


THE ALASKA EARTHQUAKE, MARCH 27, 1964:
EFFECTS ON THE HYDROLOGIC REGIMEN

Hydrologic Effects of the
Earthquake
Of March 27, 1964
Outside Alaska

By ROBERT C. VORHIS

With Sections on

HYDROSEISMOGRAMS FROM THE NUNN-BUSH SHOE CO. WELL
WISCONSIN

By ELMER E. REXIN and ROBERT C. VORHIS

and

ALASKA EARTHQUAKE EFFECTS ON GROUND WATER IN IOWA
By R. W. COBLE

GEOLOGICAL SURVEY PROFESSIONAL PAPER 544-C


















THE ALASKA EARTHQUAKE, MARCH 27, 1964: EFFECTS ON THE HYDROLOGIC REGIMEN

HYDROLOGIC EFFECTS OF THE EARTHQUAKE
OF MARCH 27, 1964, OUTSIDE ALASKA

The Alaska earthquake of March 27,
1964, had widespread hydrologic effects
throughout practically all of the United
States. More than 1,450 water-level
recorders, scattered throughout all the
50 States except Connecticut, Delaware,
and Rhode Island, registered the earth-
quake. Half of the water-level records
were obtained from ground-water ob-
servation wells and half at surface-
water gaging stations. The earthquake
is also known to have registered on
water-level recorders on wells in Can-
ada, England, Denmark, Belgium,
Egypt, Israel, Libya, Philippine Islands,
South-West Africa, South Africa, and
Northern Territory of Australia.

The hydrologic response to the
Alaska earthquake of March 27,
1964, was the most widespread of
all previously registered seismic
events. Some 716 wells in the
United States recorded water-level
fluctuations caused by the quake.
Outside the United States, wells in
Canada, England, Belgium, Den-
mark, Libya, Israel, South-West
Africa, South Africa, and Aus-
tralia recorded the earthquake.
This worldwide response results

By Robert C. Vorhis

ABSTRACT

The Alaska earthquake is the first for
which widespread surface-water effects
are known. The effects were recorded
at stations on flowing streams, rivers,
reservoirs, lakes, and ponds. The 755
surface-water stations recording effects
are spread through 38 States, but are
most numerous in the south-central and
southeastern States, especially in Flor-
ida and Louisiana. Most of the fluctu-
ations recorded can be referred to more
precisely as seismic seiches; however,
a few stations recorded the quake as
a minor change in stage. The largest
recorded seiche outside Alaska was 1.83
feet on a reservoir in Michigan. The

INTRODUCTION

from the great magnitude of the
quake—the largest to occur in
North America in this century.
Of the previous large earthquakes
recorded widely in the United
States, the Assam, India, earth-
quake of August 15, 1950, affected
at least 161 wells, and the Hebgen
Lake, Mont., earthquake of Au-
gust 17, 1959, was recorded in 185
wells.

Another important response was
registered as water-level fluctua-

next largest was 145 feet on Lake
Ouachita in Arkansas.

The largest fluctuation in a well was
23 feet registered by a pressure re-
corder near Belle Fourche, S. Dak.
Fluctuations of more than 10 feet were
reported from wells in Alabama, Flor-
ida, Georgia, Illinois, Missouri, and
Pennsylvania. A 3.40-foot fluctuation
was recorded in a well in Puerto Rico.

The Alaska earthquake was regis-
tered by about seven times as many
water-level recorders as recorded the
Hebgen Lake, Mont.,, earthquake of
August 19, 1959.

tions on streams, reservoirs, ponds,
and lakes. At most of the gaging
stations the charts show upward
and downward motions that were
about equal and that generally
recovered to a normal level within
a few minutes. On some lakes
and reservoirs the fluctuations con-
tinued for an hour or more.

A third effect caused by the
earthquake was roiling or muddy-
ing of well and spring water.
This phenomenon, when reported
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by well users, generally occurred
in wells that required long-con-
tinued pumping to clear the water
at the time the well was drilled.
The roiling is presumably limited
to wells and springs tapping aqui-
fers that contain considerable col-
loidal material.

The purpose of this report is to
assemble the hydrologic effects of
the Alaska earthquake that were
recorded outside Alaska. The na-
ture and geographic distribution
of the hydrologic effects are de-
seribed, the seismic fluctuations in
water wells in the United States
are tabulated, and data on seismic
seiches in North America and well
fluctuations outside the United
States are summarized. Thus, the
report is a compilation of both
published and unpublished data on
known hydrologic effects through-
out the world. Furthermore, a
background of previous work, a
discussion of several water-level
recording instruments, and obser-
vations of fluctuations during
other earthquakes are presented in
order to provide a suitable basis
for future interpretive studies. It
is hoped that this framework will
encourage further studies so that
the discrepancies that exist be-
tween earthquake theory and ob-
served effects can be narrowed and
ultimately bridged.

DEFINITION OF TERMS

The term “hydroseism” is here
introduced as convenient to include
all seismically induced water-level
fluctuations other than tsunamis.
Although this type of fluctuation
has been described in many pre-
vious papers, no one term nor one
phrase has been used consistently.
Terms and phrases which have
been used to describe hydroseisms
in wells include :

1. Pressure fluctuations produced
by seismic waves.

ALASKA EARTHQUAKE, MARCH 27, 1964

2. Seismically induced fluctuations
of water level.

3. Water-level fluctuations.

4. Earthquake-induced fluctua-
tions.

5. Fluctuations in well water levels
(the title under which hydro-
seismic data have been pub-
lished annually in the U.S.
Coast and Geod. Survey series
“United States Earth-
quakes”).

The following terms have been
used to describe hydroseisms in
surface-water bodies:

1. “Disturbances [as recorded] at
stream-gaging stations”
(U.S. Coast and Geod. Sur-
vey, 1946, p. 26).

2. “Range of stage recorded in
stilling wells * * * asthe re-
sult of earth tremors” (Ster-
mitz, 1964, p. 144).

3. Seismic seiches.

The term “hydroseism” is de-
rived from the Greek words vdwp
meaning water and ceopos mean-
ing earthquake. As defined and
used in this report, hydroseism ap-
plies to seismically induced fluc-
tuations in wells, streams, lakes,
ponds, and reservoirs. As such, it
is identical in meaning with any
and all of the expressions listed
above.

“Hydroseismic data” includes

both the charts that record hydro-
seisms and the information taken
from the charts.

“Hydroseismogram” is a hydro-
seism recorded at an expanded
time scale.

“Seiche” is a term first used in
Switzerland by Forel (1895) to
apply to standing waves set up on
the surface of Lake Geneva by
wind and by changes in baromet-
ric pressure. Richter (1958, p.
109) points out that seiches may
occur not only in closed bodies of
water but also in partially closed
bodies such as harbors or channels
and as lateral oscillations in

rivers, canals, or ditches. It is
only necessary that the geometry
of the water boundary define a
natural period of oscillation.
Where there are currents, part of
a seiche may be transformed into
a progressing wave.

