harmonize with
the hypothesis that at this point there was an upwelling in the glacier, bringing clear ice
to the surface and pushing aside the débris-covered ice that previously stood here. We
arenot able to postulate any other hypothesis which will explain these notable facts,
The process which we conceive is, first, the fairly-free flowage of the ice down the mountain
valley. Beyond the mountains further flowage was resisted by the stagnant, expanded
bulb, which, being thin, was too rigid to easily yield to the pressure upon it. It yielded
swomewhat, however, and a series of crescentic gashes were opened in the piedmont area,
but the resistance was so great that relief for the pressure from above was found in three
other ways: (1) by an advance westward toward the most open area, (2) by a pronounced
thickening and doming of this part of the glacier, and (3) by the uprising of ice from below.

The future of this area of clear ice seems to promise the development of an interior
flat—a nearly moraine-free depression in the midst of ablation moraine such as is ob-
served in the Variegated, Galiano, and other glaciers. The cause for these interior flats
has hitherto been a mystery to us, but this hypothesis offers an explanation. Further
consideration of this subject will be deferred to a later chapter after the characteristics of
other, older, and better-developed interior flats have been studied. If this hypothesis
is correct the phenomenon of interior flats must have an important bearing on the ques-
tion of the mode of motion of glaciers. Many facts observed in this region of advancing
glaciers point to viscous flowage as the mode of motion, but the discussion of this subject
also will be deferred until other facts of observation have been stated.



CHAPTER V

THE GALIANO AND BLACK GLACIERS

GALIANO GLACIER

General Description. Although small, this is one of the most interesting glaciers of
the Yakutat Bay region. It has been known since 1890 when Russell named and de-
scribed it, and, although it has undergone some remarkable changes in the interval, its
general features are now much as in 1890 (Map 2, in pocket).

Like many other neighboring glaciers, the Galiano consists of two quite different parts,
a valley glacier portion and an expanded piedmont bulb beyond the mountain front;
but to one unfamiliar with the phenomena of ablation moraines neither the bulb nor the
valley portion looks like a glacier, for in all but a few places the ice is obscured from view
by thick moraine, bearing alder on the outer portion. The valley which the Galiano
Glacier occupies is broad, deep, and cirque-like with steeply-rising walls, and is enclosed
in mountains which rise to elevations of 5000 to 6000 feet and bear a heavy cover of
snow. From these snowfields several cascading glaciers descend (P1. XXVIII), especially
at the very head of the valley, supplying the ice for the glacier and a large part of the
morainic débris which coats its surface; but some of this is also supplied by avalanches
from the bare rock slopes which have been steepened by glacial erosion. The sound
of falling stones is heard every few minutes when one is in this valley.

The cascading tributaries are a mile to a mile and a half long. The valley portion
of the glacier is about three miles and the piedmont bulb is three quarters of a mile long.
and a mile wide. The breadth of the glacier at the entrance to the mountain valley
is three quarters of a mile while in the mountain valley the width is only a little over a
quarter mile. With the steeply-rising snow-capped sides and head and the broad lower
part, one is greatly deceived in the length of the valley when seen from a distance.
It does not appear to be more than a mile or two long. The glacier has a slope
from the mouth of the valley to its head of between 10 and 15 degrees. At no time
when observed has this glacier been much crevassed, though in 1905 crevassing was
observed near the valley head; and where the tributaries entered there were also areas
of decided crevassing. Below its crevassed uppermost portion the Galiano Glacier
has the appearance of stagnation, an appearance which finds ready explanation in the
small size of the contributing glaciers. Indeed, it seems quite remarkable that such a
limited ice supply could maintain a glacier of such length and breadth with its lower
end nearly at sea level; and it is very doubtful if they could do so were it not for the fact
that the wasting of a large part of the glacier is greatly retarded by the moraine cover
which it bears.

Just within the mountain valley, on either margin of the glacier, there is a marginal
valley with moraine-covered ice for one wall and the mountain rock for the other. In
each of these valleys is a marginal stream, that on the west side being much the larger
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Prate XVII

A. LooxiNe up Lucia GraciEr FrRoM CrEsT OF Lucia NunNatax

Moraine-covered ice in foreground. Mount Cook in background. Photograph from Station D
(Map 2), August 22, 1905.

KR

B. EASTERN MARGIN OF ATREVIDA GLACIER
Advancing into alder thicket at western base of Amphitheatre Knob. Photograph, 1906.
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Prate XXII

A. TounNNEL ¥RoM WHICH EskeER STREAM EMERGED IN 1909
The crevassing of 1906 is healed (see Plate XXI, B) and the tunnel resembles that of the earlier years.

B. MARGIN oF ATREVIDA GLACIER, WEST OF ESKER STREAM
Jagged ice cliff on right where, in 1905, it was easy to ascend, over moraine waste, up a mod-
erate slope. From this cliff blocks of ice and bowlders were constantly falling while the photograph
was being taken. Note the trees being buried in the morainic débris and overturned by the ice
shove. Photograph taken July 10, 1906.



Prate XXIII

MARGIN OF ATREVIDA GLACIER

Agninst the forest into which it was advancing in 1906 (see Plate
XXII, B). Photograph, 1909.



Prate XXIV

A. MoRrAINE CovERED ICE OF ATREVIDA GLACIER
In contact with forest trees as a result of the 1905-6 advance. Photograph, 1909.

B. Tue Warte Ice oF THE FUTURE INTERIOR FrLaT
This appeared in the Atrevida Glacier bulb during the advance of 1905-6. Photograph, 1909.
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Prate XXVI

ATREVIDA GLACIER FROM AMPHITHEATRE KNoB

The crevassed bulb of Atrevida Glacier with Floral Hills in background. Morainic waste of Lucia Glacier between Atrevids
Glacier and the Floral Hills. Photograph from Station A (Map 2), on June 29, 1906. See Plate XXVII.



Prate XXVII

For description, see Plate XXVI. The two pictures form a continuous panorama,
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Prate XXX

A. Moraixic HiLis NEAR GALIANG GLACIER

B. Torx AND BROKEN Srumps oF MATGRE ALDER

On the face of Galiano Glacier bulb, where they were growing at least as late as 1890,
but were destroyed before 1905,
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Prate XXXII

A. VEGeTATION ON PiEDMONT BULB OF GALIANO GILACIER IN 1909

B. MARGINAL STREAM OF GALIANO GLACIER IN 1909
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in 1909. Well within the mountain valley the marginal valley disappears, the glacier
merging into talus from the mountain, and still higher into snow fans where snow has
avalanched down the mountain sides in such masses that summer melting at that elevation
is incapable of removing it. The marginal valleys and the marginal streams present some
interesting features which are described in later pages.

