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EARTHQUAKES BEFORE AND SINCE SEPTEMBER, 1899. 95

Y akutat, Controller Bay, and Copper River delta.—R. W. Beasley! has reported two
shocks at Yakutat at 3 a. m. October 9. The same shocks were felt at Controller Bay by S. E.
Doverspike,! and near the Copper River delta by Messrs. Schrader, Spencer, Gerdine, and Wither-
spoon, of the United States Geological Survey. Concerning this earthquake Mr. Schrader 2
writes: “The shock of this disturbance, Mr. Gerdine, who is a keen observer, reports was much
more violent than the Charleston earthquake, which he himself experienced at his home in
Atlanta, Ga., about 300 miles from Charleston.” '

Chugach Mountains, Valdez, and Seldovia.—Capt. W. C. Babcock,! of the United States
Army, reports concerning what is evidently this same shock, that during the middle of October
or early November (record of date not at hand) he felt a severe shock about 20 miles northeast
of Valdez, sufficient to wake him from a sound sleep. He learned afterwards that the same
shock tipped over a lighted lamp in his quarters at Fort Liscum, 4 miles from Valdez. Maj.
"Abercrombie also felt the earthquake of October 9 in another part of the Chugach Range. L. S.
Camicia® felt this shock at Valdez, giving the time as 3 a. m. Adam Block,® postmaster at
Seldovia, on Kenai Peninsula, felt the same shocks on October 9, between 3-and 4 a. m. There
were two shocks, the first of which woke Mr. Block and lasted while he ‘“got out of bed and
went outside.” A ““severe shock” which a prospector at Tyonek, farther up Cook Inlet, reported
to A. H. Brooks as occurring on.October 7, 1900, may have been this shock of October 9.

Kodiak and Wood Island.—W. H. Osgood,* biologist in charge of Alaskan work for the
United States Department of Agriculture, who was at Kodiak, 320 miles southwest of the mouth
of Copper River and 480 miles southwest of Yakutat, states that he—
felt severe shocks at Kodiak October 9, 1900. Time noted was 2.15 a. m. First shock began with slight tremors,
accompanied by loud rumblings, and ended with three sharp distinct movements which seemed fairly to lift us from
the ground where we were lying. The wharf at Wood Island was partly destroyed, and windows, chimneys, and
crockery in Kodiak were destroyed. Many secondary slight shocks, to the number of 50 or more, continued during
next day.

C. P. Coe,! a missionary at Wood Island, near Kodiak, wrltes “Qctober 9, 1900, 2 a. m.
Three shocks, severe. Merchandise in store tumbled to ﬂoor crack in earth. Whalf pulled
apart for 1 foot. Shocks continued through the day and the_next day, slight.”

A. C. Goss,* the Alaska Commercial Co.’s agent at Kodiak, has also described the disturb-
ances in 1900 and 1901, beginning October 9; and L. L. Bowers,! deputy United States marshal
at Kodiak, describes a shock on October 10 (probably October 9), 1900, as follows:

Heavy earthquake 2.17 a. m., lasting 45 seconds; small ones almost continually until 5 a. m. sun time; vibration
causing some damage to the wharf at Wood Island, near by this place; knocked down chimneys and destroyed a quan-
tity of drugs for the Alaska Commercial Co. The vibration was so strong it broke loose from the walls of the office
a case of drawers and threw them across the room; a man sleeping in the next room to me was thrown from bed. I
would have suffered likewise had I not caught myself. The cattle got scared and ran and bellowed; the dogs howled;

the natives got scared and left thelr homes, believing the world was at an end, and ran to the church. The priest had
gome difficulty in pacifying them. Wind west, clear.

Seismographic record.—The earthquake of October 9, 1900 is recorded by seismographs
throughout the world. A seismogram’ of this earthquake from an instrument at Laibach,
Austria, is reproduced in Gerland’s Beitréige zur Geophysik, Erginzungsband I, 1902, as Plate
V, figure 13, and one from an instrument at Tokyo, Japan, in Publications of the Earthquake
Investigation Committee in Foreign Languages, No. 21, 1905, as Plate XXXVI, figure 51; the
latter contains also; on pages 49-50, a detailed description of the Japanese record. The record
in the Isle of Wight is also referred.to by John Milne.*

1 Reply to earthquake circular, 1907. 3Reply to earthquake circular, 1908.
2 Letter dated April 3, 1907. ¢ Nature, vol. 65, 1902, p 203.



96 "EARTHQUAKES AT YAKUTAT BAY, ALASKA,
EARTHQUAKE IN LYNN CANAL REGION SEPTEMBER 24, 1907.

The first of the three recent tectonic shocks felt 150 miles or more southeast of Yakutat
Bay came on September 24, 1907, and was reported chiefly from the Lynn Canal region, notably
at Skagway, at about 4 a. m. According to Philip Abraham,? the shock ‘“lasted three to four
seconds at 4.02 a. m. It moved clocks from position and stopped many.” This time is correct
- within two minutes. The shock recorded by the seismograph at Sitka between 12" 58.9™ and
13 04.3™ (Greenwich mean time) on September 24, 1907, is probably this Lynn Canal earth-
quake. It therefore occurred at Skagway, which is in the same longitude as Sitka, at 3" 59™ 25°
solar time. It was reported 3 that ‘‘dishes rattled on shelves and chandeliers swayed. Many
persons were awakened by the tremble.” Sensational and altogether erroneous reports of a
half-mile advance of Davidson Glacier were also quoted. At Klukwan, near Haines, H. E.
Olson? reports that the shock of September 24 woke him at 4 a. m. and ‘“was accompanied by

a slight rumbling sound.” Andrew Jackson,’ keeper of the Point Sherman light station at
Comet, Lynn Canal, reports an earthquake on September 19 (24 %), 1907, at 3.40 a. m., which
was also noted by Capt. Nyland, of the Petrel, who was 4 miles north of Hames and who observed
a slight temporary change of water level.

It was commonly reported that this earthquake of September 24 was caused by a volcanic
eruption somewhere near Lynn Canal. Several persons claim to have seen the smoke coming
from the volcano. As no volcano is known to exist in this locality, it is believed by the writers
that this was a normal tectonic shock similar in most respects to that at Yakutat Bay in 1899,
the place of origin being as yet unknown. It is a well-known fact that dust from earthquake
avalanches often gives from a distance the -appearance of a steaming .voleano.’ ‘

The records of the United States Coast and Geodetic Survey seismograph at Sitka, about
170 miles south of Skagway, show the following data, the hours being given in Greenmch mean
time, counting from midnight to midnight:

Setsmograph record at Sitka, Sept. 24, 1907.
[Supplied by Supt. O. . Tittmarm, of the United States Coast and Geodetic Survey.]

{ i Second pre- - " | Maximum
First prelimi- : - ampli-
Component. nary tremors. ”mixlwla?)z tre- | Large waves. Maximum. End. tude (I:nilli
. . meters).
North.......... s e 12h 58.9m 12h 59, 4m 12h 59. 6m 12h 59, 7m 13h 04, 3= 0.4
st e e 12 58.9 12 59.4 12 59.6 12 59.7 13 04.2 1.1

EARTHQUAKE IN PRINCE WILLIAM SOUND FEBRUARY 14, 1908.

The second shock of this recent group occurred in Prince William Sound (see P1. XXXIII, in
pocket), 250 miles west of Yakutat Bay, on February 14, 1908,* and is of especial mterest because
it broke two submarine cables in several places.

E. B. Spiers,® deputy collector of customs at Valdez, known to the writers as a reliable
observer, refers to it as probably the most severe earthquake in the history of the town.® It
came at 1.25 a. m.” (Valdez standard time) and is estimated to have lasted 45 to 60 seconds.

It caused tidal waves large enough to make steamer Northwestern rock very perceptibly,
upset bottles and vases on shelves, and threw down cans of fruit, provisions, lard, etc., from

t Dawson Daily News, Oct. 18, 1907. Nome Nugget, Jan. 17, 1908.
2 Reply to earthquake circular, 1907.
s Seattle Post-Intelligencer, cable dispatch dated Skagway, Sept. 24, 1907.
4 Valdez Daily Prospector, Feb. 14 and 20, 1308. Juneau Record, Mar. 2, 1908.
s Reply to earthquake circular, Feb. 15, 1908.
' 6 Mr. Spiers was not there during the shocks of 1899 and 1900.
7 Recorded by the seismograph at Sitka from-ilk 26m 24s to 11b 37= Greenwich mean time. When this is converted to true meridian time at
Valdez it is evident that this earthquake began at 1.41 a. m.
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the shelves in all the stores in the town. People who were in the San Francisco earthquake?
said this seemed as violent as any of the shocks felt there April 18, 1906.

I sat up in bed, did not get up until after it was all over. No nausea or dizziness. Very violent, somewhat irregu-
lar shaking. Tirst waves appeared to come from south or southwest, then, as it subsided, seemed to come from east or
southeast, practically at right angles to first waves. It waked up everyone as faras I know.. There was a second small
shock 10 or 15 minutes later, and it was preceded by a very distinct rumbling five or ten seconds before.

Lieut. L. H. Hansen,® of the United States Army, assistant surgeon-at Fort Liscum, says
the shock occurred at 1.27 a. m. (Valdez time), lasting about three seconds ‘‘Buildings swayed,
lamps swayed considerably, clock in hospital stopped running, rumbling noise during shock.”

G. M. Esterly,’ a mining engineer, who was on the steamer Northwestern which was approach-
ing the dock at Valdez at the time of the shock, says it ‘‘felt as though the slnp struck on
bottom

U. S. Grant, of the United States Geological Survey, procured the following additional
information at Valdc/, during the summer of 1908:

William Glendenning, of Valdez, stated that a light shock came about 15 minutes before
the main shock, and there was a light shock about 30 minutes after the main shock. The main -
~ shock lasted about two minutes, having a motion from south to north. He was awake, but in

‘bed, at the time of the first shock, and had just got up at the time of the second shock. In his
room some toilet bottles were shaken to the floor. No windows were broken and there was no
marked earthquake wave in the sea. At the main shock many people rushed to the street. A
roaring, coming from south to north, preceded the main shock by about 30 seconds.

Capt. H. B. Black, in charge of the cable and telegraph at Valdez, stated to Dr. Grant on
July 11, 1908, that a fire in the cable office a few days before had destroyed the records of the
breaks in the cable there during the earthquake of February 14, 1908; but that the Sitka cable
had been broken in several places within 24 to 4 miles of Valdez and the Seward cable twice in
the same distance. He added that he himself was not present during the earthquake, but that
his wife was, and that she was also at Benicia, Cal., 30 miles from San Francisco, during the
San lﬂanmsco carthqu&lxe and that she said that the earthquake at Valdez was about as Vlolent
as the San Francisco quake was at Benicia.

John H. Bruck, master signal electrician, was at Valdez during the earthquake. He states
that he was awakened by the earthquake, which lasted one to two minutes, and another shock
came 15 minutes or more after the main shock. People on a steamer that was coming to the
landing at this time felt the shock. People on the wharf also felt the earthquake. No damage
was done and there was no marked sea wave.

This earthquake was also felt practically everywhere in Prince William Sound, ‘‘shaking
bottles off shelves, shaking store windows, and causing a door to fly open’ at Ellamar; * causing
house to sway, waking everyone, and shaking a candlestick loose from wali,”” in a mine where the
night shift was working at Landlock,* ‘‘rocking a building and waking everyone by three shocks”’
at Latouche,® 100 miles southwest of Valdez; making ahouse and bed vibrate rapidly and waking
people at Cordova,® 50 miles southeast of Valdez and just west of the Copper River delta; and
shaking a bed and waking people at Katalla,” 80 miles southeast of Valdez and just east of the
Coppm River delta.

It is thought certain that this series of shocks in and about Prince William Sound were
associated with mountain-building forces in the St. Elias or Chugach Range similar to those
operative during the 1899 earthquakes at Yakutat. In support of this theory the breaking of the
cables during the shock of February 14, 1908, is of especial interest because so suggestive of
submarine faulting. Gen. Allen,® Chief Signal Officer of the United States Army, states that

1 Including Mr. Spiers himself. 6 Hayden, J. R., reply to earthquake circular, 1908.

2 Reply to earthquake circular, 1908. 8 Hazelet, G. C., reply to earthquake circular, 1908.

8 Short, H. H., reply to earthquake circular, 1908. 7 Thompson, A. C., reply to earthquake circular, 1908,
4 Dickey, W. A., reply to earthquake circular, 1908. 8 Letter dated Apr. 1, 1908.

47275°—No. 69—12—7
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“both the Valdez-Sitka and Valdez-Seward cables were interrupted close to the city of Valdez,
and well inside Valdez Narrows. * * * A short length of the cable was covered by the
upheaval of the sea bottom, so that it had to be abandoned.”

A map by Lieut. Paul Hurst of the United States cableship Burnside (Pl XXVII), shows
the places where the cables were broken The Valdez-Seward cable was broken in four places
three-eighths to 1} miles apart, while the Valdez-Sitka cable was broken in seven places five-
eighths to seven-eighths mile apart. This later report shows that the cables were buried not
in one place but in three, the outermost being 14 to 3 miles from shore in 700 feet of water.

The United States Geological Survey party, under the direction of U. S. Grant, which worked
in the region in 1908, did not discover actual faults running ashore nor:changes of level of the
land; one stretch of coast, however, along Valdez Inlet near the cable breaks, was not examined
by them. Prof. Grant * says: :

While at Valdez I went out to the Valdez Glacier and also walked westward from the town for about a mile and
ahalf. On both of these trips I had in mind the possibility of earthquake cracks but saw no evidence of such. I think
that cracks of any size made in February ought still to be visible the following summer. I also examined the south
shore of Valdez Inlet from Fort Liscum westward to Entrance Island. This examination was done from a.small gasoline
launch which was practically everywhere within a few rods of the shore. When farther away I used a field glass.
I saw no evidence of earthquake cracks along the shore, and I think that-any displacements of a foot or so could easily -
be recognized. Neither did I see any evidence of elevated or depressed shore lines, although of course the shore was
not examined in great detail.

There was a fire in the cable office at Valdez on the night of my arrival there and the maps and records of the
earthquake of February, 1908, were destroyed. I did not get map showing the breaks in the cable until almost time to
start home and so had no opportunity to study carefully the shore opposite the breaks. .

The hypothesis that the pairs of breaks in parallel cables three-eighths to three-fourths of
a mile apart are caused by faulting is of decided interest. The Coast Survey chart shows that
this cable lies in soft mud under 280 to 800 feet of water where the breaks occurred. At these
depths the alternate hypothesis of breaking of the cables by masses of silt sliding down the steep
submerged delta front near Valdez does not seem plausible, for the soundings show no slopes
down which the mud could slide to cause several of the breaks. Nor does a hypothesis of breaks
a mile or more apart caused by jelly-like shaking of the fiord-bottom deposits during the earth-
quakes seem applicable. It is far more likely that the cables were broken at the points shown
(Pl. XXVII) by actual fault movements during the earthquakes.

Some seismograph records of the earthquake of February 14, 1908, klndly supphed by
Dr. H. F. Reid, of Johns Hopkms University, follow:

Setsmograph records of earthquake of February 14, 1908.

§ Maximum
Preliminary
Place. Component. tremors Large wavgs Maximum. End. amplitude
commenced. | commenced. (milli-
meters).
Sitka, Alaska. ... ..., Northe......... 11h 26m24s | ... 11h 29m 350 11h 34m 0.3
) .. e 11 29 30 11 37 .8
Vietoria, B.C. ... e e I S - S ) PO 11 43.6 .15
Toronto, Canada. .. PR PRPRRR 14 JX TR S B R 3 DO S i 11 53.1 .15
Baltimore, Md........ 11 54.0 12 0 .5
Cheltenham, Md 11 53 22 11 57 .1
11 53 12 12 01 .1
a Bosch-Omori instrument b Milne instrument.

EARTHQUAKE IN CONTROLLER BAY REGION MAY 14, 19808.

The last of this group of three recent earthquakes took place May 14, 1908, and was
probably the most severe of the three. It was felt slightly at Sitka and Juneau and generally
at Valdez and Seward, as well as at intervening points. (See Pls. IL p. 14; XXXIII, in pocket )
It is reported from Katalla on Controller Bay, as follows:

Two earthquake shocks, occurring in quick succession at 11.07 o’clock Thursday night, set every building in town
rocking, moved furniture about rooms, knocked dishes from shelves, and caused many of the people in town, many of
whom had retired, to take to the streets.

1 Letter dated Nov. 6, 1908. 2 Katalla Herald, May 16, 1908.
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According to the statements of a number of people, the shocks, of which there were two in almost instantaneous
succession, lasted from 10 to 17 seconds. No damage was done. The shocks were accompanied by a vibratory motion
pretty nearly north and south. In the Herald office the machinery and fixtures swayed perceptibly, while the building
rocked as if it had been struck by a cyclone.

G. M. Weigel, the baker, says that he thought someone was trymg 10 turn his building over, and Col. Barrett says
. that the ceiling in the room where he sat reading in his home was cracked.

A report was current yesterday that the English Co.’s oil well at the head of Katalla Slough was spouting oil and -
gas, but the report lacks verification. ’

Thursday evening, immediately after the shocks, many people thought that a tidal wave might follow, and they
rushed to the water front, but no commotion disturbed the placid surface of the bay.

On the following morning, May 15, the United States Weather Bureau issued the following
. bulletin with regard to the earthquake:
WasHINGTON, D. C., 10 a. m. May 15, 1908.

The seismographs of the Weather Bureau recorded an earthquake of considerable intensity during the early morning
of May 15, beginning at 3.39.52 a. m. 75th meridian time.!

The strong motion set in at 3 o’clock and 55 minutes and continued for about 10 minutes. The duration of the:
whole earthquake was about 1 hour.