To restrict the term “seiches” to
those events caused by earth-
quakes, Kvale (1955) qualified the
phenomenon as seismic seiches.
Following his usage, in this paper
“seismic seiches” refer to symmet-
rical fluctuations (that is, those
fluctuations where the water-level
rise is exactly equal to the water-
level decline) typical of standing
waves set up on rivers, reservoirs,
ponds, and lakes at a time cor-
responding with the passage of
seismic waves from the Alaska
earthquake. Where the record
does not correspond to what would
be expected from a standing wave,
the more general term “hydro-
seism” is used.
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amined their recorder charts for
the period of the Alaska earth-
quake and verified that no fluctu-
ations caused by the earthquake
had been recorded. The coun-
tries and names of the organiza-
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Water and Soil Survey
Authority
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Water, Sewerage, and
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South Australia Engi-
neering and Water
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Austria :

Hydrografisches Zentral-
buro.
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and Industry
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partment

Denmark : Meteorological In-
stitute

Ethiopia: Water Resources
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Ghana: National Construc-
tion Corp.

Greece: Institute for Geology
and Subsurface Research
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for Water Resources
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Department
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Kenya: Water Development
Department

Mozambique: Service for Ge-
ology and Mines

Nepal:

Hydrological Survey De-
partment

U.S. AID Mission

Netherlands: Archives of
Ground-Water Levels
New Guinea: Australia De-
partment of Public Works
New Zealand :
Ministry of Works
Geological Survey
Nigeria:
Geological Survey
U.S. AID Mission
Norway: Water Resources
and Electricity Board
Papua: Australia Depart-
ment of Public Works
Portugal : Geological Survey
Rhodesia:

Ministry of Water De-
velopment, Hydrologi-
cal Branch

Ministry of Mines and
Lands, Geological Sur-
vey Office

Saudi Arabia: Ministry of
Petroleum and Mineral Re-
sources

Spain: Institute of Geology
and Mines

Sudan: Geological Survey

Switzerland: Federal Office
for Water Economy

Syria: Ministry of Industry

Taiwan: Geological Survey

Tasmania:

Rivers and Water Sup-
ply Commission

Hydro Electric Commis-
sion

Turkey: State Hydraulic

Works

Uganda: Water Development
Department

Union of Soviet Socialist Re-
publics: Hydrometeorolog-
ical Service

Zambia: Ministry of Lands
and Natural Resources






discussed by Coble (1967), Fel-
lows (1965), Fuller (1964), Wil-
son (1964), Hassler (1965), Mil-
ler and Reddell (1964), The Cross
Section (1964), Mills (1964),
Rexin (1963, 1964a, b), Cooper
and others (1965), and Bredehoeft,
and others (1965).

HYDROSEISMS ON SURFACE-
WATER BODIES

Earthquake effects on river
gages were first mentioned by
Piper (1933, p. 475, fig. 2). Two
of six gages on the Mokelumne
River in California showed pro-
nounced dots on the traces of the
water surface that were caused by
the December 20, 1932, earthquake
at Lodi, Calif. Two other gages
on a nearby diversion canal showed
double amplitudes of 0.08 and
0.04 foot for the same quake. Al-
though they were not designated
as such by Piper, they can prop-
erly be called seismic seiches.

The U.S. Coast and Geodetic
Survey (1946, p. 26) lists 18 “Dis-
turbances at stream-gaging sta-

TYPES OF WATER-LEVEL
RECORDERS AND CHARTS

The water-level recorders cur-
rently in operation on observation
wells throughout the United States
meet a wide variety of needs; they
are adapted to fit all types of well
construction, are selected to fit eco-
nomical servicing schedules, and
must respond to many different
ranges in water-level fluctuation.
As a result, each well tends to give
a record characteristic of itself.
(‘onsequently, when charts from
many wells are gathered as they
have been in this study, they pre-
sent an amazing variety of records.

HYDROLOGIC EFFECTS OUTSIDE ALASKA

tions in New York on September
5, 1944, from an earthquake in the
St. Lawrence Valley.” Most of
these may be seismic seiches but,
not knowing whether they are
standing waves, it seems safer to
refer to them as hydroseisms.

For the Hebgen Lake earth-
quake of August 17,1959, Stermitz
(1964, p. 144, table 10) lists 54
records for “Range of stage re-
corded in stilling wells * * * as
the result of earth tremors.”

The hydroseisms mentioned
above were all recorded within a
few hundred miles of the epicenter
of the quakes. In Stermitz’s list,
the most distant event recorded
was 340 miles northwest of the
epicenter. The events discussed
below are unusual in that they
were recorded thousands of miles
distant from the epicenter.

Kvale (1955) discusses seismic
seiches in 29 fiords and lakes in
Norway caused by the Assam
earthquake of August 15,1950, but
does not mention that any seiches
were recorded in rivers.

HYDROSEISMIC DATA

The hydroseismic data on water-
level recorder charts are affected
by the time scale and the vertical
or gage-height ratio. Those re-
corders equipped with 1:30, 1:24,
and 1:12 gage-height gears are
most likely to record the extreme
upper and lower limits of the fluc-
tuation. Those recorders with 1:1
and 1:2 ratios are most likely to
record the aftershocks. Thus there
is no one ratio that is best for re-
cording hydroseisms. Those re-
corders with a time scale of 2.4
inches per day are more likely to
show hydroseismic detail than are
those with a time scale of 0.3 inch
per day.
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Seismic seiches from the Alaska
quake, recorded on the west coast
of Canada in lakes, rivers, and
tidal waters, are mentioned by
Wigen and White (1964a, b).
Some seismic seiches on rivers and
lakes in central Canada are de-
scribed by Strilaeff (1964).

Donn (1964) mentions reports
of waves as much as 6 feet high
on the gulf coast caused by the
Alaska earthquake. He suggests
that these waves and the fluctua-
tions on the Freeport, Tex., tide
gage are probably seismic seiches
generated in resonance with the
selsmic waves.

McGarr (1965) formulated a
theory to explain the generation,
occurrence, and damping of seis-
mic seiches. The theory was then
applied to a marigram at Free-
port, Tex., that showed the Alaska
earthquake.

Thus, seismic seiches represent a
type of hydroseism that has re-
ceived little attention previously,
especially such seiches recorded in
rivers.

Of the 716 wells for which data
have been tabulated, copies of
charts from 433 wells showing the
earthquake record have been re-
ceived by the author. Of these,
12 were from pressure recorders
and 421 were from float-type re-
corders. Table 1 (next page)
shows the various gage-height ra-
tios and time scales at which these
421 records were made. The gage-
height scale is chosen to give a
record that minimizes “back-
ground noise” such as pumping
effects and tides, and emphasizes
water-level trends. The time scale
is chosen primarily to get the
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TABLE 1.—Gage-height ratio and time scales of 421 float-type recorders that registered
the Alaska earthquake

Recorder time scale, in inches per day
Gage-height ratio
0.3 1.0 1.2 1.8 2.3 2.4 9.6 576
1:30. ||| [ 2 I [
1:24 | |eooooo ) A SRR PSRRI IR I .
1:12 . 2 . 19 |- __ 1 I (R (R
1:10.. o ____ 28 |_-____ 20 |-_-__ E> 200 PR R R
Yoo . 2N 39 |oooo|-oooo- 58 ||
1:b . 54 2 10 || ) A PR
1:3 e 2 | |oooC ) 1 R
1:24 oo 4 | _____ 2 oo |ooo-
1:2 50 |-
1:1.2 . ) A SRR N ISR [ 7 (R
1.1 .. 73 1 20 (o_____ 5 1 ) I PR
5.1 e e 1

maximum of record with a mini-
mum cost. From the recorders
operating with a time scale of 2.4
inches per day, the arrival time
of a seismic disturbance can be de-
termined at best to the nearest 10
minutes. For recorders operating
at 1.2 inches per day, time can be
read only to the nearest 20 minutes.
On recorders operating at 0.3 inch
per day it is extremely difficult to
determine a time closer than 1 to 2
hours.