Beyond the mountains the Galiano Glacier expands into a piedmont bulb more than
double the width of the valley glacier. It does not expand westward to a great extent,
chiefly because the mountain wall extends farther out in that direction, but partly be-
cause it is trimmed on that side by the large glacial stream that flows down the western
marginal valley and then turns eastward to enter Yakutat Bay. This expanded bulb is
completely covered with ablation moraine, and in the outer portion ice can be seen in
only a few small patches; in fact in the extreme eastern part we were unable to find any
ice, though its presence was confidently inferred from the height of the moraine, its ir-
regular surface, and the great amount of cold water that emerges from it. The margin
of the ice bulb is an irregular, hummocky embankment whose base is essentially at sea
level, and whose eastern end lies just back of the beach. The surface of the ice bulb
is a maze of hummocks and depressions with the roughly crescentic arrangement so typical
of ablation moraines on expanded piedmont bulbs. That this glacier had the same gen-
eral condition in 1890 as in 1909 is proved both by Russell’s photographs and by his
description. He says ‘‘Débris-covered ice streams, too small to reach the water, are
typical of a large class of glaciers in southern Alaska, which are slowly wasting away and
have become buried beneath débris concentrated at the surface by reason of their own
melting. The Galiano Glacier is a good example of this class.” !

Along the southern base of the glacier bulb an alluvial fan is being built up by the stream
from the western margin of the Galiano and to a lesser degree by small streams that
issue from the glacier front. Beyond this, during the period of our observation, was a
series of low morainic hummocks between which flow the distributaries of Esker Stream
from the Atrevida Glacier. There is good reason for believing that ice still exists beneath
this entire area and that, in reality, what seems to be the terminus of the Galiano Glacier
bulb, as described above, is only the margin of a part of the glacier which remains higher
than the rest because of a more recent supply of ice and of its protection from ablation
by the morainic cover. The depressed area of the piedmont bulb beyond the apparent
front of the glacier is interpreted, in part at least, as an interior flat, lowered by melting
until it became the seat of alluvial fan deposit; but the area beyond this portion, which
consists of morainic hummocks, probably represents the moraine-covered outermost
portion of the piedmont bulb. The Galiano Glacier is believed to expand beyond the
mountain front into a bulb with many times the area of that which is now visible, and
to reach five miles or more from the mountain base, attaining a width of two or three
miles in its broadest portion. That the bulb is not wider is due to the fact that it forms
the shore of this part of Yakutat Bay, and has, therefore, been cut off on the eastern side.

This interpretation of conditions in front of the visible piedmont bulb of the Galiano
Glacier is based upon a number of facts, the most significant of which are a series of
notable changes in condition between 1890 and 1905, and between 1905 and 1909. These
changes affected both the visible piedmont area and the region to the south of it. Their

1Ruseell 1. C., An Expedition to Mount St. Elias, Alaska, Nat. Geog. Mag., Vol. III, 1891, p, 101.
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nature and significance can best be stated by showing the condition of the area in the
several periods of observation, namely in 1890 and 1891 by Russell, in 1905 and 1906 by
the U. S. Geological Survey parties, and in 1909 and 1910 by the National Geographic
Society expedition.

Conditions in 1890-1891. In his expedition of 1890 Professor Russell landed on the
west side of Yakutat Bay near Galiano Glacier, and he has given us both a description
of it and several photographs in 1880 and 1891 from which we can determine its princi-
pal characteristics. He states,! for example, that “a little way back from the shore
clumps of alders, interspersed with spruce trees, marked the beginning of the forest
which covered the hills toward the west and southwest.” Near this rose a densely wooded
hill “about 800 feet high, with a curving outline, convex southward,” which lay “at
the mouth of a steep gorge in the hills,” plainly referring to the Galiano valley. Attracted
by the peculiar appearance of the hill he forced his way “through the dense thickets”
to its top where he “found a large kettle-shaped depression, the sides of which were solid
walls of ice 50 feet high.” Continuing toward the “steep gorge in the hills”” he forced
his “way for nearly a mile through dense thickets” before reaching the “broad open
fields of rock and dirt” which “completely conceal the ice and form a barren, rugged
surface, the picture of desolation.”

This description does not fit any conditions existing in this vicinity in 1905 or later
years, and we might suspect that some other region was referred to were it not for the
fact that Russell’s photographs show clearly that the outer Galiano Glacier at that time
was covered with vegetation. In his photographs the entire visible bulb beyond the
mountains is darkened by vegetation (Pl. XXIX). From these photographs it is
evident that the continuous vegetation extended well within the mountain valley, and
on the inner side became thinner, and was then succeeded by isolated patches, and
finally by the moraine desert. This vegetation on Galiano Glacier bulb is shown in a
Boundary Survey photograph in 1895, also proving that the vegetation was present four
years before the 1899 earthquakes. The same photograph shows vegetation out be-
yond the present bulb of Galiano Glacier where now there is only a barren alluvial fan.

Russell’s photographs also show an even-surfaced alluvial fan continuous in 1890 and
1891 from the visible margin of the piedmont bulb southward for two miles or more.
Over this fan the waters of Esker Stream and the stream from the western margin
of Galiano Glacier flowed in many distributaries. The surface of the fan was diversified
only by the stream channels and was so smooth that the streams were evidently shifting
constantly, for no vegetation, not even annual plants, grew over most of the surface.
It was such a perfect alluvial fan that one would never suspect that it was built on glacier
ice. Two small, low patches of alder and two low, narrow, alder-covered ridges rose
above a portion of the alluvial fan near the sea, proving that these sections rose high enough
to be above the reach of the shifting streams; but there is no indication as to their nature.
Probably, however, they represent moraine knolls and ridges not yet consumed or buried
by the fan-building streams. One of Russell’s photographs was taken from a gravel knoll
which remained in 1905 and 1909. It is an overridden gravel remnant, bearing bowlders
and till on its surface, showing that after its formation it was covered by glacier ice.

Conditions in 1905. When we visited this region in 1905 it required only a glance to
see that there had been important changes in the interval of 15 years since Russell’s

1 Russell, I. C., An Expedition to Mount St. Elias, Alaska, Nat. Geog. Mag., Vol. III, 1891, pp. 86-89.
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observations, and in the ten years since the Boundary Survey photograph was made.
Accordingly, although the full significance of the changes were not then clear to us, we
made comparative observations and photographs from Russell’s sites and studied the
glacier and vicinity with his descriptions before us. There were two noteworthy changes,
one in the glacier itself, the other in the alluvial fan just described.

On the glacier the alder and forest cover was entirely destroyed, and our 1905 photo-
graphs show barren ablation moraine from far up the mountain valley clear down to the
visible front of the piedmont bulb. Even on the most stagnant eastern portion the forest
was gone, and here were found quantities of dead wood, including mature tree trunks.
In other places mature alder littered the surface of the piedmont bulb or was mixed with
the morainic débris, and in two places the dead trunks were seen in considerable num-
bers, upright and in place. Near the centre of the glacier, 60 feet above sea level, we
found twenty or more small trees, the oldest with 25 annual rings (Pl. XXX, B).
They increased in size upward, as if standing upside down, but had downward-pointing
roots for the lower visible 8 or 4 feet. These roots extended from shaggy bark, proving
that the upward-expanding tree remnants were not tap roots, and indicating that the
last months of life of these trees involved such adverse circumstances of soil encroach-
ment that roots were sent out at higher and higher levels as the lower portions were
buried. A yard or less above the highest roots the trees were torn off and the frayed
splinters were bent down.

