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BEGINNING OF GEOMAGNETIC OBSERVATIONS AT HAWAIIAN VOLCANO OBSERVATORY 
By G. A. MACDONALD 

FIGURE; 1. Kilauea Caldera and environs, showing locations of Observatory and permanent magnetometer stations. 

For the past several years the staff of the Hawaiian 
Volcano Observatory has wanted to start geomagnetic 
measurements at Kilauea and Mauna Loa volcanoes. 
Results obtained by workers on volcanoes in other areas, 
especially Japan (Kato, 1933-35; Takahasi and Hirano, 
1941), have suggested that magnetic measurements in 
Hawaii might give information on magmatic conditions 
and movements beneath the surface and, in addition, 
might supplement other methods in predicting eruptions. 
Preliminary studies by Omer (1945) suggested some 
correlation between volcanic conditions on the island of 
Hawaii and small variations in the magnetic field at 
Honolulu, nearly 200 miles away. 

The opportunity to begin magnetic studies came early 

in 1950 when two Wolfson vertical magnetometers were 
made available to the Volcano Observatory by the Geo
physics Branch of the U. S. Geological Survey. H. R. 
Joesting and J. H. Swartz of the Geophysics Branch, 
accompanied by R. E. Wilcox of the General Geology 
Branch of the Geological Survey, spent the first 3 weeks 
of February, 1950, at the Observatory setting up pro
cedures to be followed, calibrating instruments, and 
instructing Observatory personnel in their use. Joesting 
and Swartz have kindly read and criticized the manu
script of this paper. 

A series of permanent observation stations was estab
lished during February and March on Kilauea and on 
the lower slopes of Mauna Loa. The location of the 
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stations is shown in Figure 1. The number of stations is 
not as great as might be desired, but is limited by the 
amount of time available for the work. 

Each station was set at a point where closely spaced 
set-ups of the magnetometer showed the magnetic field 
to be reasonably regular over an area of approximately 
100 square feet. At each station three concrete hubs 
were set and small pits drilled in them to receive the 
ends of the magnetometer tripod legs. The tripod legs 
are kept at a fixed length when the stations are occupied, 
and each leg is placed on the same hub in successive 
readings at each station. The leveling screws also are 
turned out as nearly as possible to the same distance for 
each set-up. Thus the position of the instrument, both 
horizontally and vertically, is as nearly as possible the 
same for successive readings at a given station. 

It is planned to occupy each station approximately 
once a month, but during some months the Observatory 
staff has not had time to occupy all of the stations. The 
stations are so widely distributed that considerable time 
is needed for travel between them. All the readings of 
each set are made on one day, or on 2 successive days. 

The procedure is as follows. One instrument is set on 
station 0, near the Volcano Observatory at the western 
edge of Kilauea Caldera (Fig. 1). After the reading at 
station 0 is obtained, the instrument is taken to each of 
the other stations and readings obtained at them. Read
ings are made with the north end of the balance pointed 
first east and then west; the average of the two sets of 
readings is used, thus compensating for any small errors 
in orientation and leveling of the instrument. Immedi
ately after the first instrument is removed from station 
0, the second instrument is set up at that station and it 
is read at frequent intervals throughout the time the first 

instrument is in use at the other stations. From the 
readings at station 0, a curve of diurnal variation is con
structed which is used in correcting the readings at the 
other stations. At the end of the traverse the first instru
ment is again set on station 0, and, after correcting for 
diurnal variation, any closing error is distributed linearly 
throughout the time of operation. The instrument is 
recalibrated for sensitivity in the laboratory following 
each series of readings. The corrected scale readings 
are then converted into gammas, and the strength of the 
magnetic attraction at each station is recorded in terms 
of difference in gammas from that at station 0. 

In some respects the program is not ideal, but it rep
resents the best which the limited available time and 
small size of the Observatory staff allow at present. If 
results appear to justify it, it is hoped that the program 
can be expanded and improved in the future. The data 
obtained thus far are shown in the accompanying table. 

Joesting and Swartz again visited the Volcano Ob
servatory in June, 1950, during the eruption of Mauna 
Loa for the purpose of checking on the progress of the 
investigation and the operation of the instruments. Of 
the measurements listed in the table, those for June 12 
were made by them. The others were made by members 
of the Observatory staff, principally C. K. Wentworth 
and the writer, aided during March and April by J. B. 
Orr of the National Park Service. On March 8 and 9, 
1951, F. C. Farnham of the Geophysics Branch made 
measurements with an absolute magnetometer at sta
tion 0 close to the Volcano Observatory and at a newly 
established station close to the seismograph station at 
St. Joseph's School in Hilo. 

It is too soon to attempt much interpretation of the 
results. It is believed possible that the rise of hot magma 
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underground may cause a detectable change in the ver
tical component of the magnetic field at the surface. It 
will be noted in the accompanying table that several of 
the stations (1 to 9) which lie on the line between the 
Observatory and the Mauna Loa seismograph showed a 
decrease in magnetism as related to station 0. Mauna 
Loa erupted on June 1, and there is some possibility 
that the decrease in magnetism at these stations on 
Mauna Loa may have been in some way related to the 
then-impending eruption. However, the distance of the 
closest station from either the eruptive axis of the vol
cano (beneath the summit caldera) or the locality on the 
southwest rift where the eruption took place is so great 
(13 and 20 miles, respectively) that the apparent cor
relation is regarded with little confidence. 

Early in July, soon after the end of the Mauna Loa 
eruption, a line of three stations was established running-
southeastward for 1.5 miles from a point on the recently 
active rift. It is planned to make readings at these sta

tions at intervals of about 6 months during the next few 
years to determine whether any definite discernible 
effect results from cooling of the magma in the rift. 

Variations at the stations on Kilauea have thus far 
been rather irregular. It appears that during the past 
year volcanism at Kilauea may have been at its lowest 
ebb in the historical period, and hence that the time of 
commencement of the magnetic program may have been 
exceptionally favorable in respect to detection of any 
changes which may accompany the return of surficial 
volcanic activity. 
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JANUARY-MARCH, 1951 

VOLCANOLOGY 
January 

The year 1951 commenced with both Mauna Loa and Kilauea 
volcanoes quiescent. During the month of January, 18 earth
quakes were recorded at the Whitney vault on the northeastern 
rim of Kilauea Caldera; 8 of these were recorded also on the 
seismograph on the lower east slope of Mauna Loa. This was 
the smallest number of earthquakes recorded during any month 
since October, 1947. 

At the Whitney vault ground surface tilting was in the main 
southward, following the usual seasonal pattern for this time of 
year. From January 7 to 17, however, there was a sharp north
ward tilting of approximately 2 seconds of arc. Most cracks in 
the vicinity of Kilauea Caldera opened or closed very little. 
Cracks near the southeastern edge of Halemaumau continued to 
open. 

Conspicuous steam clouds rose from Halemaumau on January 
22, after heavy rains. 

February 
Mauna Loa and Kilauea continued quiet during February. The 

seismograph at the northeastern rim of Kilauea Caldera recorded 
25 earthquakes during the month; 16 of these were recorded also 
on the Mauna Loa seismograph. An earthquake felt in the vici
nity of Kapapala at 10: 55 A.M. on February 14 originated at a 
depth of about 7 miles on or near the Kaoiki fault zone near 
Ainapo on the southeastern flank of Mauna Loa. At 7: 26 on 
the morning of February 16 a somewhat stronger earthquake 
was felt from Naalehu to Hilo. It had its origin about 15 miles 
below a point on the northeast rift zone of Mauna Loa near Puu 
Ulaula. Most of the small earthquakes during the month origi
nated at Kilauea. 

Tilting of the ground at the northeast rim of Kilauea Caldera 
continued southward, as is normal for this season of the year. 
There was almost no accumulation of east-west tilt during the 
month. However, because there is normally a westward tilting 
at this time of the year, the absence of tilting may indicate a 
small increase of volcanic pressure beneath Mauna Loa. 

The vents of the 1950 eruption of Mauna Loa were visited on 
February 9 and 10. Steam was issuing from the fissures from 
10,200 to 11,500 feet altitude, and large amounts of sulfurous 
fume were being liberated in the vicinity of 10,000 feet. The 
source cracks were still warm, but no heat could be detected in 
most of the thin flows near the vents. The thick flows near the 
highway in Kona are still hot beneath the surface. Fume was 
visible on the southwest rift from the Volcano Observatory on 
the afternoon of February 16. 

During heavy rains in late February, spectacular steam clouds 
rose from Halemaumau, giving evidence that the vent of Kilauea 
Volcano is still very hot only a short distance below the surface. 

March 
The period of quiet at Hawaiian volcanoes which began in late 

December continued through March. The seismograph at the 
northeast rim of Kilauea Caldera recorded 27 earthquakes dur
ing the month, 2 more than were recorded during February. Only 
14 of these were recorded at the Mauna Loa station. A quake 

which was felt in the Volcano district and Hilo on the evening 
of March 14 originated at a depth of about 7 miles on the east 
rift zone of Kilauea, 5 miles east-northeast of Makaopuhi Crater. 
At 6: 41 A.M. on March 20 another earthquake was felt by a 
few persons in the Puueo district of Hilo. This quake had its 
origin about 6 miles below the eastern slope of Mauna Loa, 3 
miles east of Kulani Cone. From March 15 to 19 several small 
earthquakes originated on the western slope of Mauna Loa near 
Kealakekua, possibly on the fault which runs out to sea at the 
northern edge of Kealakekua Bay. 

Tilting of the ground surface at the northeastern rim of Ki
lauea Caldera continued southward through March. Southward 
tilting is normal during this part of the year. However, from 
March 7 to 17 the tilting was distinctly more rapid than normal, 
indicating a slight decrease of volcanic pressure beneath Kilauea 
Caldera. This, like the short spell of northerly tilting in January, 
indicates fluctuation of pressure, demonstrating that the lava 
column beneath Kilauea Caldera is still mobile. Slight westward 
tilting also occurred during the month, as is usual at this season. 

Table of Tilt at Seismograph Vaults on Rim of Kilauea Caldera 

Beginning 

December 31 
January 7 

14 
21 
28 

February 4 
11 
18 
25 

March 4 
11 
18 
25 

Whitney Vault 
(Northeast rim) 

Amount 

0.9" 
0.8" 
0.7" 
2.0" 
0.6" 
1.2" 
1.5" 
1.5" 
1.6" 
2.1" 
4.1" 
1.2" 
0.6" 

Direction 

S 45° W 
N38° E 
N 
S 35° E 
S 37° W 
S 45° W 
N38° E 
S 35° E 
S 42° W 
S 26° W 
S 5°W 
S 16° W 
W 

Uwckahuna Vault 
(West rim) 

Amount 

0.4" 
0.7" 
1.5" 
2.4" 
0.2" 
1.2" 
1.5" 
2.3" 
2.4" 
1.5" 
0.7" 
0.5" 
0.4" 

Direction 

S 56° W 
S 26° W 
N70° W 
N15° W 
N 2 7 ° E 
S 70° E 
S 58° W 
N 78° E, S 52° W 
N78° E 
E 
S 15° E 
S 79° E 
N 6 3 ° E 

TltTING OF THE GROUND 

At the Whitney Laboratory of Seismology, situated at the site 
of the original Volcano Observatory building on the northeastern 
rim of Kilauea Caldera, ground tilting was in the southward 
direction, normal for this season of the year, except for a brief 
period of fairly strong northward tilting from January 7 to 17 
and another less marked period of northward tilting from Feb
ruary 10 to 21. There was a slight eastward tilting in January 
and almost no accumulation of east-west tilt in February. How
ever, since the normal seasonal tilting is westward in February, 
both the January and February records indicate a small increase 
in volcanic pressure beneath Mauna Loa. Normal westward tilt
ing continued through the month of March. Records of tilting at 
the Uwekahuna vault are not yet long enough to determine the 
normal pattern of seasonal tilting at that locality. 
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CRACK MEASUREMENTS 

The only crack which showed much change in width during 
the 3-month period preceding March 31 is the one which crosses 
the tourists' observation platform at the southeastern edge of 
Halemaumau. That crack opened 1.1 centimeters at the northern 
end, the amount of opening decreasing southward to zero at a 
point between measuring stations 8 and 9, south of the observa
tion platform. Crack 37, on the floor of Kilauea Caldera about a 
quarter of a mile southeast of Halemaumau, opened 1 millimeter; 
crack 101-A, near Chain of Craters Road about 0.2 mile north
west of Devil's Throat, closed about the same amount. 

TEMPERATURE MEASUREMENTS 

The temperature of the steam well at the Sulphur Bank meas
ured 204.5° F . on December 31 and January 30, and 205° F. on 
March 1 and March 31. 

SEISMOLOGY 
Earthquake Data, January-March, 1951 

(Based on Bosch-Omori seismograph on rim of Kilauea Caldera) 

Minutes Local 
Week of Very Mod- Seis- Telc-

Bcetaning Tremor Feeble Feeble Slight erate Strong mieity* seisms 

Dec . 31 S 1 0 1 0 0 3.75 0 
Jan. 7 0 0 0 0 0 0 0.0 0 
Jan. 14' 4 0 0 0 0 0 1.0 0 
Jan. 21 5 1 0 0 0 0 1.7S 0 
Jan. 28 2 0 0 0 0 0 0.5 0 
Feb. 4 3 0 0 0 0 0 0.75 0 
Feb. 11 6 1 0 2 0 0 6.0 2 
Feb. 18 1 6 0 0 0 0 3.25 1 
Feb. 25 2 3 0 0 0 0 2.0 0 
Mar. 4 4 5 0 0 0 0 3.5 1 
Mar. 11 3 4 1 1 0 0 5.75 0 
Mar. 18 5 1 1 0 0 0 2.75 0 
Mar. 25 1 0 0 0 0 0 0.25 0 

•For definition of local seismicity, see Volcano Letter 371. 

The data for the following local disturbances were determined 
from seismograph stations operated on the island of Hawaii by 
the Hawaiian Volcano Observatory. Locations given are epi
centers. The arrival times are given to the closest minute in 
Hawaiian Standard time, which is 10 hours slower than Green
wich. The number preceding each earthquake is the serial num
ber for the current year. The intensity rating (Feeble, Mod
erate, etc.) given is that for the Whitney Laboratory at the 
northeast rim of Kilauea Caldera. If the intensity was greater at 
one of the other stations, the name of that station and the inten
sity rating there are given in parentheses after the rating at the 
Whitney station. 

University of Hawaii: 

T. A. Jaggar, Geophysicist 

Seismograph Station Operators: 
Hilo Station: 

Brother B. T. Pleimann, St. Joseph's School 

Kealakekua Station: 

H. M. Tatsuno, Konawaena School 

H A W A I I A N VOLCANO RESEARCH ASSOCIATION 
In cooperation with the UNIVERSITY OF HAWAI I 

The Hawaiian Volcano Research Association was found
ed in 1911 for the recording; and study of volcanoes in the 
Hawaiian Islands and around the Pacific Ocean. Its 
equipment at Kilauea Volcano, Hawaii Island, has been 
transferred to the United States Geological Survey. 

The University of Hawaii cooperates in maintaining a 
research laboratory at Kilauea. The Association and the 
University supplement the work of the government with 

research associates, instrumental equipment, and special 
investigations. Dr. T. A. Jaggar is their geophysicist resi
dent at Kilauea. 

The Volcano Letter, a quarterly record of Hawaiian 
volcano observations, is published by the University of 
Hawaii and supplied to members of the Research Asso
ciation and to exchange lists of the above establishments. 

1. Jan. 3, 03:39, very feeble. 
2. Jan. 6, 04 : 58, slight. Southwest rift of Mauna Loa at about 

8,000 feet altitude. 
3. Jan. 26, 06 : 40, very feeble. 
4. Feb. 14, 10: 55, slight (moderate, Mauna Loa) , felt at Ka-

papala. Kaoiki fault near Ainapo, about 7 
miles deep. 

5. Feb. 16, 07:26, slight (moderate, Mauna Loa) , felt from 
Hilo to Naalehu. Northeast rift of Mauna 
Loa near Puu Ulaula, about 15 miles deep. 

6. Feb. 16, 18 : 58, very feeble. 
7. Feb. 20, 20 : 01, very feeble. 
8. Feb. 20, 20: 47, very feeble. 
9. Feb. 20, 2 1 : 47, very feeble. 

10. Feb. 21, 2 1 : 26, very feeble. 
11. Feb. 23, 03 : 41, very feeble. 
12. Feb. 24, 17 : 39, very feeble. 
13. Feb. 26, 01 : 28, very feeble (feeble, Kona) . 
14. Feb. 26, 09 :21 , very feeble. 
15. Feb. 28, 14:13, very feeble. 
16. Mar. 5, 03 : 53, very feeble. 
17. Mar. 5, 03 : 56, very feeble. 
18. Mar. 5, 09: 33, very feeble. 
19. Mar. 5, 16 : 44, very feeble. Northeast rift of Mauna Loa. 
20. Mar. 8, 16: 30, very feeble. Nearly under Hilo, about 25 

miles deep. 
21. Mar. 14, 03:47, very feeble. Hilina fault, southeast of Ki

lauea Caldera. 
22. Mar. 14, 03 : 48, feeble. East rift of Kilauea. 
23. Mar. 14, 20: 50, slight, felt in Hilo and Volcano areas. East 

rift of Kilauea 3 miles east-northeast of Na-
pau Crater, about 7 miles deep. 

24. Mar. 15, 04: 38, very feeble (feeble, Mauna Loa) . West slope 
of Mauna Loa near Kealakekua. 

25. Mar. IS, 11: 34, very feeble. 
26. Mar. 15, 16:43, very feeble (slight, Kona) . West slope of 

Mauna Loa near Kealakekua. 
27. Mar. 20, 06: 42, feeble, felt in Puueo. East slope of Mauna 

Loa 3 miles east of Kulani Cone, about 6 
miles deep. 

28. Mar. 24, 06:28, no record at Kilauea (very feeble, Kona) . 
West slope of Mauna Loa. 

29. Mar. 24, 22: 33, very feeble. 

TELESEISMS 

Locations of the epicenters are from the notices of Preliminary 
Determinations of Epicenters published by the U. S. Coast and 
Geodetic Survey. 

Jan. 13, 12: 20, slight. About 150 miles east of Alaska Penin
sula. 

Jan. 17, 11: 17, slight. Southeastern New Guinea. 
Feb. 19, 12: 38, moderate. About 500 miles west of Easter 

Island. 
Mar. 10, 12: 06, slight. Fiji Islands region. 

U. S. Geological Survey: 

Gordon A. Macdonald, Volcanologist, Director 

Chester K. Wentworth, Geologist, part-time 

John C. Forbes, Laboratory Mechanic 

LaVieve G. Forbes, Secretary, part-time 

STAFF OF H A W A I I A N VOLCANO OBSERVATORY 
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THE KILAUEA EARTHQUAKE OF APRIL 22, 1951, AND ITS AFTERSHOCKS 

By GORDON A. MACDONALD 

At 2 : 52 Hawaiian time, on the afternoon of April 22, 
the southern part of the island of Hawaii experienced 
the strongest earthquake in this area since 1929, and 
possibly since 1908. The epicenter of the quake lay just 
east of Kilauea Caldera. The intensity of V, on the 
modified Mercalli scale, was essentially uniform for 30 
miles northeast and southwest of the epicenter, to Hilo 
and Naalehu, respectively. This uniformity of intensity 
over such a broad area indicates that the origin of the 
earthquake was at a considerable depth, probably 25 to 
30 miles. It was impossible to determine either the epi
center or the depth of origin instrumentally, because all 
the seismographs of the local net were dismantled by 
the beginning of the preliminary waves. The operator 
of the Hilo seismograph station, Brother Bernard T. 
Pleimann of St. Joseph's School, reached the dismantled 
instrument and reassembled it in time to record the coda 
of the earthquake. Shaking continued on the Hilo in
strument for 16 minutes. 

The preliminary determination of epicenter, issued by 
the U. S. Coast and Geodetic Survey on April 24, gives 
the time at the origin as 00: 52:21 on April 23, Green
wich time, and the magnitude on the Gutenberg-Richter 
scale as 6.5 as determined at Pasadena and 6.0 at Berke
ley. 

The earthquake was felt generally over the island of 
Hawaii and by many persons on the islands of Maui 
and Oahu. Damage resulting from the quake was slight. 
On the southern part of the island of Hawaii many 
small objects were overturned, and some dishes were 
broken. Many, but not all, pendulum clocks were 
stopped. A water pipe was broken at the Volcano Ob
servatory, and a plate glass window at Glenwood was 
cracked. Water slopped over the rims of some tanks. 
Small earth slips occurred in road cuts between Kilauea 
Caldera and Hilo, and north of Hilo along the Hamakua 
Coast. Several rock slides occurred on the walls of Ki
lauea Caldera and a very large number on the unstable 
walls of Halemaumau crater. All the latter were small. 
No large blocks of the crater rim were displaced, al
though many cracks near the rim were widened appre

ciably. The crack which crosses the tourist area at the 
southeast rim of the crater opened 6 mm. at the time of 
the earthquake and 3 mm. more during the period of 
aftershocks. Small slides continued in Halemaumau for 
about a week after the big earthquake. Small rock ava
lanches occurred on the walls of Alae and Makaopuhi 
craters, on the east rift zone of Kilauea, and Superinten
dent F. R. Oberhansley of Hawaii National Park re
ported rock falls at the cliffs of Hilina Pali and Puu 
Kapukapu, on the southern shore of the island. Minor 
cracking of the highway occurred at the northeast rim 
of Kilauea Caldera, Rj mile southeast of the Whitney 
Laboratory (Fig. 1), apparently caused by settling of a 
thin fill under the pavement when the block at the edge 
of the caldera moved forward slightly. Cracking in the 
soil also was observed at several places north and east 
of Kilauea Caldera, apparently caused by lurching of 
the soil. No surface faulting was observed. 

The Bosch-Omori seismograph at the Whitney Lab
oratory on the northeast rim of Kilauea Caldera (Fig. 
1) and the vertical seismograph at Uwekahuna were 
dismantled. The vertical seismograph was back in oper
ation at 15:20, but resumption of recording on the 
Bosch-Omori seismograph was delayed until 16:45 by 
electric power failure caused by the earthquake. The 
wire suspensions on the heavy mass of one component 
of the Hawaiian-type seismograph at the Mauna Loa 
station were broken, and the mass, weighing approxi
mately 225 pounds, was deposited on the floor of the 
vault, 3 feet from its proper position. At the Uweka
huna vault, the wire suspensions on both components of 
a semiportable tiltmeter were broken and the horizontal 
pendulums, each weighing 35 pounds, dropped onto the 
pier. The breaking of the wire suspensions, which have 
considerable strength under normal conditions of lateral 
swing of the pendulums, suggests a vertical dancing of 
the pendulums. This, together with the dismantling of 
the vertical seismograph, which is seldom dismantled 
even by strong earthquakes, appears to indicate a high 
angle of emergence of the earthquake vibrations, conso
nant with a deep origin nearly beneath Kilauea Caldera. 
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FIGURE 1. Map of Kilauea Caldera and vicinity, showing the epicenters of the large earthquake of April 22 and 
its aftershocks in relation to fault zones and the rift zones of Kilauea volcano. The epicenter of earthquake 35 
was estimated on non-instrumental grounds and its location is only approximate. 

Damage to the seismographs and tiltmeters made it 
impossible to determine with certainty the direction of 
tilt during the earthquake, but it probably was south
eastward at the Whitney station and eastward at Uwe-
kahuna. The direction of first motion of the earthquake 
was south and east at the Whitney station, and down 
at the vertical seismograph at Uwekahuna. It is believed 
that the earthquake accompanied a marked subsidence 
at Kilauea, probably caused by a decrease of volcanic 
pressure at depth. Subsidence is suggested by the direc
tion of first motion, the probable direction of tilt, and 
the observed generalization that the strongest local 
earthquakes generally, if not always, accompany subsi
dence rather than tumescence. It is interesting that the 
subsidence was immediately followed by the beginning 
of rapid northward tilting of the ground at the Whitney 
station, apparently indicating restoration of the pressure. 
This rapid northward tilting continued until June 8 (see 
section on Volcanology, page 4) . 

At 04: 53: 53 H.S.T. on April 22, the major earth
quake was preceded by a moderate earthquake which 
originated at a depth of about 21 miles on the east rift 
zone of Kilauea volcano, 10 miles east of the caldera 
(Fig. 1, location 34). 

During the 7 days following the major shock, 108 

earthquakes were recorded on the Volcano Observatory 
seismographs. Of these, 71 occurred on April 22 and 
23. More than half were tremors, too small to permit 
identification of separate phases in the record. Figure 
2 is a graph of daily seismicity from April 20 to 30, de
rived by assigning a numerical value to each earthquake, 
depending on its intensity, and totaling these values 
for each day. The scale of seismicity in use at the Ha
waiian Volcano Observatory is an arbitrary one, based 
on the amplitude of the record produced by the earth
quake on the seismographs. It has previously been de
scribed by A. E. Jones.1 The grades of earthquake in
tensity and numerical values assigned to them are listed 
in the accompanying table. 

As indicated in the table, earthquakes of seismicity 
value 1 to 4 correspond approximately to the same nu
merical grades in the Rossi-Forel and modified Mercalli 
scales of earthquake intensity. However, because the 
Volcano Observatory scale is based on instrumental 
effects, the correspondence to the other intensity scales 
and the descriptions of non-instrumental effects in the 
table are not always exact. 

All earthquakes producing a double amplitude of os-
1 JONES, A. E., CHART OE KILAUEA SEISMICITY. Volcano Letter 

371: 1-3. 1932. 
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dilation of more than 60 mm. on the Bosch-Omori seis
mograph are classified as strong, and receive the same 
seismicity rating. Thus the big earthquake of April 22 
received the same seismicity value as the much smaller 
"s t rong" earthquakes which took place on April 23 and 
26. If allowance were made for this, the seismicity on 
April 22 would be somewhat increased. The high seis
micity on April 22 and 23 results principally from the 
large number of very small aftershocks ( tremors and 
very feeble earthquakes) on those days. 

Most of the aftershocks were too small to be located, 
phase arrivals not being recognizable on the seismo-
grams, or recognizable only on the record of one station. 
Only 19 could be located with reasonable certainty. The 
epicenters of these are shown in Figure 1, in which the 
number accompanying the cross indicating the epicenter 
is the serial number of the earthquake for the current 
year. The date, time, and intensity of the earthquake 
are given following its serial number in the table in the 
section on Seismology, pages 4 and 5. All the located 
aftershocks were of comparatively shallow origin. The 
deepest was that at 03 :57 on April 26 (Serial No. 73 ) , 
at a depth of about 11 miles on the east rift zone of 
Kilauea. Most of the others originated at depths of 3 to 
8 miles. 

In general, the aftershocks fall into two groups, one 
distributed along the rift zones of Kilauea volcano, and 
the other associated with the Kaoiki fault zone along 
the southeast slope of Mauna Loa and the prolongation 
of the Kaoiki zone northeastward beyond any recognized 
surface fault offsets. I t is of interest to note that the 
northeastward continuation of the Kaoiki fault was 
suggested years ago by H . O. Wood,2 who also found 
an apparent clustering of earthquakes along this line. 
The Kaoiki fault zone lies at, or close to, the surface 
contact between Kilauea and Mauna Loa volcanoes. The 
earthquake activity along this zone possibly resulted 

' WOOD, H. O. A CONSIDERATION OF RECENT EARTHQUAKES LO
CAL TO HAWAII, AND OF THE SEISMOLOGICAL PROBLEM THEY INDI
CATE. Hawaiian Volcano Obs. Bui. 3(5) : 56-57. 1915. 

FIGURE 2. Graph showing seismicity at the Whitney Labor
atory, at the northeast rim of Kilauea Caldera, during late April, 
1951. 

from relative downward movement of Kilauea along the 
Kaoiki faults in response to decrease of volcanic pres
sure beneath Kilauea. 

Many of the small aftershocks, which could not be 
definitely located, appear almost certainly to have origi
nated beneath Kilauea Caldera or along one of the rift 
zones in the immediate vicinity of the caldera. Two of 
the quakes originated along the Hilina fault zone near 
the southern coast of Kilauea. 

COMPARISON OF EARTHQUAKE INTENSITY SCALES 

H A W 

Designation 

Tremor 

Very feeble 

Feeble 

Slight 

Moderate 

Strong 

A I I A N VOLCANO OBSERVATORY SCAI 

Double amplitude of motion 
on Bosch-Omori seismograph* 

mm. 

< X 

J4-4 

4-11 

11-25 

25-60 

> 60 

-E 

Seismicity 
value 

14 

14 

1 

2 

3 

4 

EFFECTS 

Not felt. 

Not felt or only very rarely felt by very few 
persons in especially favorable positions, 
usually lying down. 

Not felt or felt only by a few persons in 
favorable positions. 

Felt by many persons at rest. Hanging 
objects may swing. 

Felt generally, by persons in or out of doors. 
Hanging objects swing. 

Felt by everyone or nearly everyone. Objects 
swing. Dishes, doors, and windows rattle. 
Minor damage may result. 

APPROXIMATE 
GRADE I N 

ROSSI-FOREL 
AND MODIFIED 

MERCALLI 
SCALES 

I 

II 

III 

IV-V 

* Static magnification of Bosch-Omori seismograph is approximately 115. 
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR APRIL-JUNE, 1951 

VOLCANOLOGY Table of Tilt at Seismograph Vaults on Rim of Kilauea Caldera 

April 

The volcanic quiescence of the first quarter of the year con
tinued into April. It was shattered on April 22 by the heavy 
earthquake and swarm of aftershocks described on previous 
pages. Seismographs of the Hawaiian Volcano Observatory re
corded 132 earthquakes during the month of April. Of these, 
108 were aftershocks of the big earthquake of April 22. The 
Kilauea origin of most of the shakes is shown by the fact that 
12S of them were recorded on the instruments at the rim of 
Kilauea Caldera and only 89 of them at the Mauna Loa station. 

The distinct uneasiness of Kilauea volcano was further shown 
by the commencement, on June 24, of fairly rapid tumescence 
of the volcano, expressed by northward tilting at the Whitney 
Laboratory at a rate considerably in excess of the normal rate 
for that time of year. It should be noted also that the reversal 
from southward to northward tilting came nearly a month earlier 
than usual. 

May 

The rapid northward tilting of the ground at the northern 
rim of Kilauea Caldera, which commenced in April, continued 
throughout May. By the end of the month a total of 6 seconds 
of arc of northerly tilting had accumulated. This rate is approxi
mately twice as great as the normal rate of northward tilting 
at this season of the year, and indicates a continued increase of 
volcanic pressure beneath Kilauea. Some cracks on the floor of 
the caldera and along the Chain of Craters road opened slightly 
during the month, possibly in response to tumescence of the 
mountain. 

Volcano Observatory seismographs recorded 41 earthquakes 
during May. Of these, 36 were recorded at the Whitney Labor
atory and 20 at the Mauna Loa station. A feeble earthquake, 
felt by a few persons in the Volcano district just after noon on 
May 17, originated under Kilauea volcano, about 6 miles south 
of the crater. 

June 

The marked northward tilting of the ground at the northern 
edge of Kilauea Caldera continued into early June. After June 
8, however, the rate of northward tilting decreased to about 
normal for this season of the year. During late May, the rate 
of eastward tilting was approximately normal for that season. 
However, on June 3, it became appreciably greater than normal 
and continued above normal for the remainder of the month, in
dicating an increase of volcanic pressure beneath the summit area 
of Mauna Loa. 

During June, 42 earthquakes were recorded on the seismo
graphs. Of these, 28 were recorded at the Whitney Laboratory 
and 29 at the Mauna Loa station. Slight earthquakes were felt 
by some persons from the Volcano district to Hilo at 10: 49 
P.M. on June 7 and 8:32 A.M. on June 11. Both originated on 
the east rift zone of Kilauea volcano, the first near Pauahi 
crater, and the second 6 miles southwest of Pahoa. A series of 
small earthquakes (mostly tremors) on June 18 and 19, recorded 
only on the Mauna Loa seismograph, indicate some movement 
on the northeast rift zone of Mauna Loa. 

The northern end of the crack which crosses the observation 
area at the southeast rim of Halemaumau crater opened another 
3 mm. during June. Other cracks in the vicinity also opened 
slightly. 

The temperature of the steam at the Sulphur Bank well re
mained at 205° F. from March 31 to July 2. 

TELESEISMS 

Locations of the epicenters are from the notices of Preliminary 
Determinations of Epicenters published by the U. S. Coast and 
Geodetic Survey. 

April 30, OS : 35, slight. Celebes region. 
May 19, 04 : 59, slight. 
May 19, 06 : 45, slight. 
June 16, 23: 54, slight. Three hundred miles off the Oregon 

coast. 

Week 
Beginning 

A p r i l 1 
8 

15 
22 
29 

M a y 6 
13 
20 
27 

June 3 
10 
17 
24 

A mo u ii 

0.5" 
0.8" 
1.3" 
1.4" 
0.4" 
1.0" 
1.2" 
1.1" 
1.9" 
1.0" 
1.6" 
0.4" 
1.4" 

Whitney Vault 
(Northeast rim) 

t Direction 

N 4 5 ° W 
S 63° E 
S 85° W 
N 2 2 ° E 
N 27° W 
N 7° W 
N 17° E 
N 18° E 
N 15° E 
N 60° E 
S 86° E 
N 56° E 
N52° E 

Uwekaluma Vault* 
(West rim) 

Amount 

0.9" 
0.3" 
0.2" 
1.4" 
0.6" 
1.1" 

2.8" 
0.4" 
1.4" 
2.1" 
1.4" 
0.6" 

Direction 

S 74° W 
N 45° W 
S 72° W 
S 62° W 
N 74° W 
N 81° W 

S 9° E 
S 19° E 
S 17° E 
N 3° W 
N 17° W 
N 53° W 

* Record previous to May 13 from a small, semiportahle tiltmeter. Dur
ing early May, a pair of heavy, horizontal pendulums was installed, and the 
record after May 20 is from this new instrument. The record for the week 
starting; May 13 is considered unreliable because of improper operation of 
the east-west pendulum. 