The time-compressed record of
water-level recorders in normal use
has prompted the development and
operation of several recorders
operating at a greatly expanded
time scale. Blanchard and Byerly
(1935, 1936; Byerly and Blanch-
ard, 1935) were the first to install
such a recorder. By maintaining
it on a well in California, they were
the first to obtain a hydroseismic
record similar to a seismogram.
From it, they identified several
types of waves (P, PP, PPP, S,
IL,and M).

Since 1947, an expanded-scale
water-level recorder has been de-
veloped and maintained by E. E.
Rexin on a well at Milwaukee,
Wis.  Details on this instrument
have been published previously
(Rexin, 1952, 1960 ; Rexin, Oliver,
and Prentiss, 1962), and a few of
the records have received detailed

seismological study.  Through
this, Rexin, Oliver, and Prentiss
(1962) identified nine types of
waves additional to those reported
by Blanchard and Byerly. These
waves were PKS, SKS, PS, PPS,
SS, SSS,LQ, LRy, and LR,. This
recorder was in operation at the
time of the Alaska earthquake,
and its hydroseismogram is the
only one known from this earth-
quake. The record is discussed in
“Hydroseismograms from the
Nunn-Bush Shoe Co. well,” (p.
C10).

In recent years the Rensselaer
Polytechnic Institute has built
and operated expanded-scale re-
corders on several shallow and
deep wells in New York State as
part of a research program in ex-
plosion detection (Katz, 1961,
1962, 1963; Katz, Carragan, and
Michalko, 1962a, b; Carragan,
Katz, and Michalko, 1963; and
Carragan, Michalko, and Katz,
1964). Their work is of great in-
terest, and the equipment they as-
sembled is the most advanced of
any used at present. ILack of
funds caused operation of these
recorders to be discontinued
shortly before the Alaska earth-
quake.

The U.S. Geological Survey op-
erated sensitive expanded-scale re-
corders on a well in Arizona and a

well near St. Augustine, Fla., but
lack of funds caused operation to
be discontinued about a month be-
fore the Alaska earthquake. No
data obtained from these re-
corders have been published.

RECORDABLE
HYDROSEISMIC DATA

HYDROSEISMS IN WELLS
The water-level recorders cur-
rently maintained on observation
wells can at best record only lim-
ited data from any seismic event.
Recordable hydroseismic data in-
clude the following:
1. The depth to water in the well
at the start of the seismic

record.

2. The maximum seismically
caused water-level rise.

3. The maximum seismically

caused water-level decline.

4. For the largest seismic events,
some wells record a coda por-
tion during a period of 1-2
hours following the maxi-
mum  fluctuation  during
which the fluctuations de-
crease to static level.

5. In especially sensitive wells, the
surface wave that took the
long way around the world
(the W, wave) may record as
a distinct fluctuation, and,
likewise, the wave traveling
in the opposite direction (the
W, wave) may record as a
still smaller but distinet flue-
tuation. These waves have
been identified for the first
time on records from the
Alaska earthquake.

6. A change in water-level trend
due presumably to seismic-
ally caused changes in the
aquifer such as increase or
decrease in transmissibility
and enlargement or contrac-
tion of fractures.

7. The water level at the end of
the seismicdisturbances,
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is shown, but the rise seems quite
rapid and is followed by a gradual
decline to or below the preearth-
quake trend. There was no known
rainfall that could have caused this
rise. The time is inconclusive,
for the rise occurred 18 hours after
the eartliquake. This increased
flow has been interpreted by Louis
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Carswell (oral commun., Septem-
ber, 1964) as reflection of a slug
of ground water squeezed out of
an aquifer into the creek some
miles upstream. If this supposi-
tion is true, the slug then retained
its identity for 13 hours during its
travel to and past the gage.

The hydrologic effects recorded

at surface-water gages, although
far smaller in size than many of
the hydroseisms in wells, are of
Interest because they are so un-
usual. Never before, to the au-
thor’s knowledge, have seismic
seiches been reported in flowing
streams at great (teleseismic) dis-
tances from an epicenter.

HYDROSEISMOGRAMS FROM THE NUNN-BUSH SHOE CO. WELL, WISCONSIN

By Eumer E. Rexin and Roserr C. VorHis

The most detailed of all hydro-
seismic records of the Alaska
earthquake are from the Nunn-
Bush Shoe Co. well in Milwaukee,
Wis. These were obtained from a
recorder built and maintained on
the well by Rexin. The recorder
operates with a chart speed of 576
inches per day and magnifies the
fluctuations to five times their
natural size.

The well, which is at Fifth and
Hadley Streets in Milwaukee, was
drilled in 1925. It has a 10-inch
casing with welded joints to a
depth of 107 feet, an 8-inch casing
from 104 to 215 feet, and an 8-inch
open hole from 215 feet to the bot-
tom at 400 feet.

The artesian aquifer penetrated
by this well is formed by the Wau-
bakee and Niagara Dolomites of
Silurian age. This aquifer char-
acteristically is not uniformly per-
meable, and water occurs chiefly
in joints and along bedding planes.

On the night of March 27, 1965,
as the watchman marked 22:00
hours on the chart of the water-
level recorder, he found that some-
thing quite violent was being re-
corded. He immediately called
Rexin to report that the float was
banging down in the well, the wa-
ter was gurgling, and the pen was
flying back and forth from end to
end of the recording drum.

The senior author arrived 20
minutes later and verified that the
chart (fig. 8) was recording a ma-
jor earthquake. The preliminary
movement was recorded at 21:43:
20 c.s.t., March 27 (03:43:20
G.c.t., March 28) with a clear and
distinct initial drop in water level
of 0.005 foot. Movement contin-
ued small and somewhat indecisive
for 214 minutes, then the water
level quickly rose 0.034 foot. This
was followed by a decline, and
rhythmical movements were re-
corded for the next 414 minutes.
Then movement became more vio-
lent (apparently owing to arrival
of the S wave) for a period of less
than a minute. A lesser motion (in
the sense that the motion was
barely within the recording limits
of the instrument) followed for a
3-minute period. Immediately
thereafter the water level began to
fluctuate so violently that the range
of movement exceeded the limits of
the recorder. The period of these
violent fluctuations was about 15
seconds each. The maximum
movement during this phase could
not be measured but was estimated
to have been about 12-14 feet.

Large waves with periods meas-
ured in minutes, in addition to the
15-second waves, are suggested if
one sketches in a line that con-
nects the midpoints of fluctuations.