The duration of the first preliminary tremors, which were very sharply deﬁned amounted to 6 minutes and 40 sec-
onds. This would place the origin of the earthquake at approximately a dlstance of 3,200 miles from Washington.
Portions of Central America or the Pacific Ocean west of Central America fall within this distance, and possibly this
might be the location of the disturbance, but no definite statement to this effect could be made.

: Moore, Chief.

Some of the seismograph records of this earthquake, from instruments in America, which
have come into our hands through the courtesy of Prof. H. F. Reid, of Baltimore; Mr. R. F.
Stupart, director of the meteorological service of Canada; Supt. O. H. Tittmann, of the United
States Coast and Geodetic Survey; and Prof. C. F. Marvm of the United States Weather
Bureau, are as follows. Greenwich mean time is used.

Seismograph records of earthquake of May 14, 1908 (May 15, Greenwich mean time).

First pre- | Second pre- Maximum
Compo- Large - amplitude
Place. » liminary | liminary - Maximum. End. P
nent. tremors. | tremors. | WAves: m(g;grl;‘)
Sitka, Alaska........coeeene. e ree et e e Northaa...| 8 32.7m | ... ....... 8h 32, 9m 8h 36m oh 56m 68.0
Kastae ....{ 8 326 |............ 8 32.8 8 35 ... 7.0
Vietorda, B. C..onii i ....doa....| 8 353 |............ 8 40.3 8 42.8 10 38.3 8.0
Toronto, Canada . do.a 8 46.1 [.....o...... 8 53.3 8 54.2 9 42.1 -5.7
Baltimore, Md Northwestd| 8 39.9 |............ 8 55.2 8 55.7 9 06 3.5
Do...... fe...doe .| 8 42.5 8h 47, Qm 8 55.7 8 56.3 10 30 4.0
Cheltenham, .| Northa...| 8 39.8 '8 46.6 8 54.4 8 55.7 10 32 6.7
Do.coeeniinn..n .| East.b ....| 8 39.8 [............ 8 54.8 8 55.7 9 35 9.7
Washington, D.C......... T 8 308 |ceiiiiin.. 8 85,0 |..oiieiiiiifioiiiii e
Porto Rlco 8 . 9 04.0. 9 14.6 10 36 4
............. 8 9 02.0 9 06.2 10 44 2
Honolulu Hawall 8 45.3 8 50.2 |.....eaen... 1.8
@ Milne instrument. b Bosch-Omori instrument.

EARTHQUAKE OF SEPTEMBER 21, 1911.

A fourth recent severe earthquake occurred September 21, 1911, in the vicinity of Prince:
William Sound and the Kenai Peninsula. It is described here because it is related to earth.
movements in the region disturbed by the earthquake of February 14, 1908, and because:
it seems to verify the hypothesis of faulting in Port Valdez (p. 98), dlscussed in connection.
with the breaking of cables durmg that shock. The hst of places of observation is doubtless.
incomplete. .

Valdez and vicinity.—This seismic disturbance was strongly felt at Valdez, where it broke.
a submarine cable. The direction of vibrations was northwest-southeast and their duration.
is said to have been 52 seconds.

18h 39m 525, May 15, Greenwich mean time, or 115 01m 525 p. m. May 14, Katalla time.
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A. H. Brooks, geologist in charge of the division of Alaskan mineral resources of the
United States Geological Survey, has given one of the best accounts of this earthquake, as
follows: '

The reécord in my notebook shows.that on September 21 I noted four earthquakes between 7 and 8.38 p.m. I
was at that time at the camp of the Ibex Mining Co., on the west side of Valdez Glacier, about 8 miles from the town
of Valdez. I corrected my time observations in accordance with the clock at the Signal Corps station at Valdez upon
my return. The correction shows the shocks to have been as follows:

The first one was at 7.01 p. m, This lasted 20 seconds by my observation. As, however, I was sitting across the
tent from the candle and as I did not recognize it as an earthquake at once, I think it safe to add 5 or 6 seconds to this
observation.

The second shock came at 7.13 and lasted between 5 and 10 seconds. The third shock came at 7.28 and lasted
3 to 5 seconds. The fourth shock came at 8.38 and lasted about 2 seconds. The earth movement seemed to be from
west to east. I had no means of measuring the intensity of the shock, but it did not seem to have been sufficient to
upset anything on the shelves where I was. I was told that at Valdez some articles were thrown from’ shelves and
that a heavy glass bowl was moved, so that it was in danger of falling from a sideboard. The clock at the Signal Corps
station at Valdez stopped at two minutes past 7.

So far as T know, there was no perceptible earthquake wave at Valdez, but of this I have no definite information.
It would seem that there should have been a wave there when the cable was broken. Curiously enough, the operator
at Valdez told me that the cable was not broken immediately, but that communication was kept up with Sitka some
seconds after the earthquake shock. He was telegraphing to Sitka at the time of the shock. The shock at Valdez was
sufficient to frighten the people very badly.. Nearly.everyone rushed out on the street. I did not learn, though,
that it had done any damage whatsoever.

As I had never before felt an earthquake shock I had no basis for comparison. The tent in which I was sitting
was located on a little spur jutting out from a steep slope about 1,000 feet above the Valdez Glacier, and the rum-
bling of the earthquake was confused with heavy falls of bowlders down the talusslopes. The talus slopeson both
sides showed considerable movement after the earthquake shocks. '

During this earthquake the submarine cable from Valdez to Sitka was broken just north of
Fort Liscum, at a point 3 miles west of the dock at Valdez, near latitude 61° 06’ 08’/ N, and
longitude 146° 19’ 23’ W.,* 'and was buried for 1,650 feet. This is almost exactly at one of the
points (Pl. XXVII) where the cable was broken during the earthquake of February 14, 1908,
when twice as great a length of cable was buried near this break. The water here is 700 to 750
feet deep and the slope of the fiord bottom is less than 50 feet to the mile. The break at this
same point in 1911 seems to verify our suggestion made in 1908 (p. 98), that a fault exists there.
Mr. Brooks’s statement that cable communication was not interrupted until several seconds
after the shock may tend to show that there was slight flowage of fiord-bottom mud along a
fault scarp, resulting in the burial of a great length of cable. We do not think that the earth-
quake shaking alone, without actual displacement by faulting, could have caused sufficient
flowage on the flat fiord bottom to break the cable. ,

Northern Prince William Sound.—The effect of this earthquake at Golden, on the shores
of Wells Bay in northern Prince William Sound, 45 miles west of Valdez, has been described as
follows: .

The tops of the mountains, which form a picturesque background for the new city, began to'tremble, and these
palpitations were followed by tremendous land and rock slides, which completely buried the gulch over which the
trail extends. The residents of Golden acted as a unit in making for the boats pulled upon the beach, and practically
all of them spent the night on the waters of Wells Bay. One tremendous slide, which carried with it a portion of a
small glacier, passed within a few hundred feet of the town. That the floor of the ocean was violently disturbed was
shown by the fact that the sea was covered with countless dead fish, which undoubtedly had been killed by the con-
cussion. Thousands of red snapper, salmon, trout; halibut, and other kinds of fish were killed. When the fear of
further earth oscillations had subsided the miners gathered hundreds of barrels of these fish and salted them down for
the coming winter. »

Kenai Peninsula.—In the mountains of Kenai Peninsula, which border the western shore
of Prince William Sound, the earthquakes of September 21 were felt as heavy shocks all along
the line of the Alaska Northern Railway between Seward and Kern Creek, 171 miles to the
north, at points 110 to 125 miles southwest of Valdez.

G. C. Martin, of the United States Geological Survey, who was on the line of the Alaska
Northern Railway north of Kenai Lake, observed four shocks on,September 21, and also noted

1Information from map furnished by Capt. B. O. Lenoir, of the U. S. Signal Corps, Nov. 8, 1911,
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a preliminary earthquake on September 10 at Seward, at 3.40 p. m. He states that on Septem-
ber 21 the trees waved when there was no wind, that he found it possible to stand only by
bracing himself with the feet far apart, and that during and after the shock he heard rocks
sliding down the talus slopes of the mountains. The first shock, which was heavy, ended at
7.07 p. m.; the second shock was lighter and ended at 7.19% p. m.; the third and lightest
disturbance ended at 7.35 p. m. There was a fourth shock (heavy) during the night. Thesé
times were noted with a watch which had been set at the United States cable office at Seward
on September 10, but which was not compared with standard time afterward. There was an
aftershock on September 22 at 9.42 p. m., the clock being perhaps 5 minutes fast or slow.

J. L. McPherson, a mining engineer, who was on Kenai River 4 miles below Kenai Lake
and 140 miles southwest of Valdez, also felt the earthquake of September 21. His observation
verifies that of A. H. Brooks at Valdez concerning the long duration of the shocks. He writes:

The duration, as near as I could estimate it, was 25 seconds, and the wave motion was east-west. As soon as I
realized that it was an earthquake I pulled out my watch and got on my feet to get the motion. As near as I remem-
ber now I allowed 5 seconds for lost time from the commencement of the quake until I commenced to observe the
time. ’

ALASKA A SEISMIC REGION.

The strong recent shocks, together with the large number of earthquakes of which we
have been able at this late date to obtain record (pp. 92-93) convince us that the coast region
around the head of the Gulf of Alaska, as well as the Alaskan Peninsula and Aleutian Islands,
is to be reckoned as one of the great seismic regions of the world. The shocks are both frequent
and widely scattered, while at short intervals they are of great strength. Only because of lack
of records of earthquakes in this region is there warrant for classing it as peneseismic.

The list below shows some additional earthquakes in Alaska since 1909.

List of earthquakes in Alaska from February 16, 1909, to January 81, 1912.

Date. Time. Intensity. e Remarks.
1909. - . .
Feb., 16 [ 7500 ......... . VI-VII. Slightly at Sitka, Valdez, Juneau; stronger at Yakutat and Skagway.
Registered on seismographs at Toronto, Sitka, and Victoria.
June 19 | Noon........coovvifoviiiiiiiiiiiiinann. Slight shock at Dutch Harbor. .
July 11| 2.02.18¢ .......... II1. Distinctly felt in Sitka. )
Sept. 92 fooeviii Aleutian Islands. Sufficiently strong to upset Aleutian dinners and
disarrange the furniture in some houses.
Sept. 19 (10a.m........... VI. Seward. Duration 5 seconds. )
Oct. 20 | 4.56.03¢........... V. Recorded at Sitka and felt at Juneau (IV) and Skagway. Direction
010 west-east, duration 1 second.
1910. .
Mar. 14 { 5.09a. m.b........ V. . Felt at Skagway. Duration 1 second, direction east-west. A second
very light shock ahout an hour later,
June 24 Unimak Pass, at sea, lat. 54° 20’ N., long. 165° 20’ W,
July 6 V() Origin near Skagway. Duration 28 seconds (?).
Aug. 5 (.. Strong. Yakutat. Shook up huildings along shore of the bay and rattled

dishes and windows but did no noticeable damage. Shock fett on
board steamer Bertha, which was in port at the time.
Sept. 1 |oeieiiiiiiiiia, Strong. Dutch Harbor. Two violent shocks at the time of the appearance of a
- new island in the Bogoslof group, 50 miles to the northwest. Vol-
canic shocks.
chctem- ........................................ Volcanic shocks in connection with grand eruptions of Mount Shi-
r. shaldin, in Alaska Peninsula. Earthquakes said to have accom-
panied eruptions earlier in the summer, and changes in coast line

rumored.
Nov. 20 | 11.32p. m......... V. Two shocks, of 5 seconds each, felt at Nome.
1911.
Jan, 7| 4-430a.m........ V-VI. Felt at Fairbanks. Duration 6 to 8 seconds.
Earlyin|..cooeiiiiiiniaan. Severe. Felt at Yakutat.
Septem- - .
ber, .
Sept. 21 | 7.01p. m.d........ IX-X. Severe in vicinity of Prince William Sound and Kenai Peninsula
(see p. 99).
1912.
Jan, 31| 11.12a. m.e....... Felt throughout Prince William Sound and in the Copper and Tanana

valleys. “Duration at Valdez, 20 seconds; at Fairbanks, 6 seconds.
Reé;istered on seismographs at St. Louis, Mo., Cambridge, Mass.,
and elsewhere.

o Intensity expressed in Rossi-Forel scale., ) d Valdez time.
b 135th meridian time, ¢ Cordova time.
¢ Greenwich mean time. .




| CHAPTER VI |
INSTRUMENTAL RECORDS OF THE - EARTHQUAKE.
SEISMOGRAPH RECORDS.

As has elready been stated (p. 69), the shock of the greater Yakutat Bay earthquakes of
September, 1899, was recorded by seismographs throughout the world, from that at Victoria,
Bhuitish Columbla (Pl. XXVIII), the nearest, to that at Cape Town, South Africa, the most
remote (Pl m A B.).

STUDY BY FOREIGN SEISMOLOGISTS.

It is worthy of notice that experienced authorities on earthquakes, like the English seismolo-
gists John Milne and R. D. Oldham; the Japanese Omori; the Italians Cancani, Agamennone,
Grablovitz, Riceo, Bastogl Oddone, Stiattesi; Lagrange in Belgium; - Schwab in Austria;
Verbeek in Java; and doubtless others, had been interested in these Yakutat earthquakes
and had studied them from the selsmooraph records before the authors visited Yakutat Bay.-
Without knowledge of the important changes wrought by these earthquakes, or of the times of
origin of the shocks, and with no knowledge of the place of occurrence except the information
contained-in one incomplete newspaper notice, several of them ! worked out from the seismo-
grams the time when and the place where these world-shaking earthquakes occurred, as well
as many facts concerning the speed of transmission of shocks, ete.

The records of these Alaskan earthquakes of 1899, from various observatories in Italy,
have been compiled and published by Cancani? His: paper includes a detailed description of
the earthquake of September 3, as recorded by instruments at Rocca di Papa (Rome), Casamic-
" ciola (Naples), Catania, Quarto Castello (Florence), Pavia, Turin, etc., as well as similar descrip-

tions of the first shock of the earthquake of September 10, as recorded at Rome, Rocea di Papa,
‘Casamicciola,- Catania, Quarto Castello, Pavia, etc.; the second shock of September 10, as
recorded at Rome, Rocca di Papa, Casamicciola, Portici, Catarua Siena, Quarto Castello, Pavia,
Turin, etc.; and also of the shocks of September 23 and: 26 at these and- other observatorles

These earthquakes were also recorded by instruments in other parts of the world, 1nc1udmg
“seismographs in eastern and western Canada, Mexico, Argentina, England, the Isle'of Wight,
Belgium, France, Spain, Germany, Austria-Hungary, Russia, India, Japan, Java, Mauritius,
South Africa, and doubtless in other places from which ‘the writers have seen no data. We have
found no seismograph which was in operation in 1899 in any part of the world which did not
record these earthquakes. However, the number of large earthquake-recording instruments in
operation in 1899 was much smaller than at present.

PUBLICATION OF SEISMOGRAMS OF THESE EARTHQUAKES.

them were reproduced in the report of the selsmologlcal committee of the British Association
for the Advancement of Science for 1900; ® notably those of the earthquake of September 3 from
the stations at Bombay, Cape of Good Hope, Mauritius, Kew, Shide, San Fernando, Toronto,

1 Milne, J., Rept. British Assoc. Adv. Sci., 1900, pp. 64-108, passim, Pls, IT and III; 1902, pp. G2, 64.

Omort, F., Publ. Earthquake Investxgatlon Committee in Foreign Languages, No. §, Tokyo, 1901, pp. 21-63, passim; No. 6, 1901, pp. 47-52,
passim; No. 13 1903, pp. 87-123, passim; No. 21, 1905, pp. 45-89, passim.

Oldham, R. D., Quart. Jour. Geol. Soc., vol. 62, Aug., 1906, pp. 465-473 (referring specifically to the Yakutat earthquakes on pp. 459, 461, 471).

2 Notizie sui terremoti osservati in Italia durante ’anno 1899: Boll. Soc. sismol. ital., vol. 6, 1900-1901, appendice, pp. 178-190, 194-198, 199208,
223-229, 231-234. ’

3 Fifth Rept. Comm. Seismol. Invest., British Assoc. Adv. Sci., 1900, pp. 95-97, 100.
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HELIOTYPE GO., BOSTON

SEISMOGRAM OF YAKUTAT BAY EARTHQUAKE OF SEPTEMBER 3, 1899
FROM INSTRUMENT IN BRITISH COLUMBIA
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. SEISMOGRAMS OF EARTHQUAKES, 1899 AND 1906
A FIRST YAKUTAT BAY EARTHQUAKE OF SEPTEMBER 10, 1899, FROM INSTRUMENT AT CAPE TOWN, SOUTH AFRICA

B HEAVIEST YAKUTAT BAY EARTHQUAKE OF SEPTEMBER 10, 1899, FROM INSTRUMENT AT CAPE TOWN, SOUTH AFRICA
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Tokyo, and Victoria; those of the early shock of September 10 from the stations at Bombay,
Batavia, Cape of Good Hope, Kew, San Fernando, and Toronto; and those of the last and
heuvwst earthquake on September 10 from instruments at Batawa ,, City of Mexico, Bombay,
Mauritius, Kew, San Fernando, Toronto, and Cape of Good Hope.

Seismograms written by instruments at the observatories of Hongo and Hitotsubashi,
Tokyo, Japan, have been reproduced ! and show the autographs of the earthquakes of September
3 and 10 in Alaska as recorded in Japan.

The seismographic records of the same earthquakes, as written by instruments in Canada,
were published by R. F. Stupart.? The seismograms reproduced are the Victoria record of the
shock of Septembel 3, and the Toronto records of the shocks of September 3 and 10.