The alluvial fan was as completely altered as the forest on the glacier. Not only
could it no longer be seen from the sites of Russell’s pictures, which we carefully located,
but there was no such perfect fan anywhere between the Galiano Glacier and the Kwik
River. In its place was a series of low, undulating moraine hills (Pl. XXX, A), some
of them strewn with angular bowlders, such as characterize ablation moraine, between
which flowed the muddy branches of Esker and Galiano streams. These streams were
building up the depressions in the moraine and here and there were trimming the edges
of the knolls. Besides the muddy glacial streams there were innumerable cold, clear-
water streams emerging from the moraine, and small pools of clear, cold water in
the depressions. There was a roughly concentric arrangement of the morainic hills
with the concave side toward the Galiano Glacier. These morainic hillocks extended
down to the shore of Yakutat Bay (Pl. XXXI); and that they also extended out
under its waters was indicated by the pronounced shallowness of the water off shore
along this coast, which caused icebergs to be stranded in far larger numbers, and to a
greater distance out from the coast than is common along the shores of the bay. The
moraine hillocks were found not only in the area of the former alluvial fan, but extended
even to a distance of two or three miles to the south of Russell’s photographic site. In
this outer portion we have no photographic proof of the condition in 1890, but the close
resemblance of the low, barren, conical hills, ridges and groups of morainic hills in this
area to those already described leads us to class them together as to cause. This con-
clusion is further supported by the presence here of great numbers of tree trunks which
littered the surface. Some of these, especially in the depressions near the coast, were
doubtless brought and perhaps destroyed by the earthquake water wave which swept
this coast in September, 1899; but others, resting above the line of driftwood that this
wave brought, and even embedded in the moraine of the hillocks, cannot have been
brought by the earthquake wave.

We feel confident, therefore, that some great change had occurred here which had de-
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stroyed the existing forest and roughened the surface by the introduction of morainic
knolls since 1890, and that this change had operated not only on the visible piedmont
bulb of Galiano Glacier, but also for a distance of four or five miles south of where ice is
now visible.

From our study of the photographs of 1890 in comparison with the conditions in 1905
and later years we believe that there has been an advance of the visible front of the
piedmont bulb of Galiano Glacier, and a recession of the coast line immediately to the
southeast of it; but the photographs were not taken from the right points of view to make
it possible to state this as a positive fact.

While there had been such widespread and complete destruction of alder and other
growth of vegetation over a wide area, it is a noteworthy fact that the vegetation had
again begun to grow on this area in 1905. On the visible piedmont bulb were many indi-
viduals and some clusters of young alder, five or six years old, while similar growth, with
an abundance of annual and perennial plants, had taken possession of favorable portions
of the moraine hillocks that have replaced the alluvial fan. If additional proof were
necessary of the recency of the appearance of this morainic surface the condition of the
vegetation would furnish it. In this climate, close by the sea, alder, cottonwood and
spruce thrive: in fact, they extend even farther up the fiord and also clothe the hill slopes
that rise to the west of this area. The morainic soil is unquestionably capable of sup-
porting such growth, for in the interval between 1905 and 1909 the development of the
alder has been remarkable. That such vegetation does not already thickly clothe the
moraine areas can be accounted for only as a result of the fact, proved by other evidence
equally, that the moraine has not been here long enough.

Interpretation of the Changes. These phenomena, which puzzled us greatly in 1905,
were interpreted in 1906 by the senior author as follows.? Galiano Glacier possessed
features in 1905 not shared by the Black Glacier on the east and the Atrevida Glacier
on the west. The puzzling new morainic hillocks and ridges were concentric and faced
Galiano Glacier whose forest had been destroyed since 1890. This destruction followed
a long period of stagnation, as shown by the dense alder thicket and forest that grew on
the glacier, where we found large broken trunks in 1905, one of which had 75 annual
rings. On the border of the alluvial fan, also, quiet conditions had permitted the growth
of trees for at least 60 years, and for a long time alluviation had been in progress, building
the perfect alluvial fan now destroyed. The abrupt change took place sometime between
1890 and 1905, destroyed the forest on the glacier and for 4 or 5 miles beyond it in the
alluvial flat, up through which were pushed a series of hummocks and moraine patches
on which vegetation was in 1905 just beginning to grow again. That the change occurred
later than 1895 is proved by the Boundary Survey photograph of that year; and that it
was not earlier than 1899 is indicated by the age of the new alder plants on the glacier
and on the outer moraine hillocks.

To account for this change by mere slumping would involve some special explanation
of the 60 or 75 years of immunity from slumping necessitated by the forest and the sudden
introduction of excessive slumping over an area of several square miles, and would not
explain the broken and splintered tree stubs. Shattering of buried ice by earthquake
shaking would share the last disadvantage; furthermore, it would be most remarkable

1Tarr, R. S. and Martin, Lawrence, Bull. Amer. Geog. Soc., Vol. XXXVIII, 1908, pp. 152-8.
s Tarr, R. S., The Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol. Survey, 1909, pp. 78-74.



GALIANO AND BLACK GLACIERS 85

to have had shattering in the broad area of the lower Galiano without corresponding
breaking in the neighboring Atrevida Glacier. The natives would have known it if there
had been a five-mile advance. The only remaining hypothesis is that the Galiano Glacier
extends out here for 4 or 5 miles as a broad, lowered, moraine-covered piedmont bulb,
the other portion being reduced by ablation, which has automatically checked melting,
and that this part of the glacier had been nearly buried by alluvial fan deposits before
1890, forests growing upon the unburied knobs of moraine and upon higher parts of the
fan. Later, when Galiano Glacier moved forward, under the impulse derived from ava-
lanching during the 1899 earthquakes, the forest on the lower end of the visible bulb
was destroyed and the thrust even caused the buried ice to push up through the alluvial
fan 4 or 5 miles away, destroying the forest there, causing more rapid melting, and giving
rise to the distribution of alluvial fan and moraine patches, with new vegetation, seen
in 1905,

Observation here and elsewhere in 1906and 1909 give to this interpretation a probability
which we could hardly dare assign to it in 1905 when it stood as the only known case of
such a change due to earthquake shaking. Now the main facts observed here are dupli-
cated in other cases where the facts are matters of direct observations, not of interpre-
tation alone. The only serious difficulties that occur to us in accepting this explanation
are the remarkably quick response of this glacier and the great extent of piedmont area
affected, proportionately more than in other cases. The phenomena seem incapable of
any other explanation, however, and we are forced to the conclusion that for some
reason this small glacier responded not only quickly, but-with such vigor as to affect
a great area of stagnant, buried ice. There may, of course, be a very deep iee bulb buried
here through which the impulse was communicated with such vigor as to spread far out
toward its periphery.