The more significant details shown
on these hydroseismograms (figs.
8,9) are tabulated below (table 2)
along with the epicentral times of
the quake and the aftershocks that
were recorded.

The hydroseismograms from
this well are truly unique in that
they are the only expanded-scale
records showing in detail the effect
of the Alaska earthquake on water
levels. As such, they will un-
doubtedly be subjected to much de-
tailed study in the years ahead.
Rexin’s observations of the many
earthquakes recorded in this well
have shown that the long-period
waves such as followed the Alaska
quake are invariably associated
with major earthquakes that also
generate tsunamis. He believes
that this aspect may have an im-
portance in itself that will make
further study worthwhile.

TaBLE 2.—Chronological list of hydro-
seismic data from the Nunn-Bush Shoe
Co. well at Milwaukee, Wis., March
28-30, 1964

[Greenwich civil time]
March 27, 1964
20:20.._-_____ Measured depth to
water was 99.20 feet.
March 28, 1964

03:36:13__.___ [Time of Alaska earth-
quake, at epicenter.]

03:43_________ Arrival of P wave (fig.
8).

03:49__._______ Arrival of S wave (fig.

8).
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GEOGRAPHIC DISTRIBUTION OF HYDROLOGIC EFFECTS

AFRICA
LIBYA

A good record of the Alaska
earthquake was made on a re-
corder in Wadi Labdah near
Homes, Libya (Fituri Deghaies,
Libyan Ministry of Agriculture,
written commun., Feb. 15, 1965).
The well (3236-1417-B) is about
4 kilometers from the Mediter-
ranean Sea, has a depth of 77
meters and a diameter of 8 inches.
It yields 40 cubic meters per hour.
The fluctuation had a double am-
plitude of 0.24 feet, and the rise
was equal to the decline. Three
other wells at Bir al Ghanam,
Wadi al Maganin, and Qasr
Khiar recorded the quake, but no
other details have been furnished
(Hadi Ali Tarhuni, Libyan Min-
istry of Agriculture, written com-
mun., Dec. 25, 1964).

REPUBLIC OF SOUTH AFRICA

About 100 charts from obser-
vation-well recorders in the Re-
public of South Africa were
examined, but only three showed
a fluctuation caused by the Alaska
earthquake (O. R. Van Eeden, Di
rector, Geol. Survey, written com-
mun., Sept. 8, 1965). Two of the
wells are on Robben Island (lat
33°49” S. and long 18°22" E.).
They  penetrate  Malmesbury
Hornfels of Precambrian age and
are 135 and 74 feet deep. The
Alaska earthquake caused a fluc-
tuation at about 04:00 G.c.t.,
March 28 of 0.23 foot in the shal-
lower well and 0.20 foot in the
deeper well.

The third well, at Fauresmith
(lat 29°45” S. and long 25°20” E.),

penetrates shale and sandstone of
the Beaufort Series of the Karroo
System (Permian-Triassic in age)
and is 130 feet deep, and the depth
to water is about 13 feet. The
Alaska earthquake caused a fluc-
tuation of 0.60 foot.

SOUTH-WEST AFRICA

The Alaska earthquake was reg-
istered in an observation well at
Windhoek (Dr. W. L. Van Wyk,
Assistant Director, Geol. Survey
of South-West Africa, written
commun., Aug. 25,1965). The re-
corder chart, with a time scale of
12 mm per day and a gage-height
ratio of 1:5, had a fluctuation of
0.50 foot at about 05:00 G.c.t.
The well is 600 feet deep, in
quartzite and mica schist. The
water was struck in a fault zone,
and the water level is 100 feet be-
low land surface.

UNITED ARAB REPUBLIC
(EGYPT)

The Alaska earthquake was re-
corded in an artesian well in
Kharga Oasis in the Western
Desert of Egypt. The initial re-
sponse was a fluctuation with a
double amplitude of 0.079 meter
(0.24 ft) followed about 134 hours
later by a fluctuation of 0.030
meter (0.09 ft), and 5 hours after
the initial response by a fluctua-
tion of 0.007 meter (0.02 ft). (R.
L. Cushman, U.S. AID-USGS
engineer, written commun., Janu-
ary 1966.)

ASIA

ISRAEL

The Alaska earthquake was re-
corded in eight observation wells,
of which three were in the moun-

tains and five in the coastal plain
of Israel (M. Jacobs, Director,
Water Comm. Israel, written com-
mun., May 19, 1965). The double
amplitudes of fluctuations ranged
from 0.003 to 0.075 meters (0.01-
0.25 ft).

REPUBLIC OF THE PHILIPPINES

Hydroseisms from the Alaska
earthquake were recorded in 17 of
25 instrumentally equipped wells
on the Island of Luzon, Republic
of the Philippines. The hydro-
seisms ranged from 1 to 15 centi-
meters (0.03-0.46 ft) in double
amplitude. (A. B. Delena, Bu-
reau of Public Works, written
commun., April 13, 1966.)

AUSTRALIA

In the Northern Territory, two
observation well recorders, 16 miles
southeast of Darwin, were in oper-
ation at the time of the Alaska
earthquake and both registered
hydroseisms (R. N. Eden, Director
of Water Resources, written com-
mun., Aug. 11, 1965). These two
are 170 feet apart, are at lat 12°-
30735”" S. and long 131°04’50" E.
Well M1, with a depth of 114 feet,
had a fluctuation at about 04:00
G.c.t. of 0.10 foot. Well M2, with
a depth of 227 feet, had fluctua-
tions of 2.25 feet at 04:20 G.c.t.,
0.98 foot at 06:00 G.c.t., and 0.08
foot at 07:20 G.c.t.

A seismic seiche was recorded at
gaging station 113A on the Vie-
toria River at lat 16°22” S. and
long 131°06” E. This station was
the only one of a large number in
operation in the Northern Terri-
tory of Australia that registered
any effect of the Alaska earth-
quake. The seiche had a double






C16

sand failed to record any effect of
the Alaska quake (E. Carl Hal-
stead, Canada Geol. Survey, writ-
ten commun., Oct. 30, 1964).

The Alaska earthquake was reg-
istered on many surface-water re-
corders in operation in British
Columbia. On most of these the
quake was recorded as a small jog
on the chart. A total of 13 seismic
seiches ranging in size from 0.05 to
1.25 feet are reported from British
Columbia by R. H. Clark (written
commun., Sept. 21,1965). Inaddi-
tion, 10 others, of which 7 are illus-
trated, are given by Wigen and
White (1964b, p. 6, figs. 2,4). A
peculiarity in the distribution of
the seiches was noted by H. T.
Samsden (District Engineer, Can-
ada Dept. of Natural Resource,
written commun., Dec. 1, 1964).
None of the recorders on Van-
couver Island or in the Koanagan
River and Lake system in British

Jolumbia registered any effect of
the earthquake.

MANITOBA

Wells in the Red River Valley
near Winnipeg, Manitoba, showed
fluctuations greater than 1 foot.
These wells penetrate an artesian
aquifer in the Red River Forma-
tion of Ordovician age. The aqui-
fer is in fractured carbonate rocks
and is confined by till and glacial-
lake clay (Scott and Render, 1965,
p. 264).