The seismogram of the shock of September 3, as recorded at Uccle, Belgium, has also been
reproduced.®

" The seismogram of the disturbance of September 10 at Batavia, vava, is reproduced by
Dr. J. P. van der Stok ¢ in an article in which he compares the records of the Ceram earthquake
of September 29, 1899, and the Alaska earthquake of September 10, 1899, as recorded at Stras-
burg, Germany, and at Batavia.

In the present report we reproduce seismograms written on September 3 and 10, 1899, by
instruments at Victoria, British Columbia (Pl. XXVIII); Tokyo, Japan (Pl. XXXI); Kew,
England (Pl. XXIX, A); Catania, Italy (PlL. XXXII, 4); Batavia, Java (Pl. XXIX, C, D);
and Cape Town, South Africa (Pl. XXX, A4, B). For purposes of comparison, seismograms
made at Kew, England (Pl. XXIX, B); Catania, Italy (Pl. XXXII, .B); and Cape Town, South
Africa (Pl \4\4\ (), by the same instruments unde1 essentially 51m11ar conditions durmg the
earthquake of Apnl 18, 1906, at San Francisco, Cal., are also reproduced. The comparison of
the Kew record of the earthquake of September 3 in Alaska with the Kew record of the Cali- .
fornia earthquake shows that the latter was the stronger shock, the distances and paths being
essentially cqual and similar. The Catania and Cape of Good Hope records of the earthquake of ©
September 10, 1899, in Alaska and the California earthquake of 1906 show the Alaskan earth-
quake to have been far more severe, as both the duration and the amplitude indicate (Pls.
XXX, XXXII). The Tokyo records reproduced (Pl. XXXT) show both the shock of September
3 and that of September 10.

The Victoria, Kew, Batavia, and Cape Town records were made by light pendula of the
Milne type, with slow-movmg photoomphlc registration; the Tokyo and Catania records were
made by heavily weighted horizontal pendula with mechanical registration. The Italian instru-
ment (Pl. XXXITI) showed the motion in two planes at right angles.

LOCATION .OF ORIGIN IN ALASKA FROM SEISMOGRAMS.

The location in Alaska of the origin of these earthquakes seems to have been first made
by the veteran seismologist, John Milne,® on September 27, 1899, as a result of the study of
seismographic records of three of them, which he refers to as ‘“‘unusually large seismograms.”’
Later ¢ Milne more specifically located the origin of the Alaskan shocks of September 3 and
10 in the Pacific Ocean west of Alaska, near 150° west longitude and 50° north latitude. This
location is of interest, especially as he notes on the map that ‘“the Alaskan origin for earth-
quakes Nos. 333, 337, and 338 might possibly be moved 10° to the east.”” Probably this correc-
tion was made in view of a newspaper account of the Yakutat earthquakes -printed in the
London Times or one printed in the Toronto World and quoted in the report of the seismologi-
cal committee for 1900. This correction would have made the location nearly right for longi-
tude. Considering that the location of earthquake origins by computation was only in its
infancy in 1900, this location only 10° too far west and 10° too far south is remarkable.

t Publ. Earthquake Investigation Committee in Foreign Languages, No. 5, 1901, Pls. VII, VIII; No. 21, 1905, P1. XXXVI.

8 Proc. and Trans. Royal Soc. Canada, 2d ser., vol. 9, 1903, sec. 3, plate opp. p. 71.

3 Bull. Soc. belge d’astronomie, 5¢ année, No. 2, 1901, P1. XII. .

¢ Two earthquakes registered in Europe and at Batavia: Proc. Sec. Sci., Koninkl. Akad. Wetenschappen Amsterdam vol. 2, 1900, plate
0pp. p. 246.

6 Noto dated Shide, Isle of Wight Sept. 27, 1899, in Nature, Oct. 5, 1899, vol. 60, p. 545.

0 I'ifth report of the committee on seismological investigations: Rept. British Assoc. Adv. Scx 1900, Pl. II1,.opp. p. 77.
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. With practice and refinement of method much closer location subsequently became pos-
sible. In a paper published in 1906 R. D. Oldham;! from computations based on the seismo-
graph 1ecords, makes these shocks originate in about 59° 5’ north latitude, 140° 0’ west long1-
tude, which is within less than a degree of the correct latitude and longltude

Dr. F. Omori? gives the origin of these shocks as ‘‘about latitude 60° north and longitude
140° west,” but it is not evident whether he computed this location from the seismograph
records or inferred it from the newspaper report seen by him. He refers to it also as near
Cape St. Elias, which would be less than 170 miles too far northwest. »

Our own field study in 1905 would lead us to place the origin (assuming that there was a
single point of origin and that it was near the fault line associated with the 473-foot uplift, the

- greatest observed change of level of the land) at about 59° 58’ 20’/ north latitude, 139° 33’ 0’/
west longitude. This'is certainly correct for the earthquake at noon on September 10.

TOPOGRAPHIC CHANGES FORETOLD BY MILNE.

In the seventh report of the committee on seismological investigations ® the relation of
‘these earthquakes to possible topographic changes is suggested by John Milne in the following
paragraphs, which our-subsequent field observations have abundantly confirmed. The sub-
ject was also discussed by Milne before the Royal Geographical Society.*

That there is a relationship between the distribution of the origins of large earthquakes and the pronounced
irregularities on the surface of the earth will be seen from the following notes: '

A. Alaskan region (number of earthquakes, 25):° The average depth of the water in this bight is about 2,000
fathoms, but in its northern part depths of 2,200 fathoms have been found within 60 miles of the shore. On this shore
Mount St. Elias rises to a height of 18,000 feet. An average slope from the land to the sea on a north-south line can be
found which exceeds 100 feet per mile. This is over a distance of 180 miles.

On the face of this and neighboring slopes during the last three years, it is probable that molar displacements of
.great magnitude have taken place. On September 10, 1899, in the island of Kanak [Khantaak], opposite Yakuta
[Yakutat], a graveyard sank so that on the next day a boat was able to row over the place where it had been, and the
tops of the submerged trees could be seen. Many of the earthquakes from this reglon have yielded large seismograms
at the Cape of Good Hope, which is antipodean to Alaska. We have here a region partly belonging to the Aleutian
. Ridge, off the southern shores of which within 80 miles of land depths of 4,000 fathoms have been noted, where oro-
genic processes are now marked, the extent of which will probably be gaged by future soundings.

COMPUTATIONS FROM JAPANESE SEISMOGRAMS BY OMORI.

F. Omori makes use of the records of the Alaskan earthquakes, among other great shocks,
to compute certain data. (See Pl. XXXI.) * One such computation® brings him to the con-
clusion that the slow earthquake undulations are horizontal movements, not tiltings of the
ground. Another 7 shows the relationship between the duration of the first preliminary tremors
. and the distance of the earthquake origin. One such series of computations by Omori, based

on a duration at Tokyo of 7 minutes and 39 seconds for the first preliminary tremors of the
shocks of September 3 and 10, checks with the actual distance to the origin in Alaska within
less than 250 miles. A further consideration® of the same general problem, based, however, -
on the duration at Tokyo of the total preliminary tremor (September 3 shock, 14™ 23¢;" September
10 shock, 14™ 315), comes even closer to the actual distance, being within about 150 and 200
miles, respectively, for the origins of these two shocks.

Still other computations® deal with the maximum ranges (double amplitudes) in the
successive stages of motion of such distant earthquakes as these; with the periods of vibration
in the different portions of the earthquakes; with the duration of their successive states of

1 Constitution of the interior of the earth: Quart. Jour. Geol. Soc., vol. 62, 1906, p. 459.

2 Publ. Earthquake Investigation Committee in Foreign Languages, No. 5, 1901, p. 62.

3 Rept. British Assoc. Adv. Sci., 1902, p. 62.

¢ World-shaking earthquakes: Nature, vol. 67, 1902-3, p. 69.

51899-1902.

8 Publ. Earthquake Investigation Commxttee in Foreign Languages, No. 5, Tokyo, 1901, pp. 47-51, 62.
7 Idem, pp. 61-65.

8 Idem, No. 13, 1903, pp. 86-88.

¢ Idem, No. 13, 1903, pp. 112, 114, 117, 121-123.
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motion, and with the average period and transit velocity of the earthquake waves which trave]
all the way around the earth. In the computation last mentioned Omori found that the vibra-
tions set in motion in Alaska by the earthquake of September 10, took 2 hours 8 minutes and
47 seconds for the long journey around the world through the outer crust of the earth east- .
ward from Yakutat Bay through the antipode of Alaska (W, waves) to Tokyo. They therefore
had a velocity of 3.6 kilometers ‘a second, or more than 8,000 miles an hour: Further compu-
tations ! deal with the direction of motion, duration, period, and amplitude of motion, etc.

COMMENTS ON SEISMOGRAMS.

The seismograph records of the Yakutat earthquakes have been described and analyzed
by several seismologists. Two rather complete descriptions from distant observations are
here quoted. They deal with the seismograms of the earthquake of September 3 and the two
shocks of September 10 as recorded at Tokyo, Japan, and at Catania, Italy, and indicate some
of the differences in the record of the tremors set in motion at Yakutat Bay after they had
traveled approximately 6,100 kilometers southwestward beneath the Pacific to Japan and after
-they had traveled half as far again eastward beneath the continent of North America and the
Atlantic Ocean, or pursued the appropriate great circle routes around the earth or through its
interior. The corresponding seismograms are reproduced in Plates XXXT and XXXIT.

RECORDS FROM JAPAN.®

Earthquake No. 193 —September 4, 1899, 9» 31m 505 a. m.? (east-west component). Total duration, three hours.

The first preliminary tremor, whose duration was 7™ 36¢, consisted of vibrations of an average period of 7.9¢ (maxi-
mum double amplitude, 0.25 millimeters), superposed with still smaller ones of an average period of 18°. The com-
mencement was small and gradual but distinct, the amplitude remaining on the whole constant. '

The second preliminary tremor lasted for 6™ 475 and began with a motion of 0.46 millimeter toward the west, fol-
lowed by a well-pronounced undulation, whose period was 34* and which consisted of the two displacements, first,
2.5 millimeters toward the east; second, 4.1 millimeters toward the west. For the next 6™ 12¢ the amplitude did not
much vary and was slightly smaller than that of the above introductory wave, the average period being 25.25. After
these took place two conspicuous undulations of an average period of 34.5¢, the first of which had the maximum double
amplitude of 5.6 millimeters. There were also traces of slow undulations with an average period of 1™ 65. It is to be
remarked that the second preliminary tremor was'in this case not at all a small, 1ns1gn1ﬁcant tremor, but conmsted of
large well-defined waves.

The principal portion lasted for 22™ and began with seven large undulations, which together occupied 3™ 48, and
had an average period of 32.6%; the second having the (absolute) maximum double amplitude of -15.2 millimeters.
These vibrations, which were app'mrently produced by the composition of the proper oscillations of the pendulum with
the earthquake motion, were arranged as follows:

First motion: 5.5 millimeters toward the west; second motion, 11.3 millimeters toward the east; then followed the
maximum motion above noted; the next vibration was a little smaller the two next ones were small; then followed
the second maximum double am’plitude of 13.8 millimeters. After these the motion became quicker, the average
period during the next 4™ 42s being 23.5°. For the next 4™ 51° the motion consisted of well-defined vibrations, whose
maximum double amplitude was 4.8 millimeters and whose average period 16.2s. During the remaining part the
average period was 14.9°.

The end portion. For the first 26™ the motion was more or less large, the average period of the principal vibra-
tions being 16.2°. There were also traces of slower undulations of an average period of 51° and of others of an average
period of 245, During the next 12™ 30¢ the principal waves had an average period of 20.8%, superposed with smaller
vibrations. From about 1" 457 after the commencement of the earthquake the motion consisted essentially of regular
waves, whose average period deduced from three successive groups of 50 vibrations, was 10.4¢, 10.95, and 10.3¢; gen-
eral means, 10.5%.

Earthquake No. 196.—September 11,* 1899, 3t 14’11 16¢ a. m. (east-west component). Total duration, about three
hours.

The first preliminary tremors lasted for 7= 38" and consisted of small vibrations of an average period of 6.8°. The .
gecond preliminary tremors lasted for 6= 53°. The principal portion: The maximum double amplitude was 2.6 milli-
meters, and the average period was 32¢. The end portion: The average period measured at about 1t after the com-
mencement of the earthquake, was 10.42.

1 Omori, ¥., Publ. Earthquake Investigation Committee in Foreign Languages, No. 21, 1905, pp. 60, 71, 76, 77, 79, 80, 85, 88, 89.

3 Idem, No. 6, Tokyo, 1901, 48-51. Describes records from Hongo (Tokyo) observatory; & similar description based on records from the
Bitotsubashl (Tokyo) observatory is found in Publ., ete., No. 13, 1903, pp. 96-99; No. 21, 1905, pp. 46-49.

3 The time Is given in the first normal Japan time, namely, that of longitude 135 E.

4September 10. Difference of time with difference in longitude. .
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Earthquake No. 197.—September 11, 1899, 6" 50™ 58° a. m. (east-west component). Total duration, four hours.

This was a very large earthquake and, like the two preceding ones, originated off the southwestern coast of Alasca
[Alaska]. It appears that, at the origin, shocks happened almost continuously after earthquake No. 196, the diagram
ghowing more or less distinct traces of motion throughout the time interval between the latter and this earthquake,

The first preliminary tremors, whose duration was 7™ 43¢, consisted of small vibrations of an average period of
4.3% superposed on larger ones of an average period of 9.3s.

The second preliminary tremors, whose duration was 6™ 30¢, began with a well-defined displacement of 2 milli-
meters toward the east, followed by 14 large undulations with an average period of 275,

The principal portion, whose duration was about 15, began with four very slow undulations with an aver'we

-period of 415. Then followed five large proper oscillations of the pendulum, their maximum double amplitude being
10.5 millimeters. The average period, measured at about 23™ from the commencement of the earthquake, was 243,

The end portion: The average period, measured at respectively 12, 2t and 3" after the commencement of the earth-
quake, was as follows: 9.9% (deduced from 57 vibrations); 9.8¢ (deduced from 100 wbratlons), 9.7% (deduced from 60
vibrations); general mean, 9.85.

It will be observed that in the three foregoing earthquakes, Nos. 193, 196, and 197, the first preliminary tremors
lasted for an almost exactly identical interval of time. This shows that these earthquakes originated very nearly at
an equal distance from Tokyo. Assuming the position of their centers to be near the Cape St. Elias, the spherical
distance between it and Tokyo would be about 6,100 kilometers.

RECORDS FROM CATANIA, ITALY.
THE YAKUTAT BAY EARTHQUAKES,!

September 4, 1899.—Large seismometrograph. "From 1M 34™ 42¢ to 4" 39™ 19% 2 on the northwest-southeast com-
ponent, and from 1t 35™ 75 to 2% 47™ 51° on the northeast-southwest component, seismic registration due to earth
disturbance of very distant origin.

On the northwest-southeast component there is a preliminary phase from 1t 34™ 425 o 1t 44m 59“, consmtmg of
small undulations, the largest of which reaches about 1.5 millimeters, having a simple oscillatory period varying
between 1° and 3°. Immediately after 1t 44™ 59% the movement increases a little in intensity and leaves on the paper
zone undulations of an almost uniform amplitude of 1.5 millimeters and of irregular form, with a simple oscillatory
period of 6° for the greater part of them and of 5° (per pendulum) for others; these undulations last until 1* 58m 2s;
after that hour the movement again increases in strength and there are undulations of an amplitude of 2 to 2.5 milli-
meters, with an oscillation period indeterminable on account of their irregularity.

A little before 2t 9 283 there are some undulations of a period of 12¢ at 28 9™ 28s; the maximum phase of the move-
ment begins and lasts until almost 2" 39™ 4s.  In this phase there is an absolute maximum at 2" 13™ 23¢, represented by
an undulation of an amplitude of § millimeters; after which the movement declines gradually and toward the end of the
phase the amplitude is reduced to about 0.5 millimeter. From 2" 39™ 45 on, there come quite regular undulations with
an amplitude of a little less than 2 millimeters and with a simple oscillatory period of 9%, some of them having 7.5,
These undulations last until almost 3" 28™ 13; from the later hour up to 3* 47™ 37s there are not even vague traces of
undulations similar to the preceding.

From 3" 47m 37¢ to 4 0™ 28¢ they reappear, and show quite plainly after 4“ 2m 58%; and in the period of time up to
4d 29m 315 there is an amplitude of motion of about 1 millimeter and.a simple oscnllatory period of 9%, The last signs of
the diagram on the northwest-southeast component are from 4" 29™ 312 to 4» 39™ 19¢.

On the northwest-southwest component the diagram is much shorter than that of the preceding component and
begins at 1" 352 7¢; up to 1 45™ 40°¢ we find only slmht and insignificant disturbances. From 1® 45™ 40° to 1t 48™ 30¢
there are undulatlons which reach an amplitude of 3 mllhmeters with asimple oscillatory period of 4.5¢, a little different
from that of the pendulum, which is about 5°. From 1" 48™ 30° to about 2" 10™ 58° there is another disturbance of very
little significance. The maximum phase is between 28 10™ 58° and 2" 36™ 23¢, and consists of undulations which at
b 14m 258 reach an amplitude of almost 6 millimeters, with a simple oscillatory period varying between 7° and 9°. From
2n 3gm 23s to 28 47m 51° the diagram grows smaller and ceases altogether. (Riccd.)