Naturally we have searched carefully in the hope of finding the ice itself in this outer
disturbed area; but our search has not been successful. Aside from the changes recorded,
however, there is some evidence that the ice still lies beneath the deposits beyond the
visible ice bulb. Perhaps the most noteworthy evidence is the great abundance of clear,
cold water that oozes from all parts of the newly-elevated morainic area. There is no
known source for this water, which far exceeds the rainfall, other than buried ice, and we
have uniformly found the same condition of abundant cool springs and pools where we
have other reasons to suspect the presence of buried ice; but we have not found this
condition in localities where buried ice is not suspected on the basis of independent
evidence. There are also a few areas where slumping has recently occurred, and there
are some cracks in the soil, and numerous boggy places, all of which are common phenom-
ena in places where moraine rests on buried ice. From these evidences alone we would
have confidently inferred the existence of buried ice here, even though we had not been
forced to this same conclusion by the striking changes between 1890 and 1905.

Granting the existence of a buried, stagnant, ice block here we are led to inquire how
it came to be in the condition observed in 1890. First it was doubtless an expanded
piedmont bulb, and such a condition it would maintain so long as supply equalled general
ablation; but when ablation exceeded supply it would begin to waste away and ablation
moraine would cover its surface more and more deeply. The further wastage would then
be differential and those parts which had least moraine would be lowered most rapidly.
It is a common condition in piedmont ice bulbs to find an area immediately in front of
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the mountains on which, for some reason, little débris exists. This is typically illustrated
in the Variegated Glacier in this region and in the Allen Glacier in the Copper River
region. Such a clear ice area developed in Atrevida Glacier in 1906, as already stated.
We infer the existence of a similar clear ice area in the Galiano Glacier, which by more
rapid ablation was reduced to the condition first of an interior flat and then, when
low enough, to a region of alluviation. It was in the latter condition in 1890, and was
then receiving deposits not only from Galiano Stream, but also from the drainage of
Atrevida Glacier.

The large ice block which we believe to be buried here must in the course of time receive
a thick cover of outwash gravels which have a tendency to preserve it from wastage.
But inevitably, in the course of time, if stagnation continues, this ice will completely
melt away. If alluviation continues no depression may result, but if glacial streams
cease to bring sediment, a large kettle would ultimately mark the site of the buried ice
or, since the ocean is 8o near, an arm of the sea. The present condition and possible future
of this region have more than local interest. It is one of many instances of more or less
completely-buried masses of stagnant ice in the Alaskan region, which show us in actual
existence what was undoubtedly common along the margin of the waning continental
ice masses of the Glacial Period. The literature of glacial phenomena does not assign
to buried masses of stagnant ice the full importance which they probably had in shaping
the topography of marginal deposits. The conditions near Galiano Glacier, and else-
where in the Yakutat Bay region, give facts which ought to be of value in interpretation
of these phenomena.

Condition in 1909. The interval between the visits of 1905 and 1906 was too brief
for any notable change in the condition of Galiano Glacier and the region to the south
of it. But by 1909 there had been so much change that it was noticeable, and this
change was of several kinds. The area of the ablation moraine in the mountain valley
had extended farther toward the valley head than in 1905, when it evidently did not extend
so far as in 1890. Alder had again spread over a large part of the piedmont area (PL
XXXITI, A) and even into the mountain valley. In most places the alder was young
and in scattered individuals and clusters; but in the more stable parts of the piedmont
area, and especially on the eastern side, there were already alder thickets through which
it was difficult to travel, and in which the bushes were eight or nine yearsold. There
was still much slumping of moraine in the piedmont area, probably because crevasses
still existed there, and there were large pits barren of vegetation, but surrounded by
alder growth; and theré were other places where recent subsidence had overturned the
alder that had begun to grow. Evidently the glacier had not yet settled down to a
state of stability equal to that which permitted the growth of such a uniform cover of
alder as was present in 1890.

There were also notable changes in the marginal valleys on both the east and west
sides. That on the east side was much broader than in 1905 and headed farther up in
the mountain valley. Only a small stream emerged from the glacier on this side, as
was true also in 1905; but it was cutting the glacier back, forming a steep ice cliff which
was extending down-stream, and thus was broadening its valley. At itslower end the
ice cliff merged into a moraine-covered ice embankment on which young alders were
growing. At this point, where the ice cliff was being extended down-stream, the moraine
and its alder growth were sliding down the slope and here one saw withered, present-
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day 5 to 10 year old alder bushes, some of them still green, and the battered stumps of
the earlier alder growth, many of them over 25 years old, all mixed together in the moraine
that was sliding off of the glacier margin.

On the west side, also, the marginal stream was extending its valley up into the moun-
tains (Pl. XXXII, B), baring the ice of its load of marginal débris and, in places, de-
veloping a steep ice cliff, over a hundred feet high, down which we could not descend,
and forcing us up-stream a quarter of a mile to a more gently-sloping portion from which
the moraine had not yet been removed. Here we saw a remarkable exhibition of the
way in which the ice margin was being stripped of its moraine cover. While eating
luncheon by the bank of the marginal stream, just where the bare ice cliff graded into the
moraine-covered portion, we watched several small streams issuing from small crevasses
and holes in the ice and descending torrentially over and through the moraine talus at
the ice base. All of a sudden a landslide of considerable proportions slid down the ice
face where one of the streams was issuing from the moraine (below A, PL XXXIII).
It was so charged with water that it formed a veritable mud-flow in which stones a
ton in weight were floated. The avalanche reached the marginal stream and in a few
seconds forced it to one side and over the place where we had just then been seated.
Slide after slide followed, and in less than fifteen minutes the marginal stream was pushed
over into the fringing alder thicket, fully fifty feet from the place where it formerly
flowed. In this brief interval a fan was built whose dimensions were estimated to be
100 by 50 feet, with a depth of 6 feet at its front margin and 25 to 30 feet in the
center. An area of ice of several score square yards was bared by these landslides.

On both margins of the glacier near these marginal streams we encountered a band of
crevassed ice which we did not see in 1805. It was not fresh breaking, such as is caused
by advance, and, moreover, its marginal position, and the absence of crevassing in the
glacier center and up the valley precludes this explanation. The phenomenon seems
related to the development of the marginal drainage just described. Part of it may be
due to slumping through undermining, but most of it is apparently due to the removal
of débris from older crevasses, probably formed during the last cycle of advance. It is
conceived that prior to 1905 the ice was broken, as the Atrevida Glacier was in 1906.
This breaking was soon healed by ablation and by the sliding of moraine into the cre-
vasses so that by 1905 they were hidden. Presumably there are similar crevasses all
over the deeply moraine-covered ice, but most of them are now buried from view, though
here and there one is seen; and there are long, narrow, linear valleys and ridges, which
probably mark the sites of still others. The extension of the marginal drainage up the
glacier side, doubtless a redevelopment of marginal drainage toward the condition that
existed before the advance, has sharpened the cliff and exposed the ice, and from this
the streams emerge heavily charged with débris. It is thought that the removal of this
débris is opening up the marginal crevasses. Further down the glacier, where the débris
is well stripped off, many crevasses are revealed. Another indication that the explana-
tion proposed is correct is the fact that water is emerging from orifices part way up the
ice cliff, as if from the bottoms of crevasses. In more mature ice drainage the water would
find its way to the ice bottom through moulins and emerge from the ice base rather from
the middle of the marginal slope.