SEISMOLOGY 

Earthquake Data, April—June, 1951 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea Caldera) 

Week 
Beginning 

A p r i l 1 
8 

15 
22 
29 

M a y 6 
13 
20 
27 

June 3 
10 
17 
24 

Minutes 
of 

Tremor 

3 
/ 
3 

67 
11 
0 
8 
5 
1 
3 
4 
9 
4 

Very 
Feeble 

1 
1 
1 

26 
1 
2 
4 
3 
2 
0 
2 
2 
1 

Feeble 

0 
1 
0 
3 
0 
2 
1 
0 
0 
0 
0 
1 
0 

Slight 

0 
0 
0 
4 
0 
0 
0 
0 
0 
1 
1 
0 
0 

Mod
erate 

0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Strong 

0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Local 
Seis-

micity* 

1.25 
3.25 
1.25 

55.75 
3.25 
3.0 
5.0 
2.75 
1.25 
2.75 
4.0 
4.25 
1.5 

Tcle-
seisms 

0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 

* For definition of local scismicity, see Volcano Letter 371. 

The data for the following local disturbances were determined 
from seismographs operated on the island of Plawaii by the Ha
waiian Volcano Observatory. Locations given are epicenters. 
The arrival times are given to the closest minute in Hawaiian 
Standard time, which is 10 hours slower than Greenwich time. 
The number preceding each earthquake is the serial number for 
the current year. The intensity rating (Feeble, Moderate, etc.) 
given is that for the Whitney Laboratory at the northeast rim 
of Kilauea Caldera. If the intensity was greater at one of the 
other stations, the name of that station and the intensity rating 
there are given in parentheses after the rating at the Whitney 
station. 
30. Apr. 4, 10 : 43, very feeble. 
31. Apr. 13, 01 : 19, very feeble, felt at Waimea. About 8 miles 

southwest of Waimea, shallow. 
32. Apr. 13, 14: S3, feeble. East flank of Kilauea. 
33. Apr. 15, 13 : 36, very feeble. 
34. Apr. 22, 04: 54, moderate, felt at Kapapala and from Vol

cano district to Hilo. East rift of Kilauea 
7 miles S 15° E of Glenwood, 21 miles 
deep. 

35. Apr. 22, 14:52, very strong, felt all over Hawaii Island 
and on Maui and Oahu. East rift of Ki
lauea near the caldera, 25 to 30 miles deep. 

36. Apr. 22, 15:25, very feeble. 
37. Apr. 22, 15:27, very feeble. 
38. Apr. 22, 15 : 41, very feeble. 
39. Apr. 22, 15: 49, very feeble. 
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VOLCANO NOTES AND NEWS 

This new feature of the VOLCANO LETTER is intended 
to furnish the reader with notices of recent volcanic ac
tivity all over the world, notices of recent publications of 
special importance to the field of volcanology, and brief 
statements of what other workers in volcanology are do
ing. No attempt will be made to be exhaustive in the 
treatment of any of these. Available space necessitates 
brevity. Accounts of volcanic activity will be credited 
to the person submitting them, or to the source from 
which the\' are drawn. Persons everywhere are urged 
to send in brief accounts of volcanic activity or state
ments of research programs in which they, or fellow 
workers, are involved. Communications should be ad
dressed to the Director, Hawaiian Volcano Observatory, 
Hawaii National Park P. O., Plawaii. 

ERUPTION OF OSHIMA VOtCANO 

Prof. Hisashi Kuno of Tokyo University writes that the 
Oshima volcano became active on July 16, 1950. Oshima occu
pies an island of the Idzu group, about 60 miles south of Tokyo. 
The volcano had been dormant since 1940. The 1950 activity 
built a new cinder cone on the rim of the old crater of Mihara-
yama, a large cone in the caldera of Oshima volcano. The new 

cinder cone reached a height of 100 meters above its base. Lava 
issued from the base of the new cone and filled the bottom of 
the old Mihara crater. On September 13, several tongues of 
lava overflowed the rim of Mihara crater and reached the floor 
of the caldera. The temperature of the lava was 1200° C. in a 
lava fountain, 1090° at the origin of one of the flows which 
spilled out of the crater, and about 900° at a point where the 
flow had nearly ceased moving. The viscosity of the lava was 
3 X 10" c.g.s. at a point where the temperature was about 1000°. 
The eruption ended abruptly on September 23. The erupted lava 
is augite-hypersthene basalt, closely similar to that of the 1778 
eruption. 

The total amount of erupted material, including cinder, was 
estimated by S. Marauchi [Natural Science and Museum 17 (4) : 
19. 1950] as 48,000,000 tons. 

ERUPTION OF SANTIAGO VOLCANO 

Santiago volcano, in southwest Nicaragua, resumed solfataric 
activity early in 1946, after 19 years of dormancy. The fumes, 
containing sulfur dioxide and sulfuric acid, have been causing 
great damage to near-by coffee plantations. An investigation of 
the activity and of the accompanying crop damage was made in 
April, 1951, by Ray E. Wilcox of the U. S. Geological Survey. 
Plans are going forward in cooperation with the U. S. Depart
ment of Agriculture for alleviation of injury to the coffee plan
tations by the volcanic fumes. 

40. Apr. 22, 15 : 50, very feeble. 
41. Apr. 22, 15 : 51, very feeble. 
42. Apr. 22, 16 : 08, very feeble. 
43. Apr. 22, 16 : 14, very feeble. 
44. Apr. 22, 16 : 49, very feeble. 
45. Apr. 22, 17: 19, feeble. East rift of Kilauea 7 miles east 

of the caldera, about 8 miles deep. 
46. Apr. 22, 17 : 30, very feeble. 
47. Apr. 22, 18: 46, very feeble. Southwest rift of Kilauea near 

Mauna Iki, about 5 miles deep. 
48. Apr. 22, 20 : 30, tremor (very feeble, Mauna Loa) . 
49. Apr. 22, 2 1 : 11, tremor (very feeble, Mauna Loa) . 
50. Apr. 22, 23 : 30, very feeble. 
51. Apr. 22, 23 : 40, very feeble. Kaoiki fault near Ainapo. 
52. Apr. 23, 00: 17, very feeble. 
53. Apr. 23, 02 : 46, very feeble. 
54. Apr: 23, 03 : 04, very feeble. Kaoiki fault near Kapapala. 
55. Apr. 23, 03 : 27, very feeble. 
56. Apr. 23, 04: 37, very feeble. 
57. Apr. 23, 04: 40, slight. East rift of Kilauea 2 miles south 

of Makaopuhi, 4 miles deep. 
58. Apr. 23, 04:41 , slight. Three miles north of Kilauea Cal

dera, about 5 miles deep. 
59. Apr. 23, 04: 44, feeble. Near Kulani cone, about 7 miles 

deep. 
60. Apr. 23, 05 : 24, very feeble. 
61. Apr. 23, 05: 48, slight. Five miles northwest of Kilauea 

Caldera, about 6 miles deep. 
62. Apr. 23, 06 : 13, very feeble. 
63. Apr. 23, 06 : 36, strong, felt in Volcano district. Southwest 

rift of Kilauea 2 miles southwest of Ma
una Iki, 5 miles deep. 

64. Apr. 23, 2 1 : 53, very feeble. Southwest rift of Kilauea near 
Puu Koae, about 5 miles deep. 

65. Apr. 23, 22: 16, very feeble. Two miles southwest of Ku
lani cone, about 5 miles deep. 

66. Apr. 23, 22 : 18, very feeble. 
67. Apr. 24, 0 1 : 14, very feeble. 
68. Apr. 24, 0 1 : 29, very feeble. 
69. Apr. 24, 11 : 30, very feeble. Near Bird Park, about 11 

miles deep. 
70. Apr. 25, 11 : 41, very feeble. 
71. Apr. 25, 22: 38, very feeble. 
72. Apr. 26, 00: 57, tremor (very feeble, Mauna Loa). 
73. Apr. 26, 03 : 58, strong, felt in Volcano district. East rift 

of Kilauea near Makaopuhi, about 12 miles 
deep. 

74. Apr. 26, 05 : 51, feeble. Waimea plain about 6 miles east of 
Waimea. 

75. Apr. 28, 07: 38, slight. Four miles east of Kulani cone, 
shallow. 

76. Apr. 29, 16: 19, very feeble. About 3 miles southeast of 
Kulani cone. 

77. May 6, 08 : 53, very feeble, felt by one person in Volcano 
district, and some in Pahala and Naalehu. 
Kaoiki fault zone, 3 miles southwest of 
Pahala 

78. May 7, 12: 36, very feeble. 
79. May 8, 00 : 38, feeble. 
80. May 10, 15 : 24, feeble. East rift of Kilauea near Puu Hu-

luhulu, shallow. 
81. May 13, 00: 24, very feeble. 
82. May 14, 18 : 41, very feeble. Southwest rift of Kilauea near 

Mauna Iki, shallow. 
83. May 15, 22 : 10, very feeble. 
84. May 17, 12:12, feeble. 
85 May 18, 03 : 00, very feeble. 
86. May 20, 13 : 34, very feeble. 
87. May 20, 16:16, very feeble. 
88. May 25, 03 : 10, very feeble. 
89. May 30, 21 : 59, very feeble. 
90. May 31, 09 : 13, very feeble. 
91. June 3, 04 : 45, tremor (very feeble, Mauna Loa). 
92. June 4, 14 : 36, no record at Whitney vault (very feeble, 

Kona). 
93. June 7, 22: 50, slight, felt in Volcano district and by a 

few in Hilo. East rift of Kilauea near Pa-
uahi crater, shallow. 

94. June 11, 08: 33, slight, felt generally from Hilo to Vol
cano district. East rift of Kilauea 6 miles 
west of Pahoa, about 7 miles deep. 

95. June 11, 19:23, tremor (very feeble, Mauna Loa) . 
96. June 12, 12: 12, tremor (very feeble, Mauna Loa) . 
97. June 14, 11 : 12, very feeble. 
98. June 15, 13: 19, very feeble. Probably beneath Kilauea 

Caldera. 
99. June 17, 12:01, very feeble (slight, Mauna Loa) . Nine 

miles west of Mokuaweoweo, about 16 
miles deep. 

100. June 19, 05 : 15, feeble. 
101. June 22, 08: 11, tremor (very feeble, Mauna Loa) . 
102. June 23, 01 : 14, very feeble. 
103. June 27, 07 : 27, very feeble. 
104. June 27, 11:49, tremor (very feeble, Mauna Loa) . 
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PERSONNEL CHANGES AT H A W A I I A N VOLCANO OBSERVATORY 

Ruy H. Finch, Director of the Hawaiian Volcano Observatory 
since 1940, retired late in February and was succeeded by Gor
don A. Macdonald. Mr. Finch first came to the Observatory in 
1919, at a time when it was operated by the United States 
Weather Bureau. From 1919 to 1926, he served as assistant to 
Dr. T. A. Jaggar. When the Observatory was taken over by 
the Geological Survey in 1924, Finch transferred to the Survey. 
He was temporarily in charge of the Observatory, during the 
absence of Dr. Jaggar, throughout most of the great steam ex
plosions of Kilauea volcano in 1924. W e owe the excellent rec
ord of that eruption largely to his personal observations and to 
his organization of volunteer observers to keep a 24-hour watch 
on the volcano. In 1926, the Survey sent Finch to establish the 
volcano observatory at Mount Lassen, in northern California. 
From 1926 to 1935, he operated the Lassen Observatory and 
studied other volcanoes in the Cascade Range. In 1931 and 1932, 
he was the leader of expeditions to study Akutan and Shishaldin 
volcanoes in the Aleutian Islands. Finch left the Lassen Observ
atory in 1935, when it was taken over by the National Park 
Service, and became an apple grower near Watsonville, Califor
nia. In 1940, Dr. Jaggar retired as Director of the Hawaiian 
Volcano Observatory, and Ruy Finch was recalled as his suc

cessor. Through the war years, the work of the Observatory 
was greatly curtailed by reductions in staff and other restric
tions. In spite of these and other difficulties, Finch managed to 
keep the operations going on a basis sufficient to insure the all-
important continuity of records. His prediction of the 1942 erup
tion of Mauna Loa was an outstanding success. 

Ruy Finch's retirement culminates a lifetime of service and 
important contributions to the science of volcanology. Following 
his retirement, Finch returned with his family to Watsonville, 
where he is again an orchardist. His long experience and inti
mate knowledge of Hawaiian volcanoes, as well as his pleasant 
personality and keen wit, will be greatly missed by the Observ
atory staff. Even in retirement, Ruy's great interest in volcanoes 
is certain to continue, and we have every reason to expect fur
ther contributions by him to the science of volcanology. 

Early in May the staff of the Hawaiian Volcano Observatory 
was augmented by the appointment of Dr. C. K. Wentworth as 
full-time geologist. From 1935 until his retirement in early May, 
1951, Wentworth served as geologist for the Honolulu Board of 
Water Supply. Since 1949, he has held a part-time appointment 
at the Volcano Observatory. During the next few months his 
principal scientific activity is expected to lie in the Observatory's 
geomagnetic program, in field studies of volcanic features, and 
in instrumentation. 

University of Hawaii: 

T. A. Jaggar, Geophysicist 

Seismograph Station Operators: 
Hiio Station: 

Brother B. T. Pleimann, St. Joseph's School 

Kealakekua Station: 

Howard M. Tatsuno, Konawaena School 

H A W A I I A N VOLCANO RESEARCH ASSOCIATION 
In cooperation with the UNIVERSITY OF HAWAI I 

The Hawaiian Volcano Research Association was found
ed in 1911 for the recording; and study of volcanoes in the 
Hawaiian Islands and around the Pacific Ocean. Its 
equipment at Kilauea Volcano, Hawaii Island, lias been 
transferred to the United States Geological Survey. 

The University of Hawaii cooperates in maintaining a 
research laboratory at Kilauea. The Association and the 
University supplement the work of the government with 

research associates, instrumental equipment, and special 
investigations. Dr. T. A. Jaggar is their geophysicist resi
dent at Kilauea. 

The Volcano Letter, a quarterly record of Hawaiian 
volcano observations, is published by the University of 
Hawaii and supplied to members of the Research Asso
ciation and to exchange lists of the above establishments. 

STAFF OF H A W A I I A N VOLCANO OBSERVATORY 

U. S. Geological Survey: 

Gordon A. Macdonald, Volcanologist, Director 

Chester K. Wentworth, Geologist 

John C. Forbes, Laboratory Mechanic 

LaVieve G. Forbes, Secretary, part-time 
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THE KONA EARTHQUAKE OF AUGUST 21, 1951 

By GORDON A. MACDONALD and CHESTER K. WENTWORTH 

INTRODUCTION 

The earthquake which shook the island of Hawaii 
early on August 21 probably was the strongest since 
1868, when a series of violent earthquakes did great 
damage in Kau. A special study of the quake has been 
made by the staff of the Hawaiian Volcano Observatory, 
and a detailed report will be published elsewhere. Lack 
of space limits us to a summary here. 

A great many persons have aided us in the investiga
tion. It is impossible to mention individually all who 
have given us information. Special mention should be 
made of Howard M. Tatsuno and Sister Mary Thecla, 
seismograph operators at Kealakekua and Hilo, respec
tively; Miss Nancy R. Wallace, Mrs. Alfred E. Hansen, 
and Allan P. Johnston, who reported on many of the 
aftershocks; Homer A. Hayes, who furnished informa
tion on damage and on other subjects; Mark Suther
land, John Iwane, and Masuoka Nagai, who supplied 
information on damage, especially to tanks ; Commander 
C. A. George and Roland White, of the U. S. Coast and 
Geodetic Survey, who supplied copies of the seismo-
grams of the major quake at Barbers' Point, Oahu, and 
of the tide gauge records from Honolulu and Hilo har
bors. Dr. T. A. Jaggar has read and approved the 
manuscript. To these and all other persons who aided 
the investigation, we extend our sincere thanks. 

NARRATIVE 

At 57 minutes past midnight on August 21, residents 
of the island of Hawaii were awakened by a violent 
earthquake. The violence was greatest in central Kona, 
from Kealakekua to Hookena (Fig. 1). In the vicinity 
of Napoopoo the initial movement appears to have been 
largely up and down, with some swaying in an east-
west direction, changing as the quake continued to what 
appeared to observers to be a somewhat circular motion. 
Noise was intense as doors and windows rattled, dishes 
and furniture crashed to the floor, water tanks col
lapsed, and rocks rolled from banks and stone walls. 
Landslides rushed down the famous burial cliff, Pali 

FIGURE 1. Map of the central Kona district showing the loca
tion of places mentioned in the text, the approximate locations 
of the epicenters of the major earthquake of August 21, 1951, 
and the aftershocks for which reasonably good locations were 
obtained. The inset map of the island of Hawaii shows the loca
tion of the area (shaded) covered by the other map and the 
approximate position of the isoseismal lines for the major earth
quake. 

Kapu o Keoua, at Kealakekua Bay. Within moments 
several houses, churches, and a school building were 
destroyed or badly damaged, many other houses slightly 
damaged, about 200 water tanks destroyed or damaged, 
many miles of stone wall thrown down, roads partly 
blocked by rock slides, road pavements and shoulders 
badly cracked, headstones in cemeteries shifted or over-
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turned, and telephone and electric power lines broken. 
Fortunately, only two small fires broke out, and only-
two persons received minor injuries. 

The ocean was observed withdrawing from shore at 
Napoopoo, and most of the inhabitants of the village 
were quickly evacuated to higher ground in fear of a 
large tsunami, or "tidal wave." A small tsunami actually 
did occur, but it was too small to do any damage. At 
Napoopoo the water surface fell about 4 feet, then rose 
again about 2 feet above its normal level. At Milolii 
the water level dropped about 3 feet, then rose 3 or 4 
feet above its normal position, floating a canoe off the 
beach. The tide gauges at Honolulu and Hilo showed a 
distinct disturbance of the water in the harbors. 

The earthquake was felt fairly strongly by persons on 
the most distant parts of the island of Hawaii and 
weakly by many persons on the island of Maui, and even 
in Honolulu, more than 180 miles from its origin. 
Damage extended for more than 50 miles along the 
highway, from Holualoa to Honuapo (Fig. 1). It was 
greatest in the 12-mile interval from Kealakekua to 
Hookena; but as far away as Naalehu, 37 miles from 
the epicenter of the earthquake, dishes, groceries, and 
bottles were thrown from shelves, stone walls collapsed, 
and some damage was done to structures. At Kilauea 
Caldera, 45 miles from the epicenter, a few objects were 
overturned, pavement was cracked, and numerous land
slides were started on the walls of Halemaumau crater 
and the main caldera. 

The intensity of the earthquake on the modified 
Mercalli scale of 1931, based on damage and other 
effects of the quake, was about 7 in the area near the 
epicenter, decreasing to 4 at the most distant parts of 
the island, and 2 at Honolulu. The approximate dis
tribution of the intensity is shown by the isoseismal 
lines on the insert in Figure 1. 

DAMAGE BY THE EARTHQUAKE 

Many buildings in the Kona area were in some de
gree damaged by the earthquake. Most structural 
damage was minor, however. Some houses shifted as 
much as 3 or 4 inches on their foundations, and many 
were so twisted that it was difficult or impossible to 

FIGURE 2. Church at Hookena Reach, the front (western) 
wall destroyed by the earthquake of August 21, 1951. The walls 
are of lava rock and coral-lime mortar. The debris of the fallen 
wall has been cleared away. 

FIGURE 3. Honaunau School. Note the badly deformed win
dow casings, resulting from the earthquake. In the foreground 
are the fragments of a large water tank. 

open or close doors and windows. In nearly all houses 
dishes and other objects were thrown to the floor, and 
in stores from Holualoa to Pahala canned goods and 
bottles were thrown from shelves. 

As a class, masonry structures suffered the most 
damage. At Hookena the western wall of the Mission 
church, constructed of stone and coral-lime mortar, was 
thrown to the ground (Fig. 2). The upper parts of 
both the eastern and western walls of the Catholic 
church, half a mile north of Hookena, were thrown 
clown. These walls, however, were very weakly con
structed. The walls of St. Paul's Church, near Kainaliu, 
were badly cracked, and there was minor cracking of 
the lintels and interior plaster of Kahikolu Church at 
Napoopoo. The tower of Central Kona Church at 
Kealakekua separated slightly from the main building, 
and its plaster was cracked. 

Only a few frame structures were badly damaged. At 
Hookena the underpinning of two old houses gave 
way and the houses dropped to the ground. Near Kealia 
two other houses were similarly damaged. At Kai-
malino, 0.8 mile south of Kealia, a shop building slumped 
downslope when high posts supporting it at the back 
gave way. A service station at Keokea was damaged in 
the same manner. All these instances of damage to 
frame buildings can be traced to the failure of under
pinning which was unsound because of age, poor ma
terial, or inadequate bracing. The most striking example 
of all was the Honaunau School, where failure of the 
underpinning allowed the building to collapse partly and 
slum]) to the ground, deforming it so badly that it is 
considered a total loss (Fig. 3). The failure there 
appears to have resulted from very inadequate bracing 
in an east-west direction, approximately parallel to the 
direction of sway during the earthquake. 

As in big earthquakes elsewhere, a large proportion 
of the damage to buildings resulted from inferior or 
inappropriate materials, or poor construction. Unrein-
forced stone or brick masonry structures are especially 
subject to damage by strong earthquakes, though even 
in them the use of good mortar and adequate bracing 
of the structure greatly reduces the risk of damage. In 
frame structures footings should he firm, materials 
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FIGURE 4. Stone wall partly destroyed at the City of Refuge, 
Honaunau. The wall is approximately 10 feet high. The dam
aged portion is part of that rebuilt in recent years. 

sound, and cross bracing, particularly of the under
pinning, should be adequate in all directions. The hest 
insurance against earthquake damage is good construc
tion. 

The most serious damage was that to water tanks. 
Kona's water supply comes from rain caught on roofs 
and stored in tub-type wooden tanks. Of a total of 
more than 1,000 such tanks in the heavily shaken area, 
about 200 were destroyed or badly damaged. The loss 
of water supply seriously endangered the health and 
comfort of the community. Tank damage extended 
from Keauhou to Milolii, but was most severe from 
Captain Cook to Hookena. Tanks showed all degrees 
of failure, from the development of slight leaks to com
plete collapse (Fig. 3 ) . 

A more detailed report on the damage to tanks will 
appear in the next Volcano Letter. In summary, it may 
lie said here that the commonest features contributing 
to tank failure appear to have been poor footings and 
inadequate cross bracing of the underpinning. 

Loose stone walls were greatly damaged by the earth
quake. Although the principal damage occurred in the 
area from Keauhou to 3 miles south of Hookena. 
isolated instances of wall damage were observed all the 
way from Naalehu to Honokahau. 5 miles north of 
Holualoa. It is estimated that a total of many miles of 
wall will have to he rebuilt. 

As with other types of structures, well-built walls 
proved surprisingly resistant to earthquake. In the con
struction of many of the older walls, occasional slabs of 
rock were laid largely or entirely through the wall, to 
help bind the; wall together. These walls showed much 
less damage than those in which the loose rocks were 
stacked up with few or no binding slabs. It is interest
ing to note that the remaining portions of the well-built 
ancient walls of the City of Refuge, at Honaunau, were 
undamaged, whereas the recently reconstructed portions 
of the walls partly collapsed (Fig . 4 ) . 

Damage in cemeteries included the shifting, rotation. 
or overturning of headstones (Fig. 5) and the breaking 
of some grave caps. In cemeteries from Kealakekua to 
Honaunau most of the overturned headstones fell west

ward, though in a few cemeteries nearly as many fell 
eastward. This resulted partly from lesser stability of 
the stones'in that direction because of the north-south 
orientation of the longer dimension of their bases and 
the general westward slope of the terrain, and partly 
from the east-west direction of shaking. 

Damage to roads included cracking of pavement, 
cracking and slumping of shoulders, and caving of road 
hanks, partly obstructing the roads. Cracking and slump
ing of the pavement and shoulders took place only on 
fills (Fig. 6 ) . Some settling and cracking of the pave
ment appears to have been caused merely by compaction 
of the underlying fill during the jostling by the earth
quake. At other places fills across small gullies were 
unstable because the batter (departure from vertical) 
of the edges of the fill were too- steep, causing the 
downslope face of the fill to cave away. At many places 
the western shoulder moved slightly seaward, away from 
the pavement, producing cracks along the edge of the 
pavement or a few inches beyond the edge of the pave
ment and parallel to it. 

A few bank cavings and pavement cracks were found 
as far away as Kilauea Caldera, 45 miles from the 
epicenter. However, most road damage is concentrated 
in the area near the epicenter. The distribution of 
damage caused by caving of banks, cracking of pave
ment, and collapse of stone walls along the main high
way is shown graphically in Figure 7. 

INSTRUMENTAL DATA 

The time of occurrence of the earthquake is given by 
the U. S. Coast and Geodetic Survey's notice of Prelimi
nary Determination of Epicenter at 0 0 : 5 6 : 5 7 H.S.T. 
The preliminary waves started recording on the Bosch-
Omori seismograph in the Whitney Laboratory at the 
northeast rim of Kilauea Caldera at 0 0 : 5 7 : 0 9 . 5 . The 
duration of the preliminary waves at the Whitney Labo
ratory was 9.5 seconds, corresponding with a distance of 
origin of approximately 47 miles. The Bosch-Omori seis
mograph was dismantled shortly after the arrival of the 
secondary waves. All other seismographs on the island 
of Hawaii were dismantled by the preliminary waves. 

FIGURE 5. Overturned headstones in the cemetery of the Cen
tral Kona Church at Kealakekua were thrown westward from 
their foundations, but the base plate beneath the headstone in 
the foreground was shifted 2 inches eastward. 
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The direction of the first movement of the ground at 
Kilauea Caldera was east-southeast and up, that at the 
Mauna Loa and Kona stations was east—northeast. At 
the Kona station the suspensions of the east-west com
ponent of the seismograph were broken, and the weight 
dropped on the floor 2 feet west of the pier. Thus the 
only usable instrumental data we have on the location 
of the origin of the earthquake are a distance of ap
proximately 47 miles from the Whitney Laboratory, 
and rough bearings of west-northwest from Kilauea 
Caldera and west-southwest from the Mauna Loa and 
Kona stations. These, together with the distribution of 
damage, are sufficient to demonstrate that the origin 
lay offshore west of the general Napoopoo-Honaunau 
area. 

AFTERSHOCKS 

The major earthquake was followed by a very large 
number of aftershocks, ranging in size from tiny tremors 
barely detectable by the seismographs to strong, gen
erally felt earthquakes of an intensity as great as 4 near 
their epicenters. Mrs. H. Masuhara, at Keei, counted 
109 felt earthquakes between 00: 57 and 09:00 o'clock 
on August 21. The repair of damages to the Kona 
seismograph was not completed until 15:15 o'clock on 
August 23, so the total number of aftershocks during 
the first 2 days is not known. During the first 24 hours 
after it was restored to ojieration the Kona seismograph 
recorded 90 earthquakes. By midnight on August 31 
it had recorded 494 quakes and by September 30 nearly 
a thousand. Most of the larger of these aftershocks 
produced good records at four or more of the five seis
mograph stations and could be located with fair cer
tainty. Epicenters of 36 of these aftershocks are shown 
in Figure 1. 

ORIGIN OF THE EARTHQUAKE 

The northeastern edge of Kealakekua Bay is a scarp 
formed by a fault along which the lower slope of Mauna 
Loa has been moving downward in relation to the rest 

FIGURE 7. Diagram showing the frequency distribution of 
three of the principal types of earthquake damage along the 
main highway. The arrows indicate the position on the highway 
of villages and other features. Note the centering of damage 
close to Kealakekua Fault. 

of the mountain. This fault has been named the Keala
kekua Fault.* The total displacement on the Kealakekua 
Fault is not known, but it is at least 500 feet. Most of 
the fault scarp has been mantled with later lava flows 
from Mauna Loa. West-northwestward the fault dis
appears under the ocean (Fig. 1). Southeastward the 
scarp runs inland and bends southward. Beyond upper 
Keei the fault scarp loses its definite identity, but for 
several miles farther south the abnormally steep western 
slope of Mauna Loa is suspected, at least in part, to be 
a reflection of this fault scarp, deeply buried. 

Most of the epicenters of the located aftershocks 
(Fig. 1) lie close to the known portion of the Keala
kekua Fault. A few lie close to the suspected southward 
continuation of the fault. In view of the origin of the 
great majority of the aftershocks on the Kealakekua 
Fault, it is highly probable that the major earthquake 
also was caused by movement on this fault. This is 
confirmed by the distribution of damage caused by the 
earthquake. In Figure 6 the peak of the bell-shaped 
distribution curve corresponds closely with the location 
of the Kealakekua Fault. Taking into consideration the 
distance of origin of the earthquake from Kilauea 
Caldera, the probable epicenter has been placed approxi
mately 3 miles west-northwest of Napoopoo, at north 
latitude 19° 29', west longitude 155° 58'. This location 
is also consistent with the prevalent directions of over
turning and rotation of headstones in cemeteries. 

In a sense, of course, all earthquakes originating on 
the island of Hawaii are volcanic. The movements on 
the Kealakekua Fault which gave rise to the earthquakes 
of August and September may be related in some way 
to either an increase of pressure under Mauna Loa and 
resulting rise of the central part of the volcano, or a 
readjustment resulting from the great outpouring of lava 
in June, 1950. Any such relationship is, however, purely-
conjectural. There is as yet no direct evidence that 
the earthquakes were related to any specific eruptive 
episode, past or future. 

FIGURE 6. Cracking of pavement and slumping of fill at the 
western edge of the highway near Hookena. 

* STEARNS, HAROLD T., and GORDON A. MACDONALD. GEOLOGY 
AND GROUND-WATER RESOURCES OF THE ISLAND OF HAWAII. T e r r . 
of Hawaii, Dept. of Public Lands, Div. of Hydrog., Bui. 9:37. 
1946. 
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JULY-SEPTEMBER, 1951 

VOLCANOLOGY 

July 

Seismically, Hawaiian volcanoes were quiet during the month 
of July. Only 29 earthquakes were recorded on the Volcano 
Observatory's seismographs. One of these, a tremor recorded at 
11: 28 A.M. on July 28 on the seismograph operated by Howard 
Tatsuno at Konawaena School, was not recorded at any other 
station. Seventeen earthquakes were recorded at the Whitney 
Laboratory beneath the Volcano House, and IS at the Mauna 
Loa station. A feeble earthquake at 4 : 07 A.M. on July 1 origi
nated on the southwest rift of Mauna Loa beneath a point near 
Sulphur Cone. Another at 11 : 20 P.M. on July 5 originated be
neath Kilauea Caldera probably within 3 miles of the surface. 

Northward tilting of the ground surface at the northeastern 
edge of Kilauea Caldera continued throughout the month and 
amounted to nearly 4 seconds of arc. This rate of tilting is more 
than twice the average for this season of the year and indicates 
a continued distinct increase of volcanic pressure beneath Ki
lauea. Tilting in an east-west direction has shown minor oscil
lation during the month but no appreciable net change. 

Most of the cracks on the floor of Kilauea Caldera opened or 
closed very little during July. However, the crack which crosses 
the observation area at the southeast rim of Halemaumau crater 
opened another 3 millimeters, making a total opening of 46.5 
millimeters, or nearly 2 inches, during the past year. 

On July 25 small amounts of sulphurous fume were issuing 
at the 1940 cinder cone in Mokuaweoweo, and a little steam was 
issuing near the north edge of the 1940 cone and at places on 
and near the 1949 cone. 

August 

The outstanding event of the month was the big earthquake 
of August 21 in Kona. This earthquake and its aftershocks have 
been discussed on preceding pages. During the remainder of 
August 21, following the major earthquake at 00:57 A.M., the 
seismographs at the Volcano Observatory recorded 135 earth
quakes. During the month a total of 264 earthquakes was re
corded at Kilauea, and 268 at the Mauna Loa station. Of these, 
235 occurred after the major earthquake of August 21. The 
Kona seismograph recorded 494 earthquakes between the time 
it was repaired and restored to service at 3 : 15 P.M. on August 
23, and midnight on August 31. 

The strongest of the earlier aftershocks took place at 1: 29, 
4 : 00, 8: 03, 9 : 57, 10: 12, 18: 32, and 22: 48 on August 2 1 ; at 
6 :38 and 17:15 on August 22; and at 16:08 on August 31. 
Many others were felt in central Kona. 

At 17: 48 on August 28 a small earthquake originated beneath 
the east slope of Mauna Loa near Mountain View, and at 18: 04 
on the same day a smaller one originated just east of Kilauea 
Caldera. Beginning at 6: 02 on the morning of August 23 the 
seismograph at the Whitney Laboratory of Seismology recorded 
21 minutes of continuous tremor, indicating subterranean move
ment of magma. However, there were no other indications of 
volcanic unrest during the month. 

Northward and eastward tilting of the ground at the Whitney 
Laboratory were at a rate approximately normal for that season 
of the year. 

On August 14, Chief Ranger E. K. Field and Ranger Elroy 
Bohlin, of Hawaii National Park, flew over Mokuaweoweo and 
reported the 1940 cinder cone to be fuming mildly. 

September 

Earthquake activity continued abundant during September. 
Most of the activity centered in the Kona area. The Kona seis
mograph recorded 471 earthquakes during the month, bringing 
the total number of earthquakes since the big quake early on 
August 21 to 965. Most of the Kona earthquakes were too small 
and shallow-seated to be recorded on the seismographs at Ki
lauea Caldera, 42 miles away. During September the seismo
graph at the Whitney Laboratory recorded 110 earthquakes, and 
the Mauna Loa seismograph recorded 106. 

Most of the Kona earthquakes originated along the fault 
which runs out to sea at Napoopoo, forming the great cliff at 
the north side of Kealakekua Bay. Several earthquakes origi
nated beneath points along the southwest rift zone of Mauna 
Loa, between 9,000 feet altitude and the summit. A few had 

their origins beneath the crater and rift zones of Kilauea, and a 
small shake felt in Hilo at 11 : 48 P.M. on September 24 had its 
focus on the northeast rift of Mauna Loa. From September 23 
to 26 several earthquakes originated beneath Hualalai volcano. 
One of these, at 7: 01 P.M. September 23, was strong enough to 
dismantle the Kona seismograph. On September 16, about 20 
earthquakes originated along the Kaoiki fault, which forms the 
line of cliffs northwest of the highway between Bird Park and 
Pahala. The one at 1 :43 A.M. was felt strongly at Kapapala 
and less strongly at Naalehu and Pahala. Rocks were shaken 
down from road cuts on the Mauna Loa truck trail. Rock slides 
were started in Halemaumau and continued at intervals for sev
eral days. 

The north end of the crack across the observation platform 
at the southeast rim of Halemaumau opened a quarter inch dur
ing the month. Other cracks on the floor of Kilauea Caldera 
showed little change in width. 

Northeastward tilting continued throughout the month at the 
Whitney Laboratory. The direction and rate of tilting were nor
mal for that season of the year. 