Septemberj 10, 1899 (the early shock).—On the northwest-southeast component the first indications, hardly visible,
of the seismic registration begin at 18" 15™ 21¢; after about the first half minute, or at 18" 15™ 45¢, they take well-defined
shape as regular undulations, of an amplitude of about 0.75 millimeter, with a simple oscillatory period in the beginning
of 3¢; after that, nearly equal to that of the pendulum, thatis, 5°. At 18" 24™ 58° the movement increases in force, and
gradually, by 18t 28m 32, the undulations attain an amplitude of about 4 millimeters, maintaining the simple oscillatory
period of 5.  From 18" 28™ 32° the amplitude of the undulations diminishes somewhat, and after 18" 36™ 39° they assume
an oscillatory period of 6°, then 7.5¢, and many of them have the tracing disturbed by interference of a movement of
different period; at 18" 54™ 20 and at 19" 0™ 20° there are two secondary maxima represented by two undulations of
about 5 mllhmeters amplitude; this continues until 19% 15™ 23, at which hour the amplitude of the motion is reduced to
about 2.75 millimeters. After 19® 15™ 2% the movement gradually grows weaker and leaves undulations with a period

1 Translated from Notizie sui terremoti osservati in Italia durante ’anno 1899, compilate dal A. Cancani: Boll. Soc. sismol. ital., vol, 6,

appendice, 1900-1901, pp. 186-187, 196-197, 203-205.
2 Subtract one hour to reduce to Greenwich mean time.
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varying between 5° and 7.5%; at 20° 17™ 50¢ the movement.is reduced to a very small matter; a little after this hour there
are rather flattened undulations, which are hardly visible and of a somewhat longer period; these undulations are.quite
well defined at about 20" 33= 43; and up to 20" 57™ 75 we find many which reach an amplitude of 0.75 millimeter, with
a simple oscillatory period of about 95.  From 20" 57m 75 to 21" 52™ 12¢ we find only very small undulations of an inde-
terminable period which may be attributable either to the earth movement or to the action of the strong southwest
wind which was blowing that night. (Riccd.)

September 10, 1899 (the heaviest shock.)—From 21 52m 128 to 222 2™ there are very small undulations hardly visible,
some of which have a simple oscillatory period of 1® and 1.5%; immediately after 22" 2= they take a well-determined and
_ regular form and attain an amplitude of 1 millimeter, continuing until 22t 24™ 54¢; from this time to 22" 31 34¢ they have
along period of undulation, much obscured, the tracing of which isdisturbed by the interference of other movements
of different period; in this interval of time they have a simple oscillatory period, varying from 95 to 12s. At 22k 31™ 34s
there are other undulations with a prevailing period of 65 and an amplitude of nearly 0.75 millimeter, which continue to
21" 51m 293, Immediately after this time there is a continuous series of undulations, for the greater part with a simple
oscillatory period of 4.5%, which toward 23" 6™ 24° attain an amplitude of nearly 5.5 millimeters; at 23" 6™ 472 the move-
ments nearly cease, but regain strength suddenly and leave upon the chart a series of 38 complete undulaticns, very
regular, which altogether give a fusiform figure, somewhat swollen, and which from 23» 7™ 35 to 23" 8™ 44° attain an
amplitude of 21 millimeters (absolute maximum); these undulations, with a simple oscillatory period equal to that of
the pendulum, namely of 5%, cease at 23" 12™ 39%; and suddenly thereafter another series of undulations begin, the
tracing of which is disturbed by movements of a dnfferent period, which at 23" 28™ 39° attain another secondary maxi-
mum represented by an undulation of an amplitude of 14 millimeters; at first, that is, a little after 23» 12™ 399 these
undulations have a simple oscillatory period equal to that of the pendulum, but afterwards one of 122, especially as
they approach 23" 28™ 39s. I'rom this time the amplitude of movement and the period of oscillation begin to diminish
and so continue until 0 57® 8¢ of the succeeding day, the 1lth, and in this long period of time there are undulations
with a period of 189, afterwards of 125, and then of 7.5° and of 6* nearly to the end. At Q® 57 8° come waves with a
long period of 12* and an amplitude not exceeding 1 millimeter; these diminish little by little as they approach 22 14m
42s; the amplitude and period gradually decrease almost to zero. Other disturbances appear at 28 14™ 425, but these
may be due to the strong southwest wind then prevailing rather than to seismic movement. A

On the northeast-southwest component there is found a small tooth nearly 0.5 millimeter in height at 18" 25m
15%; an undulation of nearly 1 millimeter amplitude with simple oscillatory period of 3¢ at 18" 30™ 16°. From 18" 52m
37¢ to 18" 59™ 46° there occur other undulations almost equal to the preceding in amplitude and period. Anocther tooth
0.33 millimeter in height is found at 19" 25™ 20°; and from this time to 22" 52™ 53¢ there is a period of repose. I'rom 22b
52™ 539 to 23" 1m 23 there are other undulations of nearly 2 millimeters amplitude with simple oscillatory period of
about 3¢, interrupted by an interval of repose. At 23" 1™ 29 there begins the massive phase on the northeast-southwest
component, which consists of undulations that at first have a simple period of 6° and then with the development of this
phase go to 125, At 23" 35™ 35° they have their maximum with an oscillation of 9 millimeters amplitude.

After this latter time the movement declines. The oscillatory period diminishes to less than 3% and at 23» 59m 24s
the diagram on the northeast-southwest ends. (Riccd.)

THE SAN FRANCISCO EARTHQUAKE.

For purposes of comparison the déscription of the record of the San Francisco earthquake
of April 18, 1906, by the same instrument at Catania is quoted her ! the accompanying seismo-
grams bemn' shown in Plate XXXII, B.

We notice first of all that on that day [Apr. 18, 1906] the wind was strong, the sea very rough, and the seismograph
slightly perturbed, but there is some uncertainty as to the precise moment of the beginning and the ending of the seis-
mogram which we are examining. In spite of this, on the northeast component it appears that the first indications of
the seismic movement begin at 14" 26™ 5. Between that time and 14 37™ 27 there are very small undulations, not
larger than 0.5 millimeter, with an oscillatory period of 45 to6®. At 14" 37 27¢ the movement becomes more perceptible,
and at 14" 42™ 26° there is an undulation of the amplitude of 1 millimeter, with a period of 65. At 14" 49m 58¢ the afore-
said undulation disappears almost entirely, to give place to others which are irregular and of slow indeterminable
period up to 14" 53 145; after that moment the said undulations take definite shape, showing in the beginning a period
of 18¢, after which it decreases, while the amplitude increases, reaching almost 9 millimeters at 15% 12=51°; from 154 12m
518, at latest, the movement declines gradually, with undulations of diverse oscillatory periods varying from 5° to 9¢;
these disappear at about 17" 13™ 4]s,

On the northwest component between 14" 26= 5¢ and 14" 35™ 23¢ there are quite small undulations of an oscilla-
tory period varying from 2% to 3. The said undulations become a little more perceptible between 14" 35m 23¢ and
14h 45m 26, At 14h 56™ 22¢ they again become very small; after 14* 56 22¢ the undulations begin again to manifest
themselves in slow irregular period, and at 15" 7™ 8% reach an amplitude of 9.5 millimeters, with a period of about 9¢,
and then little by little they decline toward 16" 16™ 455,

1 From unpublished data furnished to the writers by Dr. Emilio Oddone.
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MISCELLANEOUS COMMENTS.

Other seismograph records are commented on, as stated below, in the reports of the seismo-
logical committee of the British Association for the Advancement of Science and in other seismo-
logic publications and manuscripts furnished to the writers by the observatories.

In the seismograph at Victoria, British Columbia, the nearest one to Yakutat Bay, in 1899,
the amplitude recorded was so great that in one shock the pen went off the paper, the record
(reproduced hree as Pl. XXVIII p. 102), being noted ! as a ‘‘very large quake,” while one of the
minor shocks showed an amplitude 2 of 7.5 millimeters. John Milne 3 comments on this Victoria
record of the earthquake of September 3 (Shide No. 333) as ‘‘of particular interest as indicating
that the time taken for an earthquake to travel round the World or to traverse two diameters
slightly exceeds 210 minutes.” :

On the same day the Toronto instrument * registered an amplitude of 24 millimeters, the
total swing of the boom being, therefore, nearly 2 inches.

In South America, at Cordoba, Argentina,® there was an amplitude of 6.5 millimeters dur-
ing this same shock, the record of whlch was here ‘‘followed by thickening of line and pulsa—
tions which gradually merged into the following shock,” about four hours later.

The earthquake of September 3, as recorded on the seismograph at Shide, in the Isle of
Wight, England, had a recorded amplitude of 15 millimeters. It is recorded o that ‘“‘at the
maximum the boom was caught by eclipse plate of the watch.” '

At Kew, near London, the same shock is referred to 7 as ‘‘the second largest & disturb-
ance recorded during the year. (See Pl. XXIX, A4, p. 102.) There was an interval of 17.4
minutes between the commencement of motion and the maximum' phase, and 4.3 minutes -
between the maximum and its apparent repetition. The repeat shocks are clearly visible till
28 3m)7 o

At San Fernando, Spain,® where the shock of September 3 was registered by an amplitude
of 8.17 seconds of arc, there were ‘‘no preliminary tremors; the commencement was great
motion.” ' A

At Mauritius,® an island in the Indian Ocean east of Africa and Madagascar, in position
nearly antipodean to Yakutat Bay, the earthquake of September 3 was described as ‘‘the
largest disturbance recorded at Mauritius and does not admit of description. Tracings will be
published!* in the volumes of observations for 1899.” This ocean station records only about
one-fourth of the shocks registered at the Isle of Wight and about a third of those registered at
Bombay.

This shock and the one of September 10 showed the following times and amplitudes:?

Record of Y alkutat Bay earthquakes as registered at the island of Mauritius.

Half amplitude.

5 Time of
Date. maximum.
' Millimeters. | Seconds.

m.

1 515 23 5.7
19 1.0 16 .52
19 13.5 1.6 .52
23 7.2 - 4.5 1.47
23 15.0 4.4 1.44

s

1 Judd, J. W., and Milne, John, Seismol. Circ. No.2: British Assoc. Adv. Sci., p. 38, register Nos. 71-74.
2 Half the complete range of the maximum motion.

8 Rept. British Assoc. Adv. Sci., 1900, p. 69.

¢ Seismol. Cire. No. 2, British Assoc. Adv. Sci., p. 36, Toronto No. 116.

5 Idem, p. 50, Nos. 84-85.

6 Judd,J. W., and Milne, John, Seismol. Cire. No. 1, British Assoe. Adv. Sci., p. 3, Shide No. 333.
7Idem, p. 9, Kew register, No. 142,

8 The largest being the earthquake of September 10, at Yakutat Bay

9 Idem, p. 14, Register No. 35.-

10 Idem, p. 17, Register No. 23. :
11 See Rept. British Assoc. Adv. Sei., 1900, p. 96. -
12 Record from director of Royal Alfred Observatory, Colony of Mauritius.
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The commencement of each shock was masked by air tremors.

At Victoria, British Columbia, about 1,000 miles from the Yakutat Bay origin, the shocks
of September 10 were recorded by the seismograph, but the records for that whole week were
lost in the mails. Nothing more unfortunate could have occurred from the point of view of
the student of these Yakutat Bay earthquakes, for this was then the instrument nearest to the
faulted zone from which the shocks emanated. The Victoria observer ! characterizes the record
of September 10 as a ‘‘splendid seismogram lost in mails.”

In an interview with the obselver Napier Denison,* these 1'ecords of September 10 are
discussed as follows, the discussion havmg been based upon a description written before the
records were lost:

The first of these [shocks] occurred at 9.10 a. m. on the 10th, as a small tremor, followed three minutes later by the
greatest shock ever recorded on this ingtrument, causing the ‘“boom™ to swing over 1 inch. A lull then ensued till
1 p. m., when a smaller shock occurred, followed at 1.45 p. m. by another severe one which lasted nearly two hours.

At Toronto, Canada,® the shocks of September 10 caused ‘‘vibrations across paper.” At
Cordoba, Argentina,* the amplitude (5 millimeters) was not quite as great as that recorded on
the same instrument by the Yakutat shock of a week before:

The first of the seismograms recorded at Kew, England, on September 103 was ‘‘a well-
marked record, showing an apparent interval of 27.5™ between the commencement of the larger
motions and the maximum oscillations, with three distinct groups’in the time. The ‘repeat’
phases are fairly traceable for 25™.” '

The second shock of September 10 (No. 145) was—
by far the largest disturbance yet recorded at Kew, and owing to the crossing of the photographic traces the magnitude
of the maximum oscillation is a little uncertain, but it certainly exceeded 10.8 [seconds of arc]. The duration of the
preliminary tremors was abnormally long, followed by an interval of 20™ before the maximum was reached, and the
swings exceeded 5 for over 2m. The “repeat” shock, starting at 22" 25.6™, was also unusually prolonged, having a total
duration of 5. The large waves ended abruptly at 22" 47™ and the subsequent swings were small.

At San Fernando, Spain, the earthquake of September 10 was registered by an amplitude
of 14.62 seconds of arc, nearly twice that of the earthquake-of September 3 and three and a half
times the next largest amplitude recorded at this station from July to December, 1899.

At Mauritius ® the earthquake of September 10 was farless in amplitude than that of Sep-

“tember 3. (See record on p. 108.)

R. D Oldham 7 comments on the records of the earthquake of September 3 and the two on
September 10 made by the seismograph at Cape Town (see P1. XXX, A4, B, p. 102) 150° flOIIl
the point of origin, as follows:

- In all of them the commencement is almost imperceptible and the recorded times, as compared with the times of
origin, show that it was too late to represent the first phase of the original impulse, except possibly in the case of the
third of these shocks, which gives an interval of 2.5 minutes. The second phase is well marked on all the records;
and the times, as det;ermined by me, on photographic copies of the original records, give intervals of 44.6, 45.7, and
45.5 minutes, respectively;® the true interval, therefore, may be taken as about 45 minutes or a little more.

J. Kortazzi ® makes the following notes regarding the records of a horizontal pendulum at
Nicolajew, in Russia, at the time of the Alaska shocks of September 3 and 10, 1899:

September 4. Commencing at 1* 33™ the line suddenly disappears; its traces become visible about 3 o’clock,
when the point inclines 24 millimeters (pendulum to the south); at 4" 22= the vibrations diminish, but feeble shocks
continue until 7 20™, '

September 10. Commencement, 18" 14.5™; maximum, 18" 24™; the trace disappears; the shocks grow feebler at
20" 32m,  Commencement, 21" 57™; maximum, 22" 14™; the trace disappears.

Scptcmbcl 11. At 0" 47™ the pendulum inclines 16 millimeters to the south; the shocks grow feebler until 2® 7=
and end at 5" 22m,

1 Selsmol. Cire. No. 2, British Assoc. Adv. Secl., p. 38, No. 80

2 Victoria Semi-Weekly Colonist, Sept. 21, 1899,

8 Seismol. Cire. No. 2, British Assoc. Adv, Sci., p. 36, Toronto Nos. 126, 127.

4 Idem, No. 1, p. 51; Nos. 89, 90.

8 Judd, J. W., and Milne, John, Seismol. Circ. No. 1, British Assoc. Adv. Sci., pp. 6, 9, register Nos. 144, 145,

6 Idem, p. 14, 37 bis.

7 Quart. Jour. Geol. Soc., vol. 62, 1906, pp. 460-461.

81In the first case the time is a little uncertain, owing to the failure of the occulting watch. See Seismol. Circ. No. 1, British Assoc. Adv. Sci.
1000. ’ '

° (Ilerland’s Beitr. Geophysik, vol. 4, 1900, pp. 404-405. ‘Times given in Central European time, one hour faster than that of Greenwich.
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At Jurjew (Dorpat), Russia, the earthquake of September 3 and the two on September 10
were recorded by three selsmocraphs producing records as follows: !

Records of earth?lualces of Sept. 3 and Sept. 10, 1899, made at Dorpat, Russia.c

Earthquake of Sept. 3.

Comméanfce- One half
ment o . : amplitude
Pendulum. preliminary, Duration. | Maximum,, End. inlgniui-
tremors. meters.
h. m. h. m. h. m.
No.loeeinnaann. 0 33.2 ce el 0 34.6
. 0 36.0 0 38.3
0 40.5 0 42.5
0 43.9 e e
50 47.6 e eees
No.2..ooonna.. 0 33.2 0 35.3 0 33.7
€0 40.8 e eee.
No.3....ooeennn 0 33.2 . 0, 35.0
: 0 37.7
0 38.6
30 40.4 P
2 23.9 3 7.8
3 59.0 e e
4 30.3
5 21.2 P PP 8%
ceeas 5 26.0 7 47 15
Earthquakes of Sept. 10,
No.loeooooaan.n. 17 13.9 17 22.5 17 24.6 e .. 5
e17 26.4 [ T
18 49.0 F .
21 4.8 PO 5
21 50 26 29 15
17 13.9 |el17 22.6 26 5
17 13.9 17 22.6 .
f17 24,1
18 22.9
18 34.9
18 39.7
. 18 51.7
20 52.9
21 .2.1 PO
21 16.8 21 20.6
921 52.6 P

a Sept. 3 in Alaska, Sept. 4 at Dorpat. Txmes recorded in Greenwich mean time. Because of the insufficient sensibility of the papers the
pictures of the vibrations of the light tpomts are very weak.

b After this moment the traces of the light points on the seismogram are no longer to be distinguished because of the too powerful vibrations,

¢ Because of the weakness of the picture the traces of the light points disappear after this moment.

d After this moment the traces of the light points are no longer to be distinguished.

e Because of the weakness of traces of the light points the determination of the moments are imposcible up to the following phases.

/ Followed by rapidly increasing vibrations with amplitudes of not less than 120 millimeters. -
: ¢ This moment is the beginning of a new, very powerful disturbance, whose phases can not’ be distinguished because of the weakness of the
picture. Amplitudes of vibrations of not less than 200 millimeters.

J. P. van der Stok ? compares the records of the shock of September 10 at Strassburg,
Germany, and Batavia, Java (see Pl. XXIX, D), stating that—

From these records we may conclude that the center of the disturbance is situated at a greater distance from
Batavia than from Strassburg; first, because preliminary tremors have been registered at the latter place about 21%;
second, because the epoch of the maximum disturbance at Batavia is about one hour later than at Strassburg; and,
third, because the duration is considerably less at the former than at the latter station.