In a tabulation of seiches in Can-
ada (R. H. Clark, written com-
mun., Sept. 21, 1965), seven are
listed from surface-water gages in
Manitoba. The largest fluctuation,
0.39 foot, was at a gage on Nelson
River; the smallest, 0.03 foot, was
at a gage on Lake Manitoba.

NORTHWEST TERRITORIES
Wigen and White (1964b, p. 6)
list a seiche of 0.30 foot at Cam-
bridge Bay. R.H. Clark (written
commun., Sept. 21, 1965) lists four
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other seiches in the Northwest Ter-
ritories: Talston River (0.15 ft),
Willowlake River (0.03 ft), Great
Bear Lake (0.22 ft), and Lockhart
River (0.08 ft).

ONTARIO

Three out of 20 instrumentally
equipped wells of the Ontario Wa-
ter Resources Commission re-
corded hydroseisms of the Alaska
earthquake (B. A. Singh, Division
of Water Resources, written com-
mun., Jan. 3, 1966). Near To-
ronto, two wells in a gravel aquifer
recorded hydroseisms with double
amplitudes of 0.14 and 0.08 foot.
The third, a well in a sand and
gravel aquifer in the County of
Perth, recorded a double amplitude
of 0.08 foot.

A well record in the Ottawa area
also showed the Alaska earth-
quake. This well, which pene-
trates an unconfined aquifer,
showed an initial increase of 0.20
foot in water level followed by a
decline of 1.1 feet and a recovery
to the original level after several
days (Scott and Render, 1965,
p. 267).

Four small seismic seiches at
stream gages in Ontario are re-
ported by R. H. Clark (written
commun., Sept. 21, 1965): Gull
River (0.03 ft), Skootamata River
(0.04 ft), Mississagi River (0.07
ft), and French River (0.03 ft).

SASKATCHEWAN

R. H. Clark (written commun.,
Sept. 21, 1965) reported five seis-
mic seiches from surface-water
gages in Saskatchewan: Buffalo
Pound (0.06 ft), Fond-du-Lac
River (0.07 ft), Weyburn Reser-
voir (0.05 ft), Deloraine Reservoir
(0.45 ft), and Long Creek (0.32
ft).

A farmer in Saskatchewan re-
ports that on the day following the
Alaska earthquake his well water
had a distinctive purple color.
Believing that the ejector was re-

sponsible for the discoloration, he
opened the well and pulled the
casing to check on the ejector.
The farm well is 6 inches in diam-
eter, 111 feet deep, and had the
ejector set at 90 feet. The static
level normally was 44 feet but
when the well was opened the
level was at 69 feet, about 25 feet
lower than normal. Prior to the
Alaska quake, the purple colora-
tion had never appeared. When
sampled on April 24, 1964, the
well water still had a purple color.
The purple color faded gradually
and by midsummer had disap-
peared. (W. Nemanishen, Sas-
katchewan Dept. of Agriculture,
written commun., June 4, 1965).

UNITED STATES

Hydroseismic effects were re-
ported virtually throughout the
United States, although New Eng-
land and the States east of the Ap-
palachians did not register many
hydroseisms. New Jersey, how-
ever, reported 40 hydroseisms in
wells but only 1 from surface-
water gages. Vermont reported
none from a well but two from
gages. Hydroseisms were most
numerous and of largest size in the
southeastern States, the ones, sur-
prisingly, that are most distant
from the epicenter.

Hydroseisms in the United
States are listed by State in table
3, and are broken down into
ground-water observation wells
and surface-water gages. Listed
also are the maximum well and
gage fluctuations recorded in each
State.

Data on individual hydroseisms
in wells caused by the Alaska
earthquake are given in table 7
(p- C39).

ALABAMA

Hydroseisms from the Alaska
earthquake were recorded in 20 ob-
servation wells scattered through-









The distribution of hydroseisms
at Colorado gaging stations was
unusual. Fourteen were recorded
on the western slope of Colorado,
but not one was recorded in the en-
tire eastern half of the State.
About 40 stations were out of oper-
ation due to ice conditions at the
time of the quake. No doubt some
of these stations would have re-
corded the earthquake if they had
been operating. The largest seiche
of 0.30 foot recorded at White
River near Meeker was unusual;
for so large a fluctuation, there was
no coda portion. The water level
returned instantaneously to nor-
mal level.

CONNECTICUT

Neither wells nor stream gages
in Connecticut recorded the earth-
quake.

DELAWARE

No report received from Dela-
ware.
FLORIDA

The Alaska earthquake gave
Florida two distinctions. Even
though it is the State farthest from
the epicenter, more wells and more
streams in Florida recorded the
earthquake than in any other
State. It furnished 92 well records
compared with 48 from Michigan,
which had the second largest num-
ber. ILikewise, the fluctuation of
17 feet in a well (Taylor 35) at
Perry, Fla., is the second largest
recorded fluctuation for any well
outside Alaska and is the largest
reported fluctuation in an open-
hole well. The earthquake evi-
dently caused violent water move-
ment in some wells, especially in
the Tampa area, for there one
recorded pen was dislodged, and
at six wells the beaded cable was
thrown off the recorder pulley.
Of the 92 wells in which the earth-
quake was recorded, 49 had fluctu-
ations with a double amplitude
greater than 1 foot. Aftershocks
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were recorded in only one well,
that at Perry, Fla.

A few wells in Florida were re-
sidually affected by the earth-
quake. A well in Clay County on
the crest of a water-table high re-
corded a “normal” hydroseism of
large size, but immediately after-
ward the water level began a slow
decline (fig. 13). This decline
continued for several weeks until
the water level finally stabilized
about 4 feet below the preearth-
quake level. This prolonged de-
cline may indicate that the earth-
quake caused water-table highs to
be lowered slightly by somehow
facilitating drainage. Water lev-
els in other wells seemed to show
a change in trend coincident in
time with the earthquake. A well
in Hardee County (731-145-1)
showed a sudden drop of 0.4 foot
coincident with the initial phase
of the earthquake, and a “coda”
portion then registered at the
lower level. From the chart it
would appear that the drop in
level must have some physical
significance.

Practically every surface-water
gage in Florida recorded the
Alaska earthquake. The records
were so numerous that copies of
only the 93 best records were sub-
mitted. The maximum hydro-
selsm at a gage was 0.66 foot.

The gages on some tidal streams
and canals of coastal Florida are
equipped to record both stage and
deflections of velocity vanes.
From the record of the deflections,
the changes in velocity and in di-
rection of flow can be calculated.
Two examples of such records are
shown in figure 14, The records
of these gages promise some inter-
esting interpretations if studied
further.

GEORGIA

The hydroseism recorded in a
Piedmont well at the Georgia
Nuclear Laboratory, Dawson
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County, enabled the author to
score a scientific “first.” Upon
examining the recorder chart on
the day after the earthquake he
realized from study of previous
hydroseisms from this well that
the earthquake was of great mag-
nitude. He telephoned his find-
ings to the Atlanta Journal-Con-
stitution, and the Sunday paper
reported that the quake was
greater than an 8.3 magnitude and
“may be bigger than any quake yet
recorded instrumentally.” This is
the first and only instance known
where a hydroseism has provided
an estimate of earthquake magni-
tude as quickly as one furnished
by seismologists.