A third notable change in this region in the interval between our visits of 1905 and 1909
is in the coast line. Just south of the glacier front the coast had been completely altered
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in detail, and although in a region of deposit, where the normal change should be an
outward growth, it had receded several yards and a gravel knoll that stood there in 1905
had been nearly consumed. The site of our camp of 1905, which was on the beach at
the base of this knoll had disappeared also. Slumping of the alluvial fan back of the
beach was also indicated by the fact that, although this area had for four years received
the drainage of the large stream that flowed from the western margin of Galiano Glacier,
its bottom had not yet been raised above the reach of the tide. Indeed, it seemed even
lower than it was in 1905.

Out on the alluvial fan-moraine area in front of the visible ice bulb of the Galiano there
had been much change in detail, but principally of two kinds. In the first place there
had been a great increase in the amount and density of vegetation. On the higher and
more extensive morainic knolls there were now alder thickets through which in places
one found it difficult to travel, whereas in 1905 there were no such areas. On the lower
knolls there was less noticeable increase in vegetation, but we had good evidence of in-
crease in one place when we attempted to find the site of one of our 1905 photographs and,
in looking for the foreground stones, found them partly hidden by alders, whereas in
1905 there were only annual and perennial plants and a few scattered alders one or two
years old. The entire foreground (compare vegetation near stones marked A, B, C,
and D in Pl. XXXIV) was completely altered by growth of vegetation.

A second noteworthy change is that of deposit among the morainic hillocks. The
process of filling the depressions, and thus of submerging the hillocks beneath gravel
deposit, had proceeded so far as to be noticeable in some places; but we had no data for
determining whether at the same time there had been a lowering of the hillocks by the
melting out of the underlying ice, though this must inevitably have been the case, to
some extent at least, for large quantities of cold water still issued from the moraine and
this had without doubt been continuing during the intervening summers. The water
that escaped represented ice that was lost by melting, and this loss must have caused a
lowering of the moraine. '

It is natural that the anastomosing glacial streams which are building an outwash
gravel plain between the moraines should change their courses as they build one portion
higher than another. A number of such changes had occurred, but one was specially
noteworthy. In 1905 and 1906 the Galiano stream flowed over an alluvial fan which it
had built between the visible glacier front and the first range of low morainic hills a quar-
ter of a mile to the south of it. Over this fan the stream wandered in branching and
ever-shifting courses, and at times a branch swung over against the moraine which it had
trimmed back into a fairly steeply-sloping bank. On the morning of July 28, 1909, the
Galiano stream was flowing as usual, with three large distributaries and several smaller
ones, all of which were easily forded, though the northern one was fairly deep and swift;
but a small branch had found its way southward through a gap in the moraine. When we
returned at night our progress was barred by a single torrent which outflowed through the
gap, and which was crossed with difficulty. All the other stream courses were aban-
doned, and for the time being the entire lower portion of the alluvial fan received no water
or sediment. The new course proved so favorable that it was maintained as long as
we remained there (until August 3), and that it was likely to be followed for some time
was indicated by the fact that the torrent had entrenched itself in a newly-formed gravel
gorge which was extending up-stream.
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West of the moraine which had been pushed up through the alluvial fan of 1890 is a very
perfect fan built by Esker Stream. Over this the glacial waters flow in many branches
which are constantly shifting (PL. XXXI). Itis the most perfect alluvial fan in that vicin-
ity, but as a perfect alluvial fan it terminates against the morainic hillocks and ridges of
the buried Galiano bulb, and the waters pass down among them, making deposits in the
depressions; but in 1890 the upper fan was continuous with the lower one, now destroyed.
In each period of observation (1890, 1905, 1906 and 1909) the upper fan has been not
only growing higher but extending laterally. The latter condition is brought out with
striking clearness by reason of the fact that the alluvial fan was bordered on the north by
a forest of cottonwood and spruce trees into which the glacial torrent is pouring its flood
of water and sediment, burying and killing many of the trees (PL. XXXV, A). Some, only
slightly buried, are still growing in the barren alluvial fan; others stand there dead, and
one of our packers who is familiar with the Alaskan forest, judging from the position and
nature of the limbs, estimated that the gravel rose up on several of them to a height of
twenty-five feet. Back in the forest were gravel terraces on which a mature forest grew,
and in which, beneath the living forest, were dead mature trunks in place, proving a still
older period of burial at a higher level. It is believed that these deposits were laid down
when the expanded bulb of Galiano Glacier stood up as a barrier across Esker Stream,
forcing the deposit of its sediment load at a higher level than at present. Thus the
region has been the theatre of extensive past as well as present day changes.

The Cycle of Change. Galiano Glacier is the only instance in the Yakutat Bay region
in which a practically completed cycle of change resulting from earthquake advance has
been observed. It seems well, therefore, to briefly summarize the succession of events
as observed and inferred.

It is inferred that at some period, long before 1890, Galiano Glacier flowed out of its
mountain valley and expanded into a huge bulb extending some five miles or more from
the mountains, expanding somewhat toward the west, and toward the east entering the
waters of Yakutat Bay. Just beyond the mountain front was an area of clear ice, but
beyond it the piedmont ice became covered with ablation moraine. Ablation proceeded
to lower the surface, most rapidly in the area of clear ice, but finally reduced the entire
outer area nearly or quite to sea level. A glacial stream from Atrevida Glacier, Esker
Stream, built an alluvial fan up to the western side of this piedmont ice area. In the
meantime a stream, developed on the western side of the Galiano Glacier, found escape
into the interior flat that had developed in the clear ice area and began to deposit there;
and in this work of deposit it was ultimately joined by Esker Stream, which hitherto had
been deflected southward by the expanded Galiano ice bulb. Meanwhile forest had
developed on the lowered moraine to the south of the alluvial fan of the interior flat;
and a growth of alder, and, toward the east, of cottonwood and spruce trees, had covered
the ice bulb that still rose above the interior flat and between it and the mountain. The
glacier was in this condition when Russell studied it in 1890, and when the Boundary
surveyors photographed it in 1895, and doubtless continued in this condition until 1899
or 1900.

Then came the series of earthquakes in September, 1899, which shook down into the
upper portion of the Galiano valley a great series of avalanches of snow and ice, the scars
of some of which were easily recognizable in 1905 by comparison with 1890 photographs.
Quickly, and presumably as early as 1900, judging by the age of the new alders found in
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1905 and by the extent of healing of the glacier in that year, the entire Galiano Glacier
from its valley head to the periphery of its buried piedmont bulb was under the influence
of a spasmodic advance, which broke the surface of the glacier and pushed up through
the alluvial fan as well as the area of morainic hillocks beyond it, at the same time
destroying the alluvial fan, overturning the forest that grew on the glacier and that
which was growing to the south of the alluvial fan. Ablation on the deeply moraine-
covered ice soon hid the crevasses, partly by melting down of the surface, but largely
by the sliding of the moraine into the crevasses, so that in 1905 the glacier surface showed
no signs of the pronounced breakage of a few years before, which would be recognized by
an observer unfamiliar with the phenomenon. This latter point would perhaps seem
improbable were it not for the evidence that the advancing glaciers of 1906 furnish
concerning the rapidity with which such a broken surface is healed by ablation.