The last argument is, however, questionable owing to the difficulty of fixing the characterizing epochs.

The following data are provided by the seismograms:

September 10, 1899. Greenwich mean time:

Strassburg. Batavia.
Prehmma.ry tremors, begmnlng ...... U 20" 58.9™
F107: 50041100 1 AR R 21 8.2
beginning..... ... . i i 21 54.3 228 7.0m
F107:5:011111 111 D 21 58.9 22 54.5
=5 4 U 24 28.9 23 19.5
Duration......... e s 2 34.6 1125

1 Data supplied by Prof. G. Lewitzky, July 15, 1909.
2Two earthquakes registered in Europe and at Batavia: Proc. Sec. Sci. Konmkl Akad. Wetenschappen Amsterdam, vol. 2, 1900, pp. 244-246.
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E. Lagrange! comments on the seismogram of the earthquake of September 3 at Uccle,
Belgium; as follows:

September4,? 1899. The plate which accompanies this note reproduces the seismic tracing of two of the pendulums.
The curves I, IT, and III are given by the stationary mirror and the two west and north-south pendulums. The other
curves are due to the movement of the roll in the contrary direction, each roll serving twice, and do not belong to the
phenomenon which we are now considering. It may be remarked in passing that the perturbations of D ‘are due to
the wind and are therefore relatively feeble; the curves C and B are a good example of what the Germans call micro-
sismiche unruhe (microseismic unrest).

But toreturn to the curves ITand IIT. The earthquake began suddenly at 0" 18™ (Uccle), on the 4th of September,
or 1n 0m.38 T. . C. The maximum agitation, which lasts about five minutes, takes place about 1" 31= T. H. C.;
then follow almost uniform oscillations, continuing for about half an hour. The seismic disturbance then diminishes
little by little. It shows a marked recovery about 5" 40@, which lasts about an hour; this is not represented on the
plate before the reader.

All this period from the 1st to the 10th of September is extremely agitated; from the 2d to the 8th the curves
register nine tremors and a light shock, on September 6, at 3" 41 T. H. C., perceived also at Quarto (Florence).

According to the newspapers, on the 3d of September 53 shocks were felt on the coast of Alaska during five hours.
At the head of Yakutat Bay a chasm opened suddenly, into which the sea poured. In India, as we are informed from
Darjiling, the same day there were very strong shocks, which caused the fall of dwellings and many injuries; consid-
erable displacements occurred in the mountains. It is probable that the period of agitation which we noted at Uccle
is ot unrelated to these distant phenomena. .

At Grenoble, France,® the seismograph record of the heavy disturbance of September 10,
1899, consisted of a light shock northeast at 22% 3™ 405,

Seismograms from Gottingen, Germany, sent us by Dr. L. Geiger, show the shocks of
September 3 and 10, 1899, as recorded at the Geophysikalisches Institut. ,

At Hamburg, Germany, seismographs at the Hauptstation fir Erdbebenforschung am
Physikalischen Staats-Laboratorium show records with the triple horizontal Rebeur-Ehlert
pendulum (undamped) on September 4 and 10, 1899, as follows: *

September 4, 1899: Beginning of the tremor (sharp, powerful shock) at 0" 33.4™ mean Greenwich time.

Further information is impossible, as, in consequence of the rather large dlmensmn of impact, the lines of the
recorder became weak and soon left the recording sheet.

September 10, 1899: Beginning of the tremors (sharp, powerful shock) at 17" 13.7™, mean Greenwich time.
Beginning of the second tremor:

North pendulum.................. e e 17 22.8’“, mean Greenwich time.
Middle pendulum. ... ... i 178 22.5™, mean Greenwich time.
South pendulum. ;.. . i 17t 22.8m, mean Greenwich time.

During the period of the second tremor the recording became so weak that it was impossible to take correct measure-
ments. The north pendulum left the paper about an hour after the beginning of the quake. -

The record of the middle and the south pendulum indicates between 21* and 22" mean Greenwich time, a new
powerful shock, but the beginning of this can not be traced, as the final record of the previous quake covers the lines.
Also further information seems impossible because of this large shock and the faintness of the recording lines. Indica-
tions of the middle pendulum disappear entirely from the sheet at 223% mean Greenwich time. The south pendulum
comes to rest September 11, about 2", mean Greenwich time.

At Strassburg, Germahy,5 these earthquakes showed the following at the Kaiserliche
Hauptstation fir Erdbebenforschung:

Record of Rebeur-Ehlert horizontal recording pendulum at Strassburg. At this time the sources of light were
very weak and the cuirves consequently very faint. Only one of the three pendulums gives a mgmﬁca,nt record. The
hours given are in middle European time, or that of one hour east of Greenwich.

Record of middle pendulum, east-west:

September 4, beginning of first disturbance, 1* 5.1m; beginning of second disturbance, 1t 15.0™,

- TFurther readings are impossible because the lines of the pendulum become confused with lines of the south
pendulum.

September 10, beginning of first disturbance, 17" 46.3™; beginning of second disturbance, 171, 56.2m,

September 10, beginning of first tremor [of the hezwlest earthquake], 22t 23m 22.5s. The recording time here
breaks off abruptly. .

! Les mouvements sismiques en Belgique en 1899: Bull. Soc. belge d’ astronomie, 5¢ année, No. 2, 1901, p. 4.
2 8cptember 3. Difference in time with difference in longitude.

3 Reboul, Paul, communication dated December, 1908.

¢ Schiitt, R., communication dated December, 1908.

8 Rudolph, A., communication dated May, 1909.
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At Kremsmiinster, Austria, the shock of September 3, two on September 10, and one each
on September 15, 23, and 26, gave seismograph records which P. F. Schwab ! has described.

At Trieste, Austria, the shocks of September 3, 10, 17, 23, and 26 were recorded by a
Rebeur-Ehlert horizontal pendulum seismograph, the records being made by Mazelle.?

These shocks were also recorded at Laibach, Krain, Austria, and described by Belar.®

At Batavia, Java, the - seismograph at the Koninklijk magnetisch en meteorologisch
Observatorium did not permit the identification of the shock of September. 3 because of dis-
turbance by air tremors. Both shocks on September 10 were clearly recorded, however.
(See Pl. XXIX, C, D, p.102.) R.D.N. Verbeek® characterizes the record of the second shock, -
which had a duration of 134 minutes, as ‘‘a very remarkable disturbance.” F. H. Staverman ®
states that the printed records of these shocks in volume 22 of the observatory record cited
above are erroneous in some particulars and should read as follows: '

September 10, 1899, Greenwich mean time:

First preliminary tremor. Second preliminary tremor. Principal portion.
17h 15.8m ’ . 17h 28.7m . 170 43,1
21h 54.5m - 22h 7 4m 22h 21.8m

(Batavia observatory 7t 7.3 east of Greenwich.)

No. 164 copy should be the same as No. 114 in the printed report; No. 165 copy as No. 115; Nos. 164 and 165 are
taken from the original register. On No. 164 no first preliminary tremor can be seen.

"The duration of the preliminary tremors given in the printed report (2.9™) must be erroneous; I suppose 13+
for the first preliminary tremor agrees very well with copy No. 165. -

This correction is of interest in view of the fact that C. G. Knott,” writing respecting the
propagation of the large waves nine years before, suggested that there might be some error
in the Batavia record of the earthquakes of 1899 in Alaska because the time records at this
observatory were almost the only ones that failed to come in their proper place in relation to
neighboring records.

INTERVALS AND TIMES OF MAXIMA COMPUTED BY OLDHAM.

From some of the best of these distant records, R. D. Oldham ® has computed the intervals
and times of maxima of the three severest Yakutat shocks, as follows:

Intervals and times of maxima of three heavy shocks at Yakutat Bay.

Calculated Recorded time of maxima after
. \ Distance | interval at origin.
Place of observation. from epi- 3 kilo-
centra. | meters per .
second. No. 333.e +{ No. 337.a | No. 338.¢
Degrees. Minutes. Minutes. | Minutes. Minutes.
Victoria. . 14. 8.8 12.0 |.. R D
Toronto.. 39.0 24.2 23.5 23.6
Tokyo. X 34.4 285 e 29.5
0 R DO B0 O e
W e et e 30.9 42.5 48.6 41.1
Shide. oo i 40.4 41.0 46.3 44.0
LR S 41.2 [ :
8 4 15117 O 45.3 68.4 54.0 48.5
L OO 45.3 71.0 48.6 46.4
D0, ottt et 45.3 51.0 46.3 46.9
522V L S 45.4 54.5 50.5 47.5
Do..... 45.4 60.5 55.5 46.5
Do..... 45. 4 54.5 50.0 45.5
2 PP . 45.4 60.5 {eeeeeenannn 47.5

a No. 333 is the hard shock of Sept. 3; Nos. 337 and 338 those of Sept. 10, the last being the heaviest shock of all.
Note.—For a slightly different result, with some of the same data, see Rept. British Assoc. Adv. Sci., 1900, p. 77.

1 Berichte {iber Erdbebenbeobachtungen in Kremsmiinster: Mitt. Erdbeben-Comm. K. Akad. Wiss. Wien, vol. 15, 1900, pp. 42-45.
3 Mazelle, Eduard, Erdbebenstorungen zu Triest: Mitt. Erdbeben-Komm., Sitzungsber. K. Akad. Wien 17 Bd. 109 Abth. 1, Feb., 1900,
pp. 116-123. '
3Belar, A., Boll. Soc. Seism. Ital., vol. 6, 1906-1901, pp. 190, 208, 227.
¢ Nos. 114 and 115, Obs. Magn. Meteorol. Observatory Batavia, vol. 22, pt. 1, 1899,
8 Communication dated Dec. 3, 1908.
6 Communication dated Jan. 7, 1909.
7 Fifth Rept. Comm. Seismol. Invest.: Seventieth Rept. British Assoc. Adv. Sci., 1900, pp. 74-75
8 Unpublished manuscript loaned to the writers.

s
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Intervals and times of maxvma of three heavy shocks at Yakutat Bay—Continued.

Calculated [ Recorded time of maxima after

Distance interval at origin
Place of observation. from epi- - R
: centra. metcrs ger
secon No. 333. No. 337. No. 338.

Degrees. Minutes. | Minutes. | Minutes. | Minutes.
74.3 46.1 49.5 47.5 46.2

Quarto....
Do..

San ]-ernnndo...
Rocea di Papa. . .. ..
Trieste.......... P ..
Toronto..........co.ene T
2 (17 Y

COMPARISON OF SEISMOGRAPH RECORDS AND LOCAL ACCOUNTS. .

The seismograph records made in various parts of the world, of which the writers have seen
descriptions, indicate profound seismic disturbances on several dates in September beside the
3d and 10th, notably on the 17th, 20th, 23d, 26th-27th, and 29th, nearly all being recorded at
Victoria, Toronto, Cordoba, Shide, Kew, the Italian observatories, San Fernando, Madras,
Colaba (Bombay), Mauritius, Batavia, Tokyo, Cape Town, and doubtless elsewhere.

The record of September 20 belongs to the destructive earthquake at Aidin (Smyrna), in
Asia Minor; no disturbance was reported at Yakutat or on the Copper River delta on that date.
On September 29 there was a violent shock in Ceram, East Indies, but a notable shock is also
recorded on the Copper River delta that day, so the seismograph records might belong either
to Alaske or to the East Indies; but the smallness of amplitude (2.5 millimeters) of the record
of September 29 at Victoria (then the nearest seismograph to Alaska), compared with that of
the other Yakutat shocks, leads us to suspect that the record written by the world’s seismo-
graphs is that of an earthquake in the East Indies, with which a small aftershock of the Yaku- -
tat Bay earthquakes, felt on the Copper River delta and elsewhere, happened to coincide in
date. The exact time of the observation on the Copper River delta is not available for settling
this question. The coincidence of the other dates, notably September 23 and 26 to 27, in world-
wide seismograph records and local observations at Yakutat, Copper River delta, Skagway, etc.,
marks these as world-shaking Alaskan earthquakes.

The earthquake of September 26 ! had an amplitude of 7.4 millimeters at Victoria and 4.1
millimeters at Toronto; that of September 23 first had an amplitude of 17 millimeters at Victo-
ria and then went clear across the paper. The shock of September 15, though severe at Yaku-
tat and Skagway, rather unexpectedly failed to record itself on the dista,nt seismographs. The -
shock of September 17, the only remaining one of those everywhere recorded on the seismo-
graphs during this month, is not apparently of Yakutat origin or satisfactorily correlated with the
disturbances in Alaska, although C. L. Andrews states that shocks occurred at Skagway on

¢ ' 1 Seismol. Circ. No.2, British Assoc. Adv. Sci., pp. 37-39
47275°—No. 69—12——8§
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‘“three Sundays consecutively,” perhaps September 3, 10, and 17, and a shock is reported at
Juneau on September 17. The shock on the 17th may have had its origin elsewhere in: the
mountains, therefore, and have been a local shock, sensible at Skagway and Juneau but not at
Yakutat. The ev1dence on this question is not conclusive because of the 1ncomp‘eteness of
the Alaska time records.

TABLES OF SEISMOGRAPHIC DATA ON YAKUTAT EARTHQUAKES.

In the following tabular statement we have put together enough data from the available
seismograph records ! to show the progression to distant parts of the world of the earth tremors
set in motion by the Yakutat Bay faulting and earthquakes. * This has been done for the three
most severe earthquakes, one on September 3 and two on September 10, the seismograph
records of the other Alaskan shocks of September, 1899, being neglected.

No attempt is made to analyze these records further or to show which time records belong
to the direct, fast waves that traverse the earth’s interior (preliminary tremors), and which
belong to the slower waves that follow the earth’s crust. This analysis could have been made
in more detail from the seismograms themselves. The study of the unfelt shocks whose auto-
graphs are written on the world’s seismograms is interesting, but it is one in which we lack train-
ing for going further, as experienced selsmolovlsts quoted elsewhere in these pages have done.
The local time records are too meager to permit our going much further even if we would. It
is sufficient to point out that the tables show an orderly progression in time, duration, and
intensity as-the earthquake waves moved from their point of origin in Alaska outward to the
antipodes, where the waves cross and return to the point of origin, as Oldham has shown in
another table (pp. 112-113).

These tables are based on old calculations and, as a result of recent seismological studies,
trained seismologists might now determine the times and occurrences of some of the shocks with
slightly greater accuracy. Prof. H. F. Reid has called the attention of the authors to the fact
that the recorded maxima on seismographs with little damping are largely instrumental and
do not correspond to the greatest movement of the earth.

Progress of shock of September 3—4.

[All time records reduced to Greenwich mean time.]

Commence- Amplitude.
: ment of Duration : - Total
Place of observation. preliminary | (minutes). Maximum. End. Seconds duration,
tremors.a Millimeters.

of are.

Disenchantment Bay, Alaska L1 (RUU ORI (RN R PR
Cape Whitshed, Alaska............... .. T
Victoria, British Columbia. . i-- 5 aper.

Toronto, Canada........... .. 0 . N PR

San Fernando, Spain.. 8.17
Bombay (Colaba), India. . . . : 4.66
Cordoba, Argentma t . L B Jd 0 6.8 ool
Mauritius, Indian Oceas 5.70
Cape Town, South Afric 2.5

o Times at Alaskan localities placed in this column for convenience though the records are not seismographic and the time given may not be
exact.
b Not seismogra; hic, but based on careful local time observations.
¢ Computed by . Oldham from seismograph records as Ok 20m 30s.
d 0h 31m 52s.
¢ Amplitude of principal portion given elsewhere as 15.2 millimeters.
f First maximum, 1b 3.0m; second maximum, 1k 7.3m,

g Or 23h 49.1m,

h Boom caught at maximum by eclipse plate of watch.

i Given as 20h 40.8= September 4; probably error for 0b 40.8=.

§ Beginning and end lost in air tremors.

k Or 2h 0.9m or 2h 12.0m, Times recorded roughly on account of failure of occultation watch.

1 Chiefly from Seismol. Circs. 1 and 2, British Assoc. Adv. Sci., because the shocks are noted uniformly in that series of records and were
recorded by Milne horizontal pendulums of the same general type, and the magnification of amplitude is the same, so that these records may be
- roughly compared.
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Progress of early shock on September 10.

[All time records reduced to Grecnwich mean time.]

Amplitude.
Commf n?e- Durati T t.l
. ment o uration s otal -
Place of obseer\txon. preliminary | (minutes). Maximum. Seconds duration.
tremors.a Millimeters.| S oo

Disenchantment Bay, Alaska.........ocoiiiiiiiiiiiiiiiiiaaas b17h 01m 30s
Cope Whitshad, Alaska.. .. b; .
Vigtorla, British Columbi
’l‘oronto, Canada......... 17 11 56 17 25m 19s,

Kow, England. 17 15.3 ) 7.3 €17 50.1
Shido, I.n;,lzmd
San Fernando

Bombay (Colnbas India. .
Madras, Indin. . ..o e

Batavia, Java....... .
Cordoba, Argentina.........oooiiiii it

CapPO TOWN, SOULN ATICR. « - eeneerleeeeeenaeeeeeeeeeeeeanns 17-36.2 28 | 18 {32-1

aTimes at Alaskan localities placed in this column for convenience.
bThe time of origin given above for Disenchantment Bay was computed by Oldham from seismograph records at a distance. The first shock
perceptiblo or at least recorced at this station without instruments came 23= 10s later (p. 121).
]Selsmo ram lost in the mails.
d Vibrations across paper. .
¢ First maximum, 174 50.1=; second maximum, 174 53.5m,
7Clock stopped at 18h 36=,

Progress of heavy shock on September 10.

[All time records reduced to Greenwich mean time.)