The temperature of the steam at the well at Sulphur Bank, 
near the Volcano House, remained at 205° F. from July 2 until 
September 30. On September 9, temperature measurements were 
made on the Ohia Lodge (1950) lava flow in south Kona, near 
the highway. Temperatures of hot cracks, from 12 to 18 inches 
below the surface, ranged from 120° C. to about 400° C. 

SEISMOLOGY 

Earthquake Data, July-September, 1951 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea Caldera) 

Minutes Local 
Week of Very Mod- Seis- Tele-

Beginning Tremor Feeble Feeble Slight erate Strong micity* seisms 

July 1 0 1 1 0 0 0 1.5 0 
8 2 0 0 0 0 0 0.5 0 

15 9 2 0 0 0 0 3.25 0 
22 2 0 0 0 0 0 0.5 0 
29 3 2 0 0 0 0 1.75 0 

Aug. 5 4 1 1 0 0 0 1.5 0 
12 2 0 0 0 0 0 0.5 0 
19 128 54 10 7 3 7 120.0 0 
26 31 20 1 0 0 0 18.75 1 

Sept. 2 12 9 0 0 0 0 7.5 0 
9 10 9 1 0 1 0 11.0 0 

16 24 17 0 0 0 1 18.5 0 
23 8 7 0 1 0 0 7.5 1 
30 18 7 1 0 0 0 9.0 0 

* For definition of local seismicity, see Volcano Fetter 371. 

Table of Tilt at Seismograph Vaults on Rim of Kilauea Caldera 

Whitney Vault Uwetahuna Vault 

(Northeast rim) (West rim) 
Week-

Beginning Amount Direction Amount Direction 
July 1 0.7" N 9° W 0.2" N 45° E 

8 0.8" N 16° E 1.1" S 9° E 
15 2.2" N 6° E 3.9" S 
22 1.1" N 2 6 ° W 2.7" N 24° E 
29 0.8" N 18° E 1.9" S 45° E 

August 5 0.6" N 36° E 4.2" N 32° W 
12 0.9" NCJ7° E 2.4" S 4° W 
19 1.3" N 2 6 ° W 5.0" S 9° W 
26 0.9" N 40° E 1.8" S 5° W 

September 2 0.3" N 27° E 2.6" N 7° E 
9 0.3" S 34° E 0.8" S 68° W 

16 0.6" N 67° E 5.0" S 
23 1.7" N 10° E 2.3" S 16° W 
30 0.7" N 10° E 2.0" S 20° E 
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206. Aug. 28, 20:28, very feeble (Kona feeble). Kealakekua 
Fault. 

207. Aug. 29, 06:02, very feeble (Kona feeble). Kealakekua 
Fault. 

208. Aug. 29, 19:43, very feeble (Kona slight). Kona. 
209. Aug. 29, 21:25, very feeble (Kona feeble). Kealakekua 

Fault. Felt in Kona. 
210. Aug. 30, 07:23, very feeble (Kona moderate). Kealake

kua Fault. Felt strongly in Kona. 
211. Aug. 30, 14:23, very feeble. Kona. 
212. Aug. 31, 16:08, very feeble (Kona strong, intensity 5). 

Kealakekua Fault. Felt strongly in 
Kona. 

213. Aug. 31, 18:51, very feeble (Kona feeble). Kona, about 
3.5 miles west of Hookena. 

214. Sept. 1, 12:29, feeble (Kona slight). Kealakekua Fault. 
215. Sept. 1, 23 : 21, very feeble (Kona feeble). About 0.8 mile 

north of Kealia. 
216. Sept. 2, 18:35, very feeble (Kona feeble). 
217. Sept. 3, 00:37, very feeble. Kona. 
218. Sept. 4, 00 : 48, very feeble. Kona. 
219. Sept. 4, 05:10, very feeble (Kona moderate). 
220. Sept. 4, 14:13, very feeble (Kona strong, intensity 4 ) . 

Felt strongly in Kona. 
221. Sept. 4, 16:16, very feeble. Kilauea Caldera. 
222. Sept. 4, 22:28, very feeble (Kona strong, intensity 3) . 

Felt as far as Naalehu. 
223. Sept. 6, 01:29, very feeble (Kona slight). 
224. Sept. 8, 14 : 50, very feeble. Kilauea Caldera. 
225. Sept. 8, 23:27, tremor (Kona feeble). 
226. Sept. 9, 13:58, tremor (Kona moderate). 
227. Sept. 10, 01 : 50, very feeble. Kilauea. 
228. Sept. 10, 12 : 55, very feeble. Kona. 
229. Sept. 11, 00:26, feeble. East rift of Kilauea near Puu 

Huluhulu. 
230. Sept. 11, 12:44, very feeble. Kona. 
231. Sept. 12, 01:12, very feeble (Kona slight). 
232. Sept. 12, 01:27, very feeble (Kona feeble). Felt at 

Naalehu. 
233. Sept. 12, 03 : 26, moderate. Southwest rift of Kilauea near 

Pit Craters. 
234. Sept. 12, 18: 55, very feeble. Kona. 
235. Sept. 12, 18: 56, very feeble. 
236. Sept. 14, 16: 49, very feeble. 
237. Sept. 15, 16:45, tremor (Kona, very feeble). 
238. Sept. 15, 21 : 33, very feeble. Southwest rift of Mauna Loa 

near 9,000 feet altitude. 
239. Sept. 15, 23 : 48, very feeble. Felt at Kapapala. 
240. Sept. 16, Ql: 43, strong, intensity 5. Kaoiki fault about 3 

miles northeast of Kapapala. Felt from 
Kona to Hilo. 

241-250. Sept. 16, very feeble. Kaoiki fault. 
251. Sept. 16, 21:50, tremor (Kona feeble). Kona. 
252. Sept. 16, 23 : 19, very feeble. 
253. Sept. 17, 10:17, very feeble (Kona moderate). West slope 

of Mauna Loa near summit. 
254. Sept. 17, 15:19, tremor (Mauna I,oa very feeble). 
255. Sept. 17, 18: 17, very feeble (Kona feeble). Southwest rift 

of Mauna Loa near 11,000 feet altitude. 
256. Sept. 18, 08 : 47, very feeble. 
257. Sept. 19, 19:15, very feeble (Kona slight). 
258. vSept. 20, 00 :11 , tremor (Mauna Loa very feeble). 
259. Sept. 20, 00:25, tremor (Kona slight). 
260. Sept. 20, 00:42, very feeble (Kona slight). 
261. Sept. 20, 03:21 , tremor (Kona very feeble). 
262. Sept. 21, 07 : 46, very feeble. 
263. Sept. 21, 12:30, tremor (Kona feeble). 
264. Sept. 23, 19:01, very feeble (Kona strong). Felt strongly 

in Kona. 
265. Sept. 24, 03 : 01, very feeble. Kaoiki fault 2 miles northeast 

of Ainapo. 
266. Sept. 24, 03:13, very feeble (Kona slight). Near summit 

of Hualalai. Felt in Kona. 
267. Sept. 24, 03:30, tremor (Kona feeble). 
268. Sept. 24, 23 : 47, very feeble. East rift of Kilauea 10 miles 

east of Kapoho ( ?) . Felt in Hilo. 
269. Sept. 25, 00:56, very feeble (Kona feeble). Northwest rift 

of Hualalai near 5,000 feet altitude. Felt 
in north Kona. 

270. Sept. 25, 01:23 , slight (Kona moderate). Near No. 269. 
Generally felt in Kona. 

The data for the following local disturbances were determined 
from seismographs operated on the island of Hawaii by the 
Hawaiian Volcano Observatory. Locations given are epicenters. 
The arrival times are given to the closest minute in Hawaiian 
Standard time, which is 10 hours slower than Greenwich time. 
The number preceding each earthquake is the serial number for 
the current year. The intensity rating (Feeble, Moderate, etc.) 
given is that for the Whitney Laboratory at the northeast rim of 
Kilauea Caldera. If the intensity was greater at one of the other 
stations, the name of that station and the intensity rating there 
are given in parentheses after the rating at the Whitney station. 

105. July 1, 04: 07, very feeble. Southwest rift of Mauna Loa 
near Sulphur Cone. 

106. July 5, 23 : 20, feeble. Beneath Kilauea Caldera, shallow. 
107. July 17, 09: 52, very feeble. 
108. July 19, 19 : 12, very feeble. 
109. Aug. 2, 19:24, very feeble. 
110. Aug. 3, 01 : 40, very feeble. 
111. Aug. 6, 23 : 07, very feeble. 
112. Aug. 10, 04 :31 , feeble. East rift of Kilauea near Napau 

Crater. 
113. Aug. 21, 00: 57, strong, intensity 7, much damage in Kona. 

About 3 miles west-northwest of Napoo-
poo, probably on Kealakekua Fault. 

114. Aug. 21, 01:29, strong. Felt strongly in Kona. Origin 
near No. 113. 

115-135. Aug. 21, very feeble and feeble earthquakes, with 
origin in Kona. 

136. Aug. 21, 03:50, slight. Kona. Felt from Kona to Volcano 
district. 

137. Aug. 21, 04 : 00, moderate. Kona. Felt from Kona to Vol
cano district. 

138-148. Aug. 21, feeble and very feeble earthquakes, with 
origin in Kona. 

149. Aug. 21, 06: 03, slight. Kona. 
150-154. Aug. 21, very feeble. Kona. 
155. Aug. 21, 08:03, moderate. Kona. 
156-161. Aug. 21, feeble and very feeble. Kona. 
162. Aug. 21, 09:38, slight. Kona. 
163. Aug. 21, 09:57, strong. Felt from Kona to Volcano dis

trict. Kona. 
164. Aug. 21, 10:12, strong. Kona. 
165-167. Aug. 21, very feeble. 
168. Aug. 21, 18:32, strong. Kona. 
169. Aug. 21, 21:07, very feeble. Kona. 
170. Aug. 21, 22 : 48, strong. Kona. Felt from Kona to the Vol

cano district. 
171. Aug. 22, 02:14, slight. Kona. 
172-174. Aug. 22, feeble and very feeble. Kona. 
175. Aug. 22, 06 : 38, moderate. Kona. Felt from Kona to Ka

papala. 
176-180. Aug. 22, feeble and very feeble. Kona. 
181. Aug. 22, 16:04, slight. Kona. 
182. Aug. 22, 16:38, very feeble. Kona. 
183. Aug. 22, 17: 15, strong. Kona. Felt from Kona to Volcano 

district. 
184. Aug. 22, 17 : 28, slight. Kona. Felt as far as Naalehu. 
185-187. Aug. 22, feeble and very feeble. Kona. 
188-190. Aug. 23, feeble and very feeble. Kona. 
191. Aug. 24, 00:25, very feeble. Kona, Kealakekua Fault. 
192. Aug. 24, 23 : 59, very feeble. Kona. 
193. Aug. 25, 10:22, feeble. Kilauea. 
194. Aug. 25, 11:14, very feeble (Kona feeble). Kealakekua 

Fault. 
195. Aug. 26, 03: 29, very feeble. Kealakekua Fault . 
196. Aug. 26, 08 : 04, very feeble. Kona, Kaholo Pali . 
197. Aug. 26, 08:11 , very feeble (Kona slight). Kealakekua 

Fault. 
198. Aug. 26, 19: 40, very feeble. Kona, 2.3 miles S 75° E of 

Napoopoo. 
199. Aug. 27, 04 :31 , very feeble (Kona feeble). Kealakekua 

Fault. 
200. Aug. 27, 16:01, very feeble. Kealakekua Fault. 
201. Aug. 27, 2 1 : 58, very feeble (Kona slight). Near Keokea. 
202. Aug. 28, 11:44, very feeble. Kealakekua Fault. 
203. Aug. 28, 14 : 24, very feeble. Kealakekua Fault. 
204. Aug. 28, 17 : 48, feeble. About 3 miles east-southeast of 

Mountain View. Felt in Mountain View 
and Volcano district. 

205. Aug. 28, 18:04, very feeble. Southwest rift of Kilauea 
near Kilauea Iki. 
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TELESEISMS 

Locations of the epicenters are from the notices of Preliminary 
Determinations of Epicenters published by the U. S. Coast and 
Geodetic Survey. Time is Hawaiian Standard. 

August 31, 23:16, slight. Easter Island region. 
September 27, 09 : 40, moderate. Vancouver Island. 

VOLCANO NOTES AND NEWS 

Eruption of Osli ima Volcano 

The last issue of the Volcano Letter carried a brief account 
of the 1950 eruption of Oshima volcano, Japan. That eruption 
ended on September 23, 1950. A new eruption commenced early 
in 1951. The following notes on the new eruption were furnished 
by Dr. Hisashi Kuno, of Tokyo University, during a brief visit 
at the Hawaiian Volcano Observatory during his journey to 
Princeton University, where he will spend the next year in re
search on the pyroxene group of minerals. 

The eruption started on February 4, 1951. Pyroclastic activity 
built a new cinder cone overlapping the northwest side of the 
1950 cinder cone, on the rim of Mihara crater. On February 27 
lava issued at the foot of the cone, filled the crater of Mihara-
yama, and overflowed the rim. A fluid pahoehoe flow spread 
over the floor of the Oshima caldera. This flow continued for 
2 or 3 days, then the outpouring of lava ceased, although weak 
Strombolian pyroclastic activity continued at the cone. 

On March 10 another flow spread over the caldera floor, and 
barely passed the western margin of the caldera. At about this 
time the inhabitants of the village of Nomashi erected a wall 
10 feet high across a low gap in the caldera wall in an attempt 
to prevent the lava from spilling out through this gap and pour
ing down onto the village. The lava level did not rise quite to 
the wall, so that the effectiveness of the wall was not tested. 

On March 25 another small flow issued, pyroclastic activity 
continued at the cone until about June 30, but there were no 
more lava flows. 

The old inner pit of the Mihara crater had been completely 
filled. Just before the end of the eruption, in June, collapse 
occurred at the site of the former inner pit, forming a new pit. 
On July 22 the volcano was quiet. The new inner pit was ap
proximately 150 meters deep. The new cinder cone had been 
broken into two parts by subsidence, and the southern part had 
collapsed to form a small collapse crater. 

Eruption in Tonga Islands 

Captain R. J. Jensen, Pan American World Airways, reports 
observing volcanic activity on the island of Fpnualei, in the 
Tonga group, on August 21. He writes, "The volcanic activity 
seemed to be located in the north-central portion of the island, 
with considerable smoke and a little flame. Large lava flows 
were evident, some of which were entering the sea. The smoke 
column rose to about 5,000 feet and was carried to the northwest 
by a southeasterly wind." 

Eruption of Mt. Etna 

A brief dispatch by Associated Press states that an eruption 
of Mt. Etna commenced on the night of September 28, 1951, at 
a vent about 9,300 feet above sea level. However, on September 
29 the lava flow appeared to have halted. The last previous 
eruption of Etna was in November, 1950. 

Eruption of Mt. Lamington 

Reports on the catastrophic eruption of Mt. Lamington, in 
New Guinea, have thus far been vague and incomplete. The 
greatest amount of information on it yet seen by the writer is 
contained in an article in the June, 1951, number of Walkabout 
magazine by Dr. N. H. Fisher, chief geologist of the Australian 
Dominion Geological Survey and formerly in charge of the vol-
canological observatory at Rabaul. Accompanying the article 
is a series of photographs of Mt. Lamington and its vicinity, 
taken by the Royal Australian Air Force. 

Mt. Lamington is situated near the northeast coast of Papua 
about N 75° E of Port Moresby. It is about 7 miles west of 
the west end of the Hydrographer's Range, which also is of 
volcanic origin. The volcanic chain extends on southeastward 
to Normanby and Ferguson islands. In 1943 and 1944 explosive 
eruptions occurred in the Goropu Mountains, 80 miles southeast 
of Mt. Lamington, but Lamington itself had not previously been 
active in historic time. 

On January 21, 1951, the volcano burst into violent explosive 
activity. The writer has been informed that some earthquake 
activity preceded the outburst. Editorial comment accompany
ing the aerial photographs in Walkabout magazine states that 
2,000 feet of the mountain disappeared during the eruption. It 
is estimated that about 4,000 persons lost their lives. Dr. Fisher 
briefly characterizes the eruption as a classic example of the 
pelean type of eruption, accompanied by glowing clouds, and he 
remarks on the similarity of events to those at Mount Pelee in 
1902. Photographs show devastation of the type typical of glow
ing clouds, with trees laid over in subparallel alignment by the 
blasts and large areas covered with ash. An excellent photo
graph by G. A. Taylor on the cover of the magazine shows the 
fuming crater of Mt. Lamington and the dome which apparently 
rose in it during the eruption. Mr. Taylor, the resident volcan-
ologist, is keeping a continuous photographic and seismic record 
of the eruption. 

University of Hawai i : 

T. A. Jaggar, Geophysicist 

Seismograph Station Operators: 
Hilo Station: 

Sister M. Thecla, St. Joseph's School 

Keaiakekua Station: 

Howard M. Tatsuno, Konawaena School 

271. Sept. 26, 20:20, very feeble (Kona slight). South slope of 
Hualalai about 4 miles southeast of Holu-
aloa. Felt in Kona. 

272. Sept. 26, 23 :21 , very feeble. 
273. Sept. 30, 06:21 , very feeble. Kilauea. 
274. Sept. 30, 11:17, very feeble. Kilauea. 
275. Sept. 30, 16 : 06, very feeble. Kilauea. 

STAFF OF H A W A I I A N VOLCANO OBSERVATORY 

U. S. Geological Survey: 

Gordon A. Macdonald, Volcanologist, Director 

Chester K. Wentworth, Geologist 

John C. Forbes, Laboratory Mechanic 

LaVieve G. Forbes, Secretary, part-time 



H A W A I I A N VOLCANO RESEARCH ASSOCIATION 
In cooperation with the UNIVERSITY OF HAWAI I 

The Hawaiian Volcano Research Association was found
ed in 1911 for the recording and study of volcanoes in the 
Hawaiian Islands and around the Pacific Ocean. Its 
equipment at Kilauea Volcano, Hawaii Island, has been 
transferred to the United States Geological Survey. 

The University of Hawaii cooperates in maintaining a 
research laboratory at Kilauea. The Association and the 
University supplement the work of the government with 

research associates, instrumental equipment, and special 
investigations. Dr. T. A. Jaggar is their geophysicist resi
dent at Kilauea. 

The Volcano Letter, a quarterly record of Hawaiian 
volcano observations, is published by the University of 
Hawaii and supplied to members of the Research Asso
ciation and to exchange lists of the above establishments. 
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DESTRUCTION OF WATER TANKS DURING THE KONA EARTHQUAKE OF AUGUST 21, 1951 

By CHESTER K. WENTWORTH 

INTRODUCTION 

The following report on damage to water tanks in 
Kona during the earthquake of August 21, 1951, is 
based partly on field examination of the results of the 
earthquake and partly on an analysis, submitted to the 
Hawaiian Volcano Observatory by tank owners and 
builders, of 90 completed questionnaires giving data on 
individual damaged tanks. It is expected that much addi
tional data will be transmitted as repairs proceed. The 
writer wishes to thank all those who have aided the 
study by submitting their reports or contributing in
formation on tank damage. Special mention should be 
made of John Iwane, Extension Service, University of 
Hawaii; Mark Sutherland, Principal of Konawaena 
School; George T. Imai, Hawaii Road Department; and 
M. Nagai, Captain Cook Coffee Company, each of whom 
furnished information on a large group of tanks. The 
present report is only a summary statement of the results 
of the study. A more detailed report is planned for 
presentation elsewhere. For an account of other damage 
during the earthquake, see Volcano Letter No. 513. 

WATER TANKS IN KONA 

No accurate count of water tanks in Kona is known. 
From the recorded population of North and South Kona, 
which approaches 10,000, and from the total dependence 
on tank storage, it is a fair assumption that the number 
of tanks may be nearly 2,000. Many dwellings have two 
or more tanks. In addition to these, tanks at schools 
and other such buildings and tanks supplying range 
cattle must total several hundred. 

Reliance on roof catchment and water tanks for water 
supply in the Kona district has been general since the 
building of frame structures and the replacement of 
native Polynesian living patterns. The native economy 
was supplied by a few sources of brackish water along 
the coast at a very small per capita daily consumption, 
with general use of coconut juice for drinking and of 
rainfall when it came. The annual rainfall along the 
coast is about 25 to 30 inches, but, owing to the great 

height and mass of Mauna Loa, the dryness of the 
leeward (kona) slope is ameliorated by rains due to the 
daytime sea-to-land breeze, which produce an annual 
amount of around 100 inches in a narrow belt at the 
3,000 foot contour. However, the porosity of the sur
face rocks and the seasonality of rains are such that there 
are no perennial streams which reach to low alti
tudes, and geologic studies have indicated that adequate 
ground-water bodies do not exist within depths acces
sible under present economic conditions. 

Small tanks might suffice for the few dwellings in 
the high-rainfall belt, but in the chief populated areas 
family storage of 8,000 or 10,000 gallons is usual, and 
many dwellings have more. Use of various urban 
facilities plus requirements of home gardens and at
tendant processing, without reference to general agri
culture or stock-raising, raises the per capita consump
tion to 50 or more gallons per day, or perhaps 8,000 
gallons per month, for a family of five. Large tanks are 
required to support such usage over periods when rain
fall can supply only part of the required amount. Occa
sional water shortage, starting with larger and less 
foresighted families, is an almost chronic state of affairs. 

DAMAGE TO TANKS 

From data not yet completely gathered, it appears 
that about 200 tanks were seriously damaged by the 
earthquake. Many of these were either demolished or 
so displaced and distorted that they cannot be restored 
to use. In many cases, failure of the bottom or develop
ment of large side leaks resulted in total loss of water. 
Unless prompt action has been taken to repair and refill 
these tanks, a large proportion of them will be lost 
through drying and further deterioration. 

The principal direct cause of damage was failure of 
footings. It is quite evident that the footings, while 
adequate to support the direct static load, were in most 
cases not sufficiently fixed in position, nor were the 
columns of the understructure adequately tied to the 
footings. The usual footing block is likely to move 
during the rocking to which the whole frame is sub-
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jected during an earthquake, with progressive yielding 
and increase of movement to a point where the frame 
itself fails. 

Next in importance as a cause of failure was yielding 
of the frame to diagonal deformation and shifting of 
the tank on its joists. The cylindrical, barrel-type tank 
depends on the tangential tension in the hoop rods both 
to hold the staves in watertight contact and to hold the 
periphery of the bottom planks tightly in the groove of 
the lower end of the staves. This mode of construction 
provides at best a very effective watertight container 
in continuous tension, supported directly on the joists 
under its floor planking. It does not provide, and would 
be seriously impaired by, bracing or local tying to the 
supports. Such a tank is best for static load; it would 
not be suitable for installation on a vehicle or on a ship. 

MODE OF CONSTRUCTION AND PLACEMENT 

The common household tank is erected with its upper 
edge just under the level of the eaves of the building 
whose roof provides the catchment. In. a one-story 
house, the sink and wash-basin taps are often no more 
than 5 feet below this level, and the water of a tank 
more than 5 feet deep is only partly available for gravity 
flow to such fixtures and is not able to supply a shower 
bath on the same floor. Not uncommonly, small houses 
are built with an upper, main dwelling floor and a 
paved, open basement, in which laundry fixtures and a 
toilet or bathroom can receive water from the whole 
tank, even when, at some seasons, the water may be too 
low to supply the upstairs kitchen sink. Such hydraulic 
requirements necessitate placing the tank where its 
bottom is 6 or 8 feet and its top as much as 15 feet 
or more above ground. 

This placement means that tanks carrying from 8 
tons (2,000 gallons) to 20 tons (5,000 gallons), or even 
50 tons (10,000 gallons), of water are often supported 
with their center of gravity 10 or 12 feet above the 
ground and on a base which may be little more than 
that dimension from side to side. A 2,000-gallon tank 
on six footings results in a load of about 2,700 pounds 
per footing; a 5,000-gallon tank on 12 footings imposes 
a load of about 3,300 pounds per footing. From data 
reported, it appears that many of the tanks of 10,000-
to 25,000-gallon capacity have loads on individual foot
ings of 4, 5, or even 6 tons! Such loads are several 
times that commonly carried by the columns under a 
small frame house, and the height of the tank is much 
greater in comparison to the breadth of the whole base. 
Tanks that are close enough to the ground to require 
no legs or columns may have no systematic arrangement 
of footings under the sills, and, in some instances, the 
bottom planks of the tank rest on joists (or beams) 
that in turn lie directly on the ground or on concrete 
or rock footings with no cross members parallel to the 
bottom planks. In such an arrangement, the bottom of 
the tank is in a precarious position if there is any 
differential movement of the footings and is ill-protected 
against even ordinary settling, much less a severe 
earthquake. 

Most of the larger tanks, because of need to support 
the ends of the joists within the circle of the tank 
chimes, are supported on a sill or beam pattern that is 
six- or eight-sided, and the outer columns are six, eight, 

or more in number. These columns are usually braced 
from near the bottoms to the tops of adjacent columns 
and may or may not have bracing toward the center 
of the tank. Most commonly the bracing is spiked or 
bolted to either the outside or inside of the columns, 
resulting in an off-center effect which tends to develop 
a torque in the columns. 

CAUSES OF DAMAGE 

Of 90 tanks for which complete data have been re
ceived, 43 are reported demolished or totally destroyed. 
Of the others, a number of bottoms collapsed, other 
tanks developed general leakage which caused total loss 
of water, and many were sufficiently dislodged and 
deformed to necessitate complete and expensive rebuild
ing. In some instances, breaking of pipe fittings released 
all the water but could be repaired without great 
expense. 

There is very little eye-witness account of the progres
sive destruction of individual tanks, but it is clear that 
the interrelated failure of bracing and footings was the 
chief cause of destruction. A few persons heard slopping 
of water in and from the tanks for an appreciable inter
val before final collapse. No marked correlation could 
be shown between age of the tank and damage, and only 
in a few instances was it clear that pre-existing impair
ment was responsible. So many nearly new tanks (all 
in good condition) were destroyed that it appears that 
the stresses developed by general shaking, with lateral 
components up to 0.2 or 0.3 of the value of gravity, 
could not be met by the existing bracing, and that, 
likewise, the footings became progressively displaced 
and hastened the destruction. Such stresses are com
parable to tilting the tank and understructure to an 
angle of about 16 degrees and submitting them to re
peated vertical loading and unloading. Under such 
conditions, it is not surprising t h a t many of the 
structures failed. 

The possibility of failure was further indicated by 
the general loads carried by the footings. In some small 
tanks the load per footing was as little as 1 ton, but 
the usual load, as in a 5,CX)0-gallon tank on 9 footings, 
was 2 tons or more. In some of the larger tanks, as, 
for example, one at Honaunau School (Fig. 1), the load 
per footing was more than 12,000 pounds, or 6 tons. 
Lateral shaking of a mass imposing such heavy unit 
loads was too much for the bracing, and, after initial 
displacement of critical bracing or footings, the whole 
structure was quickly thrown down, and the tank was 
demolished. 

RECOMMENDED CONSTRUCTION 

As it is planned to present elsewhere a more detailed 
statement on damage to tanks and possible improvement 
in the design of tanks and foundation, only a few com
ments are included here. It is not likely that any feasible 
modes of construction will entirely eliminate damage 
from earthquakes which may occur in the Kona district. 
It is believed, however, that marked improvement is 
possible without an expenditure disproportionate to the 
value of the tank, if earthquake risk is kept in mind. 

(1) Whenever possible, water-storage tanks should 
be based on the ground on a leveled, preferably con
creted, surface. Founding wholly or partly on fill should 
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FIGURE 1. Wreckage of 23,500-gallon water tank at Honaunau 
School. The tank, approximately 20 years old, stood at the 
southwest corner of the main school building. The concrete 
footings seen in the background each bore a load of more than 
6 tons. The tank appears to have collapsed because of failure of 
the supporting structure, probably due to inadequate bracing. 
Photo by G. A. Macdonald. 

be avoided unless the entire filled area is enclosed in 
carefully designed, solid retaining walls and is prepared 
for unit loads of two or three times those from the tank. 
Lacking such preparation, the tank should be carried 
on an over-all timber crib or mat of adequate size 
and spacing. Increased availability of electricity and 
domestic-service pressure installations makes possible 
the basing of more large tanks on the ground. 

(2 ) If the understructure consists of sills on columns, 

the lower ends of the columns should be completely tied 
together for compression and tension up to at least half 
the unit load. In the case of a simple square deck on 
four columns, the columns should be tied at their feet and 
each of the four sides braced diagonally from column 
bottoms to tops and through the center between opposite 
columns. As far as possible, bracing and cross tying 
should be kept in the two planes parallel to the sills and 
joists, respectively, with secondary truncating sills to ap
proximate the form of a circle under large tanks. With
out adequate internal bracing in the two rectangular 
directions, the bracing of a six- or eight-sided array of 
columns around the periphery results in off-center re
actions and is likely to cause structural failure and 
destruction of the tank. 

(3 ) Footings of concrete or large flat stones should 
be anchored in the ground or to the rock by imbedding 
them to a depth equal to their area or by rods and 
grouting which develop bearing resistance against lateral 
stresses of half the unit vertical load. Concrete piers 
should be tied pier to pier unless they are deeply 
imbedded. 

(4 ) Wherever possible, the footing surface should he 
level. If this is not possible, the long columns should be 
tied at the level of the footings of the short columns, and 
the bracing should be completed at this level. 

( 5 ) Sills should be fixed at the top by drift pins, and 
bolts and timber fasteners should be used in the framing 
of supports for all but the smallest tanks. Whenever 
possible, braces should be paired or framed into the 
plane of the columns to avoid introducing torque into 
the stresses. 

(6 ) Frequent inspection, painting or creosoting, and 
repair of defective parts will provide longer assurance 
of reasonable safety, as with any other structures. 

HAWAIIAN VOLCANO OBSERVATORY REPORT FOR OCTOBER-DECEMBER, 1951 

VOLCANOLOGY 
October 

Uneasiness, which was manifest at Mauna Loa during Sep
tember, continued throughout October. Earthquakes originated 
beneath the summit area of the mountain and along both the 
northeast and southwest rift zones, as well as on the Kealakekua 
fault near Napoopoo and the Kaoiki fault from Honuapo to 
Ohaikea. Starting at 22:03 on October 8, Volcano Observatory 
seismographs recorded 16 minutes of continuous volcanic tremor 
probably caused by movement of molten lava underground. This 
was followed at 4:45 on October 9 by a moderate earthquake 
which appears to have originated at a depth of 25 to 30 miles 
beneath the summit area of Mauna Loa. This earthquake was 
felt by some persons in all parts of the southern portion of the 
island of Hawaii, from Kealakekua to Hilo. A smaller earth
quake at 5:23 on the same morning originated deep beneath the 
upper end of the southwest rift of Mauna Loa. 

During most of the month, eastward tilting at the Whitney 
Laboratory of Seismology at the Volcano House was at a rate 
about normal for that season of the year. However, from 
October 28 to 30 it was much more rapid than usual. The rapid 
tilt may have been caused by a heavy rainfall just preceding it, 
or it may have resulted from an increase of volcanic pressure 
beneath Mauna Loa. Abnormally rapid northward tilting during 
the same period may have been caused by an increase of pressure 
beneath Kilauea. 

On October 24, I. C. Manus, Superintendent of Construction 
and Maintenance for the Kulani project, reported a long period 
of continuous trembling of the ground at the summit of Mauna 
Loa. This appeared on the seismographs as a series of closely 
spaced, but separate, small earthquakes. Mr. Manus also reported 
an apparent increase in the amount of steam being liberated 

at vents within Mokuaweoweo Caldera. On October 31, aircraft 
reported a large cloud of steam rising from the southwest rift 
of Mauna Loa between 8,000 and 12,000 feet altitude. This is 
the area in which the vents of the 1950 eruption are situated. 
Fume liberation at the vents has been' continuous since the end 
of the eruption. On October 20, Acting Superintendent I. J. 
Castro and Ranger Elroy Bohlin, of Hawaii National Park, 
observed from the air steam and fume rising at eight localities 
along the rift between 9,000 and 12,000 feet altitude. The re
ported increase of the steam cloud on October 31 probably 
resulted from the heavy rains of October 26 to 28 coming in 
contact with still-hot lava near the vents, coupled with better 
than usual visibility of the steam because of the unusually high 
humidity. 

During October, the seismographs at Kilauea Caldera recorded 
a total of 73 earthquakes. That at Konawaena School recorded 
139 earthquakes, most of them aftershocks of the big earthquake 
of August 21. 

November 

Hawaiian volcanoes continued uneasy through the month of 
November. During the month, 73 earthquakes were recorded at 
the stations on the rim of Kilauea Caldera, which is more than 
twice the average number recorded during times of quiet. The 
seismograph at the Mauna Loa station recorded 53 earthquakes. 
Ground tilting during the month was, at an average rate, 
approximately normal for that season of the year. However, 
moderately strong oscillations of tilt in the east-west direction 
suggest fluctuations in pressure beneath Mauna Loa. 

An earthquake of about intensity 6 in the modified Mercalli 
scale occurred on the morning of November 8. The time of 
arrival of the first waves at the Whitney Laboratory was 
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09: 34: 24, and the time of origin of the quake was approxi
mately 09: 34: 12. All of the seismographs operating on the 
island of Hawaii were dismantled by the quake, the Mauna Loa 
instrument being dismantled by the preliminary waves. The 
earthquake was felt over all of the island, strongly over the 
southwest part. At Kahuku Ranch headquarters, 9.5 miles 
north of South Point, dishes were thrown from shelves and 
stone walls were extensively damaged. The intensity decreased 
very rapidly away from the epicenter. At South Point and at 
Kaalualu, 10 miles southeast of Kahuku Ranch headquarters, 
there was no damage to stone walls, and, even in the homestead 
area 4 miles southeast of ranch headquarters, the damage was 
very small. The decrease was even more rapid westward. Two 
and a half miles west of the ranch headquarters, stone walls 
along the highway were undamaged. Instrumental data and 
field investigations place the epicenter of the earthquake on the 
southwest rift zone of Mauna Loa at about 4,500 feet altitude, 
approximately 5 miles north of Kahuku Ranch headquarters. 
The Kahuku fault, one of the major fractures in the southwest 
rift zone, trends nearly north and south just west of the ranch 
headquarters. The area of damage to stone walls was distinctly 
elongated parallel to the Kahuku fault, suggesting that the 
earthquake was caused by movement on that fault. The rapid 
decrease of damage at increasing distance from the epicenter 
suggests a very shallow origin of the quake, but no surface fault 
displacement has been found. 