Now the glacier is returning to its former condition and the evidence of it was especially
seen along the sides in 1909 where marginal drainage was again developing, and in doing
8o revealing some of the crevasses that were formed during the advance and that since
then had been hidden by the ablation moraine. It was also shown by the immaturity
of the ice drainage. The return of stagnation has again permitted the encroachment of
vegetation upon the glacier, and it is rapidly spreading and developing alder thickets;
but the presence of buried crevasses beneath the moraine, and the necessity of develop-
ment of drainage, are causing so much slumping that the a.dvance of the vegetation is
interrupted here and there.

Changes were also in progress on the outer area of stagnant, buried ice, but this had
not yet proceeded far and the morainic hillocks still rose prominently above the surface.
However, vegetation was taking root here also, alluviation was in progress between the
hillocks, and probably the surface of the moraines was being lowered by the melting of
the buried ice. There was a tendency toward the return of the condition of 1890, but it
will be many years before this work is complete, for there were many irregularities to be
removed or graded up beforean even-surfaced alluvial fanisagainbuilt here; and, although
glacial streams bore great quantities of sediment, and were relatively rapid agencies of
deposition, there was a large area to be covered and much deposit was necessary. At the
observed rate of change it is probable that a quarter of a century hence the signs of the
spasmodic breaking of the Galiano Glacier will still be visible here, while in the valley
portion and its small inner piedmont bulb all signs of the advance will have disappeared.
Ablation on the glacier itself is far more rapid than on the outer bulb which bears so thick
& coat of morainic débris and alluvial fan gravels that no ice has been observed in it.

In 1910 and 1918 the Galiano Glacier seemed, from the bay, to be essentially as in
1909, except for the increased covering of vegetation.

BLACK GLACIER

Black Glacier, a little over a mile east of Galiano Glacier (Map 2) resembles the Galiano
in several respects, though in others the two glaciers are quite different. Although shorter
and narrower than the Galiano, the Black Glacier occupies a similar steep-sided, short
valley and is supplied with ice by several steeply-descending cascading tributaries at
the valley head. Its surface to a point far up in the mountain valley is covered with
ablation moraine, and in the lower portion, in the areas of deepest moraine, there is con-
siderable alder growth, forming small thickets. There is no continuous alder thicket,
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such as existed on the Galiano in 1890, but some of the bushes are quite mature. A
noteworthy difference between the two glaciers is the fact that the lower Black Glacier
is a ridge, with a well-defined marginal valley on either side; and a still more notable
difference is the absence of a pronounced piedmont bulb at the lower end of the Black
Glacier. It barely passes beyond the mountain front and expands slightly at the very
lowermost end; but no piedmont bulb is produced.

Although the earthquakes of September, 1899, must have shaken the Black Glacier
as much as the Galiano, we have been unable to find any evidence of an advance; and
there are several facts which prove that if this glacier did respond at all to the influence
of earthquake shaking it was only to a very limited extent. Russell photographed the
glacier from its alluvial fan in 1890, and in 1905 we re-occupied the site of this picture
and were unable to detect any distinctive change in appearance. That the glacier has
not advanced to any extent since 1890 is proved by the presence of a mature cottonwood
forest about 250 yards from the glacier front, which also appears in Russell’s picture.
This photograph (Pl. XXXV, B) was taken at such a distance that we cannot be certain
of the space that then separated the glacier from the forest, but it seems to have been
about the same in 1890 asin 1905. Insteadof advance, Black Glacier front gives evidence
of recent recession, for in 1905 there was a low, moraine-covered stagnant ice mass about
100 feet from the glacier front, and between it and the glacier there was no mature alder
growth. But just outside this stagnant ice mass, and within a few feet of it, were alder
bushes from ten to fifteen years old. The interpretation that we place on these facts
is that in 1890 the ice front stood where the stagnant ice now rests, and that since then
there has been recession of about 100 feet. Prior to 1890 the ice had been receding over
the area of about 200 yards now covered by alder, and for at least a half century had
not been farther out than the border of the cottonwood forest.

Confirmatory evidence of the conclusion that Black Glacier has not been subjected to a
recent advance as a result of earthquake shaking is supplied by two facts already men-
tioned, namely, the mature alder growth still standing on the glacier, and the ridge form
of the glacier itself. The ridge extends about a mile from the ice front, to an elevation
of about 1100 feet, and its surface rises up the valley at a high angle, averaging about 20°
in the first half mile. It is a single, narrow, moraine-covered axial ridge, sloping toward
the valley walls often at an angle of 80° or 85°. Bare ice shows in many places, and stones
frequently roll down the marginal slopes; but the moraine on the ridge top is thicker,
5 or 6 feet, and ice is rarely revealed there. Alders grow in this thick moraine, one that
was cut down in 1805 being 18 years old. Some are killed by sliding and slumping of the
soil, but this did not seem to be due to ice movement, for there were no crevasses in the
central ridge in the lower half mile of the glacier. Farther up the glacier, where crevasses
are present, deep morainic soil and alder bushes are not found. Alders 5 or 6 years old
grow on the glacier up to 1000 feet, a mile from the end of the glacier. Beyond this the
ridge flattens and disappears but in both 1905 and 1909 ablation moraine covered the
glacier clear to the head.

Had there been notable recent advance of this glacier the ridge would of necessity have
been destroyed and the glacier put into closer contact with the mountain wall. It is
inconceivable that so pronounced a ridge could have been formed by the development of
marginal valleys in the interval between 1899 and 1905. Also, the mature alders could
not have survived an advance and breaking of any considerable amount. Those that are



92 ALASKAN GLACIER STUDIES

being overturned are easily accounted for by normal slumping of the morainic soil, accentu-
ated here, perhaps, by the continued development of the ridge form of the glacier through
ablation.

The facts observed force us to the conclusion that Black Glacier has experienced no
notable advance under the impulse of earthquake shaking. This does not, of course,
imply that there has been no change as a result of the earthquake, for in the upper por-
tion there may have been an advance and breaking of such slight proportions that it was
not communicated to the lower portion. Possibly the small area of crevassing a little
more than a mile from the terminus is a relic of such an advance.