Amplitude.
Commence- .
Place of observation. pr’;‘f&%’;ry (El?;ﬁ?eo;;. Maximum, Seconds Total duration.
tremors.a Millimeters.[ ~ arc

Yakutat gfl)isonclmntment) Bay, Alaska................. .| b 21k 40m 13s

Cape Whitshed, Alaska...........oooooiiiiiiiiiiiiiiia, 521 42 11

Atlin, British Columbm ................................... 21 39 20

Ln;,le, AR . L i i iecieiare i 21 40

Victoria, Buush Columbis. ... oo (a)

’I‘oronto, COnAdB. ettt e 20 42 14

Xew, I ngland. ... 21 1.6

Shlde, England...... 3.0

San Fernando, Spain.. .9

Bombay (Colaba), India.
Batavio, Java. oo
Cordoba, Argentingd.........ooieiiiiiiiiiiiiiiiiiaiaaiann

Mauritius, Indian Ocenn........cooii i ()]

Cape Town, South Afrfen. ... .....oeeeeeeeeneeao.. el 22 1.4

aTimes at Alaskan localities placed in this column for convenience.

b Not seismographic, but based on careful local time records.

cThe aj])pn.rant anomaly of the shock being felt at Toronto, etc., before it was recorded at the point of origin is probably due to the fact that the
extremely delicate first movements which separate into the prellmunry tremors were well started-on their way before the more severe motion
pelcogtlblo to the senses of persons nearer the point of origin was recorded. Oldham computes this same origin as 21h 39m 30s,

elsmogram lost in the mails.

¢ Qver an inch”’ vibrations across paper.

J First maximum, 22b 20.21m; seconc mmumum 22h 25.6m,

9 Alr tremors marked heginnmg and end

MAGNETOGRAPH RECORDS.

On both September 3 and September 10 the magnetographs (instruments for the measure-
ment of terrestrial magnetism) were affected by the seismic disturbances. John Milne ! has
recorded that on September 3 and 10 ““these shocks disturbed the declinometer, duplex, and
vertical-force magnetographs in Toronto.”

1 Milne, John, Fifth Rept. Committee on Seismological Investigations, British Assoc. Adv. Sgi., 1900, p. 83. Personal communication from
R. F. Stupart. .
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At Wilhelmshaven, Germany, the magnetic instruments showed the following responses
to the earthquakes:* 4
- Magnetograph record at Wilhelmshaven, Germany.

[Mean Greenwich time recorded from midnight to midnight.]

1899, Declination. Ei?tfalxig?tg?.l Vertical intensity.
h. m. m. | h. m. m. h. m. m. X . ’ o
Sept. 4 ce e e ce e eeen 0 ggg ... Twovery weak waves.
Largest wave fol-
40.5-41.04 lowed Dby two
. smaller waves.
. Sept.10 22 22.0-27.5 22 21.0-23.0 -21 53.0-53. 5 Small wave.
28.0-30.0 23.0-2+ 0 54. 5-55. 5 Larger wave
24, 5-27.0 57.0 Smaller wave.
22 1.0- 2.5 Largest wave.
: 3.5 Larger wave.
7.5 Smaller wave.
20.5 Larger wave.
22.5 Smaller wave.
25.0 Smaller wave.

The instruments for registering variations of terrestial magnetism at the Koninklijk Neder-
landsch Meteorologisch Instituut at De Bilt, near Utrecht, clearly show both the shock of
September 3 and the heaviest shock of September 10,2 the times which correspond with seismo-
graph data in England and Belgium, near by, being as follows: September 4, from 0" 34™ to
0 50™; September 10, from 21k 52 to 222 '22™ (mean Greenwich time). The disturbance
consists in a slight enlarging of the curve. About the amplitude or beginning of the different
phases. sure particulars can not be given.

Other magnetographs in western Europe, as in the Danish Meteorological Institute at
Copenhagen, * the French observatories at Parc St. Maur* and Perpignan, the English observa-
tories at Greenwich and Falmouth, and the observatory at Mamla, Philippine Islands show
no disturbance during these eart,hquakes

TABULATION OF INSTRUMENTAL RECORDS.

The following tables have been compiled to summarize the distribution of places of observa-
tion of these earthquakes and to show the types of instruments used and the wide observation
and study made by seismologists of this series of world-shaking seismic disturbances. Many of
the instrumental records are derlved from circulars 1 and 2 of the Seismological Committee of the
British Association for the Advancement of Science (Prof. J. W. Judd, chairman; Mr. John
Milne, secretary). Some are from the publications of other observatorles others are derived
from unpubhshed materials furnished for thls report.

Instrumental records of the earthquake.

North America.

Place. Type of seismograph. Described by— l Published in—
Victoria, British Columbia.............. i . Seismological Committee....| Circular 2, B. A. A. S., 1900 pp. 38-39.
Toronto, Ontario............... .- ..| Seismological Committee....| Circular 2 B. A. A. 8., 1900, pp. 36-37.
Toronto (Agmcourt), Ontario R. F. Stupart............... Personal commumcatlon

. J.Milne.................... B. A. A. 8., 5th Rept. Seismological Com-

3 mittee, 1900 p. 83. :
City of Mexico, Mexico.................. Milne. . e e
: South America.
Cordoba, Argentina..................... Milne....... e Seismological Committee. ...| Circular 2, B. A. A. S., 1900, pp. 50-51.
1 Information furnished by Capt. Hans Capelle, June 5, 1909. 3 Harboe, G. G., communication dated December, 1908.

3 Van Dyk, G., communication dated December, 1908. ¢« Moureaux, C. E., communication dated December, 1908.
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Europe.
Place. . Type of seismograph. Described by— Published in—
Shide, Iste of Wight.................... Milne.........coiiiiiaa... Jechn Milne................. Circular 1, B. A. A. S., 1900, p. 3.
Kew, England........... . .| Seismological Committee. ... Cnrcularl B. A. A, §.,1900, pp. 6-7, 9.
Ucclo, Belgium E. Lagrange................ Blll\}] S2oc Izelge d’Astron ’ 5o annéa, 1901,
. 0.2,p. 4
Utrecht (de Bilt), Holland.............. (Magneto%] 500} N G.vanDyk................ Personal communication.,
Hamburg, Germany....... ..| Rebeur-Ehlert...... J R.Schiilt coooeiiial... ...| Personal communication.
Wilhelmshaven, Cermany (Magnetograph). H. Capelle Personal communication.
Qdttingen, C‘emmny .................. .| L. Geiger.. Personal communication.
Stmssbung, Germany...... ..| Rebeur-Ehlert.... .| A. Rudolph.: Personal communication.
. J. P. van'der Konink. Akad. Wetens. Amsterdnm, vol.
2, 1900, pp. 244-246.
Grenoble, France........ .. Paul Reboul......... Personal communication.
San Fernando, Spain. ... Seismological Committe Circular 1, B. A.-A. S., 1900, p. 64.
Rome (Rocea di ’apn),ltal .| Agamennone and. Vicentini | G. Agamennone............ Boil. Soe.’Sism. Ital., Yol. b 1900-1901, pp..
vertical pendula and two- . 178-182, 194-196, 199—202 224.
horizontal pendula.
Catania, Italy..........., ............................................. A Riteb..oeniiiiniiiia.... Boll. Soc. Sism. Ital., vol 6, 1900-1901, pp..
186-187, 197, 204—205 225.
Naples (Casamicclola), Italy............ Six instruments............ G. Grablovitz............... Boll. Soc. Sism. Ital., vol 6 1900-1901, pp..
. 183-186, 202-204, 224-22
Naples (Portict), Ttaly. . ...
Rome, Italy ..o e S. 8. del Coll. Rom........... Boll. Soc. Sism. Ital.,'vol. 6, 1900—1901, Pp-
182-183, 194, 199, 223
Florenco (Quarto Castello), Ituly ........ Vicentini and others........ A. Bastogi, D. R. Stiattesi..| Boll. Soc. Sism, Ital vol. 6, 1900-1901, pp..
187—189 197-198, 205—207 225—226
TR g S, S S
Pavia, Italy....oooeiiiiiiiiiiiiit, . . Boll. Soé Sism. Ital vol 6, 1900-1901, pp.
. 189, 198, 207, 226-22
Stona, Ttaly oo oovvneieiiiiiiniiiianan. ini Boll "Soc. Sism. Ital ’ vol. 6, 1900-1901, p.
Tarin, Ttaly . oo . . Boll "Soc. Slsm Ttal., vol. 6, 1900-1901, pp.
. : 189-190, 207-208.
Trieste, Austria........ .| Mitt. Er(fb Komm. K. Akad Wxss Wien,
Bd. 109, 1900, p:
Kremsmilnster, Austria . .| Mitt. Erdbeben I‘[){omm K Akad ‘Wiss.
. . -Wien, 15 190011)
Laibach, AUStrif. ccoeeiaciiaeiennnnas . ]3({3:’10 Szoté |2§Im al., vol 6 1900-1901, pp.
NicolaJow, RUSSif..c.cveeeerrnnnarnanen . K i Beltmge Geophys:k vol. 4, 1900, pp. 404-
Jurjew (Dorpat), Russia. ....cooevueenn. Zollne.,-Repsold, Rebeur- | G. Lewitzky................ Personal communication.
Paschwitz. .
Asta.
Tokyo (Elongo), Japan... ............. Omori F.Omori.....o...oooeiiiann PI;E(?I E. I 48(—: (foreign languages), No. 6,.
Tokyo (Elitotsubashi), Japan..... ..| Omori JF.Omori...oeiiiiiiin..... Pubs. ]g I C. (forelgn languages), No. 13,.
. 1903, pp. 96-99; No. 21, 1905, pp. 46-49.

..| Milue. .. .| Seismological Committee

Tokyo, Japan.. Circular 1, B. A.'A. S, 1900 pp. 24-25.

Batavia, Java,. .| Milne... .| Seismological Committee Circular 1 B.A.A. S, 190 P. 20.
R. D. M. Verbeek...... Kglzlllllétg gMagg; 1en Met. Obs Batavm, vol..
1Y
Bombay (Colaba), India................ Milne........... [ Seismological Committee. ... Clrcularl CALAL S , 1900, p. 13.
Madras, Indin. ... .ovviiiiiiiiiiaiiiin, Milne.....ooooiiaiiiiiiiian. Seismological Committee....| Circular 1 B.A A S ., 1900, p. 12.
Africa. . \
Mouritius, ]n(lmn Ocean................ Milne............... JO .--| Seismological Committee....| Ciroular 1, B. A. A. S., 1900, p. 17.
Capo Town, South Africa............... Milne...........oaalll Seismological Committee....! Circular 1, B. A. A. S., 1900, p. 22. »

TIME OF THE SHOCKS OF 1899.
DETERMINATION OF TIMES OF ORIGIN BY OLDHAM.

R. D.-Oldham * refers to these Yakutat earthquakes as shocks ‘‘the time of origin of which
is only known by inference from distant records.” These times he gives as September 4,
Ot 20.5™; September 10, 174 1.5m and 21* 39.5™. These are given in Greenwich mean time,
the curthquake of September. 3 having the date of September 4 on account of the differénce in
time between the longitude of Greenwich and that of Yakutat Bay. : '

Oldham’s method of determining these times is of some interest. The seismograph records
referred to as Shide No. 333 are from instruments at six cities in Italy bearing the standard
number of an observatory in the Isle of Wight and automatically written by the Yakutat Bay

! Quart. Jour. Geol. Soc., vol. 62, 1906, p. 459.
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earthquake of September 3. Shide No. 337 is one of the early shocks on September 10 and No.
338 the hefmwest shock of September 10. Oldham says:

The times of origin of these shocks can be determined with an error of not more than 1 minute of timé by the use
of the curves reproduced in my previous paper.? Inapplying this method I propose to use only the records of the
Italian seismographs and adopt this course for the two reasons (1) that, as shown in the paper referred to, the heavily
weighted pendula with mechanical records give much more concordant results for the first two phases than light
pendula with a slow-moving photographic record, and (2) because the curves having been deduced from the records
of instruments of the type used in Italy, it is logical to use the data obtained from instruments of this type in applying
them to obtain the time of origin of an earthquake.

In the case of the Alaskan earthquakes the Ttalian observatoriesare distant from 73° in the case of Padua to 81° in
the case of Catania. The mean-time interval, as deduced from the curves, is consequently about 13.5 minutes for the
first and 23.5 minutes for the second phase. I have consequently extracted from the published accounts the times of
commencement and, where recorded, of the first marked increase of movement, representing the second phase; these
are tabulated below and the resulting time of origin deduced. The timesso obtained are doubtless subject to a slight
error, but this probably does not exceed 1 minute of time, an error which becomes insignificant when dealing with the
comparatively slow traveling wavesof the third phase. The times tabulated have been dbtained, in the case of Padua,
directly from -the diagrams obtained there, which Prof. Viccutini very kindly allowed me to examine; in the case of
the observatory at Quarto (Florence) from the publication of that observatory, and in the case of the other Italian
observatories, from the details published in part 2 of the Bollettino della Societd sismologica italiana.

Time of earthquake of September 4, 1899. (Shide No. 833.)

Observatory. g?;fe%% First phase. | Second phase.
22T L1 T 73.1 0b 34.3m 044 m
) 34.3 45.
. 34.3
LD o 74.3 33.8
33.8
34.5
33.8
. 33.8
L2707 ¢ - 76.5 34.6 46.5
34.7
ROCCA..uuetieaniiiiiiieiieeeieieiaanans 76.5 33.3 43.6
35.5
34.5 45.0
. 34.6
34.25 .
B EE10) 1 77.7 34.5 44.5
. 34.5 4.5
34.6 44.5
34.5 44.3
34.5 44.3
34.7 . 4.3
34.6 45.5
34.6 44.4
L0:17:1 11 . R 81.3 34.7 45.7

The mean time for the first phase may be taken as about 0 34™ and for the second phase as about 0t 44™, giving
the time of origin as 0" 20.5™ Greenwich mean time. .

Time of earthquake of September 10, 1899. (Shide No. 337.)

Observatory. (lgésg&aeggf First phase. | Second phase.
Padua....cooeeeeeiiaaaa... e 73.1 17h 15. 1m 17b 24, 7m

. 15.2
15.1

74.3 15.0 24.5
14.7
14.7

76.5 15.6 25.8

76.5 15.2 25.0

25.1

77.7 15.7 25.6

81.3 15.3 25.0

The mean time for the first phase is 17 15™ and for the second phase 17P 25, giving 172 1.5™ Greenwmh mean .
time as the time of origin.

1 Unpublished manuscript loaned to the authors. .
3 On the propagation of earthquake motion to great distances: Philos. Trans. Royal Soc. London, ser. A, vol. 194, 1900, pp. 135-174.
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Time of earthquake of September 10, 1899. (Shide No. 838.)

Observatory. gésgtrzgsc; First phase. | Second phase.

Padua. . it 73.1 21h 53. 1m 22h 2, 7m

53.1 2.3
. 53.0 -
Quarto.....co.oiiiigiannn e eeeeae e 743 Jeiiiiianiaien 9.8
: 9.8
' 2.7
ROMe. ..ottt 76.5 50.5

ROCCR. . e oeeeieiiie i N (N T P, 3.2
) 53.4 3.6
53.4 3.4
TIschia 7.7 53.5 3.5
Catania 81.3 52.9 10

The resulting mean time for the first phase is about 21 53m and for the second phase 22" 3=, which give a cor-
rected time of 21" 39.5™ Greenwich mean time as the time of origin. .

TIME RECORDS OBTAINED FROM ALASKA.

The time of the principal shocks, as recorded at the two nearest points in Alaska, Yakutat
village (lat. 59° 33’ N., long. 139° 45’ W.) and Cape Whitshed (lat. 60° 27’ 34’/ N, long. 145°
54’ 35’ W.), are shown below:

Records of shocks at Yakutat village and Cape Whitshed.

Date. Yakutat village.a Cape Whitshed.b
1 TP ‘ . 2h 40m . m.
Aneﬁ;hock 3h 22m .305
Do 6h 45m p. m
Do 7h 10= p. m.
Do 7h 44m p, m.
Sept. 104, . .| 7 43ma, m.
Aftershock .. J. . .| 8h0lma. m,
Do PR ...| 10h Q3m 34= a. m.
Do .| 10h 53m 458 a. m.
Do 10k 59m 550 a, m.,
Do. .| 11k Q5m Q5e a. m.
Sept. 10 ¢ 11h 58m 33s g, m.
Aftershock . 12h 07m 08e p. m.
Do.... 5h 36m (8s p. m.
Do. 5h 44m 028 p. M
Do. 5h 51m 41s p. m.
Sept. 15..... (l})
£ Lo P S
Sept. 28eeeeiiiinniennnn. 1h 29ma. m
Aftershock 1h 28m (09s a. m
Do. 1h 33m 092 4. m.
Do. 1h 40m 09s a. m.
Do. 1h 4Im 512 g, m.
Sept. 26..... . .. 2h 49m a, m,
Do. .. . 12h05m385p m.
Do.... 2h 46m p. m
£ =] 2 During nlght

a Observed at Yakutat village by R. W. Beasley. Irregularly regulated “sun time’’ of local meridian.

b Observed in Coast Survey camp by H. P. Ritter, with good and well-rated chronometer showing solar time of local meridian.

¢ Shock noticed, but time not recorded.

dThe early shock.

¢ The great earthquake.

7 Shocks were felt between Sept. 12 ang 16, but not preclsely recorded because of general uproar of storm then raging. This shock of Sept. 15
was felt with great intensity at Skngwt{’y as well as at Yakutat.

¢ If observed at Yakutat or Cape Whitshed this shock was not recorded.