During November, the seismograph at Konawaena School in 
Kealakekua recorded a total of 110 earthquakes. Most of them 
originated within 10 miles of the seismograph station, and the 
majority probably resulted from movement along the Kealakekua 
fault. On November 7, at 20:11, a small quake originated 
beneath the summit region of Hualalai volcano. On November 
21, at 9:59, a small earthquake occurred beneath the Waimea 
Plain a few miles west of Kamuela. Nearly all the other local 
earthquakes recorded during the month had their origins in 
Kilauea and Mauna Loa volcanoes. 

On November 23, two observers in the Kona area reported 
what appeared to them to be smoke near the summit of Mauna 
Loa. E. K. Field, Chief Ranger, and R. L. Jeffery, Superin
tendent of Construction and Maintenance, of Hawaii National 
Park, were at the summit of Mauna Loa at the time and reported 
conditions at and near the summit to be normal. The "smoke" 
observed from Kona appears to have been steam rising in the 
vicinity of the vents of the 1950 lava flows, probably caused 
by heavy rain on November 20 to 22. 

December 

The uneasiness of Mauna Loa and Kilauea during October 
and November persisted into early December. During the latter 
part of the month, the volcanoes were relatively quiet although 
oscillations in east-west tilting at the Whitney Laboratory still 
suggested some fluctuation in pressure beneath Mauna Loa. 

Between December 3 and 7, the ground surface at the Whitney 
Laboratory tilted rapidly southward by an amount of 4.4 seconds 
of arc, and by December 16 an additional tilting of 0.6 seconds 
had taken place. This was followed, however, by a rapid partial 
recovery of 2.6 seconds by December 25. The net southward 
tilt during the month was 2.2 seconds of arc. This suggests 
a decrease of pressure beneath Kilauea. 

During December, most of the earthquake activity originated 
at Kilauea volcano. The seismograph at the Whitney Labora
tory, on the northeast rim of Kilauea Caldera, recorded 37 
earthquakes. This number only slightly exceeds the average 
during quiet periods. The Mauna Loa seismograph recorded 
only 21 earthquakes. The Kona seismograph recorded 62 earth
quakes during the month. Most of these originated close to the 
station, many of them probably on the Kealakekua fault. 

At 20:19 on December 6, a strong earthquake was felt over 
all of the southeast part of the island. It originated at a depth 
of 3 or 4 miles on the east rift zone of Kilauea volcano, about 
14 miles east of the caldera and 7 miles southwest of Pahoa. 

TELESEISMS 

The following earthquakes of distant origin were recorded on 
the seismographs of the Hawaiian Volcano Observatory. Loca
tions of the epicenters are from the notices of Preliminary 
Determinations of Epicenters published by the U. S. Coast and 
Geodetic Survey. The time given is Hawaiian Standard time. 

October 21, 11:46, slight. Formosa. 
October 21, 17:41, slight. Formosa. 
November 6, 06 : 53, slight. Kurile Islands. 
November 8, 04 : 02, moderate. Aleutian Islands. 
December 7, 18:35, slight. Indian Ocean, about 900 miles 

southeast of Madagascar. 
December 25, 15 : 03, slight. Off coast of southern California. 
December 27, 23 : 34, slight. Guerrero, Mexico. 
December 30, 12 : 50, moderate. Pacific Ocean, west of Easter 

Island. 

The data for the following local disturbances were determined 
from seismographs operated on the island of Hawaii by the 
Hawaiian Volcano Observatory. Locations given are epicenters. 
The arrival times are given to the closest minute in Hawaiian 
Standard time, which is 10 hours slower than Greenwich time. 
The number preceding each earthquake is the serial number for 
the current year. The intensity rating (Feeble, Moderate, etc.) 
given is that for the Whitney Laboratory at the northeast rim 
of Kilauea Caldera. If the intensity was greater at one of the 
other stations, the name of that station and the intensity rating 
are given in parentheses after the rating at the Whitney station, 
except that where the earthquake was not recorded at the 
Whitney station the parentheses are omitted. 

276. Oct. 1, 09: 17, tremor (Kona very feeble). Central Kona. 
277. Oct. 3, 22: 56, tremor (Kona very feeble). Central Kona. 
278. Oct. 4, 06 :01 , very feeble (Kona feeble). Central Kona. 
279. Oct. 4, 19: 03, tremor (Kona very feeble). Central Kona. 
280. Oct. 5, 02:09, tremor (Kona very feeble). Central Kona. 
281. Oct. 5, 08: 42, very feeble, felt at Kapapala and Naalehu. 

Kaoiki fault near Hilea. 
282. Oct. 6, 02:44, very feeble (Kona feeble). East edge of 

Kealakekua Bay. 
283. Oct. 6, 04: 36, feeble, felt at Kapapala and Naalehu. 

Kaoiki fault, about 4 miles northeast of 
Kapapala. 

284. Oct. 6, 08: 35, very feeble (Mauna Loa.sl ight) . Kaoiki 
fault, about 3 miles northeast of Kapapala. 

285. Oct. 6, 13 : 34, tremor (Kona very feeble). Central Kona. 
286. Oct. 7, 01 : 28, very feeble, felt at Naalehu. Near Hilea. 
287. Oct. 7, 05 : 14, tremor (Kona very feeble). Central Kona. 
288. Oct. 8, 07: 16, Kona, feeble, no record on other instru

ments. 
289. Oct. 9, 01 :40, Kona, feeble, no record on other instru

ments. 
290. Oct. 9, 04:45, slight, felt from Kona to Hilo. Central 

Kona. 
291. Oct. 9, 05:23, feeble (Kona moderate), felt at Keala

kekua. Central Kona. 
292. Oct. 10, 02 :31 , tremor (Kona very feeble). 
293. Oct. 11, 15:05, very feeble. Kilauea ( ? ) . 
294. Oct. 11, 21:30, very feeble (Kona moderate), felt at 

Kealakekua. Central Kona. 
295. Oct. 12, 10: 12, very feeble (Kona slight). Central Kona. 
296. Oct. 12, 16:06, tremor (Kona very feeble). 
297. Oct. 14, 16 : 37, very feeble. Kilauea. 
298. Oct. 14, 19: 52, very feeble, felt at Naalehu. 
299. Oct. 15, 02 : 43, very feeble. Central Kona. 
300. Oct. 15, 19:47, very feeble. 
301. Oct. 17, 08: 49, tremor (Kona very feeble). Central Kona. 
302. Oct. 17, 21:12, slight (Mauna Loa moderate), felt at 

Volcano and Hilo. Northeast rift of 
Mauna Loa, near the 3,000-foot contour. 

303. Oct. 19, 01 : 00, very feeble, felt at Volcano. Northeast 
rift of Mauna Loa ( ?) . 

304. Oct. 20, 11:58, very feeble. 
305. Oct. 20, 19: 10, tremor (Kona very feeble). 
306. Oct. 20, 21 :01 , very feeble (Kona feeble). Central Kona. 
307. Oct. 23, 10:42, tremor (Kona slight), felt at Kealakekua. 

Central Kona. 
308. Oct. 24, 13:14, very feeble (Kona feeble). Central Kona. 
309. Oct. 24, 13: 15, very feeble, felt at summit of Mauna Loa. 
310. Oct. 25, 02 : 42, very feeble. 
311. Oct. 25, 05:22, very feeble. 
312. Oct. 27, 21 : 05, very feeble. 
313. Oct. 28, 06: 53, tremor (Kona very feeble). Central Kona. 
314. Oct. 29, 02 : 07, very feeble. Central Kona. 
315. Oct. 29, 23:49, very feeble. Kaoiki fault, about 3 miles 

northeast of Hilea. 
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VOLCANO NOTES AND NEWS 

ACTIVITY OF PARICUTIN VOLCANO 

Paricutin volcano began its spectacular life on February 20, 
1943, in the state of Michoacan, western Mexico. The new 
volcano is situated in the midst of a volcanic field containing 
hundreds of older, but geologically young, cinder cones and lava 
cones. During its first weeks, the activity of Paricutin was 
largely pyroclastic, and, by the time it was a year old, the result
ing cinder cone was 1,100 feet high. Since then the upward 

growth of the cone has been slow, and on February 21, 1950, 
the summit of the cone stood approximately 1,300 feet above its 
original base. Lava flows commenced early in the history of the 
volcano and have continued intermittently ever since. At the 
end of June, 1950, the total area covered by Paricutin lava was 
about 24.2 square kilometers.* 

* CARI. FRIES, JR., AND CEI.EDONIO GUTIERREZ, ACTIVITY OE PARICUTIN 
VOLCANO EROM J A N U A R Y 1 TO JUNE 30, 1950. A m e r . Geophys. Union 
T r a n s . 3 2 : 227-230. 1951. 

316. Nov. 1, 20 : 48, very feeble. 
317. Nov. 3, 06: 26, very feeble. 
318. Nov. 4, 19 : 24, very feeble. Northeast rift of Mauna Loa. 
319. Nov. 6, 10 : 44, very feeble. Kilauea. 
320. Nov. 6, 11:08, very feeble. Kilauea. 
321. Nov. 7, 20: 11, very feeble. Near summit of Hualalai. 
322. Nov. 7, 22 : 46, very feeble. 
323. Nov. 8, 09:34, strong. Intensity 6 at Kahuku. Felt all 

over southern part of island. Epicenter on 
southwest rift of Mauna Loa at about 
4,500 feet altitude. 

324. Nov. 8, 10 : 16, very feeble. 
325. Nov. 8, 14:10, tremor (Kona slight). Central Kona. 
326. Nov. 8, 14: 22, very feeble, felt at Kealakekua. 
327. Nov. 8, 16 : 33, very feeble. Kilauea. 
328. Nov. 8, 23 : 27, tremor (Kona very feeble). Central Kona. 
329. Nov. 9, 00: 55, very feeble. Hilina fault, near Puu Kapu-

kapu. 
330. Nov. 10, 14:16, very feeble. Southwest rift of Mauna Loa 

at about 11,000 feet altitude. 
331. Nov. 11, 03 : 52, very feeble. 
332. Nov. 11, 07:08, slight, felt in Hilo. East rift of Kilauea, 

near Pauahi Crater. 
333. Nov. 12, 07: 01, very feeble. Kaoiki fault near Ainapo. 
334. Nov. 13, 00 :41 , very feeble. Kilauea. 
335. Nov. 16, 02: 57, very feeble. Kilauea. 
336. Nov. 16, 20:54, very feeble. 
337. Nov. 17, 14: 50, Kona feeble, no record on other instru

ments ; felt in Kealakekua. 
338. Nov. 18, 01 : 31, tremor (Kona very feeble), felt at Keala

kekua. 
339. Nov. 18, 02:47, tremor (Kona slight), felt at Kealakekua. 

Central Kona. 
340. Nov. 18, 11 : 18, very feeble. Kilauea Caldera, near Uwe-

kahuna. 
341. Nov. 19, 18 : 58, very feeble. 
342. Nov. 20, 17: 43, tremor (Kona very feeble.) Central Kona. 
343. Nov. 21, 06: 22, very feeble. 
344. Nov. 21, 10: 00, very feeble. Waimea Plain, near Kamuela. 
345. Nov. 21, 22: 23, very feeble. I 
346. Nov. 22, 17: 37, very feeble. East slope of Mauna Loa, 

about 3 miles east of Kulani Cone. 
347. Nov. 23, 08: 22, slight (Kona moderate), felt from central 

Kona to Kahuku. Kealakekua fault, about 
5 miles west of Napoopoo. 

348. Nov. 25, 06: 17, tremor (Kona very feeble). 
349. Nov. 25, 21 : 41, tremor (Kona very feeble). Central Kona. 
350. Nov. 26, 12:35, very feeble. East rift of Kilauea, near 

Makaopuhi Crater. 
351. Nov. 26, 21 : 25, tremor (Kona very feeble). Central Kona. 
352. Nov. 28, 09: 36, very feeble. 
353. Nov. 28, 11 : 41, very feeble. 
354. Dec. 1, 06: 09, very feeble. Central Kona. 
355. Dec. 2, 12: 00, very feeble. 
356. Dec. 3, 08: 33, very feeble. 
357. Dec. 5, 05 : 20, very feeble. Kilauea Caldera. 
358. Dec. 6, 20: 19, strong, felt from Kapapala to Hilo and 

east Puna. East rift of Kilauea, about 7 
miles southwest of Pahoa. 

359. Dec. 9, 16: 37, feeble. Near Kilauea Caldera. 
360. Dec. 11, 02: 12, very feeble. 
361. Dec. 11, 13 : 58, very feeble. 
362. Dec. 12, 16 : 51, very feeble. 
363. Dec. 13, 03:06, tremor (Kona feeble). Central Kona. 

364. Dec. 13, 2 1 : 54, very feeble. Kilauea Caldera. 
365. Dec. 14, 19: 22, tremor (Kona very feeble). Central Kona. 
366. Dec. 15, 0 1 : 36, very feeble. 
367. Dec. 15, 23 : 16, very feeble. 
368. Dec. 17, 15: 48, very feeble. 
369. Dec. 19, 05: 30, very feeble. 
370. Dec. 23, 09: 31, very feeble. Kilauea Caldera. 
371. Dec. 25, 09 : 50, very feeble. 
372. Dec. 26, 23 : 06, very feeble. 
373. Dec. 28, 16: 17, tremor (Kona very feeble). Central Kona. 
374. Dec. 29, 08: 45, Kona feeble, no record on other instru

ments. Central Kona. 
375. Dec. 29, 17 : 32, very feeble, felt at Naalehu and Kapapala. 

Kaoiki fault, near Pahala. 
376. Dec. 30, 02:00, Kona feeble, no record on other instru

ments. Central Kona. 
377. Dec. 31, 15:49, tremor (Kona feeble). Central Kona. 

SEISMOLOGY 

Earthquake Data, October-December, 1951 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea Caldera) 

Minutes Local 
Week of Very Mod- Seis- Tele-

Beginning Tremor Feeble Feeble Slight eratc Strong micity* seisms 

Oct. 7 6 4 1 1 0 0 6.5 0 
14 3 6 0 1 0 0 5.75 0 
21 10 5 0 0 0 0 5.0' 2 
28 16 4 1 0 0 0 7.0 0 

Nov. 4 11 10 0 0 0 1 11.75 2 
11 8 5 0 1 0 0 6.5 0 
18 10 7 0 1 0 0 8.0 0 
25 11 4 0 0 0 0 4.75 0 

Dec. 2 5 3 0 0 0 1 6.75 1 
9 5 6 1 0 0 0 5.25 0 

16 9 2 0 0 0 0 3.25 0 
23 3 4 0 0 0 0 2.75 2 
30 1 

* For definition of local seismicity, see Volcano Fetter 371. 

Table of Tilt at Seismograph Vaults on Rim of Kilauea Caldera 

Whitney Vault Uwckahuna Vault 
(Northeast rim) (West rim) 

Week 
Beginning Amount Direction Amount Direction 

October 7 0.3" N 45° E 0.4" S 45° E 
14 0.7" N 1.0" N 18° W 
21 1.2" N 6 ° E 5.1" N 2 2 ° W 
28 0.7" S 3 1 ° E 5.2" N10° W 

November 4 0.6" N 22° E 4.8" S 
11 0.2" S 45° W 3.0" S 18° E 
18 0.9" N 7 4 ° E 2.3" N 8° W 
25 1.4" N2S° W 3.0" S 13° E 

December 2 4.2" S 5° W 2.0" N 10° W 
9 0.9" S 23° E 2.0" N 10° W 

16 ' 2.8" N 23° E 4.2" S 5° E 
23 0.4" S 72° E 1.2" S 34° E 
30 
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Brief summaries of the activity of Paricutin volcano appear 
at approximately 6-month intervals in the American Geophysical 
Union Transactions. Carl Fries, Jr., of the U. S. Geological 
Survey, has kindly supplied a statement on the current state of 
activity of Paricutin. The Mexican Institute of Scientific In
vestigation and the U. S. Geological Survey are maintaining 
a watch over Paricutin on a cooperative basis. Two Mexican 
observers are constantly at the observatory, gathering data on 
eruptive activity, lava movement, weather, and any other perti
nent occurrences. Mr. Fries visits the volcano every 2 months 
to gather the data sheets, make special measurements, and collect 
lava samples. His last visit was in mid-November, 1951. 

In May, 1951, a new pyroclastic eruptive vent formed low on 
the northeast flank of the main cone. This new vent was very 
active and formed a separate crater on that flank of the cone. 
During the following months, the vent gradually moved up the 
flank, and its crater coalesced with the main crater. By 
November the depression on the northeast flank had been filled 
by deposition of pyroclastic fragments, and the profile was 
once again that of a simple cone. 

Lava has continued to issue from the Nuevo Juatita vent at 
the northeast base of the cone, flowing northeastward around 
the Equijuata and Capatzun cinder cones. By October it had 
reached a point about -2J4 miles from the vent, near the site of 
the former town of San Juan Parangaricutiro, when the flow of 
lava was interrupted at the vent, and the flow front ceased 
advancing. Solidification at the vent caused the formation of 
a new lava cascade just west of the former one, and during 
November two prongs of Lava were invading the base of 
Equijuata cinder cone near Tourist Lookout. 

Activity of the eruptive vents in the crater of the main cone 
has, for the past 6 months, been of such an intermittently ex
plosive nature that it has not been possible to climb the cone 
with any probability of safety. It has been dangerous even 
to approach the base of the cone. 

ALEUTIAN-ALASKAN VOLCANO STUDIES 

Dr. H. A. Powers, who is in charge of the U. S. Geological 

Survey's volcanological program in the Aleutian Islands, reports 
that the field team from the General Geology Branch, which is 
studying and mapping the volcanoes of the Aleutian Islands and 
Alaska Peninsula, completed the reconnaissance mapping of the 
Rat Group during the summer of 1951. This completes the 
mapping of all the American Aleutians west of the 180th meri
dian. Eastward, work has been completed on northern Kanaga, 
northern Adak, Great Sitkin, Umnak, and the Pavlof Group. 
The investigation will be continued until all the young volcanic 
areas have been studied. 

ALEUTIAN VOLCANIC ACTIVITY 

Great Sitkin volcano, in the Andreanof Group of the Aleutian 
Islands, has continued to steam throughout the past year, accord
ing to observations by Austin E. Jones, seismologist in charge 
of the seismological observatory maintained on Adak Island by 
the Geophysics Branch of the U. S. Geological Survey. The 
steam cloud is visible intermittently from Adak. It is not ap
parent whether this represents fluctuation in volume of steam 
output or fluctuation in meteorological conditions that condense 
the steam. 

No fume or ash clouds have appeared from Great Sitkin since 
the series of eruptions which ended about November 29, 1950. 
During this eruptive period, which began November 5, 1950, 
several ash showers and fume were produced. Jones estimated 
that one ash eruption produced possibly as much as 20,000 cubic 
meters of ash. Flashes of light were observed several times at 
night by military personnel on Great Sitkin Island, but they were 
not seen from Adak. Prior to this activity, the last small ash 
falls and fume clouds were seen on December 30, 1949, and 
January 7, 1950. 

In spite of the frequency of military air travel along the 
Aleutian Chain, information on minor activity of the different 
volcanoes is very random because the cloud and fog screen is 
so persistent. Minor ash showers and fume emission are known 
to have occurred during 1951 from Gareloi, Kanaga, Great 
Sitkin, Akutan, and Shishaldin. Others may have shown minor 
activity which has not been reported. It is certain, however, 
that no major eruptions have escaped notice. 

STAFF OF HAWAIIAN VOLCANO OBSERVATORY 

U. S. Geological Survey: 

Gordon A. Macdonald, Volcanologist, Director 
Chester K. Wentworth, Geologist, part-time 
John C. Forbes, Laboratory Mechanic 
LaVieve G. Forbes, Secretary, part-time 

Seismograph Station Op'erators: 
Hilo Station: 

Sister M. Thecla, St. Joseph's School 

Kona Station: 

Howard M. Tatsuno, Konawaena School 

University of Hawai i : 

T. A. Jaggar, Geophysicist 

HAWAIIAN VOLCANO RESEARCH ASSOCIATION 
In cooperation with the UNIVERSITY OF HAWAII 

The Hawaiian Volcano Research Association was found
ed in 1911 for the recording- and study of volcanoes in the 
Hawaiian Islands and around the Pacific Ocean. Its 
equipment at Kilauea Volcano, Hawaii Island, has been 
transferred to the United States Geological Survey. 

The University of Hawaii cooperates in maintaining a 
research laboratory at Kilauea. The Association and the 
University supplement the work of the government with 

research associates, instrumental equipment, and special 
investigations. Dr. T. A. Jaggar is their geophysicist resi
dent at Kilauea. 

The Volcano Letter, a quarterly record of Hawaiian 
volcano observations, is published by the University of 
Hawaii and supplied to members of the Research Asso
ciation and to exchange lists of the above establishments. 
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THE SOUTH HAWAII EARTHQUAKES OF MARCH AND APRIL, 1952 

By GORDON A. MACDONALD 

At 11:38 Hawaiian Standard time on March 13 a 
strong earthquake (Fig. 1, No. 78) originated beneath 
the ocean south of the island of Hawaii, 23 miles S 19° 
W of the coastal village of Kalapana. The earthquake 
was felt all over the southern portion of the island, its 
intensity along the south shore being estimated at 4 in 
the modified Mercalli scale. At 18:20 on March 14 
a similar earthquake (Fig. 1, No. 80) originated in the 
same general area. These quakes were the forerunners 
of a great swarm of earthquakes that began on March 
16 and continued throughout April. 

On March 16 the seismographs of the Hawaiian Vol
cano Observatory recorded 39 earthquakes, all probably 
originating in the offshore area south of the island. On 
the following days the number of quakes rapidly in
creased, reaching a peak of 395 on March 20. Figure 
2 indicates the daily seismicity at the Volcano Observa
tory through the rest of March and April. The daily 
seismicity was determined by assigning a seismicity 
value to each earthquake, depending on its size, and 
totaling the values for each day. Each strong earthquake 
was assigned a seismicity value of 4. The method is 
described in Volcano Letter 512. 

The decrease in number of quakes from foci south of 
the island was less rapid than the increase and at a 
fairly regular declining rate. In Figure 2 the marked 
hump in the curve on April 5-7 is caused by a series of 
earthquakes originating on the east rift zone and be
neath the caldera of Kilauea volcano. This swarm of 
Kilauea earthquakes was essentially past by April 8, 
although a few quakes of Kilauea origin were recorded 
through the remainder of April. 

At the end of April the total number of earthquakes 
recorded since March 13 was 4,553. Most of these were 
small, and many were tremors too small to permit the 
recognition of phases in the seismogram. Based on the 
records from the Bosch-Omori seismograph in the Whit
ney Laboratory of Seismology, at the northeast rim of 
Kilauea Caldera, 31 are classed as moderate and 18 as 
strong. Several of the strong earthquakes were felt 
generally over the southern portion of the island. All the 

strong quakes and many of the smaller ones were felt 
in the area from Kapapala to and beyond Naalehu 
(Fig. 1). It is estimated that, during the height of the 
activity, 20 to 30 earthquakes a day were felt at Naa
lehu. The number of quakes felt decreased rapidly 
northeastward, and at Kapapala residents felt only a 
small proportion of those felt at Naalehu. A still smaller 
number was felt in the Kilauea Caldera area. It is note
worthy that very few of the earthquakes were felt at 
Kalapana despite the closeness of that village to the 
epicenters of many of the quakes. The shocks were much 
more generally felt in the region nearly in line with the 
presumed submarine fault on which they originated than 
they were in areas at similar distances approximately 
normal to the fault. 

None of the earthquakes caused any important dam
age to property, although several of the large ones caused 
slight shifting or overturning of small objects on shelves. 
A strong quake (Fig. 1, No. 148) at 17: 58 on March 
17 caused a small tsunami ("tidal wave") at Kalapana. 
At approximately 18: 00 waves swept inland about 600 
feet, entering the yard of the Kalapana School. At the 
time, storm waves were not of sufficient size to account 
for the incursion of the water. This small tsunami 
produced no record on the tide gauge at Hilo, and no 
damage was done. However, the writer considered it 
advisable to issue a warning to all communities along 
the southeast shore of the island that as long as the 
swarm of submarine earthquakes continued there was 
a possibility that a large quake of shallow origin might 
be accompanied by a destructive tsunami. On the basis 
of this warning, the Department of Public Instruction 
ordered the Kalapana School closed and the children 
transported to school elsewhere until the undersea earth
quakes ended. 

Approximately 185 of the swarm of earthquakes 
yielded seismograms on which the emergence of the P 
and S phases could be • recognized with sufficient cer
tainty at several stations to permit reasonably certain 
location of the epicenter. These epicenters are indicated 
in Figure 1. All the epicenters were located by means of 
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FIGURFS 1. Map of part of the southeast coast of the island of Hawaii, showing the locations of epicenters of 
earthquakes during March and April, 1952, and the positions of known and hypothetical faults above sea level. 
Class 1 locations are from good agreement of all data; class 2 are satisfactory agreement of data. Serial numbers 
of the strong earthquakes are indicated. Seismograph stations shown are (1) Whitney Laboratory of Seismology, 
(2) Uwekahuna station, and (3) Mauna Loa station. The broad bulge in the submarine contours south of Kilauea 
Caldera probably marks a submarine shield volcano with a ridge extending eastward along a rift zone. 

the distance indicated by the interval S — P, using at 
least three stations. Records from the Whitney Labora
tory, the Mauna Loa station, and the Hilo station were 
used in practically all the locations, and the loca
tions of the strong earthquakes were checked by means 
of the records of the Kona station. Checks on many 
locations were obtained from the records of the vertical 
seismographs and the Imamura strong-motion seismo
graph at Uwekahuna. In addition, a portable seismo
graph was operated by John C. Forbes at Naalehu on 
March 26, at Punaluu on March 28, and at the Hilina 
Pali lookout station on April 1. The writer wishes to 
thank Miss Constance Conard, teacher at Naalehu 
School, for permission to operate the seismograph in 
the basement of her cottage at the school, and Wayne 
Richardson and the Hawaiian Agricultural Company 
for the use of the company's beach house in which to 
operate the seismograph at Punaluu. 

Two classes of epicentral locations are shown in 
Figure 1. In locations of class 1 there was good agree
ment of the data from all stations. In locations of class 
2 the agreement was less perfect although still close. 

Instances in which agreement of the data was poor 
were rejected, and those epicenters are not shown in 
Figure 1. Because of the unfavorable distribution of 
seismograph stations in respect to the earthquake epi
centers, depth determinations are too uncertain to be 
used for comparative purposes. 

Submarine contours based on the soundings shown 
on U. S. Coast and Geodetic Survey chart 4115 (7th 
edition, June 1940) show a broad dome with its apex 
21 miles nearly due south of the summit of Kilauea vol
cano. Soundings are inadequate to give a detailed picture 
of this feature, and it is highly desirable that many more 
soundings be obtained off the island of Hawaii. Exist
ing soundings are, however, adequate to give a rather 
definite generalized picture. A few old, isolated sound
ings, that are not accordant with adjacent new sound
ings, and probably are erroneous in position, have been 
rejected in contouring. 

The contours are shown by dotted lines in Figure 1. 
The dome is probably a shield volcano, lying against 
the side of the Kilauea shield just as Kilauea does against 
the side of Mauna Loa. The broad nose projecting east-
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FIGURE 2. Graph showing daily seismicity at the Whitney 
Laboratory of Seismology from March 16 to April 30, 1952. 

ward, shown by the minus-9,000-foot contour, probably 
is a ridge built along an eastward-trending rift zone 
like that of Kilauea. It is noteworthy that this probable 
submarine volcano lies almost exactly on a line drawn 
through the summits of Hualalai and Mauna Loa vol
canoes. 

The distribution of epicenters in Figure 1 clearly 
indicates that the earthquake swarm was caused by 
movements along a line or narrow zone nearly parallel 
to the south coast of the island. The eastern portion of 
the line lies approximately along the axis of the east
ward-trending submarine ridge, and the entire line may 
mark a rift zone crossing south of the summit of the 
submarine shield, as does that of Kilauea. If so, the 
movements that caused the earthquakes may have ac
companied subterranean magma movement or eruption 
of the submarine volcano. Careful watch was kept 
throughout the earthquake period for any signs of sub
marine eruption. On March 28 a cowboy employed by 
the Kapapala Ranch reported seeing three puffs of cloud 
rising from the ocean south of the island at 14:32, 14:50, 
and 15:10, respectively. These were not reported by 
any other observer. The ocean south of the island was 
kept under observation for the next several days from 
the Volcano Observatory and on March 29 and April 
1 from the Hilina Pali lookout. Both binoculars and 
a telescope were employed. Several times puffs of cloud 
seen from the Observatory at first appeared to be rising 
from the ocean, but each time further observation showed 
them to be merely developing puffs of the common 
coastal cumulus. From Hilina Pali no clouds were seen 
to rise from the ocean, nor was any disturbance of the 
ocean surface observed. 

It is, of course, entirely possible that eruption in 
several thousand feet of water might not produce any 
visible evidence at the surface. Pressure of overlying 
water might prevent vesiculation of sufficient degree to 
produce pumice or scoria light enough to float to the 
surface. Steam generated by contact of the hot lava with 
ocean water probably would be cooled and condensed 

as it rose through the overlying cold water, and mag-
matic gases might be entirely dissolved. Thus, neither 
floating pumice nor rising gases might be visible at the 
surface. On the other hand, it appears unlikely that 
eruption could have occurred without producing some 
record of volcanic tremor on the seismographs. Such 
tremor characteristically accompanies eruptions of Mau
na Loa and Kilauea, but it was totally absent from the 
records during March and April, 1952. Furthermore, 
even in deep water the heating of the immediately sur
rounding water and, possibly, the introduction of toxic 
gases probably would cause the death of many fish, 
which would float ashore as they did in the vicinity of 
the 1950 lava flows that entered the ocean. (It is inter
esting to note that, although specific identifications of 
these fish are not yet available, many of them obviously 
came from depths well below those reached in ordinary 
fishing.) 

A more probable interpretation is that the line indi
cated by the epicenters in Figure 1 marks a fault, or more 
probably a group of faults, crossing the south slope of 
the submarine shield volcano much as the Hilina fault 
system does the south slope of Kilauea volcano above 
sea level, and that the earthquakes were caused by 
movement along this fault, zone. The probability is 
increased by the occurrence during the past year of 
repeated movements along the other similar fault systems 
on the flanks of both Kilauea and Mauna Loa. It is 
noteworthy that three of the located earthquakes of the 
March-April group originated along the Hilina fault 
system, probably as a result of adjustment along that 
system in response to movement on the faults farther 
south. Displacement on the faults of the Hilina system 

FIGURE 3. Graph showing relationship between longitude of 
focus and time of occurrence of the earthquakes, the epicenters 
of which are shown in Figure 1. The dots represent the actual 
earthquakes, and the dashed line shows approximate median 
curve. 
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has resulted in a rise of the central part of the island 
in relation to the undersea portion. It is probable that 
on the offshore faults also, the predominant movement 
has been a rise of the island in relation to the adjacent 
ocean basin. 

The migration of the epicenters indicates that fault 
movement commenced at about longitude 155°06'W, 
shifted eastward to about longitude 154° 57', then west
ward as far as 155°32' on March 19 and 20, then again 
eastward. From March 25 on, the located quakes mostly 
lay near the central portion of the zone of activity, with 
no definite shifting indicated. The migration of earth
quake activity back and forth along the fault zone is 
shown graphically in Figure 3, in which the longitudes 
of the epicenters shown in Figure 1 are plotted against 
time. 

The seismicity values may be taken as a roughly quan
titative indication of the energy release by the earth
quakes. During the first few days of the earthquake 
swarm, the average rate of energy release appears to 
have increased at an essentially uniform rate, suggest
ing a fairly uniform increase in the strain, the release 
of which was responsible for the earthquakes. In Figure 
4, the curve representing the average hourly seismicity 
during each 24-hour period rises as a nearly straight line 
from March 16 to March 20. After March 20 the curve 
flattens into a nearly horizontal plateau. In detail, how
ever, the energy release was not uniform. The plotting 
of hourly seismicity in the columnar graph (Fig. 4) 
indicates in general a succession of progressive increases 
of energy release, terminated by one or more strong 
earthquakes and followed by a period of a few hours of 

relative quiet. Thus, although the strain on the fault 
system appears to have accumulated at a fairly regular 
rate, the release of the strain was not regular but peri
odic. Probably the accumulation of strain on the faults, 
because of Fictional resistance to movement on the fault 
planes, proceeded at a rate greater than the rate of 
release of the strain, until finally the accumulated strain 
was relieved by a large movement causing a large earth
quake. After each fairly complete release the accumu
lated strain gradually increased again until another 
climax was reached. 

The earthquake swarm of March and April, 1952, 
somewhat resembled that of 1868 although on a smaller 
scale. During late March of 1868 residents of southern 
Hawaii experienced great numbers of earthquakes, re
portedly reaching dozens, or even hundreds, a day. They 
were most severe in the region from Kapapala to Waio-
hinu. This activity was climaxed on April 2, 1868, by a 
violent earthquake of about intensity 10 (Wood, 1914: 
192) that leveled nearly every building in the area. The 
big earthquake was accompanied by a mud flow at Wood 
Valley, between Kapapala and Pahala, that buried a 
village and killed 31 persons. At the same time a great 
tsunami seriously damaged every coastal village along 
the southeast shore of the island, destroying 108 houses 
and the lives of 47 people (Brigham, 1909: 118). The 
great earthquake was followed, a few days later, by 
eruption of both Kilauea and Mauna Loa volcanoes. 

The location of the origin of the great earthquake of 
April 2, 1868, is uncertain. Movement on a fault just 
west of Waiohinu is reported to have offset a wagon 
road the width of the road horizontally (Wood, 1914: 

FIGURE 4. Graph showing, by means of columns, the hourly seismicity at the Whitney Laboratory of Seismology 
from March 16 to 21, 1952, and, by means of black dots, the average hourly seismicity for each day. The line con
necting the dots indicates the trend of average hourly seismicity. The single-barbed arrows at the top of the figure 
indicate the time of occurrence of strong earthquakes. 
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199). However, the very large tsunami that accom
panied the earthquake suggests that part of the move
ment occurred offshore. It is not impossible that the 
big 1868 quake and many df its attendant smaller shocks 
originated on the same fault system that caused the 
quakes of March, 1952. It appears more probable, 
however, that they originated on the faults in the vicinity 
of Waiohinu and Naalehu and their seaward extensions. 