Of the 24 hydroseisms recorded
in Georgia wells, 20 were larger
than 1 foot. Seismic seiches were
also recorded at 26 gaging stations
scattered throughout the Valley
and Ridge, Piedmont, and Coastal
Plain Provinces (fig. 15). Most
of these stations are on fairly
deeply entrenched streams. The
maximum double amplitude was
0.18 foot.

No seiches were recorded or re-
ported from Brunswick or Savan-
nah on the Atlantic coast. This
absence was unexpected because
seiches were so large and numerous
on the gulf coast.

At Brunswick, the water levels
began to rise in all the wells imme-
diately after the quake, and a slow
steady rise continued for about 15
days. The measured rise was 3.3
feet in well E-143, 2.9 feet in well
J-35, 3.0 feet in well J-36, and 2.6
feet in well J-67. The water level
in well J-67 continued to rise after
the others leveled off. Residents of
the area reported that after the
earthquake their wells yielded wa-
ter containing black sooty mate-
rial. The earthquake seemingly
produced a surge so violent that it
loosened black iron sulfide that had
gradually coated well casings,












pipes, and iron fixtures of water
systems. Others reported that for-
mer flowing wells began again to
flow. Most of these were old wells
that had been drilled to a water-
bearing unit of sand and calcareous
sand that lies above the principal
artesian aquifer. These old wells
are from 450 to 500 feet deep and
obtain water from sand at depths
of 350450 feet.

The rise in ground-water level
due to the earthquake was seem-
ingly a permanent change in the
Brunswick area. When piezo-
metric maps for the end of 1962
and 1964 were drawn and com-
pared, the seismic boost in water
level made the two maps look simi-
lar despite increased consumption
that normally would have caused a
decline in regional water levels.

The spring flow used as a public
supply at Cave Spring and water
from the city supply wells at
Cedartown became turbid at the
time of the earthquake and re-
mained so for several days. The
earthquake coincided with ex-
tremely heavy rainfall, so it is not
certain whether one or the other or
both were the cause of this tem-
porary deterioration in water
quality.

HAWAII

Sixteen hydroseisms reported
from wells in Hawaii had recorded
double amplitudes ranging from
0.05 to 1.85 feet. A comparison of
seven of these with the tidal effi-
ciencies of the wells suggests that
tidal efficiency of a well has no re-
lation to the amplitude of a hydro-
seism.

The largest fluctuation in Ha-
waii was not recorded in a well but
in a horizontal tunnel 1,614 feet
long. The tunnel, driven into a
mountain for water, has the inner-
most 24 feet shut off by a 10-foot
bulkhead that holds water at 160~
180 feet of pressure. At the time
of the Alaska earthquake the wa-
ter was discharging and pressure
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was only 126 feet, or 55 p.s.i.
(pounds per square inch). It was
this pressure that fluctuated 4.60
feet owing to the earthquake.

Five seiches were recorded at
gages on the Islands of Kauai and
of Hawaii, the largest having a
double amplitude of 0.17 foot.
The others were all small and
hardly noticeable on the charts.
No seiches were recorded at gaging
stations on the Islands of Oahu,
Maui, or Molokai.

IDAHO

A total of 24 hydroseisms was
reported from Idaho. The most
outstanding is from a well in Latah
County where the double ampli-
ture was more than 5 feet and
where nine aftershocks were reg-
istered. No other well in the State
is known to have recorded more
than one of the aftershocks.

The largest seiche reported from
Idaho was recorded in a pond in
Butte County (fig. 3). The depth
of water in the pond at the time
was 14.10 feet. The maximum
double amplitude was 0.56 foot,
and the fluctuations continued for
about 2 hours and diminished
slowly to a static level. The pond
bottom is in alluvial sand and
gravel of Big Lost River. Only
four other seiches were reported
from gages in Idaho. These were
0.04 foot or less in size and were
all in the Idaho Falls area.

The earthquake worsened the
pumping problem at the Clayton
Silver Mines in Custer County,
Idaho. After the earthquake the
flow of water in the mine increased
from 750 to 1,150 gallons per
minute.

ILLINOIS

A total of 28 hydroseisms was
reported from Illinois wells.
Only two aftershocks were re-
corded, and both were registered
in well DuPage ANL~10.

Seismic seiches were recorded in
Ilinois at two lake stations: Wolf
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Lake at Chicago and Money Creek
at Lake Bloomington. These
seiches were both recorded at 10:00
p-m. c.s.t. on March 27, 1964, and
had a double amplitude of 0.08 foot
at the former and 0.05 foot at the
latter. The Illinois Water Sur-
vey reports that two river gages,
one on the West Branch, the other
on the East Branch of DuPage
River, recorded seiches from the
Alaska earthquake. The fluctua-
tions were 0.04 foot and 0.03 foot,
respectively.

A well in Cook County (37N
14E-22.1b), which taps a Cambro-
Ordovician sandstone and has a
depth of 1,648 feet, reportedly
pumped sand following the quake.
Two wells in Union County re-
portedly yielded muddy water af-
ter the quake.

INDIANA

Twenty-one hydroseisms having
double amplitudes ranging from
0.08 to 8.25 feet were reported from
Indiana wells. Well Marion Ma—
32 was exceptional in that it re-
corded 12 aftershocks, one of the
most complete records in any well
in the United States. This well
is equipped with a recorder oper-
ating with 1:1 vertical gears, so
the Alaska earthquake itself was
shown only as greater than 1 foot,
but oscillations of this amount or
more continued throughout at least
a 2-hour period.

Seismic seiches were recorded at
16 stations in Indiana. Of these,
the maximum fluctuation was 0.39
foot at an auxiliary gage on the
White River near Nora where
fluctuations were recorded over a
period of 55 minutes. Four of the
seiches were on lakes and one was
ON a Teservoir.

IOWA—ALASKA EARTHQUAKE
EFFECTS ON GROUND WATER
By R. W. COBLE

The Alaska earthquake caused
the water levels to fluctuate in
many wells in Towa. The earth-
quake occurred at 9:36 p.m. cs.t.,
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and the L. wave arrived in Iowa
about 9:50 p.m. The LL wave was
calculated to have arrived at Loras
College Seismograph Station, Du-
buque, Towa, at 9:52 p.m., c.s.t., or
03:52 G.c.t. (Dr. William Stauder,
St. Louis Univ., written commun.,
Feb. 26,1965). The timing mech-
anisms on the water-level recorders
on wells in Towa are not precise
enough to determine the exact
minute that the earthquake af-
fected the aquifers in the State,
but there were many indications
that something happened just be-
fore 10 p.m.

Aquifers in Towa responded to
the earthquake waves as shown by
(1) the seismic fluctuations on
some recorder charts; (2) turbid
water in some wells and springs,
probably caused by the disturbance
and movement of silt, clay, and
colloidal particles within the aqui-
fers; and (3) in some wells a per-
manent change, either a rise or
fall, of the water level. These ef-
fects are summarized in figure 16
and in table 4.