The contrast between Black and Galiano Glacier in this respect is notable, and it is
this contrast which to us constitutes the most interesting feature of the Black Glacier.
The neighboring Galiano Glacier supplies unquestionable proof of a great advance and
breaking, while Black Glacier furnishes equally convincing proof of the absence of such
advance and breaking; yet both receive their snow supplies from the same earthquake-
shaken area. No other reason for this difference appears than the difference in size of
the glaciers; and, of course, the related difference in extent of supply area. It must be
concluded that there was not a sufficient amount of unstable snow and ice available in
the supply ground of Black Glacier to give the impulse necessary for advance and break-
age down to the glacier terminus. It may also be true that the narrow, and perhaps
thin, ridge of ice that forms the lower Black Glacier was not a large enough mass of ice
to transmit the thrust. This could only be true, though, if the thrust itself was weak;
for a strong thrust would have broken and pushed forward even a rigid ice body that
stood in the way. In 1905 it seemed to us a possibility, though not very probable, that
the impulse of earthquake advance in the case of this glacier has for some reason been
retarded and that its effects would be noted in later years. We accordingly examined
it again in 1906 and in 1909, but could see no change. In 1910 and 1913 there was
no change that was visible from Yakutat Bay. That an advance could be longer
delayed seems inconceivable in a glacier of such small size, and in view of the notable
advance of so many other larger glaciers. We therefore conclude that not only has there
been no notable advance up to 1913, but that no future advance of the Black Glacier
is to be expected as a result of the earthquakes of 1899,



CHAPTER VI

TURNER, HAENKE, AND HUBBARD GLACIERS

TurNER GLACIER

General Description. On the western side of Disenchantment Bay, a few miles up the
fiord is the Turner Glacier (PL. XXXVI), the first of the three tidal glaciers that
discharges icebergs into Yakutat Bay. It was first described and photographed by
Russell in 1880 and 1891; it was photographed by Brabazon of the Canadian Boundary
Survey in 1895 and by Bryant in 1897; it was again photographed and described by
Gilbert in 1899, and photographed by the U. S. Fish Commission in 1801; and it was
studied and photographed by us in 1905, 1906, 1909, 1910 and 1918. We, therefore, have
a more complete photographic record of the Turner Glacier than of any other in the
Yakutat Bay region.

Russell saw Turner Glacier from Haenke Island! on July 8, 1890, and September 5,
1891, and described it in this language:

“From a wild cliff-enclosed valley toward the north, guarded by towering pinnacles
and massive cliffs, flows a great glacier, the fountains of which are far back in the heart
of the mountains beyond the reach of vision. Having vainly sought an Indian name for
this ice-stream, I concluded to christen it the Dalton glacier, in honor of John Dalton,
a miner and frontiersman now living at Yakutat, who is justly considered the pioneer
explorer of the region.? The glacier is greatly shattered and pinnacled in descending
its steep channel, and on reaching the sea it expands into a broad ice-foot. The last
steep descent is made just before gaining the water, and is marked by crevasses and
pinnacles of magnificent proportion and beautiful color. This is one of the few glaciers
in the St. Elias region that has well-defined medial and lateral moraines. At the bases
of the cliffs on the western side there is a broad, lateral moraine, and in the center, looking
like a winding road leading up the glacier, runs a triple-banded ribbon of débris, forming
a typical medial moraine. The morainal material carried by the glacier is at last deposited
at its foot, or floated away by icebergs, and scattered far and wide over the bottom of
Yakutat Bay.

“The glacier expands on entering the water, as is the habit of all glaciers‘ when uncon-
fined and ends in magnificent ice-cliffs some two miles in length.”

Gilbert also described Turner Glacier fully in 1899, comparing the conditions with
those in 1891, 1895 and 1901.

The description of this glacier published in our reports of the 1905 and 1908 expeditions

t Russell, I. C., Nat. Geog. Mag., Vol. ITI, 1891, pp. 98-89; 1Sth Ann. Rept. U. 8. Geol. Survey, 1894,
Pl. XX, facing p. 86.

1 The authors of this volume agree with this characterisation, and regret the subsequent change in the name
of this glacier from Dalton to Turner.

1 Gilbert, G. K., Harriman Alaska Expedition, Vol. ITI, 1904, pp. 66-69.
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summarizes the main results of the earlier observations down to the close of 1906, and
has been freely paraphrased here,! with minor additions. Turner Glacier flows from an
unknown source upon the slopes of Mt. Cook through a valley nearly a mile wide and
with walls five to six thousand feet high (Pl. XXXVII). Its visible slope is moderate
and fairly regular, and the rapidly-moving ice is severely crevassed. Where the glacier
passes from its mountain valley into Disenchantment Bay it expands to two milesin width
(Map 3) and the slope is steepened from less than ten to as much as twenty-five degrees,
a change which Gilbert correctly interpreted as indicating the hanging valley condition,
due to the overdeepening of the main fiord by the larger, expanded Hubbard Glacier at
the time when the smaller Turner Glacier was its tributary. The floor of this valley
probably hangs well above the fiord bottom, and perhaps lies even above present water
surface. Half a mile back from the terminus, and about half way between the medial and
south lateral moraine, there was, in 1906, a massively-crevassed bulge, or dome, sug-
gesting an unexposed nunatak and indicating that the ice was not very thick. Below the
steep slope the ice expands into a flat-topped fan or bulb terminated by a crevassed cliff
200 to 220 feet or more high, whose height is shown specifically in Pl. XXXVIII, where
it is compared with a New York office building, drawn carefully to the same scale. The
levelness of this ice foot suggests that it is either afloat, as Gilbert thought, or else rest-
ing on a flat rock surface. If afloat Gilbert estimates that there must be 1500 to 1600
feet of water here, but soundings are not available for determining this. It does not
seem probable, however, that the glacier terminus is actually afloat, for the only known
depths nearby are 264 feet just west of Haenke Island, 144 to 282 feet between Turner and
Hubbard Glaciers near Osier Island, and 720 feet (no bottom) southwest of Haenke
Island. The nearest of these is nearly two miles from Turner Glacier, but the depth
of 1500 to 1600 feet is not thought probable, for the greatest depths in all Yakutat Bay
are only 1002 to 1119 feet (Pl. XCI), and the depth on the side of the bay near the
Turner Glacier would normally be considerably less than the maximum. Still another
reason for not believing this glacier front to be afloat is the nature of the iceberg dis-
charge. If it were afloat there should be occasional larger masses breaking from the
front; but as a matter of fact the icebergs discharged are all of small, or moderate size
such as come from the grounded front of a tidal glacier.

The front of Turner Glacier is not a completely-symmetrical bulb or fan, such as
forms where glaciers emerge from confining valleys into broader spaces on the land, for
iceberg formation and melting in the fiord check complete development of the bulb form.
This expanded bulb has, therefore, a truncated terminus with a fairly straight, tidal ice
cliff,over two miles long in 1905, flanked by wing-like, moraine-covered points which ended
on the land about 2} miles apart. Icebergs are steadily discharged from the cliff and
float seaward with those from Hubbard Glacier, making an iceberg barrier so hard to
penetrate that we found it difficult to work a boat up to within a half mile of the south
edge of the glacier in 1905, and quite impossible in a half day’s work in 1906.