The possibility of a train of events similar to that of 
1868 was borne strongly in mind during the earthquakes 
of March, 1952. As already stated, the possibility of a 
damaging tsunami was pointed out. However, lack of 

strong ground tilting and the absence of earthquakes 
originating beneath the caldera or rift zones of either 
volcano during the principal part of the 1952 earthquake 
swarm suggested that volcanic eruption was not immi
nent. 

REFERENCES 

BRIGHAM, W. T., THE VOLCANOES OE KILAUEA AND 
MAUNA LOA. Bernice P. Bishop Mus. Mem. 2 (4) : 1-
222. 1909. 

WOOD, H. O., ON THE EARTHQUAKES OE 1868 IN HA
WAII. Seismol. Soc. Amer. Bui. 4 : 169-203. 1914. 

HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JANUARY-MARCH, 1952 
By GORDON A. MACDONALD 

VOLCANOLOGY 
January 

Hawaiian volcanoes remained quiet during January. The 
seismograph beneath the Volcano House, at the northeast rim 
of Kilauea crater, recorded a total of 54 earthquakes during the 
month, and the Mauna Loa seismograph recorded only 19. Thus, 
the number of earthquakes recorded at Kilauea was somewhat 
greater than the average, and earthquake activity centered at 
Kilauea rather than at Mauna Loa. However, most of the Ki
lauea earthquakes had very shallow origins and probably were 
related to shallow-seated readjustments rather than to deep 
volcanic forces. A strong earthquake at 01:58 on the morning 
of January 26 originated on the group of faults near Hilina 
Pali, about 3 miles east of Puu Kapukapu. Slight aftershocks at 
02 :52 on the same morning and 00:07 on January 27 originated 
at the same locality. At 06 :26 on January 23 an earthquake, 
felt in the northern portion of the island, originated beneath 
Waimea Plain about 5 miles east-southeast of Kamuela. 

Southward tilting of the ground at the northeast rim of 
Kilauea crater was at a rate approximately normal for this 
season of the year. Reversal from eastward to westward tilting 
took place about January 23, approximately a month later than 
the average, suggesting some accumulation of volcanic pressure 
beneath Mauna Loa during early January. 

February 
Earthquake activity was moderately abundant at Hawaiian 

volcanoes during the month of February. A total of 55 earth
quakes was recorded on the seismographs of the Hawai ian 
Volcano Observatory. Of these, 54 were recorded at Kilauea 
crater and 39 at the Mauna Loa seismograph station. Thus, 
the earthquake activity centered at Kilauea, whereas Mauna 
Loa was relatively quiescent. Most of the Kilauea earthquakes 
originated on the east rift zone, between Makaopuhi Crater and 
a point 10 miles farther east. Several others originated close 
to Kilauea crater. All were of shallow origin. 

An earthquake at 01:16 on February 2 was felt generally in 
Hilo and by some persons in nearly all parts of the island. It 
originated at a depth of about 30 miles, nearly under Kaumana. 
A smaller earthquake at 20:30 on February 1, felt by many 
persons in Kona, originated in central Kona, probably on the 
Kealakekua fault near the north edge of Kealakekua Bay. Other 
earthquakes on February 13 and 14 Had their origin in the same 
general area. A quake felt at Kapapala at 22:40 on February 
23 had its epicenter on the southwest rift of Mauna Loa, near 
8,500 feet elevation. 

Slight westward and moderate southward tilting of the ground 
continued throughout the month at the seismograph station be
neath the Volcano House, at the northeast edge of Kilauea 
crater. Both are normal for this season of the year. 

Early in February a large rock slide occurred on the south
west wall of Halemaumau crater, south of the visitors' lookout 
point. The scar left by the slide was first observed on the morn
ing of February 9, but the slide is believed to have taken place 
during or immediately following a strong earthquake at 21 :55 
on February 7. Halemaumau was not visible from the Volcano 
Observatory on February 8 because of rain clouds filling Kilauea 
crater. The slide removed a layer of rock about 500 feet wide 
and 450 feet high from the upper part of the crater wall. It was 

followed by many smaller slides, the largest of which occurred 
near noon on February 21. Altogether, the slides deposited more 
than 2 million cubic feet of broken rock on the floor of Hale
maumau and caused the rim of the crater to move back as much 
as 10 feet. 

March 
The outstanding event of the month of March was the begin

ning of the great swarm of earthquakes, originating off the south 
shore of the island, that is described on foregoing pages. East-
west tilting at the Whitney Laboratory during March was 
irregular, and there was practically no accumulation of tilt in 
either direction. North-south tilting also was irregular, but 
there was an accumulation of 0.8 second of southward tilt during 
the month. This southward tilting was normal for that season 
of the year, but the rate was somewhat less than usual. 

Small rock slides continued on the southeast wall of Hale
maumau crater. The north end of the crack that crosses the 
tourist observation area opened 8 mm. during the month. 

TELESEISMS 
The following earthquakes of distant origin were recorded on 

the seismographs of the Hawaiian Volcano Observatory. Loca
tions of the epicenters are from the notices of Preliminary Deter
minations of Epicenters published by the U. S. Coast and Geo
detic Survey. The time given is that of the first detectable 
emergence of the quake on the Bosch-Omori or Sprengnether 
vertical seismograms, in Hawaiian Standard time. 

January 12, 10: 28, slight. Fox Islands, in Aleutian Archi
pelago. 

March 3, 15 : 33, strong. Near the east coast of Hokkaido 
Island, Japan. 

March 5, 06:08, slight. Off east coast of Hokkaido. 
March 9, 06 : 58, slight. Near south coast of Kamchatka. 

Earthquake Data, January—March, 1952 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea Caldera) 

Week 
Beginning 

Dec. 30 
Jan. 6 

13 
20 
27 

Feb. 3 
10 
17 
24 

Mar. 2 
9 

16 
23 
30 

Minutes 
of 

Tremor 

9 
4 
1 

14 
9 
6 
7 
3 
7 

10 
13 

1,155 
909 
417 

Very 
Feeble 

1 
4 
2 

13 
5 
4 
1 
6 
7 
1 

15 
487 
313 
245 

Feeble 

0 
0 
0 
1 
0 
2 
0 
0 
0 
1 
1 

112 
66 
39 

Slight 

0 
0 
0 
1 
1 
1 
0 
1 
0 
0 
1 

79 
90 
39 

Mod
erate 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
9 

10 
4 

Strong 

0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
2 
8 
3 
2 

Local 
Seis-

micity* 

2.75 
3.00 
1.25 

17.00 
9.75 

11.50 
2.25 
5.75 
5.25 
4.00 

21.75 
859.25 
671.75 
361.75 

Tele-
seisms 

1 
1 
0 
0 
0 
0 
0 
0 
0 
2 
1 
0 
0 
0 

* For definition of local seismicity, see Volcano le t ters 371 and 512. 
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Table of Tilt at Seismograph Vaults on Rim of Kilauea Caldera 

Whitney Vault Uwekaimna Vault 
Week (Northeast rim) (West rim) 

Beginning 
Amount Direction Amount Direction 

D e c e m b e r 30 1.0" N 30° E 4 .2" N 1 3 ° W 
January 6 0.4" S 18° E 3.2" S 6° E 

13 1.2" S 11° W 2.2" N 8 ° E 
20 1.7" S 4 S ° E 6.9" N 1 4 ° W 
27 1.2" S 3 7 ° W 1.0" N 7 2 ° W 

February 3 0.6" W 4.2" S 13° E 
10 1.1" S 12° W 0.0" 
17 0.5" N 2 7 ° E 3.5" S 5° E 
24 0.5" S 1.4" S 27° E 

March 2 1.1" N 7 ° W 1.3" S 14° W 
9 1.0" N 7 0 ° E 2.9" N 6 ° W 

16 2.8" S 31 ° W 4.2" N 9 ° W 
23 0.7" N 80° E 1.0" S 19° W 
30 0.7" N 4 5 ° W 2.1" S 27° E 

23. Jan. 25, 20:55, no record at Kilauea (Kona very feeble). 
Central Kona. 

24. Jan. 26, 01 : 58, strong. Hilina fault system, about 3 miles 
east of Puu Kapukapu. 

25. Jan. 26, 02: 52, slight. Same as No. 24. 
26. Jan. 27, 00: 07, slight. Hilina fault system. 
27. Jan. 27, 18:52, tremor (Kona feeble). Central Kona. 
28. Jan. 27, 18:59, very feeble (Kona slight). Central Kona. 
29. Feb. 1, 20:30, very feeble (Kona feeble), felt at Captain 

Cook. Central Kona. 
30. Feb. 2, 0 1 : 16, moderate, felt over most of the island, 

strongly at Hilo. Nearly under Kaumana, 
about 30 miles deep. 

31. Feb. 2, 03 : 46, very feeble. 
32. Feb. 2, 05 : 58, tremor, felt in Kukuihaele. 
33. Feb. 2, 06: 19, very feeble. 
34. Feb. 2, 13 : 05, very feeble. 
35. Feb. 6, 06: 20, very feeble. 
36. Feb. 6, 18: 42, feeble. East rift of Kilauea near Makao-

puhi. 
37. Feb. 6, 20: 52, very feeble. 
38. Feb. 6, 22 : 10, very feeble. 
39. Feb. 7, 04: 27, slight. East rift of Kilauea near Makao-

puhi, shallow. 
40. Feb. 7, 21 : 22, very feeble. 
41. Feb. 7, 2 1 : 23, feeble. East rift of Kilauea. 
42. Feb. 7, 2 1 : 55, strong. East rift zone of Kilauea, 1 mile 

east of Napau Crater, shallow. 
43. Feb. 8, 02:02, tremor (Kona very feeble). 
44. Feb. 13, 20:36, very feeble (Kona moderate). Central 

Kona, probably on Kealakekua fault. 
45. Feb. 14, 15:46, tremor (Kona slight). Central Kona. 
46. Feb. 14, 15:50, tremor (Kona slight). Central Kona. 
47. Feb. 15, 14:47, tremor (Kona very feeble). 
48. Feb. 15, 23:04, tremor (Kona very feeble). Central Kona. 
49. Feb. 19, 11 : 20, very feeble, felt at Kapapala. Southeast 

slope of Mauna Loa near Kapapala. 
50. Feb. 19, 19: 26, very feeble. 
51. Feb. 21, 06: 15, slight, felt from Volcano district to Pepee-

keo. East rift of Kilauea about 2 miles east 
of Napau crater, shallow. 

52. Feb. 22, 17: 10, very feeble. Kilauea. 
53. Feb. 22, 21 : 34, very feeble. 
54. Feb. 23, 01 :.47, very feeble. Kilauea. 
55. Feb. 23, 22: 41, very feeble, felt at Kapapala. Southwest 

rift of Mauna Loa at about 8,500 feet alti
tude. 

56. Feb. 24, 10:20, very feeble (Mauna Loa feeble). North 
slope of Mauna Loa, about 11 miles north 
of Mokuaweoweo. 

57. Feb. 24, 11:22, very feeble. Kilauea Caldera. 
58. Feb. 24, 11: 47, very feeble. 
59. Feb. 24, 11 : 54, very feeble. 
60. Feb. 25, 08 : 28, very feeble. 
61. Feb. 26, 12:36, very feeble. 
62. Mar. 1, 11 : 59, very feeble. Kilauea Caldera. 
63. Mar. 2, 14:36, very feeble. Kilauea Caldera. 
64. Mar. 6, 20: 44, feeble, felt at Hilo and in Volcano district. 

Hilina fault system, about 2 miles north
west of Ka Lae a Puki. 

65. Mar. 9, 05 : 59, very feeble. 
66. Mar. 9, 07 : 51, very feeble. 
67. Mar. 9, 10 : 51, very feeble. 
68. Mar. 9, 13 : 57, slight. Hilina fault system, about 2.5 miles 

northwest of Kaena Point. 
69. Mar. 9, 14: 01, very feeble. 
70. Mar. 10, 13 : 45, very feeble. 
71. Mar. 11, 10:10, very feeble. 
72. Mar. 12, 03 : 37, very feeble. 
73. Mar. 12, 16: 28, very feeble. 
74. Mar. 12, 16:54, feeble (Kona slight). Central Kona. 
75. Mar. 12, 17 : 07, very feeble. 
76. Mar. 12, 17:11, very feeble. 
77. Mar. 12, 22: 17, very feeble. 
78. Mar. 13, 11:38, strong, felt from Volcano district to Naa-

lehu. Off south shore, at 19°02.4'N, 155° 
06.2'W. 

79. Mar. 14, 17:45, very feeble. Kilauea. 
80. Mar. 14, 18:21, strong, felt from Hilo to Kapapala. Off 

south shore, at 19°02.8'N, 155°04.8'W. 

TEMPERATURE MEASUREMENTS 

On March 20 the Territorial Highway Department installed 
a recording thermometer on the Ohia Lodge flow of the 1950 
eruption of Mauna Loa. The thermal element is placed in a 
hot crack at a site just inland from the position of the old high
way that was buried by the flow. The flow is approximately 50 
feet thick at that point. 

K. B. Hirashima, testing engineer for the Territorial High
way Department, states that a temporary installation with the 
thermal element at a depth of 18 inches yielded a temperature 
reading of 860° F. The permanent installation at a depth of 3 
feet indicated a temperature of 960°. It is planned to keep a 
record of the rate of temperature drop over the next several 
years. The temperature recorded is much higher than at com
parable depths over most of the flow, as has been demonstrated 
in cuts several feet deep excavated along the course of the new 
highway which crosses the flow. The high temperature at the 
thermometer installation is caused by gases rising from the 
lower part of the thick flow. 

The data for the following local disturbances were determined 
from seismographs operated on the island of Hawaii by the 
Hawaiian Volcano Observatory. Locations given are epicenters. 
The times are arrival times at the Whitney Laboratory of Seis
mology, on the northeast rim of Kilauea Caldera. They are given 
to the closest minute in Hawaiian Standard time, which is 10 
hours slower than Greenwich Civil time. The number preceding 
each earthquake is the serial number for the current year. The 
intensity rating (Feeble, Moderate, etc.) given is that for the 
Whitney Laboratory. If the intensity was greater at one of the 
other stations, the name of that station and the intensity rating 
there are given in parentheses after the rating at the Whitney 
station. 

1. Jan. 2, 06:47, very feeble. 
2. Jan. 8, 05:40, no record at Kilauea (Kona very feeble). 
3. Jan. 10, 00 : 22, very feeble. 
4. Jan. 11, 02:33, very feeble. 
5. Jan. 12, 04: 23, very feeble. 
6. Jan. 12, 20: 54, very feeble. Kilauea Caldera. 
7. Jan. 15, 05 : 13, very feeble. 
8. Jan. 17, 07: 36, very feeble. 
9. Jan. 23, 00 : 54, very feeble. 

10. Jan. 23, 04: 10, very feeble. Kilauea Caldera, shallow. 
11. Jan. 23, 06:27, very feeble, felt at Kukuihaele. Waimea 

Plain, about 5 miles east-southeast of Ka-
muela. 

12. Jan. 23, 07: 54, feeble. Near Kilauea Iki. 
13. Jan. 23, 11 : 13, very feeble. Kilauea. 
14. Jan. 23, 11:54, very feeble. 
15. Jan. 24, 07: 03, very feeble. Kilauea. 
16. Jan. 24, 07: 14, very feeble. 
17. Jan. 24, 13 : 26, very feeble. Kilauea Caldera. 
18. Jan. 24, 18: 24, very feeble. Kilauea Caldera. 
19. Jan. 25, 03 : 04, very feeble. Kilauea Caldera. 
20. Jan. 25, 03 : 06, very feeble. 
21. Jan. 25, 16: 53, no record at Kilauea (Kona feeble). Cen

tral Kona. 
22. Jan. 25, 19 : 44, very feeble. Kilauea Caldera. 
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524. Mar. 21, 04: 35, strong, felt at Naalehu. Off south shore, at 
19°02.7'N, lSS-Ug/W. 

567. Mar. 21, 14:25, moderate. Off south shore, at 19°04.3'N, 
155°14.3'W. 

649. Mar. 22, 02: 05, strong, felt at Naalehu. Off south shore, at 
19°02.5'N, 155°12.1'W. 

668. Mar. 22, 06: 19, moderate. Off south shore, at 19°07.8'N, 
155° 00.4'W. 

762. Mar. 22, 19:20, moderate, felt at Naalehu. Off south shore, 
at 19°06.4'N, 155°Q3.9'W. 

808. Mar. 23, 06: 52, moderate, felt at Naalehu and Pahala. Off 
south shore, at 19°11.7'N, 1S4°55.0'W. 

842. Mar. 23, 15: 05, moderate, felt at Naalehu and Kapapala. 
Off south shore, at 19°02.8'N, 155°14.4'W. 

894. Mar. 24, 02: 02, moderate, felt at Naalehu. Off south shore, 
at 19°08.0'N, 155°01.7'W. 

927. Mar. 24, 13: 29, strong, felt at Naalehu. Off south shore, 
at 19°06.3'N, 155°02.4'W. 

954. Mar. 25, 00:30, moderate. Off south shore, at 19°01.3'N, 
155°17.0'W. 

965. Mar. 25, 07: 04, strong, felt at Naalehu. Off south shore, 
at 19°04.3'N, 155°05.8'W. 

979. Mar. 25, 09:17, strong, felt at Naalehu. Off south shore, 
at 19*05.2% 155°05.1'W. 

1016. Mar. 26, 04: 40, moderate, felt at Naalehu. Off south 
shore, at 19°03.3'N, 155°13.8'W. 

1083. Mar. 27, 04:31 , moderate, felt at Naalehu. Off south 
shore, at 19°03.1'N, 155°12.6'W. 

1128. Mar. 27, 22: 44, moderate, felt at Naalehu and Pahala. Off 
south shore, at 19-02.2% 155°13.9'W. 

1166. Mar. 28, 11:57, moderate, felt at Naalehu. Off south 
shore, at 19°03.3'N, 1S5°11.5'W. 

1200. Mar. 29, 02:42, moderate, felt at Naalehu. Off south 
shore. 

1317. Mar. 30, 13 : 53, strong. Off south shore. 
1422. Mar. 31, 22:00, strong, felt at Naalehu. Off south shore, 

at 19°02.2'N, 155°13.4'W. 

VOLCANO NOTES AND NEWS 

CONDITIONS AT PARICUTIN VOtCANO 

A letter from Celedonio Gutierrez, the Geological Survey's 
permanent observer at Paricutin volcano, Mexico, addressed 
to Ray E. Wilcox of the Geological Survey's volcano investi
gations unit, tells of unprecedented absence of activity. Dur
ing January and February there were several explosions 
stronger than any previously observed during the life of 
Paricutin. On February 25 eruptive activity ceased and was 
renewed only by a few weak surges between that time and 
March 4. From March 4 until the date of the letter, March 
29, the volcano remained totally inactive, with not even noises 
or fume emission. A subsequent letter confirms total inactivity 
through April 29, 1952. Wilcox states that this is the first 
complete cessation of activity in the 9 years since the birth 
of Paricutin. 

ALASKAN VOLCANOES 

Austin E. Jones, seismologist in charge of the Geological 
Survey's Aleutian volcano observatory on Adak Island, has 
supplied the following notes obtained during January from 
Capt. V. Seidelhuber of a U. S. Navy tanker operating in 
Aleutian waters. 

April 1951—On a moonlit night, glow was reflected high 

above Shishaldin volcano, the most active vent on Unimak 
Island. 

October 1951—Lower slopes of Akutan showed fresh black 
ash on top of the snow, but the summit of the volcano was 
concealed in cloud. 

December 20, 1951—A high column of white smoke (steam) 
rose above the summit of Makushin volcano, Unalaska Island, 
and the snow on the volcano was gray with ash. 

January 17, 1952—A column of grayish-brown fume was 
rising from the crater on the summit of Gareloi volcano. 

TSUNAMI OF MARCH 3, 1952, IN HAWAII 
A violent earthquake off the east coast of the Japanese 

island of Plokkaido, at 01 :23 on March 4 (Greenwich Civil 
t ime), caused extensive property damage and heavy casual
ties. It was accompanied by a tsunami ("tidal wave") which 
contributed greatly to the damage. This wave was recorded 
on the tide gauge in Honolulu harbor. According to Comdr. 
C. A. George, Supervisor of the Pacific District, U. S. Coast 
and Geodetic Survey, the arrival time at Honolulu was 11 :15 
Greenwich Civil time, or 23:15 on March 3 by Hawaiian 
Standard time, and the amplitude of the wave was about 6 
inches. The wave was recorded at Hilo also, with about the 
same amplitude. The wave traveled from Japan to Hawaii 
at an average speed of approximately 450 miles an hour. 

81. Mar. 14, 19:06, very feeble. 
82. Mar. 14, 19:09, very feeble. 
83. Mar. 15, 22: 16, very feeble. Kilauea Caldera. 
84-1427. Mar. 16-31, Earthquakes originating mostly off the 

south shore of the island, and mostly very 
feeble to slight. Moderate and strong earth
quakes of this group and earthquakes of 
other origin are listed separately below. 

88. Mar. 16, 15: 53, feeble, felt in Volcano district. Kilauea 
Caldera, shallow. 

95. Mar. 16, 22: 45, very feeble. Hilina fault system, 2 miles 
west of Kupaahu, at 19°19.7'N, 15S°02.O'W. 

148. Mar. 17, 17:58, strong, felt at Naalehu, caused small tsu
nami at Kalapana. Off south shore, at 
19°07.5'N, 155°02.0'W. 

167. Mar. 18, 04: 50, very feeble. Kilauea. 
183. Mar. 18, 08:03 , very feeble. Kilauea Caldera. 
199. Mar. 18, 10: 53, moderate, felt at Naalehu. Off south shore, 

at 19°00.1'N, 1S5°19.8'W. 
212. Mar. 18, 13: 01, moderate. Off south shore at 19°06.1'N, 

155°20.5'W. 
220. Mar. 18, 14: 18, strong. Off south shore, at 19°04.6'N, 155° 

24.7'W. 
275. Mar. 19, 02: 55, strong, felt at Naalehu. Off south shore, 

at 19°06.5'N, 155°01.8'W. 
283. Mar. 19, 08: 05, very feeble. Kilauea. 
340. Mar. 19, IS: 51, strong. Off south shore, at 19°02.0% 155° 

20.1'W. 
385. Mar. 20, 0 1 : 22, strong. Off south shore, at 19°02.3'N, 155° 

18.5'W. 
414. Mar. 20, 09 : 51, strong, felt at Naalehu. Off south shore, at 

19°03.2'N, 155°14.7'W. 
466. Mar. 20, 20: 16, moderate, felt at Naalehu. Off south shore, 

at 19°03.5'N, 155°23.7'W. 
494. Mar. 20, 23 : 48, moderate, felt at Naalehu. Off south shore, 

at 19°02.2'N, 15S°23.6'W. 
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HIBOK-HIBOK VOLCANO, PHILIPPINE ISLANDS, AND ITS ACTIVITY SINCE 1948 

By ARTURO ALCARAZ, LEOPOLDO F. ABAD, and JOSE C. QUEMA1 

PART I 

INTRODUCTION 

Hibok-Hibok is one of several active volcanoes in the 
Philippines. Since the start of its present activity in 
September, 1948, it has aroused world-wide interest, not 
only from the scientific but also from the humanitarian 
point of view, because of the profound effects of the 
activity on the inhabitants of Catniguin Island where the 
volcano is located. About 500 persons died and property 
damage amounting to several hundred thousand pesos 
was sustained as a result of the most recent eruptive 
phase of its activity which occurred on December 4 and 
6, 1951. The high loss in human lives ranks the Hibok-
Hibok disaster as> one of the most appalling natural dis
asters to have visited the Philippines in the last 40 years, 
since the eruption of Taal volcano on the island of 
Luzon in 1911. 

GEOGRAPHY 

Hibok-Hibok volcano is on the island of Camiguin. 
The island is roughly pear shaped, with its longer axis 
trending northwest-southeast, and lies between 9°05'N 
and 9°16'N, and between 124°38'E and 124°48'E (Fig. 
1). Its total area is about 237 square kilometers. Cami
guin is barely 10 miles off the north coast of the large 
island of Mindanao, and politically it is a part of the 
Province of Oriental Misamis in Mindanao. 

At present, access to Camiguin Island is by sea trans
portation only, as it has no airfield. Small interisland 
boats call almost daily at Mambajao, which has the best 
port facilities on the island. However, due to the prox
imity of the town to Hibok-Hibok volcano, shipping 
activities are shifting to Binone, a barrio on the east side 
of Camiguin quite removed from the present dangers 
arising from the activity of the volcano. 

1 Geophysicist, Weather Bureau; Mining Engineer, Bureau of 
Mines; and Geologist, Bureau of Mines, respectively. Published 
by permission of the Committee on Volcanology, Department of 
Agriculture and Natural Resources, Philippine Islands. 

The island is mountainous. Coastal plains are very 
narrow and in most places absent. However, because of 
the fertility of the volcanic soil, a large portion of the 
island is under cultivation. Plantations of coconut and 
abaca can be seen everywhere, even on the slopes of the 
volcanoes. The main occupations of the people are farm
ing and fishing. 

There is no real dry season in Camiguin in spite of a 
very pronounced maximum-rainfall period in winter. 
The average annual rainfall is about 97 inches. From 
November to April, the prevailing winds are north-
easterlies; in May, the easterlies or trade winds; and 
from June to October, the southwesterlies. Typhoon 
frequency for the island is less than 7 per cent of the 
number that affects the Philippines annually. 

According to the Census Atlas of the Philippines for 
the year 1948, the population of the island is 69,599, 
distributed in four municipalities as follows : Mambajao, 
25,193; Sagay, 18,061; Catarman, 16,845; and Mahinog, 
9,500. A fairly good road runs along the north coast, 
from the barrio of Naasag northeast-southeastward to 
Guinsiliban and then northwestward, following the south 
coast to barrio Bonbon, almost encompassing the island 
except for about 3 or 4 miles around the base of Mount 
Vulcan. Extension of the road from Naasag to Bonbon 
was under construction in 1950. However, because of 
the activity of Mount Hibok-Hibok, sections of the road 
from Baylao to Agoho, both barrios of Mambajao, are 
now covered by volcanic debris brought down by freshets 
from the slppes of the volcano and, as was the case on 
December 6, 1951, laid down by an ash flow. 

The main topographical features of Camiguin Island 
are two moderately high volcanic peaks: Mount Mam
bajao, with an elevation of 5,620 feet, and Mount 
Catarman, the site of the present activity, with an eleva
tion of 4,370 feet (Fig. 1). There are also numerous 
smaller peaks, all of volcanic origin. At the northwest 
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FICURE 1. Map of Camiguin Island, showing the location of Hibok-Hibok volcano (Mt. Catarman) and the principal deposits of its 
recent activity. 
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end of the island, jutting out a little way to sea, is Mount 
Vulcan, a volcanic cone built up in 1871 at the base of 
Mount Catarman. Vulcan,is about 1,500 feet high. 

Hibok-Hibok is a native name given to Mount Catar
man. There was really no need of any name for the 
volcano other than that of Mount Catarman which ap
pears in published maps of the Archipelago, but "Hibok-
Hibok" gained wide usage, and the volcano is now 
known locally and abroad by that name. The approxi
mate geographical co-ordinates of the present active 
crater area are 9°12'N and 124°40'E. 

GEOLOGY 

The island of Camiguin is made up entirely of vol
canic formations and was apparently built upon a sub
marine platform which is made evident by lines connect
ing isobaths at approximately the 200-fathom depth. The 
platform appears to be a segment or an extension of the 
Misamis Peninsula, from which the island is separated 
by 10 miles of water. The area is spotted with numerous 
submarine elevations, which form rocky shoals and bases 
of coral islets. 

The rock forming the platform is not definitely known. 
However, there are evidences that it is probably basalt 
as is now to be found at southeast Camiguin and at the 
north tip of Misamis Peninsula. Lejay (1938) found 
strong positive anomalies at the tip of the peninsula and 
offered the explanation that the heavy materials, the 
presence of which is revealed by samples at the surface, 
must probably be in great quantity in the root. In Cami
guin, however, the areal extent of the basaltic formations 
is limited to a sixth part of the island and can he found 
only in the southeastern section. 

West of the basalt area from the Sagay-Mahinog line 
of contact are younger extrusives and most recent vol-
canics. They are mostly andesitic agglomerates, lava 
sheets, and pyroclastics and constitute the formations 
which built up in sequence the stratovolcanic peaks of 
Mambajao, Catarman, and Vulcan. The latest extrusives 
from Vulcan in 1871 and Hibok-Hibok in 1948 were 
grayish, dense to partly vesicular porphyritic andesites 
with numerous feldspar and ferromagnesian pheno-
crysts. The extrusives must have come out in a state 
approaching that of solids, as there is practically no 
evidence of any rapid cooling. 

Only one hot spring is known to exist on the island. 
It is located at the foot of Mount Vulcan, about lj/2 
miles southwest of barrio Naasag. This spring is at 
mean sea level and thus approachable only during low 
tide. The water has a temperature below boiling point 
and comes welling out in very small quantities on the 
rocky beach. The water is not hard. At two places close 
to Mount Catarman can be found mineral springs issuing 
at ordinary temperature. The water tastes like the well-
known Vichy mineral water of France. 

PAST VOLCANIC ACTIVITY IN CAMIGUIN 

The island of Camiguin bears plenty of evidences that 
in the past it must have been one of the more active 
volcanic centers of the Archipelago. Mounts Catarman 
and Mambajao and numerous smaller cones were built, 
no doubt, by past eruptions. There is no clear mention 

in records at hand, however, of any previous volcanic 
activities other than the eruption of 1871, which pro
duced Vulcan, and the appearance of solfataras in 1897 
and 1902 in the same area as the present activity. In fact, 
until the present activity, it was thought that Mount 
Catarman (Hibok-Hibok) was dormant. 

The Camiguin Eruption of 1871. In January, 1871, 
earthquakes were felt on the north end of Camiguin 
Island. The number frequency and intensity of the 
shocks gradually increased by February, and rumbling 
subterranean sounds were heard to accompany the tre
mors. Landslides and Assuring also occurred with the 
earthquakes, destroying trees and plantations. On April 
30, after the shocks suddenly ceased, an explosion oc
curred. From a spot close to the sea and north of the 
old town of Catarman (now known as barrio Bonbon) 
on the west-northwest foot of Mount Catarman, a tre
mendous explosion was heard, and, at the same time, 
a shower of stones, earth, and ashes was ejected from 
the recently made openings. Destruction was complete 
within a radius of 2 miles from the new crater. The 
eruption continued for about a week, after which it de
clined into a relatively quiet eruptive state. A volcanic 
cone, which was later called Camiguin volcano or Vul
can, began to form. 

The activity continued for about 4 years, after which 
time the cone reached a height of approximately 1,500 
feet, with a base nearly 1 mile in diameter. Grabau 
(1921) listed this eruption as one of the few occasions 
in historic times on which the growth and development 
of a volcano has been witnessed by man. It was Paricutin 
72 years ahead in the Philippines. 

After the eruption, the town of Catarman was rebuilt 
on its present site (formerly barrio Guiob), some 8 miles 
southeast of the old site. Vulcan is quiescent at present, 
with the cone partly eroded. It does not seem to be 
affected at all by the activity of the adjacent Hibok-
Hibok. In the past decade or so, Vulcan's activity ap
parently has been limited to emission of an insignificant 
amount of steam from crevices in the crater area and 
visible from a distance on cold, clear mornings only. 

Solfataras of 1897 and 1902. In 1897, in about the 
same area as the present activity of Hibok-Hibok, there 
issued white sulphurous vapors that caused destruction 
to the agricultural lands on the northeast and southwest 
slopes of Mount Catarman. According to the account 
of this activity by Reverend Saderra Maso, S.J. (1903), 
the solfataric activity continued up to 1902. On July 9 of 
that year, hollow sounds were heard coming from the 
mountain although there was no apparent change in the 
appearance of the volcano. During the night of July 27 
there was a thunderstorm around Mount Catarman, and 
the people were surprised the following morning to note 
that a new solfataric vent had formed opposite the crest 
which separated it from the old one. The activity of the 
new vent lasted 8 to 10 days, during which frequent 
subterranean sounds were heard. 

Published accounts of these solfataric activities have 
made no mention of associated earth tremors. However, 
because of recent information gathered from two old 
residents of Camiguin who witnessed the events in 1897 
and 1902, it is now believed likely that there were local 
tremors associated with the activities. 
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PRESENT ACTIVITY 

The present activity of Mount Catarman, now popu
larly known as Hibok-Hibok ( = quivering, in dialect) 
volcano, may be said to have begun during the last week 
of August, 1948, when the vicinity of the volcano started 
experiencing a series of earth tremors especially per
ceptible at the barrios on the northeast slopes. With the 
local tremors, there occurred frequent slides of the soil 
mantle on the volcano's slopes facing the town of Mam-
bajao. The landslides and earthquakes increased in fre
quency, and, on the afternoon of September 1, there 
occurred the first crateral outburst from the general area 
of the sulphur pits (most probably the vents of the 
1897-1902 solfataric action of Mount Catarman). Since 
then, Hibok-Hibok has been in more or less continual 
activity punctuated by eruptive phases. 

In over 3 years of activity, a certain cycle of behavior 
of Mount Hibok-Hibok is discernible, the cycle being 
(1) a short period of emission of a considerable amount 
of smoke from the crater and slides of volcanic materials, 
with or without accompanying tremors ; (2) explosions, 
or steam blasts, concomitant with the emission of heavy 
clouds of steam, ashes, and other fragmentary volcanic 
materials, with a strong possibility of the development 
of "nuees ardentes d'explosion vulcanienne" (Lacroix, 
1930) ; (3) disgorging of incandescent materials, emis
sion of ash and smoke in large amounts, formation of 
agglomeratic flows, and occasional minor crateral out
bursts; (4) decrease in amount of. smoke and other 
ejecta from the crater (possibly due to engulfment of 
the lava column). From phase 4 the activity again goes 
back to phase 1, the whole cycle being completed in a 
period of from 9 to 14 months. 

The above cycle seems to have been the pattern of 
behavior of Hibok-Hibok in the past 3 years, with each 
cycle apparently culminating in a steam blast, or blasts, 
of varying intensity. The period covered by each phase 
varies, whereas the phase itself may either be accen
tuated or subdued in a particular cycle. Dates of erup
tions of the volcano can really be regarded as times when 
the cycle was at phase 2, such as September, 1948; June, 
1949; September, 1950; and December, 1951. 