At Redfield Dome, the water
levels in several different aquifers
showed various types and amounts
of seismic fluctuations as is shown
in figure 17. In this same area,
two of the four observation wells
drilled to the St. Peter Sandstone
of Ordovician age showed a seismic
fluctuation; the other two showed
no effect. Why some wells are af-
fected and others are not is yet to
be determined.

The best record of a seismic fluc-
tuation is shown on a recorder
chart from an observation well in
the Franconia Sandstone of Cam-
brian -age at Vincent Dome (fig.
18). A seismic fluctuation of 0.23
foot occurred just before 10 p.m.
\\ series of smaller fluctuations
were recorded after the main one.
Many of these can be matched with
some aftershocks; however, many
aftershocks were not recorded.
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16.—Location of reported ground-water disturbances in Iowa caused by the Alaska

earthquake.

e, seismic fluctuation; A, permanent change; M, turbid water.

TABLE 4.—Summary of ground-water disturbances in Iowa caused by the
Alaska earthquake

Aquifer Effect
Locality Seismic Water-level change
System Lithology fluctua- | Turbid| lasting more than
tion water 1 week
(ft)
Ackley. X
Lowered.
Sand and gravel.
Buffalo Center. |- || X
Burlington________ Mississippian Carbonate. .. ___| ... ____|-cooo-_. Lowered 2 ft.
and Devonian.
Ordovician._____ Sandstone....___|.______.__|....._._ Lowered 1.8 ft.
Cairo Dome !_____ Silurian_________ Carbonate._ 1.2
Ordovician______|_____ do..____ 4.7(+7)
Cedar Rapids...__| Silurian_ .4
Clarion Raised.
Clayton.
Clinton._.._______| Cambrian and | Sandstone.....__| (3  |--.._.._. Raised 15 t.3

Hampton
Humboldt._.._____
Iowa Falls________
Lake Milks.

Redfield Dome ¢__.

Rock Rapids..___.
St. Charles...____.
Scarville._________
Sioux City....___.
Stanton.__________

Vincent Dome 4___
Whittier._________

Maississippian._ ..
uaternary._.._._.
retaceous______

Cambrian

Silurian.

Sand and gravel.

Sandstone____._.

Sandstone.
Carbonate .

Raised 18 ft.3
Raised 40-50 ft.3

Several reported
lowered. Sev-
eral reported
raised.

Lowered 10 ft.3

Lowered.
Raised.

Lowered 1 ft.

Do.
Raised 8 ft.3

Lowered 5 or 6 ft.
Raised 51t.3
Lowered 30 {t in
2 days. Raised
40 ft after 7 days.

! Data from Natural Gas Pipeline Co. of

America.

2 Pumping rate fluctuated.

3 Known to have lasted more than 7 months.
¢ Data from Northern Natural Gas Co.
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17.—Water-level fluctuations at Redfield Dome, Iowa.

The seismic fluctuation was so
rapid in observation wells drilled
to the Dakota Sandstone of Creta-
ceous age at Sioux City and the
Ordovician dolomite at Cairo

WATER - LEVEL CHANGE, IN FEET

MARCH 1964

18.—Seismic fluctuations in the Peter-
son 1 well at Vincent Dome, Iowa. Cen-
tral standard time.

Dome that the recorder pens be-
came disengaged from the float-
pulley mechanisms. At Sioux
City, the water-plant operator
could feel air moving in and out
of the well casing as the water level
fell and rose. He noted that this
“sucking and blowing” of air,
which gradually increased in in-
tensity and then slowly dimin-
ished, lasted from 5 to 10 minutes.

Several wells produced turbid
water after the earthquake. The
water generally became clear after
a few hours or a few days of nor-
mal pumping. Similarly, water
from several springs, the water
supply for Humboldt, also became
turbid. These springs, on the bank
of the West Fork of the Des
Moines River, flow from limestone

Central standard time.

of Mississippian age. This water
had always contained less than 5
ppm (parts per million) of sus-
pended matter. On the morning of
March 28, the turbidity ranged
from 70 to 80 ppm. Nearby, water
from several small springs that
discharge through the river bed
was observed to be red, brown, or
blackish brown. The turbidity di-
minished on March 30, but in-
creased again after a few rainy
days during the first part of April.
It did not completely disappear for
another 215 weeks.

In several localities the ground-
water levels seem to have been per-
manently changed. At Sioux City,
the water level in an observation
well, tapping the Dakota Sand-
stone, rose 6 feet and remained
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foot and a half of water covered roads
on both sides of the bayou at Golden
Meadow and neighboring Galiano.
Grand Isle, located right on the Gulf,
apparently didn’t get a ripple from the
strange wave action. At Delacroix
Island, where several boats were washed
from their moorings, one man crawled
along his dock to land on hands and
knees to keep from getting washed away
by the tide.

Between midnight and 01:00 c.s.t. on
March 28, 1964, in the midst of a TV
bulletin giving the first news of the
Alaska earthquake, a special bulletin
announced that a tidal wave had struck
the Louisiana coast, sunk small boats in
Chef Menteur pass, and is now enter-
ing Lake Pontchartrain.

A large barge-mounted drilling
rig on location in Lake Ponchar-
train at lat 30°09.6" N. and long
89°56.8” W. experienced a seismic
wave also. The barge was lifted
approximately 2 feet as tanks were
being flooded to sink it to the bot-
tom. Only one wave was noted.
Tugs in the Industrial Canal,
which with the Gulf Seaway con-
nects Lakes Pontchartrain and
Borgne, reported they experienced
momentary tides of 6 feet or more
(Rex Meyer, written commun.,
June 12, 1964).

Almost all the gages throughout
Louisiana recorded seismic seiches
from the Alaska earthquake. The
largest was 0.90 foot in double am-
plitude. Many others were of
large size, but none showed a coda
portion lasting more than an hour.

MAINE

One hydroseism of 0.19 foot was
recorded in a well at Brunswick,
Maine. This is one of the few
hydroseisms recorded in the New
England States. No surface-wa-
ter gages in the State showed any
effect of the quake.

MARYLAND

The earthquake was recorded in
four wells in Maryland. Al-
though the four all bottom in sand
aquifers, the response of one was
markedly different from the other
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three which showed normal hydro-
seisms. In the fourth well (Dor-
Cd 40) the water-level dropped
0.20 foot during a 25-minute pe-
riod, but this drop is coincident
with a decline due to earth tide,
and it is impossible to separate
visually the effect of each.

The earthquake was also re-
corded at three gages on streams,
but the maximum fluctuation was
only 0.04 foot.

MASSACHUSETTS

The earthquake was recorded in
one well in western Massachusetts.
The well, which penetrates Stock-
bridge Limestone, registered a
fluctuation of 0.62 foot.

MICHIGAN

The State of Michigan reported
48 hydroseisms in wells—second
only to Florida in the number re-
ported; however, only two wells
recorded aftershocks. A well in
Genessee County, which recorded
three aftershocks, is unusual in
that it bottoms in an old water-
filled coal mine. This type of
construction may possibly be fa-
vorable for recording hydroseisms
because many have been reported
from this well over the years.