The lateral moraines of Turner Glacier terminated in the tips of the wing-like edges
of the ice front, the one on the south being compound. North of it were two narrow,
indistinct, parallel, lateral moraines, then thin, narrow bands of débris, and then a

1 Tarr, R. S. and Martin, Lawrence, Glaciers and Glaciation of Yakutat Bay, Alaska, Bull. Amer. Geog. Soc.,

Vol. XXXVIII, 19806, p. 149.
Tarr, R. S., The Yakutat Bay Region, Alaska, Prof. Paper 64, U. S. Geol. Survey, 1609, pp. 39-40.
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pronounced medial moraine. Clear ice exceeded débris-laden ice in the south half of the
glacier, while in the north half there were no medial moraines and the north lateral
moraine was not wide.

The ice cliff is in general regular, reaching its maximum height within a quarter of a
mile of the south side. In detail it is made up of innumerable points and recesses, the
foremost cape being south of the middle of the glacier. Rapid movement, of undeter-
mined rate, is indicated by severe crevassing and incessant iceberg discharge, even the
débris-laden wing-tips being much broken in 1805.

Changes Between 1891 and 19056. Photographs taken in 1805 on Haenke Island from
the exact site of Gilbert’s 1899 picture, and from as near the site of Russell’s 1891 picture
as the growth of alder would permit its location, show the following changes, which have
previously been announced.!

Between 1891 and 1905 Turner Glacier receded, the moraine-veneered tip, and the
edge of the clear ice on the south, going back two to three hundred yards and the north
edge an equal amount. The centre of the glacier receded a quarter of a mile, as
shown by the truncation of the medial moraine. There were minor differences in the
distribution of moraine on the ice.

Between 1899 and 1905 the middle of the glacier receded, showing that fully two-thirds
of the recession of Turner Glacier between 1891 and 1905 took place between 1899 and
1905. But the north and south glacier tips advanced, both the clear and the débris-
laden ice on the north side extending fully a quarter of a mile farther in 1905 than in 1899,
while the south side advanced one or two hundred yards and was greatly broken clear
up to the edge.

Therefore, as Gilbert showed, there was recession between 1891 and 1899; but there
was net recession between 1891 and 1905 with advance of the middle between 1899 and
1901 and with advance and breaking on the edges and retreat in the center between 1901
and 1905.

This general recession is evidenced along the south margin of Turner Glacier where
there was a low moraine in 1905 with no ice in it and no vegetation upon its surface.
This was perhaps the moraine that the glacier margin touched at the time of Russell’s
1891 picture. Just beyond this, and not far above the present glacier surface, the
growth of good-sized alders, estimated to be not less than 20 years old, proved that the
glacier had not recently been much higher than in 1905. No spruces had advanced
within several miles of Turner Glacier.

Condition tn 1906 and 1909. The only noticeable modification between 1905 and 1906
was a slight change in the position of the medial moraine, suggesting a minor advance
in the central portion of the glacier. In 1909, however, notable change was seen. By
comparing the 1906 and 1909 views of Turner Glacier from Osier Island, recession in
the northern wing was indicated by the noticeable increase in the area covered by mo-
raine. A visit to the southern margin was made and photographic sites of 1905 and
1906 were re-occupied. Here it was found that the southern wing had receded slightly
(Pl. XXXIX) and its crevassed condition had disappeared, being replaced by & moraine-
covered, uncrevassed margin, and that the ice over the steep part of the glacier was

1 Tarr, R. S. and Martin, Lawrence, Glaciers and Glaciation of Yakutat Bay, Alaska, Bull. Amer. Geog. Soc.,

Vol. XXXVIII, 1906, p. 154; Tarr, R. S., the Yakutat Bay Region, Alaska, Professional Paper 64, U. S. Geol.
Survey, 1909, pp. 40-41.
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thinner. This retreat is also shown by comparing 1806 and 1909 photographs from
Gilbert’s 1000 foot station above Osier Island. Exactly the opposite condition was
observed in the tidal portion of the glacier, for in 1909 the point of the ice cliff projected
so far as to hide the western margin of Hubbard Glacier which was visible from this
photographic site in 1905, indicating an advance of several hundred yards. In 1906 the
black point of Haenke Glacier was visible from one of our photographic sites on the
south side of Turner Glacier, but in 1909 it had disappeared. This, however, is due in
part to the recession of Haenke Glacier.

Condition in 1910 and 1913. There was no great change in Turner Glacier from 1909
to 1910. From Osier Island (Photo sta. C, Map 8) neither the north nor south edges
showed any change (PL. XL, A) but from Gilbert’s photographic site 1000 feet above
Osier Island (Station D, Map 8) it was apparent in 1910 that there had been a very
slight retreat of the south edge and possibly of the north edge also. From both stations
an increase of the area of dirty ice on the north margin was apparent. From the crest
of Haenke Island (Photo. station A, Map 3), which was not visited in 1909, it was clear
that there had been some retreat of the south edge between 1906 and 1910 and, with the
recession of Haenke Glacier, of the north edge also. No change in the middle portion
was apparent. In September, 1918, when the junior author visited Yakutat Bay with
the International Geological Congress, the Turner Glacier was seen to have continued
its retreat. The tips of both the north and south wings of the glacier, especially the
latter, were so inactive that they had ceased to discharge icebergs. They were covered
with ablation moraine to a greater extent than at any time in the previous eight
years.  Very few icebergs were being discharged from the middle of the glacier cliff.
It is clear, therefore, that the relative inactivity of Turner Glacier was continued at
least until September, 1918.

TuRNER GLACIER
Year Nature of Change Based on observations by

1890-1891 Russell

1891-1895 | Retreat Boundary Survey

Retreat B

1895-1897 ant

—————| Retreat i

1891-1899 Gilbert

1899-1901 | Advance middle and beginning in edges Fish Commission
1901-1905 | Advance north and south edges, re-

treat middle Tarr and Martin
1905-1906 | Advance of middle, retreat of north

and south edges Tarr
1906-1909 | Retreat of north and south edges Tarr and Martin
1909-1910 | Retreat Martin

1910-1918 | Retreat, especially at south edge Martin
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The general recession from 1891 to 1918 is thought to be normal, perhaps due to
decreasing snow supply, perhaps slightly accentuated immediately after 1899 by the
earthquake shaking in that year. It is assumed that Turner Glacier has not yet been
subjected to any profound spasmodic advance, such as some of the other glaciers of the
region have experienced, but that the two periods of slight forward thrust between 1899
and 1901 and between 1905 and 1906 represent only the response to moderate thrusts
from some of the tributaries overloaded through earthquake avalanching. A great
spasmodic forward movement may yet be in store for this glacier; or the effect of the
earthquake may express itself only by similar repeated small advances.

It is unfortunate that none of the tidal glaciers of Yakutat Bay have so far responded
to the earthquake shaking, as some of the glaciers which terminate on the land have done.
We cannot, therefore, tell what is to be expected as a result of such an advance. We
would infer, however, that when such an advance occurs it will be a notable one, for the
tidal glaciers are al