Seismic Activity. There was no seismograph on Cami-
guin Island at the start of the present activity of Mount 
Hibok-Hibok, so the tremors that preceded the initial 
blast of September 1 were unrecorded. However, the 
tremors were of perceptible intensities and were felt by 
the people living close to the volcano. The distribution 
in time and intensity of these tremors, judging from 
information gathered on Camiguin Island, was one of 
progressively shorter intervals and increasing intensity 
up to the time of the initial blast, when they practically 
ceased, although a few weak tremors were felt in the 
vicinity of the volcano after September 1. 

A low-magnification seismograph was installed at 
Mambajao in February, 1951. No unusual local seismic 
activity has been recorded by the instrument, however, 
except for occasional single tremors of volcanic origin. 
The absence of any swarm of tremors, macroseismic or 
microseismic, before the eruptive phase of later cycles is 
noteworthy. The December 4, 1951, steam blast, for 
example, was without any apparent attendant seismic 

activity. Why that was so is a matter for conjecture. 
Perhaps the seismic disturbances that may have resulted 
from lava surges beneath the volcano were, or are, of 
such small magnitude as to be undetectable by a low-
magnification instrument such as had been installed at 
Mambajao. Nevertheless, it seems logical to expect that, 
toward the time of release of any large confined pressure 
such as must exist in the magma chamber before a steam 
blast, there should be tremors that are strong enough to 
be perceptible even without instruments. 

Could it be that what Fenner (1950) wrote about the 
Katmai eruption finds application to paroxysmal activ
ities of Mount Hibok-Hibok? In discussing the possi
bilities of exothermic reactions in magmas and the large 
quantities of heat that may be developed, he said that 
". . . in the Katmai eruption the explosions occurred 
after the magma rose to the surface and was lying in an 
open crater, and that during this period a great amount 
of heat was evolved and large quantities of cold rock 
from the crater walls were engulfed by the magma and 
reacted with it. The later explosions developed in the 
synthetic magma so produced." If the explosions mani
fested by Hibok-Hibok were precipitated by exothermic 
reactions that took place while the magma was close to 
the surface, then it is not hard to see why there was no 
detectable seismic activity associated with those explo
sions. That the magma was near or in the open crater 
just before Hibok-Hibok explosions or steam blasts 
seems to be supported by the observed characteristics of 
phase 1, the phase preceding paroxysmal activity of 
the volcano. 

Steam Blasts. The explosive crateral outbursts of 
Mount Hibok-Hibok may be termed steam blasts. There 
is evidence that a blast, or a series of blasts, of 
great violence are a characteristic feature of the present 
activity of the volcano. 

The first steam blast happened at five o'clock in the 
afternoon of September 1, 1948. From eye-witness ac
counts, it was gathered that something (presumably a 
dull, explosive sound) drew people's attention to Hibok-
Hibok, and they were appalled to see a dense black cloud 
enveloping the mountain. Its development was rapid, 
and within a minute or two the town of Mambajao, about 
4)4 miles distant, was engulfed in darkness. Pisolitic 
ash began to fall on the town, throwing the people into 
consternation. The eruption cloud dissipated in about 
Y hour. The following day, September 2, there were 
two similar outbursts, but they were not as strong as 
that of the day before. 

Those who saw the eruption cloud from afar were in 
agreement in that it was a cauliflower- or mushroom-
shaped cloud that shot out from Hibok-Hibok. The de
struction caused by this blast and by others later was 
localized in the northeast sector of the volcano, probably 
because of the fact that the Hibok-Hibok crater is not 
located at the crest of Mount Catarman but at a slightly 
lower elevation on its northeast flank. 

The possibility of a fissure eruption of the nature sug
gested by Jaggar (1949) for Mount Pelee may he dis
counted on the basis of field evidences. Coconut trees 
and other vegetation were blown down or scarred, and 
the trees that were left standing quite close to the source 
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FIGURE 2. Steam blast of July 3, 1951, with its accompanying 
glowing cloud (nuee ardente d'explosion vulcanienne). 

of the hlast were flayed. Subsequent examination of the 
devastated area revealed rock fragments and, in one 
instance, a piece of stick embedded in a coconut trunk. 
The trees were felled with a definite directional pattern, 
all pointing away from the crater except for slight 
modifications due to topography. The area destroyed 
by the blast of September 1 was roughly 8 square 
kilometers. About 70 per cent was arable and cultivated 
for coconuts, hemp, and food crops. Because of the 
precursory tremors and landslides, occurrences entirely 
new to most of the island's inhabitants, people living 
close to the volcano left before the violent outburst, and 
thus there were practically no casualties. Two persons, 
caught at the fringe of the affected area, suffered second-
and third-degree burns but survived. 

In later months, other steam blasts of much lesser 
intensity occurred, but there were none with important 
consequences until 9 months later, when the cycle men
tioned earlier repeated itself. In June, 1949, 9 months 
after the initial outburst, Hibok-Hibok again produced 
a number of steam-blast eruptions. They were of rela
tively weak intensity, however, and produced no pro
found effects in the vicinity of the crater. The direction 
of localized lateral effect of these blasts was almost due 
east, or about 30 degrees south of the 1948 direction. 
The shift may have been due to the earlier formation of 
an enormous black lava flow (Kanangkaan Flow) along 
the latter direction which may have strengthened that 
portion of the crater that fed the flow and produced a 
change of configuration at the crater that directed the 
new blasts in a more easterly direction. 

The steam blasts corresponding to the 1950 cycle oc
curred in September. These blasts produced effects 

similar to those of 1948. There were the same directional 
arrangement of felled trees, the searing of vegetation, 
and the deposition of an appreciable ash layer inside the 
affected area. As in 1949, there was again a shifting of 
the direction of localized destruction. The devastated 
area was a section north of the crater, or a shift of about 
45 degrees to the north of the 1948 direction. The shift 
was a logical one since it was the direction of easiest 
relief after the other portions of the Hibok-Hibok 
crater, away from the crest of Mount Catarman, had 
been bolstered by extrusions. 

U p to the time of the 1950 steam blasts, the tempera
tures involved must have been quite low, at least not 
much above that which could cause the ignition of dry 
inflammable materials. The unfortunate victims claimed 
by the steam blast of September 15, 1950, died of exten
sive burns or asphyxiation, but their clothing did not 
catch fire nor did the nipa and bamboo houses within 
the devastated area. 

The steam blasts of the 1951 cycle exceeded those of 
former cycles in intensity and destructiveness. Without 
attendant tremors or unusual crateral activity, the steam 
blast that caused more extensive property damage and 
exacted a toll of about 500 lives came during the morn
ing of December 4, 1951 (Fig . 3 ) . The temperature 
involved was much higher than in previous blasts. Trees 
were blown down and charred on their exposed sides, 
houses enveloped in the eruption cloud burst into flames, 
persons caught were mummified, and the thick ash layer 
laid down was unbearably hot below its surface even a 
few days later. An idea of the force of the blast may be 
obtained from the fact that a coconut tree 10 inches in 
diameter was wrapped U-shaped around a mango tree 
18 inches in diameter, about 3 miles from the crater. A 
hill on the direct line of the blast was swept bare of 
vegetation and covered by a thick layer of ash, and coco
nut trees were blown away and piled up like match sticks 
at the leeward side of the hill. Furthermore, the align
ment of the felled trees, the apparent ineffectiveness of 
topography to localize effects, and the impact pits of 
airborne boulders found miles away from the crater all 
attest to the fact that there was an explosion of con
siderable magnitude. The eruption cloud was visible for 

FIGURE 3. Steam blast of December 4, 1951, looking toward 
the southwestern outskirts of Mambajao. Photo by Hibok-Hibok 
Studio. 
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about 100 miles and, according to eye-witnesses, was 
remarkably like the explosion cloud of atomic bombs. 

(To be continued in Volcano Letter 517) 
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR APRIL-JUNE, 1952 
By GORDON A. MACDONALD 

VOLCANOLOGY 

April 

The big swarm of earthquakes that started in mid-March 
came essentially to an end about April 20. During the period 
from March 13 to April 30 seismographs of the Hawaiian Vol
cano Observatory recorded 4,553 earthquakes. Most of them 
were caused by movement along a line lying south of the south
east shore of the island of Hawaii, from approximately 15 miles 
south of Kalapana to 11 miles southeast of Punaluu. (See Vol
cano Letter 515.) 

Early in April a series of earthquakes commenced on the east 
rift of Kilauea volcano, from the caldera to a point about 8 miles 
southwest of Pahoa. This activity was accompanied by north
ward tilting of the ground at the northeast edge of the caldera, 
indicating a small increase of pressure beneath Kilauea. At the 
close of the month the uneasiness of Kilauea volcano appears to 
have subsided, although occasional earthquakes were still occur
ring both on' Kilauea and off the south shore of the island. 

Mauna Loa remained quiet throughout April. 

May 

Seismographs operated by the Hawaiian Volcano Observatory 
at Kilauea Caldera recorded 157 local earthquakes during May. 
This was a great decrease in number as compared to the 3,366 
quakes recorded in March and 928 recorded in April, but it was 
still nearly five times the number recorded during a normal 
month without volcanic activity. 

A few earthquakes continued to originate in the region south 
of the island of Hawaii, from which came a large majority of 
the quakes during March and April. Many small earthquakes 
originated at shallow depths in the vicinity of Kilauea Caldera 
and along the east rift zone of Kilauea near the caldera. Others, 
including one felt strongly at Kapapala and Naalehu on May 21, 
originated on the Kaoiki fault, which lies along the lower slope 
of Mauna Loa between Kilauea Caldera and Pahala. 

Several small- to moderate-sized earthquakes originated ap
proximately along the line connecting the summit of Mauna Loa 
with the submarine volcanic mountain 10 miles south of Puu 
Kapukapu, near the south shore of the island. That line coincides 
with a minor rift zone of Mauna Loa that erupted in prehistoric 
times but has had no historic eruptions. 

The strong earthquake at 12: 12 on May 23 originated on the 
Kealakekua fault near Napoopoo, apparently close to the place 
of origin of the big quake of August 21, 1951. (See Volcano 
Letter 513.) It was felt all over the island of Hawaii and by 
some persons on the island of Maui. Damage in the central Kona 
area included dishes, groceries, and bottles of liquor knocked 
from shelves, cracks in pavements, slides from roadcuts, some 
water tanks damaged, some windows broken, and tombstones 
overturned. The intensity near the epicenter was 6 in the modi
fied Mercalli scale. The breaking of dishes extended as far as 
Naalehu, where the intensity was 5. 

During May there was a small accumulation of northeastward 
ground tilting at the Whitney Laboratory of Seismology, at the 

northeast edge of Kilauea Caldera. The reversal from south-
westward to northeastward tilting, which occurs every year in 
the late spring, was somewhat earlier than usual. This probably 
resulted from a small increase of volcanic pressure beneath Ki
lauea and possibly also beneath Mauna Loa. 

At the end of May both volcanoes were uneasy, but as yet 
there was no recognized indication of eruption coming in the 
near future. 

June 

Kilauea volcano became active shortly before midnight on 
June 27. During the early part of June, earthquakes had been 
considerably more numerous than in normal, quiet times, al
though much less numerous than during March and early April. 
Many of the earthquakes originated in Kilauea volcano, but 
others originated in Mauna Loa and along the Kaoiki fault, and 
a few continued to come from the zone off the south shore of 
the island. The Kilauea earthquakes all were of shallow origin. 
Ground tilting at the northeast rim of Kilauea Caldera was 
weakly northward from mid-May to mid-June, at about the rate 
normal for that season of the year. At Uwekahuna, on the west 
rim of the caldera, there was weak northwestward tilting. There 
was an accumulation of 1.4 seconds of northward tilting at the 
northeast rim of the caldera between June 21 and 27. Although 
fairly rapid, that tilting was not greater either in amount or in 
rate than several similar spasms of tilting during the past sev
eral years. For the past 2 months Kilauea had been recognized 
to be uneasy, but during mid-June there was no indication that 
it was more uneasy than it had been for some time, or that it 
was more uneasy than Mauna Loa. No pattern of earthquake 
foci commencing at a depth of 20 miles or more and gradually 
approaching the surface, such as has been observed preceding 
other eruptions, was recognized, nor was there any abnormal 
amount of tilting. Beyond a general uneasiness of the volcano, 
the eruption came unheralded. 

The eruption began at approximately 23 : 39 on June 27, with 
a rush of gas from a newly opened fissure extending in a north
east-southwest direction entirely across the floor of Halemaumau 
crater. During the first few hours, the lava fountains formed a 
continuous "curtain of fire" 2,700 feet long, along the opened 
fissure. The largest fountain was at the southwest end of the 
chain. At 23 : 50 the top of this fountain was visible above the 
rim of Halemaumau from the Volcano Observatory at Uweka
huna. It must then have been more than 700 feet high. Clouds 
of choking sulphur dioxide fume and a dense fall of pumice 
covered the southern portion of Kilauea Caldera. 

About eight million cubic yards of lava were released during 
the first 6 hours of the eruption. By daylight on June 28 the 
new lava fill in Halemaumau was about 50 feet deep, and all 
signs of former features on the crater floor, including the rem
nants of the cones of the 1931 and 1934 eruptions, were deeply 
buried. After that the rate of lava extrusion greatly decreased, 
hut extrusion continued at a rate approximating one million 
cubic yards a day through the rest of June and July. 

The eruption will be described in detail in a future number of 
the Volcano Letter. 
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SEISMOLOGY 
Teleseisms 

The following earthquakes of distant origin were recorded on 
the seismographs of the Hawaiian Volcano Observatory. Loca
tions of the epicenters are from the notices of Preliminary De
terminations of Epicenters published by the U. S. Coast and 
Geodetic Survey. The time given is that of the first detectable 
emergence of the quake on the Bosch-Omori horizontal or 
Sprengnether vertical seismograms, in Hawaiian Standard time. 

June 10, 00: 15, slight. Fiji Islands region. 
June 22, 11 : 58, slight. Kurile Islands. 

Earthquake Data April-June, 1952 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea Caldera) 

Week 
Beginning 

April 6 
13 
20 
27 

May 4 
11 
18 
25 

June 1 
8 

15 
22 
29 

Minutes 
of 

Tremor 

213 
78 
32 
28 
21 
20 
25 
12 
17 
20 
31 

1,487 3 
10,080 0 

Very 
Feeble 

92 
38 
18 
16 
IS 
10 
11 
17 
19 
30 
36 
60 

1 

Feeble 

16 
5 
2 
0 
1 
1 
2 
2 
0 
1 
6 
4 
3 

Slight 

16 
7 
1 
2 
0 
1 
2 
0 
2 
4 
3 
2 
0 

Mod
erate 

6 
1 
1 
1 
0 
0 
1 
0 
1 
0 
1 
1 
0 

Strong 

3 
0 
0 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 

Local 
Seis-

micity* 

177.25 
60.50 
24.00 
19.00 
17.75 
11.00 
24.75 
13.50 
20.75 
29.00 
44.75 

412.75 
2,523.5 

Tele-
seisms 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 

* For definition of local seismicity, see Volcano Letter 371 or 512. 

Local Earthquakes 

The data for the following local disturbances were determined 
from seismographs operated on the island of Hawaii by the 
Hawaiian Volcano Observatory. Locations given are epicenters. 
In this and the previous issue of the Volcano Letter, geograph
ical coordinates are given for some earthquakes to a tenth of a 
minute, but it is not intended to imply that degree of accuracy 
in the location. The probable error of location for those quakes 
is 1 to 2 minutes. The times given are arrival times at the 
Whitney Laboratory of Seismology on the northeast rim of 
Kilauea Caldera. They are stated to the closest minute in Ha
waiian Standard time, which is 10 hours slower than Greenwich 
Civil time. The number preceding each earthquake is the serial 
number for the current year. The intensity rating (Feeble, Mod
erate, etc.) given is that for the Whitney Laboratory. If the in
tensity was greater at one of the other stations, the name of that 
station and the intensity rating there are given in parentheses 
after the rating at the Whitney station. 

1428-1886. April 1-May 31. Earthquakes mostly originating off 
the south shore of the island and mostly 
very feeble to slight. Moderate and strong 
earthquakes of this group and earth
quakes of other origin are listed sepa
rately below. 

1529. April 3, 05 : 09, feeble. Kaoiki fault near Ohaikea. 
1531. April 3, 06 :23 , very feeble. Kilauea, east rift. 
1532. April 3, 06: 27, very feeble. Kilauea, east rift. 
1547. April 4, 11:09, slight. Kilauea, east rift near Napau 

crater. 
1548. April 4, 11:19, feeble. Kilauea, east rift near Napau 

1554. April 4, 16: 08, feeble.' Kilauea Caldera, shallow. 
1555. April 4, 20: 08, feeble. Hilina fault zone, about 1.8 miles 

N 10° W of Ka Lae a Puki, shallow. 
1569. April 5, 11:23, moderate. Kilauea, east rift near Maka-

opuhi, about 13 miles deep. 
1571. April 5, 14:16, moderate. Off south shore of Hawaii. 
1587. April 5, 2 1 : 04, moderate. Kilauea, east rift near Napau 

crater. 
1596. April 6, 03:44, slight. Kilauea, east rift near Napau 

crater. 

1597. April 6, 04:06, feeble. Kilauea, east rift about 1.5 miles 
west of Kalalua crater. 

1612. April 6, 15 : 10, moderate. Off south shore of Hawaii. 
1623. April 6, 20:53, slight. Kilauea Caldera, shallow. 
1631. April 6, 22: 58, strong. Kilauea Caldera, shallow. Felt 

generally in Volcano district. 
1639. April 7, 0 1 : 31, feeble. Kilauea Caldera, shallow. 
1640. April 7, 0 1 : 54, feeble. Kilauea, east rift about 1 mile 

east of Makaopuhi crater. 
1645. April 7, 03 : 59, slight. Kilauea Caldera, shallow. 
1653. April 7, 06: 05, moderate. Kilauea, east rift near Puu 

Huluhulu, shallow. 
1656. April 7, 06: 44, slight. Kilauea Caldera, shallow. 
1668. April 7, 12: 15, very feeble. Kilauea, east rift near Alae 

crater. 
1669. April 7, 12: 53, strong. Kilauea, east rift near Makao

puhi crater, about 12 miles deep. Felt 
from Naalehu to Volcano. 

1670. April 7, 13 : 00, moderate. Off south shore of Hawaii. 
1671. April 7, 2 3 : 55, moderate. Kilauea, east rift near Alae 

crater, about 7 miles deep. 
1701. April 10, 16:56, moderate. Hilina fault zone at Polioke-

awe Pali, 3.5 miles N 45° W of Kaena 
Point. Felt at Naalehu. 

1703. April 10, 22: 52, slight (Mauna Loa, moderate). Deep (20 
miles?) beneath the SW rift of Mauna 
Loa near the 9,200-foot contour. Felt 
strongly from Naalehu to Volcano, mod
erately at Hilo, and slightly as far as 
Paaubau and Kukuihaele. 

1705. April 11, 07:34, feeble. Kilauea, east rift near Makao
puhi. 

1711. April 12, 01:29, feeble. Kilauea, east rift about 2 miles 
east of Napau crater, shallow. 

1715. April 12, 05: 53, strong. Kilauea, east rift, 1 mile N W of 
Heake crater, about 13 miles deep. Felt 
at Naalehu and Kapapala. 

1716. April 12, 06:22, moderate. Off south shore of Hawaii. 
1719. April 12, 16: 55, very feeble. Kilauea, east rift near Puhi-

mau crater. 
1721. April 12, 19:40, slight. Kilauea, east rift near Puu Hulu

hulu. Felt in Volcano district. 
1726. April 13, 12: 29, feeble. Kilauea, east rift near Puhimau 

crater. 
1729. April 13, 21:04, very feeble. Kilauea, east rift about 2 

miles east of Kalalua crater, shallow. 
1734. April 14, 08:37, slight. Kilauea, east rift about 2 miles 

east of Kalalua crater, shallow. 
1736. April 14, 12:25, very feeble. Kilauea, east rift near Ka

lalua crater. 
1737. April 14, 16: 56, very feeble. Kilauea, east rift near Ka

lalua crater. 
1739. April 15, 07: 51, feeble. East rift of Mauna Loa, shallow. 
1745. April IS, 17:56, slight. Kilauea, 2 miles W S W of Puu 

Ohale, about 6 miles deep. 
1746. April 15, 17: 59, slight. Kilauea, 3 miles W S W of Puu 

Ohale, about 5 miles deep. 
1750. April 16, 00: 58, feeble. Kilauea, east rift near Makao

puhi crater. 
1752. April 16, 07: 08, moderate. Off south shore of Hawaii. 
1780. April 21, 17:45, moderate. Off south shore of Hawaii, 16 

miles S 10° W of Apua Point. 
1813. May 3, 18: 16, moderate. Off south shore, at 19° 12.5' 

N, 155° 20.8' W. 
1816. May 6, 06:35, feeble. Off south shore, at 19° 09.2' N, 

155° 19.3' W. Felt at Kapapala. 
1830. May 10, 19: 14, strong. Kilauea Caldera, about 7 miles 

deep. 
1839. May 13, 22 : 50, slight. Southeast slope of Mauna Loa. 
1842. May 15, 04:10, feeble. Hilina fault system, at 19° 18.4' 

N, 155° 09.7' W. 
1849. May 19, 0 1 : 16, slight. Off south shore, at 19° 02.7' N, 

155° 07.2' W. 
1851. May 19, 04: 08, slight. Southeast slope of Mauna Loa, at 

19° 20.2' N, 155° 28.9- W. 
1856. May 21, 17: 13, moderate. Southeast slope of Mauna Loa, 

at 19° 18.1' N, 155° 28.3' W. 
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2026. June 26, 17:23, very feeble. Near Kapapala, shallow, 
probably on Kaoiki fault. Felt stronglj 
at Kapapala. 

2027-2047. June 26-27. Very feeble earthquakes, apparently 
originating in the vicinity of Kilauea 
Caldera at very small depths. Continu
ous volcanic tremor started at approxi
mately 23: 37: 30 on June 27, at about 
the time glow was first observed at Hale-
maumau, and appears to mark the begin
ning of eruption. 

2048. June 27, 23 : 39, very feeble. Kilauea Caldera. 
2049. June 27, 23 : 49, very feeble. Kilauea Caldera. 
2050. June 27, 23 :51 , very feeble. Kilauea Caldera. 
2051. June 27, 23 : 58, slight. Kilauea Caldera. 
2052. June 28, 00: 20, very feeble. 
2053. June 28, 00: 31, very feeble. 
2054. June 28, 00: 47, moderate. Kilauea Caldera. 
2055-2063. June 28-30. Very feeble and feeble earthquakes ac

companying the eruption of Kilauea vol
cano. 

Table of Tilt at Seismograph Vaults on Rim of Kilauea Caldera 

Week 
Beginning 

April 6 
13 
20 
27 

May 4 
11 
18 
25 

June 1 
8 

15 
22 
29 

( 

Amount 

1.1" 
0.4" 
0.8" 
0.5" 
0.4" 
0.6" 
0.7" 
0.4" 
0.5" 
0.6" 
1.3" 
1.5" 
1.0" 

Whitney Vault 
Northeast rim) 

Direction 

N 12° W 
S 18° W 
N 71° W 
N45° W 
S 18° W 
S 11° E 
N 4 5 ° E 
N18° W 
N 6 3 ° W 
N 6 8 ° E 
N 6° E 
S 66° W 
S 14° W 

Uwekahuna Vault 
(West rim) 

Amount 

3.9" 
2.3" 
3.0" 
1.7" 
2.6" 
5.8" 
0.7" 
2.0" 
0.9" 
3.0" 
0.6" 
2.9" 
2.4" 

Direction 

S 25° E 
S 16° E 
S 19° E 
N22° W 
S 13° E 
N 9° W 
S 64° W 
N 9° W 
N45° E 
N19° W 

W 
N 13° E 
S 24° E 

VOLCANO NOTES AND NEWS 

DIDICAS VOLCANO 
During March, 1952, a passing ship reported submarine vol

canic activity at Didicas Rocks, about 38 miles north of Cape 
Engano on northern Luzon in the Philippine Islands. Previous 
activity during 1856 and 1857 had resulted in the formation of 
a cone about 700 feet high, but the cone had been almost com
pletely destroyed by wave erosion previous to the current erup
tion. 

The Manila Bulletin for June 20, 1952, states that on March 
20 the new cone was about 200 feet high. On June 17 observers 
were flown over the volcano in a U. S. Navy plane. The cone 
was then about 3,000 by 4,800 feet across and 800 feet high. At 
the summit of the cone the principal crater was about 0.25 mile 
in diameter, and a new crater had opened on the southwest flank 
of the cone. The column of white cloud from the volcano was 
visible 70 miles away. 

The explosive phase of the eruption appeared to be vulcanian 
in character. Angular rock fragments ejected from the crater 
fell on the outer slopes of the cone and rolled down them, accom
panied by clouds of yellowish dust. Large chunks of black ma
terial, apparently solidified lava, were observed to be perched 
unstably on the crater rim, occasionally falling down the outer 
slope or back into the crater. Ash from the volcano was falling 
on Calayan Island, 25 miles to the north, but not in sufficient 
quantity to cause damage. Photographs suggest that the struc
ture may be a domical protrusion, with craters blasted in it by 
explosion and its flanks mantled with pyroclastic debris. 

ALEUTIAN VOLCANOES 

Austin E. Jones, seismologist in charge of the Geological Sur
vey's observatory on Adak Island, has supplied the following 
notes on the activity of Aleutian volcanoes during 1951. 

Gareloi, which was weakly active during 1950, was quieter 
during 1951. At Kanaga volcano, light wisps of steam were noted 
on quiet, probably humid days. At Great Sitkin a steam column, 
1,000 to 2,000 feet high at times, was reported, but no ash was 
observed. Korovin volcano was steaming in November, 1951. 
G. R. MacCarthy reported a large, dense column of mingled 
dark fume and steam at Cleveland volcano on November 1. The 
volcano was also reported smoking during December. Lieutenant 
Sinclair, of the ship T A K L 36, reported running through muddy 
water for 2 miles 3.7 miles off the island of Bogoslof on Septem
ber 21. G. R. MacCarthy visited Bogoslof early in November 
and reported that there were no signs of activity for many years 
past. An officer of one of the T A K L ships reported that Po-
gromni volcano was not active on July 2, but that it was smok
ing on July 5 to 7. 

In July, Shishaldin volcano was reported "throwing fire and 
glowing." In September and probably during early October, 
glow was seen from ships, but on October 15 A. E. Jones could 
distinguish no activity from a plane passing 50 miles to the 
north. On October 15, a column of steam half as high as the 
cone stood above the crater of Frosty volcano. 

Pavlof volcano was reported to be in minor explosive activity 
during August, 1950, the activity culminating in November and 

1863. May 23, 12 : 13, strong. Kealakekua fault, about 3.5 miles 
west of Napoopoo, central Kona, about 
6 miles deep. Coordinates: 19° 29' N, 
155° 59' W. Magnitude 6 assigned at 
Pasadena, California. Felt all over the 
island of Hawaii and on the island of 
Maui. Minor damage in central Kona. 

1866. May 24, 03: 32, feeble. Kilauea Caldera, shallow. 
1882. May 29, 13 : 20, feeble. Kilauea Caldera, shallow. 
1883. May 31, 05: 00, very feeble. Off south shore, at 19° 02.4' 

N, 155° 20.7' W. 
1884. May 31, 06:52, feeble. Southeast slope of Mauna Loa, 

at 19° 19.7' N, 155° 25.9- W. 
1888. June 1, 0 1 : 05, moderate. About 4 miles N N E of Whit

ney Laboratory. 
1895. June 3, 2 1 : 12, slight. About 4 miles N N E of Whitney 

Laboratory, on hypothetical extension of 
Kaoiki fault. Felt in Volcano district. 

1919. June 10, 16: 25, slight. Summit of Mauna Loa, shallow. 
Felt at Kapapala. 

1920-1923. June 11, very feeble. Kilauea Caldera, shallow. 
1924. June 11, 08 :01 , slight. Off south shore, at 19° 00.7' N , 

155° 16.3' W. 
1925. June 11, 08:12, feeble. Kilauea Caldera ( ? ) . 
1931. June 13, 06: 57, slight. About 4 miles N E of Whitney 

Laboratory. Felt in Volcano district. 
1939. June 14, 10: 44, slight. Kilauea Caldera, shallow. Felt in 

Volcano district. 
1953. June 17, 16 : 37, very feeble. East slope of Mauna Loa. 
1954. June 18, 05: 17, slight. Off south shore, at 19° 02.1' N, 

155° 19.8' W. 
1955. June 18, 05 : 20, feeble. Off south shore. 
1957. June 19, 16:03, strong. S W rift of Kilauea about 0.5 

mile N E of Mauna Iki, shallow. 
1958. June 17, 16:20, slight. S W rift of Kilauea near Pono-

hohoa. 
1959. June 19, 16: 27, moderate. Kilauea, S W rift near Kama-

kaia Hills. 
1960-2024. June 19-26. Very feeble quakes, nearly all apparently 

originating in the vicinity of Kilauea 
Caldera at very small depths. 

2025. June 26, 07: 53, very feeble. Near summit of Mauna Loa. 
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continuing through the winter. R. D. Jones, of the Fish and 
iVildlife Service, saw it active on January IS, 1951. On April 
1, it was reported in rhythmic explosive activity, but in mid-May 
R. D. Jones found it quiet and reported it as quiet until late fall. 
In October, fresh ash was reported on the north slope, and later 
R. D. Jones reported that on November 13 a sudden small explo
sion was seen, and it continued active through the rest of the 
winter. 

On August 9, A. E. Jones saw the volcanoes from Pavlof to 
Douglas, and, although an ash fall near Katmai had been re
ported a few days before, he could see no signs of activity. 

CATALOGUE OF VOLCANOES 

Catalogue of the Active Volcanoes of Indonesia, by Dr. M. 
Neumann van Padang, is Part I of the Catalogue of the Active 
Volcanoes of the World, including Solfatara Fields. Published 
in 1951 by the International Volcanological Association, part of 
the cost of printing was borne by a grant-in-aid from U N E S C O . 
It is available from Professor Francesco Signore, General Sec
retary of the Association, Via Tasso 199, Napoli, Italy, for the 
price of $5.00 (U. S.). 

The project of a catalogue of the active and recently active 
volcanoes of the earth was initiated at the first meeting of the 
Association in 1922. Its execution has been long delayed for 
various reasons, not the least of which is the difficulty of edit
ing in multiple languages. The decade of turmoil accompanying 
World War II necessitated temporary abandonment of the pro
ject. Dr. B. G. Escher, president of the Association for the 
period 1948-1951, deserves sincere congratulations for having 

successfully revivified the project so soon after the end of the 
war. 

The volcanoes of the world have been divided geographically 
into 19 principal groups, which are delineated on the map accom
panying Catalogue of Active Volcanoes of the World, by W. Q. 
Kennedy and J. E. Richey, issued in 1947 as a supplement to 
Bulletin Volcanologique, series 2, volume 7. The Indonesian 
volcanoes constitute group 6. Within the group are nine sub
groups, and within each subgroup each volcano is assigned a 
number. Thus the volcanoes of Java are subgroup 3, and the 
serial number 6, 3-25 represents the volcano Merapi on Java. 

Part I of the Catalogue contains 271 pages. The description 
of each volcano includes its name, location, and height; a short 
description of the form and structure of the volcano; a list of 
known eruptions, made compact by the use of standard symbols 
to describe the activity; a description of the rock types compris
ing the volcano and a table of chemical analyses when available; 
and a brief bibliography of the principal literature dealing with 
the volcano. Maps of the entire region and the subregions are 
given, as well as black and white maps, cross sections, and 
sketches of many of the individual volcanoes. Some of the indi
vidual maps are less distinct than could be desired, because of 
direct reproduction from earlier publications, without redrawing. 
Even so, they are of great aid in following the text, and their 
large number is highly commendable. 

The publication will undoubtedly prove of great value as a 
reference work, and the author deserves the gratitude of the 
volcanological profession for having undertaken and accom
plished the enormous task of compilation represented by it. It is 
sincerely hoped that additional sections of the Catalogue will 
appear in the near future. 



STAFF OF H A W A I I A N VOLCANO OBSERVATORY 

U. S. Geological Survey: 

Gordon A. Macdonald, Volcanologist, Director 
Chester K. Wentworth, Geologist, part-time 
Burton J. Loucks, Instrument Maker 
John C. Forbes, Assistant Instrument Maker 
LaVieve G. Forbes, Secretary, part-time 

Seismograph Station Operators: 
Hilo Station: 

Sister M. Thecla, St. Joseph's School 
Kona Station: 

Howard M. Tatsuno, Konawaena School 
University of Hawai i : 

T. A. Jaggar, Geophysicist 

H A W A I I A N VOLCANO RESEARCH ASSOCIATION 
In cooperation with the UNIVERSITY OF H A W A I I 

The Hawaiian Volcano Research Association was found
ed in 1911 for the recording; and study of volcanoes in the 
Hawaiian Islands and around the Pacific Ocean. Its 
equipment at Kilauea Volcano, Hawaii Island, has been 
transferred to the United States Geological Survey. 

The University of Hawaii cooperates in maintaining a 
research laboratory at Kilauea. The Association and the 
University supplement the work of the government with 

research associates, instrumental equipment, and special 
investigations. Dr. T. A. Jaggar is their geophysicist resi
dent at Kilauea. 

The Volcano Letter, a quarterly record of Hawaiian 
volcano observations, is published by the University of 
Hawaii and supplied to members of the Research Asso
ciation and to exchange lists of the above establishments. 



THE VOLCANO LETTER 
No. 517 U. S. Geological Survey July-September, 1952 

517 

PUBLISHED BY THE UNIVERSITY OF HAWAII 

HIBOK-HIBOK VOLCANO, PHILIPPINE ISLANDS, AND ITS ACTIVITY SINCE 1948 

By ARTURO ALCARAZ, LEOPOLDO F. ABAD, and JOSE C. QUEMA1 

Glowing Clouds (nuees ardentcs). Glowing clouds 
made up of highly heated ash, volcanic breccia, and 
gases have been observed at various times during the 
present activity of Hibok-Hibok. Three types may be 
distinguished: (1 ) small clouds of hot ash and dust, 
(2 ) "nuees ardentes d'avalanche," and (3) Lacroix's 
(1930) "nuees ardentes d'explosion vulcaniennes." 