Obviously from the local records of the Yakutat Bay shocks of 1899 no isoseismal lines
could be drawn, or careful deductions made concerning the depth of focus, speed of transmission,
or acceleration, etc., of the several shocks. The difficulty arises from the lack of data, due
to the paucity of population in the area affected, and the unreliability of the time records in
practically all except one or two localities where observations were made, owing to the absence
of standard time and the long periods during which even careful observers are unable to check
and correct their timepieces in this wilderness.
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The places in this region where accurate time records were made are so few that.they can be
easily enumerated. (See Pls. IT, p. 14; XXXITII, in pocket.) (¢) At Cape Whitshed, near the
Copper River delta, the Coast Survey observer, Mr. Ritter, made a series of most valuable time
records, reading in correct mean local time, taken from a good and well-rated chronometer;
(b) near Atlin, east of Skagway, a Canadian geologist, Prof. Gwillim. recorded the September 10
shock by what is probably almost absolutely correct solar time; (c) at Eagle, Alaska, Judge
Myers, a United States Weather Bureau observer, made a single record based on fairly correct
local solar time. .

After these three come a series of records whose times are subject to a greater error. In the
Chugach Mountains an Army lieutenant made a time record that is probably close to the truth,

. for he was engaged in topographic work, and it might be possible to correct his reading for mean
local time with assurance of at least approximate accuracy. The same statement applies to the
records made by the United States Geological Survey party under Brooks and Peters in the
Tanana Valley and the topographers accompanying Schrader’s party on the Koyukuk. At
Skagway and a few other telegraph stations correct time should have been obtainable, but this
has not yet been verified. Mr. Beasley s time records at Yakutat village are fairly accurate,
as comparison with the more precise time records shows, but not accurate enough for use in these
computations. The observed times of the shocks at other towns, in camps, on trails, and
especially in the prospectors’ camp in Disenchantment Bay are practically valueless for precise
computations..

Of these variéus time records those by the Coast Survey party, the Canadian geologist, and .
the Weather Bureau observer are therefore the only ones which we regard as capable of serving
for accurate comparison with distant seismograph records and for conclusions as to the times -
of origin of the shocks and their rates of transmission to various points.

The discussion of the local time records is therefore reduced to this: We know that the first
earthquake on September 3 was recorded at Camp Whitshed, the Coast Survey camp near the
Copper River delta, at 2.40 p. m. Camp Whitshed is in 145° 54’ 35’" west longitude, 60° 27 34"/
north latitude; Disenchantment Bay is in 139° 33’ 0’/ west longitude, 59° 58’ 20’/ north latitude.
Allowing for a correction of 25™ 26.3° of time for 6° 21’ 35’/ of longitude, and a correction of
1m 58% of time for transmission about 220 miles, at the arbltrary rate of 3 kilometers (1.86
miles) per second, we determine the time of origin of the shock in Disenchantment Bay as about
3.03% p. m. September 3 (3% 03m 283s local time at Yakutat, or O 21™ 403® a. m. September 4,
Greenwich mean time). If the earthquake of September 3 originated near Yakataga (as seems
possible) and not at Disenchantment Bay (p. 76) this calculation should be revised.

The first shock recorded on September 10 at Camp Whitshed came at 7.43 a. m. When
this is corrected for longitude and transmission as above, it is found that the shock would have
been felt at Disenchantment Bay'at 8.06% a. m. (8 06™ 283° local time at Yakutat, or 17» 24™ 404
Greenwich mean time). This is about 23 minutes later than the shock which the seismograph
records show (see p. 115) should have originated and forces us to conclude that either the first
shaking at the Coast Survey camp was mild and not recorded because it came just at or near the
time of rising, or else this shock was not central in Disenchantment Bay, but originated some-
where in the mountains near by. The intensity of the first shock felt by the prospectors in

- Disenchantment Bay is against this hypothesis, but their time record is valueless for settling
this question, which must accordingly be left unanswered. We have therefore adopted the
seismograph time record for the origin of this shock, as is shown in' the table below.

A similar correction for longitude and transmission fixes the time of origin of the heaviest
shock on September 10, which was recorded at the Coast Survey camp at 11» 58m 335, as about;
12.22 p. m. (12b 22™ 13 local time in Disenchantment Bay, or 21" 40™ 133® Greenw1ch mean
time). -
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The times of each of the remaining shocks may be worked out on the same bas1s the result
being the following corrected times of origin for the whole series:

C’orrected times of ortgin of the earthquakes.

: Same in Greenwich
Date. ) Time at Yakutat Bay. mean time.

3h(Q3m28sp. m........ a(h 21m 40s,
.| 8 06m28a. m........ 17h 24m 40,
..| 126 22m Q12 p. m........| 21h 40m 130,
| 7h15mQ0ea. m........ 16h 33m 128,
.| 1h45m28sa. m........ 11h 03m 40s.
1 3h12m30sa.m........ 12h 4Qm 42s,

o Sept. 4 rather than Sept. 3, the difference in time being due to difference in longitude.

No time record is available for the possible initial shock on August 27, 1899, but no great
shock seems to have been recorded by seismographs that day. -All the seismograph records
known to the writers show world-shaking earthquakes on September 3 and twice on September
10 at most of the observatories where instruments were then installed.

There seems to have been no seismograph record of the shock of September 15, although
it was reported as severe at Yakutat, Skagway, and other places. ‘

The shock of September 17, though widely recorded by seismographs, was not felt at
Yakutat or Cape Whitshed. Its observation at Skagway and Juneau is uncertain. Prof.
Milne has computed, however; that this shock originated in Alaska.!

The shock of Septembel 23 was recorded throughout the world, the record havmg an
amplitude of 17 millimeters at Victoria, and then going clear off the paper.

The shock of September 26 was recorded throughout the world, but was less violent tha.n
that of September 23. . Its amplitude was 7.4 millimeters at Vlctorm and 4.1 millimeters at
Toronto.

The shock of Septembel 29, the final one of the series, happens to coincide in date with the
Ceram earthquake in the East. Indies. The Victoria seismogram, with an amplitude of 2.5
millimeters, might possibly belong to the Alaskan series, but the exact time of the shock felt in
the night at Cape Whitshed is not available for determining this conclusively.

COMPARISON OF LOCAL TIME RECORDS AND SEISMOGRAPHIC TIME RECORDS.

A comparison of the local time records just quoted with those worked out by Oldham
(p. 119) from the seismograph records is given below, showing the timies of origin determined
for Disenchantment Bay for the three chief shocks. All are given in both Greenwich and local
time. E ‘
Local and seismograph records of times of origin of Yokutat Bay earthquakes.

September 3.
: Local solar time. Greenwich mean time.
Local record. ... ... 3h 03m 283 p. m. 0" 21™40%° September4.
Seismograph record...... ... ... o i 3 02 18 -0 20 30
First shock September 10

JLocal record. ... 8t 06™ 283° a. m. 17" 24™ 404s.
Seismographrecord. ... ... .o il 7 43 18 17 01 30.

Heavy shock September 10.
LOCAL FECOI ... ee e et e eeeee e e aaeaans 120 922m 135 p. m. . 21 40™ 133,
Setsmograph record.. ... ..ot it 12 21 18 21 39 30

1 Nature, vol. 60, 1899, p. 545.
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A comparison of these records shows a close agreement in two out of the three sets. The
records of the heavy final shock of September 10 agree within 43 seconds, and those of the
" shock of September 3 check within 70 seconds, coming very close to the possible error of ‘‘1
minute of time,” which Oldham allows himself (p. 119). So close a determination must be a
source of gratification to Dr. Oldham, as this was probably the first attempt ever made to
determine times of origin from distant seismograph records. The disagreement of 23 108 in~the
first record of September 10 is probably due to the deficient local record or to another origin
rather than to an error in Oldham’s computations based on the seismograph records. The
agreement of the two sets of records also accords well with our assumption that the chief shocks
on September 3 and September 10 had their principal points of origin in or very near to Yakutat
Bay. :

SPEED OF TRANSMISS1ON.

It should be remembered that the rate of transmission assumed by us, on which the local
time records are based, 3 kilometers per second, is wholly arbitrary. The most recent studies
of velocity of propagation near the origin suggest that a rate of 7 or 8 kilometers per second
may be attained in this part of the path of the earthquake waves.

An attempt has been made to check this rate of transmission by comparison of the time of
occurrence at Yakutat Bay with the only other local time records of any accuracy. Comparison
with Gwillim’s observation on September 10 near Atlin, a place almost exactly as far east of
Disenchantment Bay as Cape Whitshed is west of it, results as follows: Time of observation
122 45™ 0° p. m., local solar time near Atlin. Place of observation near Atlin, 59° 24’ 30’/ north
- latitude, 133° 35’ 0’/ west longitude. Disenchantment Bay, 59° 58’ 20’/ north latitude, 139°
33’ 0’ west longitude. Correcting this observation for a difference of 23™ 52% of time with
5° 58’ of longitude, we find that the shock appears to have been felt by Gwillim at 12 21m 8s

Yakutat Bay time, or 53 seconds before it was generated at Yakutat.

' Similarly a correction of the supposedly accurate local solar time observation at Eagle
(64° 13’ north latitude, 141° 15’ west longitude, about 340 miles north-northwest of Disen-
chantment Bay), where the earthquake was felt in the Weather Bureau observatory at 122 15™
p. m., results as follows: A correction of 6™ 48° of time for 1° 42’ of longitude shows that the
shock was felt by Myers at 122 21™ 48% Yakutat Ba,y time, apparently 13 seconds before it was
generated at Yakutat. '

It might be either that (a) the time of origin given for Yakutat Ba,y is a minute more or
less too late, as it would be if we assumed too fast a rate of transmission from Yakutat to the
Coast Survey camp at Cape Whitshed; or (b) the determinations of local time by Gwillim and
Myers are in slight error; or (¢) the chronometer at the Coast Survey camp was not exactly
right; or (d) there may have been a complex of synchronous origins at other places in the
mountains beside Disenchantment Bay. One of the first two explanations is believed to account
for the discrepancies. The whole matter is stated thus fully in order to show the futility of any
attempt at closer computations based on the records at hand.

The speed of transmission for a longer distance, Yakutat Bay to Victoria, British Columbia,
is as follows, as indicated by the data for the shock of September 3: Disenchantment Bay,
latitude 59° 58’ 20’/ N.,-longitude 139° 33’ W.; Victoria, latitude 48° 23’ N., longitude 123°
19’ W. Distance in miles along surface, computed from an 18-inch globe, about 1,000 miles.
Time at place of origin, 0" 21™ 40, Greenwich mean time; time at Victoria, 0® 35™ 9%, Green-
wich mean time; interval for transmission, 13 minutes and 29 seconds, or 809 seconds. One
thousand miles in 809 seconds gives a speed of 1.23 miles, or 2.1 kilometers, per second.

The rate at which the earthquake tremors moved for greater distances is shown in the

following table, which is based upon computations made by Prof. John Milne? on the assump-
tion of an origin in the ocean west of Yukatat, and therefore subject to a slight error.

1 Fifth Rept. on Seismological Investigations, Brit. Assoc. Adv. Sci., 1900, Plate III, opposite p. 77.



INSTRUMENTAL RECORDS OF THE EARTHQUAKE. 123

Speed of large waves of three of the Yakutat Bay earthquakes in kilometers per second.

.

Sept. 10, the

Sept. ]0
Sept. 3. D great earth-
From Milne’s assumed origin southwest of Yakutat to— (Shide, No. ?g‘gf&gboﬁé‘ quake.
. 333)) (Sh;gg,)No.

San Fernando

2.3 2.7

2.7 2.9

3.1 3.1

Bombay.... 3.6 3.4
Batavia... 2.9 2.3
Capo Town, 3.4 3.5 3.7
T T M A 3.3 -3.0 3.0

Averago speed of all 17 observations, with origin assumed by Prof. Milne, 3.1 kilometers (almost 2 miles) per second.

Prof. Milne has also shown that the time necessary for one of these shocks (that of Sept. 3)
to traverse the earth’s circumference, or two diameters, slightly exceeds 210 minutes.! This
is a rate of about 1.9 miles, or 3 kilometers, per second. Dr. Omori made a similar calculation
for the waves of September 10,2 which traveled around the earth with a velocity of 3.6 kilo-
meters per second.

Prof. C. G. Knott® has analyzed the relationship of speed of transmission to the location
of the paths of the three chief Yakutat earthquakes as follows, on the assumption that the
path is not along the chord but more nearly along the arc. The paths lie as follows:

4 16T 1 Under sea.
B 03 o) 1Y o TS e aeeeeeeeaaaeaaaa. Half sea, half land,

B 031 T Half sea, half land.
Shide....coovveeeniiiii e eeeeeieiaceieeaeaiaeaan e Mostly sea, polar archipelago, Greenland?
San Fernando. ... .o.one i Half sea and land, largely polar.

Bombay . ettt e Mostly land, Siberia, Tibet.
Batavia. ... i Deep sea, east of Asia.
Mauritius. ..o et Siberia, India, Indian Ocean.
Cape of Good FLOPe. .. .. .utie e Polar sea, Europe, Africa.

Still assuming what we know now to be a slightly erroneous orlgm and assuming constant
speed for small dlstances and mne minutes as the time from the origin to Vlctorla, he made
the following table:

Speed.
De- Time of
Are. reos. | Chord. | passage in
g . minutes. Arc Chord Arc
. degrees. ord. radians.
. Minutes. Minutes. Minutes.
VHGEOTIc o e e e e e e e e e e e e e e e e e e 6] 02| 9 .. .. 1.8 0.031 0.031
I'oronto, .. 40 .68 22 22 22 1.8 .31 .31
Moxico........ o 49 s3] .. 29 28 1.7 2 .30
ShidCe.nenemrinemenins "70| 115] 39 42 a 18 129 231
San Fernando. 77 1.25 ] 44 44 44 1.75 .28 .305
Bombay....... 105 1,59 55 55 57 1.9 198 133
Batavia....... ws| ve2f ..oes 75 {0 FRA |
Mauritius.... .. 145 191 90 .. 88 1.63 .215 .284
Capo of Good Elope 165 1.98| 88 89 83 1.9 .226 .33
chord arc radians : kilometers
In the above table — and —— may be reduced to —————— by multiplyin
minutes minutes y seconds y plymg
arc degrees kilometers c .
. by 1.06; ———=—— may be reduced to ——=— by multiplying by 1.84.
y 7 minutes y seconds Y piymg by

! Fifth Rept. Committee on Seismological Investigations, Brit. Assoc. Adv. Sci., 1900, p. 69.
 Publications Earthquake Investigation Committee in Foreign Languages, No. 13, 1903, pp. 121-124.
8 Fifth Rept. Committee on Seismological Investigations, Brit. Assoc. Adv. Sei., 1900, p. 77.
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Computing these velocities by the above formule he found the speed of transmission of
the surface waves of the Yakutat Bay earthquakes for long distances to vary between 3.1 and
3.3 kilometers per second, or nearly 2 (1.95) statute miles per second, a rate agreeing substan-
tially with those reached independently from the several computatlons cited above. -

DISTURBANCES OF THE EARTI-I’S SURFACE

The seismic disturbances traversed the rocks of the earth s crust from their place of origin
in Yakutat Bay, where, according to Prof. John Milne’s estimate, 1 or 2 cubic miles of rocky

‘material * were dlsturbed during the faulting, to all other parts of the world. No seismograph -

known to have been in operation in September, 1899, failed to record the shocks which that type
of instrument was capable of registering.

The disturbances may be divided into classes—(1) those that seismologists infer to have gone
directly through the earth and (2) those that followed the earth’s outer crust. These are indis-
tinguishable at distances less than 650 miles. Beyond that distance—for example, at Vic-
toria—the seismograph records show slight disturbances arriving very soon (preliminary tremors)
and great motion after a longer time (principal portion, or large waves). The preliminary tremors
came directly through the earth, along chords. They are generally thought to be longitudinal
compressional vibrations. They have a shorter distance to go and also move at a faster rate

than the large surface waves. -On September 3, 1899, these direct waves traversed the chord

from Yakutat to Vietoria in 3% to 4 minutes, the large waves, moving presumably along the arc,
taking 13 minutes and 29 seconds to reach Victoria through the earth’s outer crust.

These large waves of the principal portion of the shock are thought to vibrate transverse to
- the line of propagation. They were formerly thought to make the earth’s crust actually rise
in long undulating earth waves. For example, it was estimated ? that the large waves of the
Yakutat Bay earthquake of September 3 passed through Shide, England, as earth waves about
28 miles in length and 11% inches high (45 km. by 29 cm.). The earth waves of the great shock
of September 10 at Shide were computed as about 74 miles long and 15% inches high (120 km.
by 29 ¢m.) and were followed by waves computed. as about 28 miles long and 17 inches high
(45 km. by 43 cm.). :

SUMMARY OF INSTRUMENTAL RECORDS.

It must remain for some trained seismologist to summarize adequately the seismographic
record of the Yakutat Bay earthquakes, and in the hope that this may eventually be done we.
have gathered in this chapter such of the published and unpublished materials dealing with
this group of seismic disturbances as have come to our notice.

The earthquake was one of the first great shocks that came after the establishment of instru--
ments for the recording of earth tremors at stations throughout the world. Seismologists.
over all the world therefore studied and commented on these seismic disturbances, recorded
by all seismographs and many magnetographs then in operation, as noted in the preceding
pages, a few perhaps reaching conclusions that were more broadly generalized than later studies,
with more seismograms of world-shaking earthquakes available, have justified.