Two partly buried reservoirs
owned by the city of Lansing and
equipped with recording gages
showed seismic seiches. In one
reservoir, having a capacity of 7
million gallons, a fluctuation of
1.84 feet was recorded; in the
other, having a capacity of 10 mil-
lion gallons, a 1.25-foot fluctuation
was recorded. The time of occur-
rence at Lansing was 03.55 G.c.t.
on March 28.

The 16 seiches recorded at
gaging stations were all small; the
largest was 0.06 foot in double am-
plitude. Lasting changes in stage
were recorded at two gages: a 0.01-
foot drop on the Cedar River at
East Lansing and a 0.01-foot rise

on the Cass River on the northern
peninsula of Michigan.

MINNESOTA

Although some of the 15 hydro-
seisms reported from Minnesota
were rather large, no aftershocks
were recorded. In each of two
wells in Hennepin County, the wa-
ter level declined 2 feet in 40 hours
following the earthquake. This
decline may have been caused by
local pumping, but the similarity
of record and the timing suggest
that the response may represent
some local effect induced by seismic
waves from the earthquake. In
another well, the water level
changed so rapidly that the ink of
the pen did not flow fast enough to
give a complete record.

Only one seiche was reported
from surface-water gages in Min-
nesota. It had a double amplitude
of 0.03 foot and was recorded on
the Roseau River at Ross.

MISSISSIPPI

The instruments on observa-
tion wells in Mississippi recorded
11 hydroseisms. Of these, five
were on or near the Tatum salt
dome. The response was some-
what anomalous in that the water
level declined instantaneously and
then took several hours to rise to
the preearthquake level.

Of the 22 hydroseisms reported
from surface-water gages in Mis-
sissippi, all were recorded as seis-
mic seiches, and 10 had double
amplitudes of 0.10 foot or greater
The Targest seiche, 0.90 foot, was
recorded on the Pearl River gage
at Monticello.

MISSOURI

Of the 28 hydroseisms in wells
reported from Missouri, some were
quite large and others were quite
unusual.  One well in Greene
County had a fluctuation greater
than 10 feet and, following the
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In New Mexico, the Alaska earth-
quake produced a fluctuation of the
Greenfield observation well in the Ros-
well artesian aquifer of about 13 feet.
This well is comparatively shallow, is
just below the lip of the confining beds,
and is in a part of the aquifer with
transmissibility in the millions. The
Artesia recorder well, located where
the aquifer is deeper, with a trans-
missibility of only 100,000 or so, and
where the strata are becoming more
calcareous near the old reef, had a
fluctuation of only a small fraction of
a foot. * * * Lea Lake, east of the
Pecos and approximately east of Ros-
well, the largest of the Bottomless
Lakes, about 300 feet deep, and an acre
or so in surface area, produced a water
spout said to be about 15 feet high.
Maddox [U.S. Geol. Survey, Roswell]
saw old tires and other objects floating
on the surface of the lake the next
day, these having been cast up from
the bottom. The brine observation
wells at Malaga Bend near Carlsbad,
which fluctuated about a foot from the
Turkish earthquake of about 1939, lost
the record of the Alaskan quake because
the pen of the Friez recorder was
thrown over the cylinder.

Roy Foreman, who runs a con-
cession at Lea Lake, N. Mex., ob-
served the effects of the Alaska
quake on the lake and the follow-
ing 1s a summary of his observa-
tions:

About 9:40 p.m., March 27, 1964,
waves about 10 feet high rose on Lea
Lake. At this time my wife and I heard
a loud noise, which sounded like a
strong wind although it was a calm eve-
ning. The water flowed over a 3-foot
high guardrail which is 54 feet from
the normal port margin. A section of
the guardrail was washed out by the
flow of water. '

Before the earthquake a small trickle
of water flowed from the lake through
a 12-inch culvert. The morning after
the quake, the 12-inch culvert was car-
rying a full capacity of outflow. The
discharge as of August 1964 was still
more than the prequake discharge.

In the Carlsbad area, 6 of 21
gages on flowing streams recorded
hydroseisms, but the 6 hydroseisms
recorded were all of small double
amplitude.  Elsewhere in the
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State, 21 hydroseisms were re-
corded of which 19 were seismic
seiches and 2 were minor changes
in stage.

NEW YORK

Nine hydroseisms were recorded
in New York State wells. These
did not include Saratoga 529 and
Queens 64 which previously had
shown rather outstanding re-
sponses to earthquakes. Recorders
had been removed from both these
wells before the Alaska earth-
quake. The Chautauqua 10 well,
however, had a fluctuation of 2.10
feet and also recorded one after-
shock. It is interesting to note
that this well had a fluctuation of
0.22 foot for the Hebgen Lake
earthquake of August 17,1959. At
another well, the recorder pen
failed during the Alaska quake.

Only four seiches, each less than
0.01 foot, were recorded at stream
gages in New York State. In addi-
tion, one record from the Mahwah
River near Suffern showed a drop
in stage of about 0.01 foot.

NORTH CAROLINA

Three hydroseisms were re-
ported from North Carolina wells;
the largest hydroseism had a dou-
ble amplitude of 1.85 feet.

NORTH DAKOTA

North Dakota reported three
hydroseisms from wells that pene-
trate glaciofluvial sand and gravel.

The earthquake was also re-
corded at two surface-water gages
in the State. The record from one,
on the Cheyenne River near Kin-
dred, is questionable in that it
seemingly was made an hour ear-
lier than it should have although
this may be due to clock error.
The record looks like a seiche of
0.05 foot double amplitude fol-
lowed immediately by a decline in
stage of 0.02 foot. The other gage,
on Jamestown Reservoir near

Jamestown, showed a rise in water
level of 0.07 foot in about 10 min-
utes, declined 0.05 foot during an
approximate 20-minute interval,
and then remained steady for the
next 915 hours.

OHIO

Observation wells in Ohio re-
corded 32 hydroseisms from the
Alaska earthquake. The largest
fluctuation was 5.8 feet in a well in
Van Wert County. Even with so
large a fluctuation, the aftershocks
were not strong enough to be re-
corded, perhaps because the gage-
scale gears were 1:10, and the
record was so compressed that the
minor fluctuations were obscured.

A total of 188 analog recorders
was in operation in Ohio at the
time of the Alaska earthquake, but
only 25 showed any noticeable ef-
fects. The seismic seiches prob-
ably were obliterated at a few of
the gaging stations because of nor-
mal river surging or fluctuation
caused by wind action. The maxi-
mum double amplitude was 0.25
foot on a lake gage near Jefferson,
Ohio. Another gage, 800 feet
away on Mill Creek, recorded a
sharp drop in stage of 0.04 foot fol-
lowed by a rapid rise of 0.03 foot.
The water level then remained
steady at this slightly lower level.
The Mahoning River gage at Al-
liance, Ohio, showed a drop of 0.01
foot at the time of the earthquake.
One other gage, at Atwood Reser-
voir near New Cumberland, also
showed a similar reaction.

OKLAHOMA

Hydroseisms were noted in wells
equipped with water-level record-
ers in the Oklahoma Panhandle,
central, and eastern parts of the
State. The fluctuations in water
levels were more than 1 foot in
wells in the panhandle, in Grady
County, and in the Arbuckle
Mountains; about 0.4 foot in a well
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