The "small clouds of hot ash and dust" are not really 
in the nuee ardente class, but they are considered here 
as a type so as to cover all sorts of volcanic clouds ob
served. They are produced when extruded lava blocks 
break off and fall or roll down and, darting and bound
ing on the steep slopes of the volcanic cone, stir up the 
deposited ash and other comminuted debris along their 
paths. This type is often observed during phase 3 of the 
Hibok-Hibok cycle of activity. 

When, however, a large volume of material comes 
down from the cone, as when an unstable section gives 
way, an avalanche is started and a "nuee ardente d'ava
lanche" results. Van Bemmelen's (1949) description of 
this type of glowing cloud as observed in eruptions of 
some Indonesian volcanoes fits quite well that observed 
at Hibok-Hibok. According to him, such a "nuee 
ardente" consists of a heavy fraction of incandescent 
debris and an accompanying lighter fraction of hot air, 
volcanic gases, sand, and dust, whirling upward. The 
former follows depressions and gullies on the flank of 
the volcano, while the latter may override bounding 
elevations and spread over the adjacent terrain. Such 
most likely was what happened on September 15, 1950, 
during the eruptive phase of Hibok-Hibok. 

The barrio of Ilihan, where the volcano claimed mcst 
of its victims in 1950, is situated at a rise fronting the 
mouth of a ravine on the north-northeastern slope of 

1 Geophysicist, Weather Bureau; Mining Engineer, Bureau of 
Mines; and Geologist, Bureau of Mines, respectively. Published 
by permission of the Committee on Volcanology, Department of 
Agriculture and Natural Resources, Philippine Islands. 

PART II 

Hibok-Hibok. The "nuee ardente d'avalanche" followed 
the ravine and, upon reaching a bend, spilled over the 
rise and into Ilihan with still sufficient force to uproot 
coconut and abaca trees. Inspection of the devastated 
area revealed farm animals strewn around stiff in death, 
half-buried in volcanic dust. The houses stood defiant 
with their gay printed curtains and festive buntings flut
tering in the breeze. The 2-inch accumulations of ash 
on the floor and around the yards showed the suffocating 
atmosphere that asphyxiated and burned so many vic
tims. Vegetation was seared brown. The dried grasses 
lay flat, as if a giant roller had passed over them. Abaca 
and some coconut trees were blown down away from 
the volcano. The directional pattern of the fallen trees, 
the flattened grasses, and some wrecked houses strongly 
suggest a sudden violent blast from the direction of the 
volcano. And yet 50 yards downstream the grass was 

FIGURE 4. Hibok-Hibok crater, looking northwest from the 
southern part of the island. 
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green, and the trees were not turned brown by heat. 
Chickens were scratching the ground for worms in the 
yard of an empty house! 

At Hibok-Hibok the "nuees ardentes d'avalanche" 
would be most likely to occur when the cone would have 
built up the maximum talus, and such a condition is 
perhaps attained during phase 4 of the cycle of activity. 

When the activity of the volcano reaches what may be 
termed the main or gas phase (phase 2 in the Hibok-
Hibok cycle), an explosion may produce a glowing cloud 
that has been described as "nuee ardente d'explosion 
vulcanienne." This type of glowing cloud differs from 
"nuee ardent d'avalanche" in that it is accompanied by 
an upward-rising cauliflower cloud of volcanic ash and 
travels along the slopes and across small topographic 
rises with tremendous speed. The December 4, 1951, 
blast produced such a "nuee ardente d'explosion vulcan
ienne," to which can be attributed the high toll in human 
lives exacted by the volcano that day. 

The felled coconut trees showed a radial pattern away 
from the volcano, indicating that the direct blast from 
the volcano was the active force that leveled the trees. 
However, on the floor of Mabini Valley (southwest of 
Mambajao), the axis of which lies at an angle of about 
20 degrees from the direction of the crater, the trees 
were felled along the axis of the devastated valley (Fig. 
5). The force of the blast that felled these trees must 
have moved along the valley axis. This inference was 
supported by the distribution of ash accumulations inside 
the valley which were thicker along the valley floor. 

The writers see in the "nuee ardente d'explosion vul
canienne" produced by the steam blast of December 4, 
1951, the active cause of the seemingly unrelated de
structive effects observed in the devastated area. It was 
the dense, boiling, heavily charged, ash-laden glowing 
cloud that people of Mambajao witnessed developing 
rapidly from the volcano that fateful morning at the 
same time that a cauliflower-shaped cloud was seen 
over Camiguin Island by distant witnesses. It was the 
same glowing cloud that charred and mummified its 
victims, set fire to combustible materials along its path, 
felled coconut and other trees, and deposited a thick 
layer of incandescent ash that remained unbearably hot 
below its surface for days after. 

FIGURE 5. Coconut trees blown down parallel to the axis of 
Mabini Valley by the blast of December, 1951. 

At an early morning hour on December 6, 41 hours 
after the foregoing blast, a series of explosions rent the 
crater area of Hibok-Hibok and lighted up the volcano 
vicinity. The detonations were audible at Mambajao. 
With the emission of incandescent materials, a dense, 
dark eruption cloud formed about the volcano, made 
more awesome by strong electrical discharges about and 
within it. Almost immediately it was noted that a section 
from the volcano almost extending to the sea and about 
a kilometer or so north of Mambajao was aglow. Exami
nation of the affected area revealed that the glow came 
from a very thick flow of incandescent ash and pumiceous 
rock boulders which had set fire to combustibles along 
its path. Three more victims, who remained in the danger 
zone in spite of warnings, were added to the number 
who perished on December 4. 

Block Lava Floivs. After the initial steam blast of 
September, 1948, an apparently inexhaustible amount of 
rock material was observed being extruded from Hibok-
Hibok. This material broke off from the crater area and. 
coming down the volcano slope, broke further into 
smaller pieces as it hit protruding points or other 
obstacles along its descent. Nighttime observations 
showed the extrusives to be red-hot, and, when large 
fragments broke up, the fresh surfaces glowed brighter, 
evincing higher temperature. 

The new extrusives consisted chiefly of blocky, gray
ish, porphyritic andesites with numerous feldspar and 
ferromagnesian phenocrysts. Xenoliths of the older for
mations traversed by the rising magma were very much 
in evidence in the extruded block lava, especially in 
those that were emitted during the first days of forma
tion of the flow. They ranged in size from less than an 
inch to more than a foot in diameter and were at various 
stages of assimilation by the younger rock. The edges 
of the andesitic xenoliths were in most instances marked 
by a profusion of ferromagnesian minerals (predomi
nantly hornblende). In the case of tuffaceous xenoliths, 
there was a tendency to form vugs or cavities, which 
are generally lined by fairly well-developed crystals. 

The top of the flow was made up of loose, large and 
small, jagged and angular blocks, evidently the product 
of rupture of a highly viscous, almost solid, effluent 
magma. Some of the blocks were slightly scoriaceous, 
and those that may have come in contact with the soil 
mantle of the cone had a reddish, partly vitreous veneer. 
In the main, however, the blocks had smooth faces and 
sharp edges and were unagglutinated. This description 
is at variance to that of the upper part of the typical 
flow as observed at Hawaiian and Sicilian volcanoes. 
The Hibok-Hibok flows are of the type termed block 
lava by Finch (1933). 

The lava flow that formed in 1948 and early 1949 
was designated for convenience the Kanangkaan Flow 
(after a sitio subsequently overridden by the flow) to 
distinguish it from two smaller ones formed subse
quently, after the former had stopped advancing. 

Movement day by day, and even hour by hour, of the 
Kanangkaan Flow was clearly notable during its initial 
stages. During that period the flow was moving faster 
than in latter stages, and it was possible to note the for
ward movement of a particular block on the top of the 
flow within an hour's observation. Further evidence of 
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FIGURE 6. Coconut trunk about 10 inches in diameter bent 
around the trunk of a mango tree by the force of the blast of 
December, 1951, in Mabini Valley about 1 kilometer west of 
Mambajao. 

motion in the Kanangkaan Flow was furnished by the 
extension of the flow to over 2 miles from the crater in 
about 8 months, or an average rate of movement of 
nearly 65 feet a day. The thick lower portion of the flow 
has not been accessible to close observation, but, judging 
from the absence of any notable breakthrough of the 
inner portion, the writers are of the opinion that, while 
the lava inside the blocky shell of the flow could have 
retained much of its original temperature for a long 
period, its state was closer to being plastic than fluid, 
and that movement of the flow had been accomplished 
by shearing of the highly viscous interior over a simul
taneously advancing rock mat formed by the breaking 
and sliding down of blocks at the snout of the flow. 

It is estimated that the Kanangkaan Flow in 8 months ' 
time (September, 1948, to April, 1949) attained a vol
ume of 900,CTX),000 cubic feet, or 40,000,0)0 tons. After 
advancing about 3 miles, further forward movement 
was arrested when the front of the flow encountered a 
spur of Mount Mambajao that crosses its path. The 
spur, however, was perhaps not the main or only reason 
for the halt of its advance. It is likely that the viscosity 
of the lava and the much gentler slope of the last mile 
or so had some contributory effect. At any rate, upon 
cessation of any forward movement of the Kanangkaan 
Flow, a cone was huilt up at the crater area whose height 
was limited to about 200 feet by the maximum talus pos
sible on that part of its base resting on the Kanangkaan 
Flow. The formation of this cone apparently was due 
to a change in the direction of easiest relief for the lava 
that was feeding the flow. The pressure necessary to 
cause further forward movement of the Kanangkaan 
Flow undoubtedly became greater than the pressure suf
ficient to break through the crater end of the flow, and 
thus relief of the extrusive pressure was effected in 
the latter. 

In June, 1949, a new extrusion of incandescent ma
terial from the crater area was observed to take a dif
ferent direction. This time such activity was toward 
barrio Itum, and thus the block lava flow that was being 
formed in that direction was called the Itum Flow. This 
flow did not attain an appreciable volume or areal extent 

and, being close to the enormous Kanangkaan Flow, 
could hardly he noted in aerial maps. The Ilihan Flow, 
a third block lava flow from the Hibok-Hibok crater 
area, was formed during the activity of September, 1950. 
It was small, like the Itum Flow, and nowhere ap
proached the topographic, significance of the Kanangkaan 
Flow. However, after the direction of extrusion shifted 
toward Ilihan in late 1950. there was a reshifting of the 
activity toward Itum again in December, 1951, and as a 
consequence new extrusives are now being added to the 
1949 Itum Flow. 

Mud Flows or "Lahars." The term "lahar" as used in 
Indonesia refers to mud flows containing volcanic debris 
and breccia transported by water. As the term has gained 
acceptance in scientific circles, its use in this paper was 
deemed proper, es])ecially since the mud flows in the 
Hibok-Hibok area bear very close resemblance to those 
described from Indonesian volcanoes. 

At the onset of the Hibok-Hibok activity, danger 
from lahars to the communities along the drainage chan
nels in the northeast sector of the volcano, especially 
after heavy rains, was suspected. Subsequent events 
proved this clanger to be real and of definite importance 
in any safety consideration for the affected area. Ap
proximately 1.5 square miles, mostly of arable land, are 
now covered by varying thicknesses of volcanic sedi
ments brought down the slopes by rains. The barrio 
Agoho, once a thriving community, is now abandoned 
by its inhabitants because of the large accumulation of 
water-borne sediments that have buried most of the 
houses in the barrio (Fig. 7 ) . 

The first lahar in the Hibok-Hibok area occurred 
simultaneously with, or immediately after, the initial 
explosion of September 1, 1948. As far as could be 
gathered from eye witnesses, there was a wall of mud, 
water, and debris that came rushing down along the 
upper course of a water channel draining the northeast 
sector of Mount Catarman. In the space of a few hours 
the water was gone, leaving a thick deposit of mud, sand, 
gravel, boulders, and organic debris along the channel. 
This flood was noteworthy not only because of its pro
found effect on the old stream channel, which it widened 
considerably, but because it posed the question of from 
where the large volume of water necessary to cause the 
observed effects of the flow could have come. There was 

FIGURE 7. Part of Agoho barrio destroyed by a lahar, as it 
looked on December 18, 1950. 
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practically no rain in the Mambajao area during the 
time of the eruption or for a few days preceding it. It 
is quite probable that some pond of water at or close to 
the present crater area was breached, though the exist
ence of such a pond before the eruption could not be 
ascertained. Water that may have resulted from the con
densation of steam released by the blast could have been 
a contributory source. 

Subsequent floods were, more or less, related to rains. 
After moderate or heavy rains, especially in the vicinity 
of Mount Catarman, water draining from that area 
carried down rocks and other detrital materials and 
deposited them fan-wise on the gentle slopes near the 
sea coast. At the sea-coast barrio Agoho, the sediments 
from lahars have reached a depth of over 10 feet in 
most places, and the coastline has jutted appreciably 
seaward as a result of the delta being formed by the 
sediments carried out to sea by the floods. On a few-
occasions when the lahar formed soon after eruptive 
phases, the flow was hot and even steaming. There have 
been no casualties from floods, as the people living close 
to the channel ways were repeatedly warned of such 
dangers. 

SUMMARIZING STATEMENTS 

The continued activity of the stratovolcano Hibok-
Hibok since 1948 is characterized by paroxysmal 
periods, each period being a part of a certain discernible 
cycle of behavior and featuring steam blasts that com
monly produce "nuees ardentes d'explosion vulcanienne." 
This is the most dangerous type of glowing cloud and 
is capable of widespread destruction of life and prop
erty. 

Glowing clouds caused by small rock slides and ava
lanches have not been particularly destructive unless 
channeled by favorable topography or given further 
impetus in inhabited areas by wind currents. 

Precursory seismic activity was most pronounced be
fore the initial crateral outburst in 1948 but was want
ing or inappreciable in later paroxysmal periods. This 
observation seems to indicate that not too much reliance 
should be placed on seismic activity to presage further 
paroxysmal periods, if any, of Mount Hibok-Hibok. 

Cold and hot mud flows, or lahars, have formed, espe
cially after heavy rains, and have presented another 
source of danger to the inhabitants living along the 
drainage channels in the north and northeast sectors of 
the volcano. 

The formation of block lava flows is another charac
teristic feature of Hibok-Hibok activity. The destructive 
effects on the arable land overrun by these lava flows 
present a sociological and economic problem to the 
people who thereby lose their agricultural means of 
livelihood. 

The scientific investigation of the volcano is directed 
toward minimizing the destructive effects of subsequent 
eruptions on property and human lives. Therefore, the 
economic and social effects of the volcano's activity on 
the people within the area of devastation and danger are 
of national concern. These people should be rehabili
tated and given opportunities to start anew in places 
removed from volcanic dangers. To remain within the 
danger zone of an active volcano is to live on borrowed 
time. 
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JULY-SEPTEMBER, 1952 
By GORDON A. MACDONALD 

VOLCANOLOGY 
July 

The eruption of Kilauea volcano that began on the evening 
of June 27 continued through July, August, and September. 
A fuller account of the eruption will appear in the next issue 
of the Volcano Letter. 

During early July a large fountain was active near the 
southwest edge of the crater, reaching its climax in size on 
July 3 and 4, when some bursts reached a height of 600 feet. 
This fountain alternated in activity with a sinkhole at the 
same locality into which poured a stream of lava that moved 
across the crater floor from the central fountains. 

Fountains near the northeast edge of the crater floor con
tinued active until July S, building small spatter cones which 
later in the month were gradually obliterated, partly by col
lapse and partly by burial with new lava. A chain of small 
fountains, containing as many as 20 individual jets, extended 
across the southwest portion of the crater floor during the 
first 2 weeks of the eruption. About July 11 the activity of this 
fountain chain became restricted largely to the central portion 
of the crater, where two principal fountains began building a 
large spatter cone that still remains a conspicuous feature 
on the crater floor. The highest of the cone segments stands 
about SO feet above the central pool of lava. 

A circulating lake of lava developed around the central 
fountains. Rivers of lava issued through gaps in the central 
cone and spread through the lake. Where these spreading 
lava currents met, and along the edges of the lake, the current 
plunged downward. The down-plunging current carried with 
it fragments of the crust, and small temporary lava fountains 
formed where the crust was pulled under. Around the edges 
of the lake the spattering of these small fountains built up 
a wall as much as IS feet high which confined the liquid lake 
lava at an elevation several feet above the surrounding black 
bench of solidified lava. Occasionally, the wall broke down 
locally and allowed a stream of molten lava to spread over 
the black bench. 

August 
Early in August the activity remained much as it had been 

in late July. Two large fountains played in coalescing craters 
in a central cinder cone about SO feet high. The height of 
the fountains averaged about 40 feet, but occasional bursts 
reached heights of 400 feet and, rarely, as much as SS0 feet. 
Four rivers of lava poured through gaps in the cone walls 
on the northeast, east, south, and west sides and fed an active 
lava lake with an area of about 34 acres. 

On August 9 the south lava river became blocked, and the 
north and northeast rivers increased greatly in volume, 
plunging over spectacular cascades as much as 20 feet high. 
On August 11 the south river became re-established, and the 
east river was blocked by a partial collapse of the cone. By 
August 12 the east river was flowing again, but the northeast 
river had in turn been choked off. On August 13 the west and 
south rivers became active. These changes accompanied a 
gradual cooling and apparent increasing stickiness of the 
lava. Cessation of the south river was followed by draining 
of the southern portion of the lava lake, leaving a broad 
irregular-floored basin about 20 feet deep. On August 18 the 
south river again overflowed the cone wall, and new lava 
refilled the basin left by the earlier drainage. 

Late on the evening of August 18 the northernmost of the 
two fountains died down greatly and by midnight it showed no 
signs of activity. It returned to activity early on August 19 
but remained small for several days. By August 22 the height 
of each fountain averaged about 20 feet, with some showers of 
glowing fragments reaching as high as 200 feet. On August 23 
lava was no longer flowing from the central cone over the 
surrounding crater floor, and the lava lake surrounding the 
cone had become inactive. The two fountains were small and 
sporadic, throwing showers of glowing fragments to heights 
of about 150 feet. They had built beehive-shaped conelets of 
spatter around themselves in the twin craters of the large 
cinder cone, and a lava lake about 120 feet across had formed 
in the crater of the cinder cone nearly between the two spatter 
conelets. This condition persisted until the end of the month. 

September 

From September 1 to 18 both conelets in the crater of the 
large cinder cone continued active, but the northern conelet 
was much more active than the southern one. Bursts of glow
ing lava fragments were thrown into the air to a height of 
150 or, rarely, 200 feet. Many of these fragments fell back 
onto the top and sides of the conelet, gradually building it 
up to a height of 50 feet, overtopping the wall of the surround
ing cinder cone. 

Through this period the lava at the surface of the lake 
flowed slowly from the north to the south edge where it sank, 
producing fountains 10 to 15 feet high against the south bank. 

Throughout the month small lava flows appeared from time 
to time on the floor of Halemaumau outside the big cinder 
cone. These welled up quietly, with very small fountains or 
none at all. On September 4 two of these small flows issued 
on the floor north and east of the cinder cone. On September 
5 another appeared on the floor northwest of the cone and 
still another at the foot of the west wall of the crater, ap
parently squeezed up along the fissure between the old crater 
wall and the mass of new lava filling the bottom of the crater. 
Small flows issued on the floor southeast of the cone on 
September 8, northeast of the cone on September 12, at the 
west wall on September 16, and both northwest and northeast 
of the cone on September 17. 

On September 19 the activity of the two conelets became 
reversed, with the southern one more active than the northern 
one. At the same time the movement of lava in the lake also 
reversed, rising at the south edge, to flow northward, sink, 
and produce fountains along the north bank. Spatter from 
the edge fountains and occasional small overflows had built 
up a low cone around the lake, the surface of which stood 
about 20 feet higher than the surrounding crater floor. 

At 1:45 on the morning of September 20 lava started to 
spill over the south rim of the lake. This overflow rapidly in
creased in volume, breaking down the south wall of the lake 
cone and sending a big flow over the southern part of the floor 
of Halemaumau. At 10: 12 A.M. the north rim of the lake also 
was overflowed, and a second big flow spread out to coalesce 
with the first one east of the cinder cone. The northeast 
overflow lasted only a few hours, but the southern one con
tinued until about midnight. This outpouring of lava was the 
greatest since August 22. 

On September 22 the northern conelet again became domi
nant, and the circulation in the lava lake reversed, again 
taking a north-south direction. Explosive activity at the 
southern conelet ceased entirely, and since then it has been 
fuming quietly. The north conelet built up to a height of 
65 feet, and by September 26 its top was nearly sealed over. 
On that afternoon, about 4 o'clock, the top and part of the 
northeast side of the cone suddenly was blown off, and ex
plosions hurled fragments of hot lava 400 feet into the air. 
The lava lake showed violent agitation, and its level rapidly 
dropped about 15 feet. Within a few minutes both lake and 
conelet returned to their normal state of activity, with bursts 
from the conelet reaching heights of 100 to 150 feet. 

About 4 :15 P.M. on September 27 molten lava again ap
peared at the foot of the northwest wall of Halemaumau, and 
within 2 hours a flow had spread out in both directions along 
the foot of the wall for a distance of 1,800 feet. By 8: 00 P.M., 
movement in this flow had greatly decreased, but activity at 
both the north conelet and the lava lake was increasing 
markedly. At 8:35 P.M. a series of about a dozen violent 
blasts suddenly commenced at the north conelet, throwing in
candescent cinder to a maximum height of 550 feet. The 
surface of the lava lake surged violently, and, following the 
explosions, its level gradually dropped about 15 feet, revealing 
glowing grottoes hung with a fringe of stalactites in the 
banks. As on the previous day, activity soon returned to 
normal. 

Through the closing days of the month the northern conelet 
and lava lake continued moderately active, with the southern 
conelet fuming gently. At night, showers of glowing frag
ments thrown up from the north conelet could be seen to reach 
heights of 150 to 200 feet. Tongues of pale yellowish and 
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bluish flame as much as 25 feet long played above the conelet. 
Measurements on September 24 indicated that the average 

thickness of the fill of new lava in Halemaumau produced by 
this eruption had reached 288 feet, and the volume of new lava 
was 58 million cubic yards. In comparison, the volume pro
duced by the 1934 eruption was 9.5 million cubic yards. The 
average depth of the crater below the visitors' observation 
area is 482 feet. The rise of the floor of the crater has resulted 
only partly from flooding by new lava. In part the floor has 
been elevated bodily, apparently by the injection of new lava 
into the lower, still-mobile portion of the new fill. 

Through the first half of September the ground at the 
seismograph station beneath the Volcano House tilted east
ward at a rate considerably greater than normal for this sea
son of the year. This probably resulted from a doming up 
of Mauna Loa caused by an increase of volcanic pressure 
beneath. From September 17 to 30, however, there was no 
further eastward tilting. Several earthquakes felt in Kona 
during the month appear to have originated on the Keala-
kekua fault in central Kona, and may have resulted from 
readjustments caused by changes in volcanic pressure. A 
quake felt widely over the southern portion of the island at 
4 : 45 A.M. on September 2 originated in the vicinity of Kilauea 
crater. 

SEISMOLOGY 

Earthquake Data, July-September, 1952 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea Caldera) 

Week 
Beginning 

July 6 
13 
20 
27 

Aug. 3 
10 
17 
24 
31 

Sept. 7 
14 
21 
28 

Minutes 
of 

Tremor 

4. 
T 
T 
t 4. 

T .1. 

1 
T 
4. 
T t 4. 
1 4. 
1 
J. 
1 

t 
t 

Very 
Feeble 

1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
4 
4 

Feeble 

2 
1 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
1 

Slight 

3 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 

Mod
erate 

2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

Strong 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Local 
Scis-

micity* 

14.5 
1.0 
0 
3.0 
1.0 
5.0 
2.0 
0.5 
1.5 
0 
0.5 
2.0 
3.0 

Tele-
seisms 

0 
0 
1 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 

* For definition of local seismicity see Volcano Le t t e r 371 or 512. E)ach 
local ea r thquake is assigned a seismicity va lue according to its s t rength , 
as follows: t r emor , 0 .25; very feeble, 0 .5 ; feeble, 1.0; slight, 2 .0 ; mod
e ra te , 3.0; s t rong , 4.0. These va lues a re totaled to give the weekly local 
seismicity. Cont inuous volcanic t r emor is ignored in the calculat ion. T h e 
s t r eng th assigned to the ea r thquake depends on the double ampl i tude of 
the m a x i m u m oscillation it causes on the Bosch-Omori se ismograph, as 
follows: t r emor , less than 0.5 m m . ; very feeble, 0.5 to 4 m m . ; feeble, 
4 to 11 m m . ; sl igbt , 11 to 25 m m . ; modera te , 25 to 60 m m . ; s t rong , g rea te r 
than 60 mm. 

f Cont inuous t r emor . 

Table of Tilt at Seismograph Vaults on Rim of Kilauea Caldera 

Week 
Beginning 

July 6 
13 
20 
27 

August 3 
10 
17 
24 
31 

September 7 
14 
21 
28 

Wl: 
(No 

Amount 

0.9" 
0.7" 
0.7" 
1.3" 
0.7" 
0.5" 
0.5" 
0 
0.7" 
1.2" 
0.9" 
0.2" 
1.5" 

litney Vault 
rtheast rim) 

Direction 

N 67° W 
S 18° W 
S 18° W 
S 21° W 
S 59° E 

S 
N 2 7 ° W 

S 31° E 
N 74° E 
N 40° E 
S 45° W 
N 5 5 ° E 

Uwckah 
(Wi 

Amount 

0 
0.7" 
6.8" 
3.7" 
1.0" 
1.4" 
3.3" 
2.3" 
1.0" 
0.4" 
3.4" 
1.0" 
4.7" 

iima Vault 
(St rim) 

Direction 

S 63° E 
S 19° E 
S 20° E 
S 18° E 
S 63° E 
S 29° E 
N 8° W 
N 1 8 ° W 
N 45° W 
N 2 2 ° E 
N 7 1 ° E 
S 28° W 

Distant Earthquakes 

The following earthquakes of distant origin were recorded on 
the seismographs of the Hawaiian Volcano Observatory. Loca
tions of the epicenters are from the notices of Preliminary De
terminations of Epicenters published by the U. S. Coast and 
Geodetic Survey. The time given is that of the first detectable 
emergence of the quake on the Bosch-Omori horizontal or 
Sprengnether vertical seismograms, in Hawaiian Standard time. 

July 21, 01 : 59, strong. Tehacbapi, California. 
July 28, 22:19, slight. Southern California ( ?) . 
Aug. 20, 05 : 39, moderate. Off coast of Oregon. 
Sept. 9, 03 : 29, slight. Near coast of Costa Rica. 

Local Earthquakes 

The data for the following local disturbances were de
termined from seismographs operated on the island of Hawaii 
by the Hawaiian Volcano Observatory. Locations given are 
epicenters. The times given are arrival times at the Whitney 
Laboratory of Seismology, on the northeast rim of Kilauea 
Caldera. They are stated to the closest minute in Hawaiian 
Standard time, which is 10 hours slower than Greenwich Civil 
time. The number preceding each earthquake is the serial 
number for the current year. The intensity rating (Feeble, 
Moderate, etc.) given is that for the Whitney Laboratory. 
If the intensity was greater at one of the other stations, the 
name of that station and the intensity rating there are given in 
parentheses after the rating at the Whitney station. 

2064. July 1, 04: 16, very feeble. 
2065. July 3, 09 : 05, feeble (Mauna Loa, slight). 
2066. July 3, 12 : 26, feeble (Mauna Loa, slight). 
2067-2069. July 5, no record at Kilauea (Kona, very feeble). 

Central Kona. 
2070. July 6, 15 : 38, very feeble (Hilo, feeble). Felt at Kukui-

2071. July 6, 22:56, feeble. Felt at Kukuihaele. 
2072. July 7, 04:43, slight. Felt at Hilo and Kukuihaele. 
2073. July 7, 06 : 16, very feeble. 
2074. July 9, 06 : 54, slight. Felt in Volcano district. 
2075-2076. 

July 9, 08: 10, slight. Twin earthquake. Felt at Hilo, 
Volcano, and Naalehu. Hilina fault system 
.(?)• 

2077. July 12, 13:53, moderate (Kona, strong). Felt from Kona 
to Hilo. Origin in central Kona. 

2078. July 14, 16:45, tremor (Mauna Loa, very feeble). 
2079. July 16, 12:32, feeble. 
2080. July 17, 17:44, tremor (Mauna Loa, very feeble). 
2081. July 17, 18: 14, tremor (Mauna Loa, very feeble). 
2082. July 21, 11:49, tremor (Mauna Loa, very feeble). 
2083. July 22, 02: 46, no record at Kilauea (Kona, very feeble). 
2084. July27, 14:51, no record at Kilauea (Mauna Loa and 

Hilo, very feeble). 
2085. July 29, 01:30, no record at Kilauea (Mauna Loa, very 

feeble). 
2086. July 29, 10:51, no record at Kilauea (Mauna Loa, very 

feeble). 
2087. Aug. 1, 12:33, slight. 
2088. Aug. 2, 15: 17, no record at Kilauea (Kona, very feeble). 
2089. Aug. 2, 16: 10, slight. 
2090. Aug. 3, 14: 49, no record at Kilauea (Kona, very feeble). 
2091. Aug. 3, 18:08, no record at Kilauea (Mauna Loa, very 

feeble). 
2092. Aug. 4, 04: 00, no record at Kilauea (Kona, very feeble). 
2093. Aug. 5, 18:21, tremor (Mauna Loa, very feeble). 
2094. Aug. 9, 10 : 31, feeble (Mauna Loa and Hilo, sligbt). 
2095. Aug. 10, 18:06, no record at Kilauea (Mauna Loa, very 

feeble). East rift of Mauna Loa. 
2096. Aug. 11, 12:21, tremor (Mauna Loa, very feeble). 
2097. Aug. 12, 20: 16, tremor (Mauna Loa, Hilo, and Kona, very 

feeble). 
2098. Aug. 13, 00: 52, tremor (Mauna Loa, feeble). 
2099. Aug. 14, 14 : 08, slight. Felt at Volcano, Kapapala, and 

Naalehu. Off south shore. 
2100. Aug. 16, 21 : 07, moderate. Off south shore of Hawaii. 
2101. Aug. 18, 13:59, slight (Mauna Loa, moderate). Kaoiki 

fault ( ? ) . 
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VOLCANO NOTES AND NEWS 

RECENT ERUPTION ON SAN BENEDICTO ISLAND, 
REVILLA GIGEDO GROUP, MEXICO 

By HOWEL WILLIAMS 

The Revilla Gigedo Islands lie 350 to 600 miles west of the 
Mexican mainland, approximately on latitude 19°N, in line 
with the principal chain of volcanoes that includes Orizaha, 
Popocatepetl, Nevado de Toluca, Paricutin, and Colirha. All 
the islands, with the possible exception of one which may be 
composed of granite, consist of volcanic rocks. The two 
easternmost islands, Socorro and San Benedicto, include sev
eral volcanoes that have been active during recent geologic 
time. The last eruption on Socorro took place in 1848, and 
solfataric activity still continues there. 

San Benedicto Island, site of the latest eruptions, is ap
proximately 3 miles long in a north-south direction and 
•34 mile in maximum width. The north end consists of the 
remnants of a group of coalescing cones of scoria, now deeply 
eroded and craterless. After these cones had become extinct, 
activity migrated southward to build a cone of white pumice, 
known as the Ash Heap, to a height of 975 feet. Shortly 
thereafter a new vent opened in the saddle between the Ash 
Pleap and the old cone cluster. First a pumice cone was buil t ; 
then a domical mass of columnar lava rose into the crater. 
Finally, owing to withdrawal of magma in the conduit, the 
top of the dome subsided to form a conical depression known 
as Herrera Crater. 

The vent of the new volcano lies between those of the Ash 
Heap and Herrera Crater, on a north-south fissure that con
tinues southward to the vents on Socorro Island. Just when 
activity began is uncertain but probably during July, 1952. 
The first eruptions to be reported were on August 12, by which 
time a large cone had already been formed. News of the 
activity reached the mainland on August 27. On September 
13 Robert S. Dietz and Ruy H. Finch flew to the volcano. It 

was then about 1,000 feet high and almost a mile across at 
the base. The intensity of the eruptions had diminished 
greatly. Every 20 minutes or so, cauliflower clouds of steam 
and ash rose from the crater, and the odor of sulphuretted 
hydrogen was strong. On September 20 the volcano was re
visited by Dr. Dietz, this time accompanied by the writer. By 
that time the cone was 1,500 feet high. Discharge of ash had 
come to an end; instead, lazy puffs of steam, mingled with 
hydrogen sulphide, rose only a few hundred feet above the 
crater rim at intervals of a few minutes, and on the floor of 
the crater was a small biscuit-shaped mass of blocky lava, 
a miniature plug. Clearly, there had been no further explosive 
discharge of debris since the plug rose to the surface. Ap
parently the volcano was approaching extinction; not only 
was the throat sealed by the plug, but the vapor pressure was 
reduced to a few atmospheres. By this time, the volcano is 
probably dead. 

The San Benedicto eruption is especially significant as 
being the first historic pumice eruption in the eastern part of 
the Pacific Ocean. Proper identification of the nature of the 
pumice must await detailed microscopic study, but the white 
color of the ejecta and the refractive index of the glass sug
gest that the material is either rhyolite or dacite. Almost 
surely most of the new cone was built during the first few 
weeks, before it was seen. The first explosions seem to have 
been of vulcanian type, the ejecta being hurled to great 
heights by strong gas pressure. Subsequently, as the vapor 
pressure diminished, the vulcanian explosions grew weaker 
and were accompanied by explosions that lifted the ejecta only 
a short distance above the crater rim so that they then swept 
down the outer flanks of the cone as glowing avalanches. 
Finally, as the vapor pressure continued to decrease, a mass 
of stiff, viscous lava slowly rose from the conduit onto the 
crater floor. Few volcanoes have grown as rapidly; few have 
had such a short life. 

2102. Aug. 25, 21 : 20, very feeble. 
2103. Aug. 30, 12:34, tremor (Mauna Loa, very feeble). 
2104. Aug. 31, 05:39, very feeble. 
2105. Sept. 2, 04:45, feeble. Felt at Glenwood, Volcano, Naa-

lehu, Kona. Kilauea Caldera. 
2106. Sept. 3, 12:47, tremor (Mauna Loa, very feeble). 
2107. Sept. 6, 20: 51, no record at Kilauea (Kona, feeble). Cen

tral Kona. 
2108. Sept. 8, 02:27, no record at Kilauea (Kona, very feeble). 
2109. Sept. 9, 20: 21, no record at Kilauea (Kona, very feeble). 
2110. Sept. 10, 07: 50, no record at Kilauea (Kona, very feeble), 
2111-2112. Sept. 12, no record at Kilauea (Kona, very feeble). 
2113. Sept. 14, 08: 11, very feeble. Felt at Kukuihaele. 
2114. Sept. 14, 18: 21, no record at Kilauea (Kona, very feeble). 
2115. Sept. 17, 12:41, tremor (Kona, feeble). Felt in Kona. 
2116. Sept. 18, 14: 15, tremor (Kona, very feeble). 