From the seismograph records above they located the origin very accurately indeed, con-
sidering the methods devised up to that time. One seismologist predicted that great topo-
graphic changes would be found, such as we discovered. Another computed within a minute:
the time of the earthquake at its place of origin. Still others showed that the waves in the
earth’s crust moved about 3 kilometers (2 miles) a second. The records also show that the dis-
turbances exceeded in magnitude those at San Francisco in 1906. The local time records are

of less use in comparison with the seismographic records than those for earthquakes in more.

thickly inhabited regions, yet the Alaskan time records serve to check the distant seismograph
records. One set of local records, that at Cape Whitshed, is of the utmost value, and several

1 Nature, vol. 75, 1907, p. 224.
3 J, Milne, Fifth Rept. on Seismological Investigations, Brit. Assoc. Adv. Sei., 1900, p. 83.
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others are of use. This shows how important it is for all observers of an earthquake in a wilder-
ness region to make the closest time records p0551ble and to check thelr tlmepleces as soon as
possible for correction to local solar time.

This group of shocks is abnormal, departing from the normal sequence of (1). prelude, (2)
great shock, and (3) aftershocks, as Gilbert has stated.! The Yakutat Bay earthquakes of Sep-
tember, 1899, possibly had no - prelude (August 27?); there were at least four great shocks
(Septembcr 3, 10, 10, 23), perhaps several other 1mportant shocks (September 15, 17, 26), and
a long series of aftershocks. As Gilbert points out in the preface of this volume (p.- 9),
this seismic disturbance ‘‘ranks lngh in the scale of energy, the position of its origin has been
determined with unusual precision, and its initial time is known with close approximation.”
These facts and the detailed information furnished in the early chapters of this volume regarding
great surface changes accompanying these earthquakes may commend the Yakutat Bay shocks
to seismologists for further study.

1 Gilbert, G. X., Earthquake forecasts: Science, new series, vol. 29, 1909, pp. 126-127.



CHAPTER VIIL .
MAGNITUDE OF YAKUTAT BAY EARTHQUAKES OF SEPTEMBER, 1899.

AREA DISTURBED.

AREA MAPPED.

Plate XXXTII (map, in pocket) shows the places where it is known that shocks were felt, the
places where it is known that shocks were not felt, the area of earthquake origin where visible
surface faults and changes of level of the coast and evidences of vigorous shaking were seen,
the large area of more moderate but nevertheless strong enough movenient to be sensible to
persons, and detached areas of shaking. This map shows the area affected by changes in level
at Yakutat Bay, but not that at Yakataga, which the authors have not seen.

If so much of this region had not been an almost empty wilderness in 1899, and if the
investigation could have been commenced immediately, instead of after an interval of eight to
nine years, much more complete data might have been obtained. These would result in modi-

fications of the map, for we could have located more of the prospectors, army officers, revenue- .

cutter employees, Coast Survey officials, geologists, engineers, missionaries, cannery employees,
Fish Commission inspectors, Northwest mounted policemen, Hudson Bay Co.’s agents, masters
of vessels, and Canadian and American marshals and commissioners who were within the area

shaken or. just outside its limits. This would undoubtedly result in an extension of the area .

rather than a decrease.
As it is, we have put down on the map nothmg that depends on hearsay evidence. Each

symbol is located at a place where some reliable person whom we have interviewed, or with ~

whom we have been in correspondence, or whose printed description we have seen has recorded
that he himself felt or did not feel the earthquakes in September, 1899. We have plotted
together all the earthquake observations recorded, whether they were made on September 3 or
September 10, because the shocks were felt in many places on both dates.

The area dlsturbed on September 10 was larger than that of sensible shocks on September 3,
and the junior author has published elsewhere! maps showing the areas disturbed on the
two dates. -

The location of some observers from whom 1nformat10n was received after the map was
completed is not shown on the map, though brief statements of their observations have been
inserted in the text. None of these added observations greatly modify the estimate of the

area of sensible shocks in September, 1899, but a few suggest that it should be slightly larger. -

By plottlng the actual places of Well-estabhshed observations we have drawn on the
map a minimum area within which the shocks were sensible to persons on Septembel 3 and
September 10. The shaken area is no doubt far greater than the map shows, for it is only on
the southeast beyond Sitka and Sumdum, on the north near Rampart, Circle, and Dawson,
and on the west near Seldovia and Kodiak: that we had even scattered evidence from which to
determine an outer limit for the sensible shocks. The outermost observations north of Skagway
along the Klondike trail, beyond which the region was in 1899 and in the main still is an empty
" wilderness, suggest that in a much greater area to the east the earthquake shocks may have
been sensible. The same statement applies to the area northwest of the upper Copper River
Valley, Cook Inlet, and the Alaska Range, the outermost observations being at places where

1 Martin, Lawrence, Alaskan earf,hquakes of 1899: Bull. Geol. Soc. America, vol. 21, 1910, fig. 3, p. 347, and fig. 4, p. 357.
126
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chance prospectors, explorers, etc., happened to be, and beyond which there is little hope of
learning whether the shocks were sens1ble or not.

One reason for the incompleteness of the data as to the outer limits of the sensible shocks
is that at distances of 250 to 480 miles from Yakutat Bay the earthquake waves were so weak
as to be imperceptible to some persons though quite evident to others. At Sitka, about 260
miles southeast of Yakutat Bay, for example, the heavy shock of Septembel 10 was felt by
Bishop Rowe, who was lying down, and by teachers and children sitting in a school building,
but not by Dr. Georgeson, who was walking out of doors. Nor thwest of Yakutat Bay the
shock of September 3 was not felt by A. H Brooks and W. J. Peters, who were traveling,
having crossed Tanana River that day, although they heard its avalanches in the mountains
at the correct time. It was observed by a prospector equally distant from Yakutat Bay near
Mentasta Pass, however. Near the south fork of Fortymile Creek the earthquakes of September
10 were not sensible to these geologists, probably because they were on the march, although
they are trained scientific observers; yet these weak tremors were observed at this time at a
greater distance in the same direction by several prospectors near Wade Creek, in the Forty-
mile district, and even at Eagle, 60 miles farther away along the same line.. These two
shocks were sensible to persons not traveling and severe enough in the Weather Bureau
observer’s office to jar his apparatus, cause lamps to swing, etc., but were insensible to men
on the march.

Another reason for observation or failure to observe the shocks at great distances is found
in local topographic or geologic conditions. For instance, in the Koyukuk and Yukon regions,
670 and 730 miles, respectively, from Yakutat, there may have been amplification of the
tremors in unconsolidated Pleistocene silts. Unfortunately the vigorously shaken area within
a radius of 150 miles of Yakutat afforded very few observations, because there are practically
no settlements in this wilderness.

NUMBER OF SQUARE MILES SHAKEN.

As all places within 250 miles from which observations were obtained were shaken, we might
assume that the shocks were felt throughout a circular region within a 250-mile radius from
Yakutat Bay. This would include nearly 200,000 square miles. Outside of this circle, however,

‘the shocks were felt with some intensity at distances of 275, 290, 300, 340, 375, 380, 390, 410,

430, and 480 miles. These are the points beyond which the boundaries of the disturbed area

-have been drawn upon the map (Pl. XXXIII, in pocket). This minimum area has 216,297

square miles of land alone, and may be regarded as about half the known shaken area, as the
place of origin is on the seacoast and the other half lies in the Pacific Ocean. The minimum
shaken area already proved, therefore, includes 432,500 square miles by the most conservative
measurement.

The points of observation by Mr. Schrader and Father Amcan, 670 and 730 miles, respec—
tively, from Yakutat Bay, shown on the map as detached areas (fig. 4 and Pl LL\III) and
the incompleteness of data already mentioned, suggest that the shocks might have been felt
in the intervening region had observers been there in 1899 to note them, and that the dis-
turbed area is even larger than we have mapped. The east and northwest boundaries of the
area, colored on Plate XXXIIT as sensibly disturbed, have been placed where they are because
of lack of evidence, for the most part, rather than because of specific information, such as
we had to the southeast, that the shock went no farther. A circle with a 670-mile or 730-
mile radius would include an area of 1,410,000 or 1,674,000 square miles; or, to take the
average of these last two distances, a radius of 700 miles would give a circular area containing
1,539,000 square miles.! It seems quite likely that other observations as far distant as those
on the Koyukuk and Yukon might be brought to light, if all the people who were in this
1cg1on in 1899, and were favorably located for observing weak shocks, could be reached. It
is to be noted, however, that people in Alaska are so accustomed to earthquakes that few of

1 This estimate does not include a disturbed area near Lake Chelan, Washington, 3,200 miles from Yakutat Bay.
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them -would pay attention to or remember slight tremors such as are recorded at great dis-
tances. During the Charleston earthquake in the United States the outermost observations,
as in New York, Boston, and La Crosse, Wis., were in high office buildings,! where there was
natural amplification of weak tremors insensible to persons near the ground.

The inclusion of the disturbed area within a circle assumes that the Yakutat Bay area
was the center of disturbance and that little or no movement occurred outside this circular
area. In the absence of other evidence this hypothesis seems warranted, and the platting of
the minimum shaken area (Pl. XXXIII, in pocket) bears it out well. We are aware of an
alternate hypothesis that the tectonic disturbances extended for long distances in the direction
of the axis of the St. Elias chain, both to the northwest and to the southeast. Observations
are too scattered to- permit the absolute establishment of either of these hypotheses. More-
over, it is not possible now to say whether Yakutat Bay was the area of maximum disturbance
of all the shocks. It seems most certainly to have been so in the second and most destructive
of the severe shocks of September 10; but those that preceded and succeeded this one may well
have been central at other localities in this mountainous region. The scantiness of our data
makes further discussion of this point of little value. -

COMPARISON WITH OTHER GREAT EARTHQUAKES.
The following is a list of areas affected by some of the larger tectonic earthquakes of

historic times:
: Great earthquakes of historic times.

' Approxi- .
Center. Date. mate area Extent.
affected.
Sq. miles.
Lisbon, Portugal............. 1755 a2,240,000 | Felt in Great Britain, throughout western Europe, and in northern Africa. MaXimum
. radius of propagation, 700 to 1,200 miles.
New Madrid, Mo............. 1811-1812 1,250,000 | Felt at Charleston, S. C.; Richmond, Va.; Washington, D. C.; Louisville, Ky.; Fort Du-
' - quesne.(Pittsburgh), Pa.; Detroit, Mich.; Fort Dearborn (Chicago), Ill.; etc.
Charleston, 8. C.............. 1886 2,800,000 | Felt at Boston, Mass.; La Crosse, Wis., and in Cuba and Bermuda. Maximum radius of
. propagation, 700 to 950 miles.
Riviera......ocoooieiiiiiaaa. 1887 219,000 | Radius of propagation, 264 miles.
Sonora, Mexico 1887 500,000 | Felt at Durango, Mexico; Fort Davis, Tex.; Las Vegas and Santa Fe, N. Mex.; Prescott
| _and Yuma, Ariz.; and generally within about 400 miles.
Japan..... e eeeeeneceaaaas e 1891 330,000 | Radius of propagation, 323 miles.
Assam, India......... P 1897 1,750,000 | 900-mile radius of propagation. X
Yakutat Bay, Alask . 1899 1,539,000 | 700 (670 to 730) mile radius of propagation.
Kangra, India........ 1905 ‘1,500,000 ) .
San Francisco, Cal.... 1906 372,700 | Felt in Coos Bay, Oreg.; Los Angeles, Cal.; and Winnemucea, Nev: Radius of propaga-
. tion, 350 to 400 miles. °

aPerhaps 500,000 square miles less; Oldham (Mem. Geol. Survey India, vol. 29, 1899, p. 376) says perhaps only 1,000,000 square miles.

No similar data are available for the South American earthquakes of 1822, 1835, and 1837,
for the New Zealand earthquake of 1855, or for several of the other severe earthquakes of
historic times. : : ‘ '

It will be seen that the Yakutat Bay earthquakes rank among the great tectonic earth-
quakes in area disturbed. The scant population of the area affected brings up a point of
decided contrast with the other earthquakes cited, all of which are in areas of rather dense
population. In Japan 7,279 people were killed and 17,393 injured and 197,000 buildings were
destroyed and 84,000 damaged in the earthquake of 1891. In the Charleston earthquake 27
persons lost their lives and 56 others perished by cold, exposure, etc., out of a city of 50,000 to
55,000; many houses were destroyed, many more damaged, and 13,000 chimneys thrown
down. In the first.of the great earthquakes in India (Assam, 1897) practically all the buildings
in 145,000 square miles were laid in ruins; in the second (Kangra, 1905) 18,815 lives were lost
and the destruction of property was enormous, 112,477 buildings being destroyed. In Cali-
fornia, in 1906, 100,000 to 200,000 people were made homeless, but only 709 lives were lost
directly by the earthquake; there was, however, great destruction of buildings, largely due

1 Dutton, C. E:, The Charleston earthquake of August 31, 1886: Ninth Ann. Rept. U. 8. Geol. Survey, 1889, pp. 203-528.
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to consequent fire, their estimated value being between $139,000,000' and $500,000,000.2
In the Riviera earthquake, in 1887, 640 people were killed and over 570 injured; 155 houses
were rendered uninhabitable in Mentone 61 in Nice, and many others elsewhere, so that the
property loss was over $5,000,000. Lycll says that 60,000 people were killed in six minutes
in the historic Lisbon earthquake of 1755, practically the whole city being thrown down.
About 20,000 lives were lost in the Calabrian earthquake of 1688, about 43,000 in 1693, between
32,000 and 60,000 in 1783, 800 in 1905, while the loss of life in 1908 was stated as 100,000.

In contrast with all this, there was no recorded loss of life® as a result of the Yakutat Bay
earthquakes; and the most serious property damage known to us, aside from the loss of a row-
boat, some tents, provisions, and clothing by the eight prospectors in Disenchantment Bay,
was the shifting of the roof of an uninhabited log cabin in outer Yakutat Bay and the cracking
of a few chimneys and slight damage to a wharf in Skagway. Some of the great earthquakes
of South America and New Zealand, likewise in thinly populated districts, have doubtless been
much like the Alaskan shocks in inflicting but slight damage to the human race.

Another contrast is in the absence, so far as shown by any report we have seen, of the
noises which accompanied many of the other heavy shocks cited—mnot the noise accompanying
shaking buildings, sliding avalanches, crashing water waves, and breaking glaciers, but the
heavy earth roll said to accompany some seismic disturbances. It may have occurred in
Yakutat Bay, but it has not been reported, and many if not all of the noises noticed at a dis-
tance from Yakutat Bay were apparently due to avalanches.

W. H. Hobbs * has recently compiled an extensive list of ‘tectonic shocks accompanied
by surface faulting between 1783 and 1906. The earthquakes cited in his paper form some
interesting comparisons with the shocks and effects here described.

It is unfortunate that so little is yet known concerning the physical phenomena accom-
panying faulting, earthquakes, and changes of level of the land Some such changes of level
are of the slow scculm character of movement that is accompanled by little V131b1e change
because extending over such broad areas. Others are fairly definite in character, the time a,nd
amount of uplift bcinor closely determined. So far as is known, no other uplift as great as 473
feet is proved to hmre occurred at one time.

In some other respects the Yakutat Bay uplifts suggest interesting comparisons with other
earthquake uplifts. In the uplifts occurring on the west coast of South America in connection
«with the earthquakes of 1822, 1835,~and 1839, described by Darwin, elevated beaches, sea
cliffs, rock benches, and sea caves with attached marine shells, in view of the human testimony
as to the cause, are comparable with the effects of the Alaska uplift here described. In New
Zealand, in the ear thquake of 1855, there was surface faulting and new reefs were formed by
uplift, as in Alaska in 1899. In Jamaica in 1692 and 1907 and in India in 1819 an earthquake
resulted in elevation in one place and depression in another, as in Alaska. There was surface
faulting, as in Calabria, Italy, in- 1783; New Madrid, in the Mississippi Valley, in 1811-12;
Owens Valley, Cal., in 1872; Sonora, Mexico, in 1887; Japan in 1891; Iceland in 1896; {India in
1897 and 1905; and California in 1906. There was disturbance of surface and underground
drainage, with formation of sand vents and craterlets, as at Charleston, S. C., in 1885, as well
as at several other places listed above. There were destructive water waves, or tsunami, as
at Lisbon, Portugal, in 1755; in Japan in 1896; and at several other localities during other
earthquakes. Nevertheless this Alaskan uplift forms a striking contrast to these uplifts,

combining as it does all these criteria of changes of level, adding the new types of evidence

1 Qilbert, G. K., Science, new ser., vol. 29, 1909, p. 137.
3 Humphrey, R. L., and Soulé, Frank, The San Francisco earthquake and fire; Bull. U. S. Geol. Survey No. 324, 1907, pp. 61, 138; McAdie,
A. G., Catalogue of earthquakes on the Pacific coast, 1897 to 1906, Smithsonian Misc. Coll., vol. 49, 1907, p. 47; The California earthquake of
Aprll 18, 1906, Rept. State Earthquake Commission, Carnegie Institution of Washington, 1908
8 Thero were probably not more than 20,000 persons in the area of sensible shocks in 1899 and only a few hundreds in the central area shaken
by the earthqualkes.
4 On some principles of seismic geology: Gerland’s Beitr. Geophysik, vol. 7, pt. 2, Leipzig, 1907, pp. 2’30-253.
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afforded by dissected alluvial fans and uplifted shore lines of glacial till, and furnishing com-
pletely corroborative evidence of all sorts. '

Finally, it may be said that this is the first seismic disturbance that has been proved to
be the direct cause of a great advance and complete breaking up of glaciers.. The substitution
of this idea, under appropriate conditions, for the current conception that changes of altitude
or of climate cause fluctuations of glaciers can doubtless be made for many mountain regions,
such as the Himalaya, with its glaciers, faulting, and frequent earthquakes. The new con-
ception may help to explain the series of glacial advances and recessions in the St. Elias
Range itself, and in the Lynn Canal, Glacier Bay, Copper River, and Prince William Sound
regions, especially as we know that these mountains have long been growing by similar uplifts
and may fairly assume that their growth was necessarily accompanied by earthquakes and,
ever since the mountains were high enough for glaciation, by glacial oscillations.
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