2117. Sept. 19, 15: 57, no record at Kilauea (Kona, very feeble). 
2118. Sept. 19, 20: 58, no record at Kilauea (Kona, very feeble). 

Felt in Kona. 
2119. Sept. 20, 06: 53, no record at Kilauea (Kona, very feeble). 

Felt in Kona. 
2120. Sept. 22, 02 : 23, very feeble. 
2121. Sept. 22, 12 : 27, very feeble. 
2122. Sept. 24, 11 : 45, no record at Kilauea (Kona, feeble). Felt 

in Kona. Origin in central Kona. 
2123. Sept. 26, 14:56, very feeble. 
2124. Sept. 27, 07 : 22, tremor (Kona, slight). Felt in Kona. Cen

tral Kona, probably Kealakekua fault. 
2125. Sept. 27, 20 : 36, very feeble. 
2126. Sept. 30, 04: 10, no record at Kilauea (Kona, very feeble). 

Felt in Kona. 
2127. Sept. 30, 20 : 57, very feeble. 
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THE 1952 ERUPTION OF KILAUEA 

By GORDON A. MACDONAtD 

OPENING PHASE OF THE ERUPTION 

Late in the evening of June 27, 1952, Kilauea Volcano 
resumed eruptive activity after a quiescence of nearly 
18 years. The last previous eruption began on Septem
ber 6 and ended on October 9, 1934. 

The exact time of the outbreak is uncertain, but it 
appears to have been very close to 11:40 P.M. Con
tinuous volcanic tremor commenced on the Volcano Ob
servatory seismographs at 11:37:30 P.M., and it is 
probable that molten lava reached the surface within a 
very few minutes after that. At 11:35 on June 27, 
Mrs. John R. Fox was awake in the living room of her 
home on the northeastern rim of Kilauea Caldera, from 
which there is an excellent view of Halemaumau Crater. 
She noticed nothing unusual. About 11: 40 she entered 
another room, the window of which was open, and 
almost immediately heard a loud whistling roar (prob
ably caused by the escape of gas at Halemaumau). 
Alarmed, she returned immediately to the living room 
and saw a bright orange glow over Halemaumau. 

At approximately 11:40 P.M., Col. B. W. Rushton, 
Commanding Officer of Kilauea Military Camp, pointed 
out a bright reddish glow in the direction of Halemau
mau to John Forbes of the Volcano Observatory staff. 
This, Forbes immediately identified as caused by erup
tion of Kilauea. John and LaVieve Forbes went im
mediately to the Volcano Observatory at Uwekahuna, 
where they telephoned me at about 11:45. 

At the time the Forbes reached the Observatory, the 
top of a huge lava fountain was clearly visible above the 
rim of Halemaumau at its southwestern edge. At the 
beginning of the eruption the floor of Halemaumau pit 
was approximately 800 feet below the level of the south
western rim; therefore, this fountain must have been 
more than 800 feet high! By the time I reached the 

Observatory, at about 11:55, the fountain itself was 
no longer visible, but scattered incandescent fragments 
still were being thrown above the rim, many of them 
landing outside the pit and bursting in flashes of red 
on the caldera floor southwest of Halemaumau. 

After picking up the needed equipment, the Forbes' 
and I, accompanied by Cpl. Gordon Poulson of Kilauea 
Military Camp, proceeded immediately to Halemaumau 
by the road around the southwestern edge of the cal
dera. The fume cloud was so dense that visibility was 
very limited, and the fall of pumice on the road was so 
abundant that at times it nearly stopped the forward 
progress of the car. Some of the pumice blocks were 
as much as 10 inches across. Choking sulfur fumes were 
annoying but not serious so long as the car windows 
were kept closed. 

We finally reached the southeastern rim of Hale
maumau at 10 minutes past midnight. A continuous line 
of lava fountains, 2,600 feet in length, was playing along 
a fissure that extended in a northeast-southwest direc
tion entirely across the floor of Halemaumau Crater 
and about 50 feet up the northeastern wall (Fig. 1-A). 
Most of the fountain jets ranged from 50 to 100 feet 
high, but at the foot of the southwestern wall was a 
fountain 400 feet high. Showers of liquid ejecta from 
the big fountain struck the adjacent wall and trickled 
down it in a fiery cascade. Several minor fountains, a 
few feet in height, were present also on the northern part 
of the floor in the vicinity of the 1934 cones (Fig. 1-A). 
Liquid lava was spreading from them as well as from 
the fountains along the main fissure and had already 
covered the entire floor of the crater. 

The pool of lava was very fluid, and waves from the 
fountain chain swept entirely across its surface and up 
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FIGURE 1. Maps of Halemaumau Crater, showing successive stages of the 1952 eruption, A. Conditions in mid-June, just before the 
eruption. The heavy dashed line shows the course of the fissure that opened to emit lava on the night of June 27. B. Conditions on 
June 30 at 1 P.M. C. Conditions on July 16. D. Conditions on October 21. 
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against the walls. Evanescent sinkholes developed near 
the edge of the pool, accompanied by small lava foun
tains. Each continued active for only a few minutes, 
then disappeared, to be replaced by another at some 
other point. Visibility in Halemaumau was poor because 
of the large amount of fume, but during brief glimpses 
of the northern part of the floor, the 1934 cones could 
not he seen. It is probable that they were already buried 
and that the liquid pool had attained a depth of more 
than 30 feet within the first half hour of the eruption. 
If so, the volume of lava extruded during that brief 
interval was at least 4,000,000 cubic yards. 

The molten lava quickly crusted over, but movement 
of the underlying liquid tore the crust apart along 
myriads of lines which revealed the brightly glowing 
material beneath (Fig. 2 ) . From time to time small 
whirlwinds moving across the lake picked up fragments 
of the hot crust 3 or 4 feet across, lifted them 15 or 
20 feet into the air, and sent them spinning off across 
the surface. 

The lava fountains continued to decrease rapidly in 
size. By 1:15 A.M. on June 28, the southwestern foun
tain was only 250 feet high, and by 3 o'clock it had 
shrunk to 100 feet (Fig. 3 ) . At 3 : 15 this fountain and 
the southwestern part of the fountain chain for 150 feet 
from the wall had become inactive except for occasional 
very small bursts, and the next 150 feet of the fountain 
chain was very weak. At 4 : 00 the entire southwestern 
half of the fountain chain was totally inactive, and along 
the next quarter of the fissure the fountains were very 
small. Along the northeastern quarter of the fissure the 
fountains >vere still 50 to 75 feet high. By 4 : 1 0 the 
active fountains were nearly restricted to the north-
easternmost eighth of the fissure, and volcanic tremor 
had nearly ceased recording on the seismographs. Ac
tivity had reached a very low ebb, and for a short time 
it looked as though the eruption might be ending. 

THE PHASE OF THE LARGE LAVA LAKE 

About 4 : 20 A.M. on June 28, small fountains resumed 
activity along the southwestern quarter of the fissure. 
These fountains were largely a mere bubbling of liquid 
lava, liberating very little gas, although abundant gas 
liberation continued at the northeastern fountains. At 
5 A.M. activity was restricted to three blowing vents at 
the base of the northeast wall talus and the new small 
fountains in the southwestern part of the crater, with 
a few small, sporadic bursts along the intervening por
tion of the fissure. Very little fume was being given off. 
Daylight brought a clear view of the floor of the crater 
and confirmed the complete burial of the 1934 cones. 
The new lava fill was estimated to be about 50 feet thick 
and to have a volume of approximately 8,000,000 cubic 
yards. 

At approximately 6 A.M. one of the small fountains 
near the southwestern edge of the crater floor began 
to grow in size. By 6 : 15 it was a strong, dome-shaped 
fountain 25 feet across. The typical lava fountains are 
semi-explosive in nature, resembling a jet from a hose 

playing spasmodically into the air, and liberate a cloud 
of gas. This fountain, however, was nonexplosive, with 
little gas liberation, and resembled half an orange placed 
flat side down on the surface of the lava lake, appearing 
somewhat like the dome of water that sometimes is 
observed above the aperture of a freely flowing artesian 
well. Crusts of the surrounding lava lake were drawn in 
toward the fountain and foundered around its edge. By 
7 :15 the fountain occasionally was reaching heights as 
great as 50 feet (Fig. 4 ) . 

At 6 : 3 0 a double fountain jet in a small cone built 
on the lower slope of the northeastern talus was spurting 
to heights of 30 to 40 feet and throwing occasional 
bursts of spatter as high as 60 feet. A sluggish lava 
stream issued through a breach in the southeastern wall 
of the conelet and ran down its side at a speed of about 
5 miles an hour. Another small vent 50 feet farther 
northeast was spurting from time to time and sending 
a trickle of lava down the western side of the conelet. 
Both vents were roaring and liberating distinctly more 
blue fume than the southwestern fountain. Two small 
fountains about 200 feet southwest of the northeastern 
conelet were spurting sporadically. 

Through the morning of June 28, the southwestern 
fountains gradually increased in size, and the north
eastern fountains decreased. At 11 A.M. a small flow of 
aa was issuing from the northeasternmost vent of the 
northeast conelet. This single small flow, which con
tinued for the balance of the clay, was the only aa 
observed during the entire eruption. By noon the north
eastern fountains had become very small, and the prin
cipal southwestern fountain had grown to about 75 feet 
high and 100 feet across at the base. It was no longer a 
dome-shaped fountain of gently rising liquid hut, instead, 
was a typical semi-explosive, flinging fountain. Fifty 
feet northeast of it a new small fountain played nearly 
continuously, and 100 feet farther northeast another 
played spasmodically. Around the fountain group con
centric waves spread out in the crust of the lake over a 
radius of 500 feet. A slump scarp 10 to 15 feet high had 
formed around most of the circumference of the lake, 
a few feet to 50 feet from its margin, owing to shrinkage 
of the central part of the lake. 

At 3 P .M. the fountains near the southwestern wall 
had become small and sporadic, hut a new fountain just 
northeast of them, about 300 feet from the southwest 
wall, was playing to an average height of 150 feet. The 
amount of gas being given off had increased greatly. 
The northeast fountains remained about the same as they 
had been at noon, but about 600 feet southwest of them 
a prominent sinkhole had developed. Lava streamed 
toward it from all directions. As it was drawn toward 
the sinkhole, the crust was broken and torn apart, and, 
as the fragments reached the sink, they tilted on edge 
and plunged beneath the surface. Small sporadic foun
tains played in the sinkhole. 

At many other places on the lake the crust was rifted 
open from time to time, often repeatedly along the same 
line. There, also, crust fragments were drawn in, tilted 
up, and plunged under. Generally, this was followed by 
a row of tiny fountains, lasting only a few seconds, over 
the place where the crust fragments disappeared. 
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During the evening of June 28 the fountain 300 feet 
from the southwest wall continued to grow, until by 
midnight it was playing steadily to heights around 150 
feet, with occasional flings reaching 300 feet. Late in 
the evening a very active sinkhole developed at the 
southwestern edge of the lake over the course of the 
eruptive fissure. A river of lava about 25 feet wide 
flowed into it from the area of the nearby fountains, and 
small edge fountains played sporadically in and around 
it. The northeast sinkhole continued active. 

By midnight the vents at the northeast edge of the 
crater had built narrow-throated conelets and were blow
ing explosively with loud booming noises, and throwing 
showers of ejecta to a height of 150 feet. Banners of 
pale-blue flame 5 to 15 feet long played intermittently 
over the mouth of the conelets. 

Activity continued much the same through June 29 
and 30. By noon of June 29, the slump scarp around the 
edge of the lake had been reburied, and a bench of 
semi-solid pahoehoe crust was beginning to grow around 
the edge, gradually restricting the size of the central 
lava lake. The bench was at about the same level as the 
general surface of the lake, and as the level of the latter 
slowly rose during the succeeding days, repeated small 
overflows moved out across the bench from the edge of 
the lake, or from fractures within the bench itself. F rom 
time to time fragments as much as 150 feet across be
came detached from the bench and formed islands in 
the lake. These islands moved across the lake toward 
the fountains, presumably carried along by a return cir
culation in the lower part of the lake. They appeared, 
however, to be floating, rising and falling with the level 
of the liquid around them. 

The two prominent sinkholes continued active. Di
rectly following the engulfment of especially large or 
numerous crust fragments fountaining within the sinks 
increased notably. However, these sinkholes appeared 
to be primary fountain vents in their own right as well. 
Small sporadic fountains played within the sink even 
when crustal foundering was not marked, and, from time 
to time, sinking gave place entirely to fountain action. 

On June 29, sporadic fountains played along most of 
the length of the eruptive fissure southwest of the north
east sinkhole. Along this line lava moved slowly inward 
and sank, dragging the crust with it and producing a 
puckered cicatrice extending all the way from the north
east sinkhole to the big southwestern fountain. 

By the afternoon of June 29, the conelet at the north
eastern edge of the lake had grown to a height of about 
50 feet. At 12 :30 A.M. on June 30, a small glowing 
spot appeared on the eastern wall of the conelet, ap
parently caused by melting of the cone wall from within, 
and a few minutes later a small pahoehoe flow started 
to issue from this aperture. At 1 :00 the walls of the 
conelet collapsed, liberating a small flood of very hot 
lava from the interior of the conelet. At the same time 
the northeast fountains increased in size from scattered 
showers of ejecta barely visible above the rim of the 
conelet to a strong jet about 150 feet high. The conelet 
quickly commenced rebuilding and by late afternoon 
had again nearly sealed itself. Similar activity occurred 

for the next several days, the cone alternately sealing 
nearly or completely over and reopening as the top, 
weakened by melting, collapsed. Occasional small flows 
spread over the crust bench near the conelet. The north
eastern vents finally became inactive on July 6. 

On June 30, a large fountain, averaging about 150 
feet in height, was playing about 500 feet from the 
southwest edge of the lake, and on both sides of it along 
the line of the fissure were 16 smaller fountains (Fig. 
1-B). 

Early on June 29, a crust island about 150 feet across 
became detached from the marginal bench at the north
ern edge of the lake and moved slowly southward. On 
the evening of June 30, the island reached the main 
fountain area, about 800 feet northeast of the southwest 
sinkhole (Fig. 1-B). About 6 : 3 0 P .M. it moved over 
the northeasternmost small fountain and immediately 
started to disappear, partly by crumbling away at its 
edges and partly by foundering and being overflowed by 
fluid lava. The disintegration of the large island pro
duced two small islands, which assumed positions just 
east and northwest of the principal fountain. By the 
night of July 1, these islands appeared to be grounded. 
Instead of rising and falling with the surrounding liquid, 
as they had previously, they remained essentially sta
tionary. The liquid lava around them rose and fell with 
the surges from the fountains, alternately exposing and 
concealing a brightly glowing band at their bases. 

The crust bench had gradually widened until by the 
afternoon of June 30 it was encroaching on the north
east sinkhole. On the afternoon of July 1, the sinkhole 
ceased to function and was replaced by a constant foun
tain 75 to 150 feet high. Spatter from this fountain 
accumulated on adjacent portions of the crust bench, 
and a small cone began to grow around the fountain. 
On Jul) ' 2, the conelet was widely breached on the 
eastern side, and small flows from the fountains were 
moving over the bench nearby. On July 3, the conelet 
was about 20 feet high and possessed a rounded shape 
resembling that of a bee-hive. By July 4, the cone was 
nearly sealed in, and after that time it exhibited no 
more fountain activity. 

On the morning of July 2, the activity of the south
western sinkhole was weak. At 10: 55 A.M. it suddenly 
reversed and became a large fountain that grew in size 
until, at 11:30, it was throwing ejecta regularly to a 
height of 200 feet and, rarely, as much as 300 feet 
(Fig . 5 ) . At the same time, the central fountains in
creased in activity and became explosive, throwing 
rocket-like bursts as high as 250 feet. These bursts were 
accompanied by loud detonations. By mid-afternoon a 
large lava flow about 10 feet thick, was moving east
ward from the southwest fountain along the base of the 
crater wall, and another was advancing northeastward 
between a pressure ridge on the crust bench and the 
central fountains. By 2 : 3 0 P .M. the whole central por
tion of the lake appeared to be heating up, and at 3 : 3 0 
overflows from the lake were spreading over the mar
ginal bench all around the northern and western sides. 
At 3 : 4 0 the southwest fountain abruptly stopped, then 
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spurted up briefly three times—the last spurt occurring 
at 3 :45 . I t remained inactive for the remainder of the 
afternoon. At 7 P .M. its site was overflowed by a south-
westward spreading of the lava lake. About 9 P .M. the 
sinkhole resumed sluggish activity. 

At 5 : 30 A.M. on July 3, the southwest sinkhole again 
suddenly became a fountain which grew rapidly to a 
height of 400 feet. Again, as on the previous day, the 
central fountains became noisily explosive. The strong 
fountaining lasted until about 7 A.M., then died down 
until all activity was very weak. By 7 : 30 the southwest 
sinkhole was again in sluggish operation, and the central 
fountains were gradually regaining their former size. 
Conditions continued much the same for the remainder 
of the day. 

Weak sporadic fountaining began again at the south
west sinkhole at 10: 15 P.M. By 10: 40 the height of the 
fountain had increased to 100 feet, and by 1 1 : 45 it had 
reached 400 feet. Ranger Elroy Bohlin reported that 
the fountain continued big until 3 : 3 0 A.M. on July 4, 
playing steadily, like a jet of water from a hose, to 
heights of about 400 feet. Occasional bursts went above 
the rim of the pit—a height of more than 600 feet. 
Pumice fell on the road at the southwestern edge of the 
caldera. This was the strongest fountain activity after 
the first few hours of the eruption. As in the previous 
spasms, the central fountains were very noisy, sending 
long rocket-like strings of molten lava high into the air. 
The whole central lake and part of the marginal bench 
were inundated by new flows. At 3 : 3 0 both the big 
southwest fountain and the central fountains suddenly 
died down, nearly disappearing within a few minutes. 

Through the morning of July 4, the southwest sink
hole was alternately moderately active and sluggish. 
About 3 P .M. it again became a fountain, which, by 
3 : 30, was reaching heights similar to those of the night 
before. Again, the central fountains also became very 
active, shooting long string-like "rockets" as high as 
250 feet, with loud detonations. Balloon-like balls of 
lava as much as 20 feet in diameter rose in the central 
fountain pits until they appeared to be almost detached 
from the underlying lava, then burst to release a large 
puff of pale-brown gas. The strong activity was short 
lived, and by 4 : 15 P .M. activity had returned to normal. 
Still another flare-up of the southwestern fountain oc
curred at 4 A.M. on July 5, but the fountain reached a 
height of only 200 feet. After that, no further big 
increases of the southwest fountain occurred, though for 
several days conditions there alternated between sink
hole and fountain activity. 

The bench of semi-solid pahoehoe around the edge of 
the crater gradually widened, decreasing the area of the 
central lake of fluid lava (Fig. 1-B). On the morning 
of June 28, the lake extended from wall to wall of the 
crater and had an area of approximately 100 acres. By 
July 1, the bench at the north side ranged from 400 to 
700 feet wide, and the area of the lava lake had been 
reduced to 68 acres. 

CONE-BUILDING PHASE 

During the first few days of the eruption, the deep 
pool of fluid lava around the central fountains offered 
no place for the accumulation of fountain ejecta, and 
cone building was impossible. By the night of June 30, 
however, there appears to have been a sufficient accumu
lation of pasty material in the lower part of the lake to 
support the crust islands on the two sides of the foun
tains. Spatter from the fountains accumulated on the 
islands, initiating the cone-building phase of the erup
tion. Building was slow at first, and by the morning of 
July 5 the island just west of the central fountain had 
been built up to a height of only 25 feet, partly because 
the underlying material was not strong enough to sup
port it and allowed it to sink to some extent as it built 
up. Further evidence of the mobile character of the 
lake bottom is seen in the gradual southwestward shift
ing of the island along the edge of the fountain chain. 

During the next few days, as the islands grew in 
height, they occasionally became unstable. The lower 
portion on the sideffoward the fountain was prevented 
from building and even was eaten away by the fluid lava 
surging against it. As the upper portion accumulated 
more and more spatter, the face toward the fountain 
became very steep, or even overhanging. Sometimes this 
unstable condition was relieved by a slumping off of the 
steep face, but at other times the entire island leaned 
slowly fountainward, rocked majestically in the surge, 
and eventually rolled slowly over. 

On the afternoon of July 7, an arcuate rampart of 
spatter 150 feet long and 20 feet high had formed on 
the east side of the principal fountain, and a similar one 
appeared on the southwest side. By July 9, the sub
stratum of the lake had become sufficiently firm to 
consistently support the accumulations of spatter that 
grew around the fountains, and the true phase of cone 
building began. By July 10, the cone surrounding the 
main central fountain was 30 to 50 feet high, and lava 
streams were spilling through gaps in it eastward and 
northward. The average height of the fountain within 
the cone was about 50 feet, but some bursts went as 
high as 200 feet. Southwest of the main fountain, 
smaller fountains were building a row of low spatter 
cones. 

On July 5, a steep-sided wall of spatter (a so-called 
lava r ing) started to form around the edge of the lava 
lake, and by July 6, the lake stood about 10 feet above 
the surrounding bench. At the southwestern edge of the 
crater floor a small, nearly circular lake 300 feet across 
behaved somewhat independently from the main lake. 
This lake was fed by the large southwest fountain at the 
site of the former sinkhole and a group of smaller 
associated fountains. Usually, the latter were arranged 
along an arc, concave to the northeast, extending north
westward about 75 feet from the large fountain. The 
southwest lake was enclosed in its own lava ring and, 
on the morning of July 6, stood about 10 feet above the 
level of the main lake. 

Occasional overflows of both the main lake and the 
southwest lake sent tongues of lava onto the marginal 
bench. These overflows gradually raised the level of the 
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bench. As the eruption progressed, it became evident, 
however, that only a small part of the rise of the mar
ginal bench was the result of overflow of lava onto its 
surface. Even when no overflow occurred, the bench 
rose at a rate approximately equal to the rise of the 
central lava lake. Obviously, the rise of the bench must 
have been caused largely by the addition of plastic 
material beneath it. This may have resulted from an 
isostatic adjustment whereby the increasing depth of 
the lake caused the still mobile substratum to flow out
ward and elevate the bench—a process that was really 
nothing more than the tendency of a fluid mass, however 
viscous, to assume a uniform surface level. 

On July 12, the cone around the main central fountain 
was about 60 feet high, and lava rivers spilled from it 
both eastward and westward to feed the main lava lake. 
Another cone was forming around a slightly smaller 
fountain about 300 feet farther southwest. From this 
cone a lava stream escaped southward, then turned 
northeastward to join the lava from the larger fountain 
(Fig. 1-C). The southwestern pool was a true inde
pendent lava lake with a constant sinkhole at its north
eastern edge around a permanent fountain, and a gradual 
outward movement of the lava all over the surface from 
the source fountains to the edge. Occasional crustal 
foundering and marked downflow occurred at various 
points all around the rim, followed by evanescent rim 
fountains. 

Over the next few days, the two central cones grew 
in diameter until, by July 14, they coalesced, though the 
southern fountain pit remained isolated from the larger 
northern one. On July 17, the wall between the two pits 
broke down, and the central cone became a single struc
ture having a fountain pit elongated southwestward and 
containing both the large central fountains. Flows con
tinued to spill from it southward, westward, northeast
ward and eastward, feeding the surrounding lava lake 
(Fig. 6 ) . The lake had an area of 30 acres and was very 
active. Currents of lava moved outward from the gaps in 
the cone to the edge of the lake, where they plunged 
downward, carrying with them fragments of the crust. 
Crustal engulfment occurred occasionally over all the 
lake surface but was commonest at two general locations, 
namely, at the edge of the lake, and along lines where 
flows from different gaps in the cone merged. The 
engulfment of each large crust fragment was followed 
by small short-lived fountains. At the edge of the lake 
the accumulation of spatter from these fountains built 
the lava ring, which, in succeeding weeks, confined the 
liquid of the lake at a level as much as 20 feet above the 
adjacent marginal bench. 

On July IS, a small fountain at the northern edge 
of the southwest lake had built a beehive-shaped cone 
30 feet high. The southwest fountains had, however, 
become very weak, and on July 16 the main lake over
flowed into the southwest lake (Fig . 1-C). The south
west fountains again became strong on July 18, and 
continued active until July 22. On July 23, however, 
they became small and sporadic, and after July 24 they 
disappeared altogether, leaving the south lake as a lobe 
of the main lake fed by lava streaming southward from 
the central fountains. 

A general overflow of the main lava lake began at 
12: 15 on July 20, and continued until midnight. Flows 
moved outward across the bench to, or nearly to, the 
crater walls on the northwest, north, and northeast sides, 
completing the obliteration of the cones at the former 
northeast sinkhole and the foot of the northeast talus, 
which had been partly destroyed already by collapse and 
burial by new lava. 

On July 29, several small flows issued along the edge 
of the bench at, or close to, the wall of the crater. The 
molten lava apparently rose along the boundary of the 
new lava plug in the bottom of the crater. These were 
the first of several similar flows at intervals during most 
of the remainder of the eruption. 

Activity continued essentially the same until August 
7. The average size of the central fountains decreased 
to about 40 feet, but their explosiveness increased 
somewhat, and occasional explosive bursts reached great 
heights. Nor thrup Castle reported that, about midnight 
on August 5, one explosive burst from the northerly of 
the two fountains reached a level above the rim of the 
crater. Similar bursts were observed at 7 :45 P .M. on 
August 6, and 8 : 3 0 P .M. on August 7. These bursts 
reached a height of about 550 feet. The greater ex
plosiveness may have resulted from some increase in 
viscosity of the escaping lava. A gradual decrease in the 
amount of lava being poured out caused a retreat of the 
margins of the lava lake, which, between August 1 and 
7, moved inward 50 to 75 feet. 

The cone reached its maximum development early in 
August. On August 11, it was 65 feet high and approxi
mately 800 feet in basal diameter. 

DECLINING PHASE OF THE ERUPTION 

There now began a period of fluctuating hut gradually 
decreasing lava output. An apparent decrease in the 
amount of superheat in the lava caused a tendency to 
increased viscosity and clogging of the vents. On August 
9, the southern gap in the cone became clogged, and the 
north and northeast lava rivers increased greatly in 
volume, plunging over spectacular cascades as much as 
20 feet high. On August 11, the south river became 
re-established, and the east river was blocked by a 
partial collapse of the adjacent cone wall. By August 12, 
the east river was flowing again, but the northeast river 
had, in turn, been choked off. On August 13, the west 
and south rivers became inactive. Cessation of the south 
river was followed by draining of the southern lobe of 
the lava lake, leaving a broad basin about 20 feet deep 
with a nearly flat irregular floor. On August 18, lava 
overflowed the south wall of the cone and re-established 
the south river, refilling the basin. 

Late in the evening of August 18, the northern of the 
two central fountains decreased greatly in size, and by 
midnight it showed no signs of activity. It returned 
early on August 19, but remained small for several days. 
By August 22, both fountains averaged about 20 feet 
high, with some showers of glowing ejecta reaching 
heights of 200 feet. 
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On August 23, lava was no longer flowing from the 
central cone, and the lava lake surrounding the cone had 
become inactive. The two fountains were small and 
sporadic, throwing showers' of glowing fragments as 
high as 150 feet. Around themselves they had built 
beehive-shaped conelets of spatter 20 feet high within 
the crater of the cinder cone, and a nearly circular 
lava lake about 120 feet in diameter had formed nearly 
between the two conelets. This condition persisted 
throughout the remainder of the eruption (Figs. 1-D, 7 ) . 

By August 25, activity had become very weak, but 
on August 29 it began to regain its strength. In early 
September, it was again spectacular; loud roaring and 
whistling gas release accompanied explosive bursts that 
threw showers of glowing cinders to heights of 150 to 
200 feet. On the night of September 2, small glowing 
spots appeared on the floor north and east of the central 
cinder cone, and by the morning of September 3 two 
flows were issuing at those localities and spreading 
sluggishly over the adjacent floor. The northerly flow 
was fed by a tiny fountain spurting 5 or 6 feet into the 
air about 400 feet north of the north central conelet. 

From September 1 to 18, the more northerly of the 
two central vents was the more active, and its conelet 
gradually grew to a height of 50 feet, overtopping the 
rim of the surrounding cinder cone. Throughout this 
period the lava at the surface of the small lava lake 
flowed slowly from the north to the south edge, where 
it sank, producing fountains 10 to 15 feet high against 
the south bank. On September 19, the activity of the 
two conelets became reversed, with the southern one the 
more active. Simultaneously, the lava in the lake re
versed its movement, rising at the southern edge to flow 
northward and sink along the north bank. Spatter from 
the edge fountains and occasional small overflows had 
built up a low, flat cone around the lake, the surface 
of which stood about 20 feet higher than the surround
ing floor of the crater of the cinder cone. 

At 1:45 A.M. on September 20, lava started to spill 
over the southern rim of the lake. The overflow in
creased rapidly in volume, breaking down the southern 
wall of the lava cone containing the lake and sending a 
big flow over the southern part of the floor of Hale-
maumau. At 10 :12 A.M. the northeastern rim of the 
lake also was overflowed, and a second flow spread out 
to coalesce with the first one east of the cinder cone. 
The northeastern overflow lasted only a few hours, but 
the southern one continued until about midnight. This 
was the most voluminous single outpouring of lava after 
August 22. 

On September 22, the northern central vent again 
become dominant, and again the circulation in the lava 
lake reversed, returning to its first direction of move
ment from north to south. Explosive activity at the 
southern conelet ceased entirely, and for the remainder 
of the eruption the conelet fumed quietly. 

The northern conelet gradually built up to a height of 
65 feet, and by September 26 its top was nearly sealed 
over. On that afternoon, at about 4 o'clock, the top 
and part of the northeastern side of the conelet suddenly 

were blown off. Charles Bell reported that three or 
four explosive bursts of ejecta reached heights of about 
400 feet. This was accompanied and followed by violent 
oscillation of the lava in the lake, the level of which 
rapidly dropped about 15 feet. Within a few minutes 
both the lake and the conelet had returned to their 
normal state of activity, with bursts from the conelet 
reaching heights of 100 to 150 feet. 

A similar series of events occurred on the evening of 
September 27. At 8 : 3 5 P .M. a series of about a dozen 
violent blasts that threw incandescent cinder to a maxi
mum height of about 550 feet suddenly commenced at 
the north conelet. The surface of the lava lake surged 
violently, and following the explosions its level grad
ually dropped about 15 feet, revealing glowing grottoes 
hung with fringes of stalactites in the banks. As on the 
previous day, activity returned to normal within a few 
minutes. 

Throughout the month of September, small flows 
continued to issue from time to time on the floor of 
Halemaumau outside the central cinder cone. These 
welled up quietly, with very small fountains at their 
vents, or none at all, and very little evidence of gas 
liberation. Two on September 4 have already been men
tioned. On September 5, another appeared on the floor 
northwest of the cinder cone, and still another issued at 
the foot of the western wall of Flalemaumau. Small 
flows issued on the floor southeast of the cone on Sep
tember 8, northeast of the cone on September 12, at 
the western wall on September 16, both northwest and 
northeast of the cone on September 17, and at the foot 
of the northwestern wall on September 27. On the night 
of October 3, a flow broke out at the foot of the south
western wall of Halemaumau and spread rapidly around 
the edge of the crater floor for a distance of 2,200 feet. 
The final edge flow of the eruption broke out at the foot 
of the southeastern wall of Halemaumau on the after
noon of October 12 and continued until October 15, 
eventually extending halfway around the crater, a dis
tance of 4,600 feet (F ig . 1-D). 

During the first half of October, the lava lake and 
the north central conelet continued active, the latter 
throwing frequent sporadic showers of glowing ejecta to 
heights of 50 to 100 and, rarely, 200 feet. On the after
noon of October 5, a series of explosive bursts similar 
to those of September 25 and 27 reached a height of 
450 feet. Surface circulation in the lava lake continued 
from north to south. Fountains up to 15 feet high 
formed along the southern bank, where crusts were 
being carried down by the descending liquid, and other 
smaller fountains appeared from time to time at the 
northern edge. 

Throughout the last two weeks of October, the 
northern conelet was largely sealed over, and only occa
sional small bursts of glowing fragments could be 
seen. The cloud of gas liberated at the conelet became 
markedly more conspicuous, denser, and white in color, 
in contrast to the thin, bluish fume liberated in earlier 
stages with a more open vent. At night, banners of pale 
blue or yellowish flame as long as 25 feet flickered over 
the conelet. 



FIGURE 2. L a v a f o u n t a i n s 
along the fissure in the nort' 
eastern portion of Halemauma 
and brightly glowing cracks in 
the thin crust of the liquid lava 
lake, at 3 A.M. on June 28. The 
fountains range from about 20 
to 50 feet high. Waves in the 
liquid can be seen near the foun
tains. Photo by C. K. Went-
worth. 

FIGURE 3. L a v a f o u n t a i n s 
a l o n g the fissure a c r o s s the 
southwestern portion of the floor 
of Halemaumau, at 2:15 A.M. on 
June 28. The large fountain ? 
the left-hand edge is the bi, 
southwestern f o u n t a i n , which 
had then decreased in height to 
about 150 feet. 

FIGURE 4. The lake of liquid 
lava and the fountain at the 
southwestern edge of Halemau
mau at 7:20 A.M. on June 28. 
The fountain is about 50 feet 
high. Waves in the lake are 
clearly visible. 



FIGURE 5. Lava fountain about 
ISO feet high at the southwestern 
edge of Halemaumau, at 11:15 
A.M., July 2. 

FIGURE 6. Lava fountains and 
cinder cone in Halemaumau on 
July 22. Rivers of lava are pour
ing out through gaps in the cone. 
The marginal bench along the 
western side of the crater floor 
is visible in the background. The 
highest cone segments are about 
50 feet high. 

FIGURE 7. Small spatter and 
cinder cones and lava lake in the 
crater of the large cinder cone, 
on September 9, looking west
ward from the southeast rim of 
Halemaumau. Comparison of the 
western wall of the crater with 
that shown in Figure 6 gives 
some indication of the amount of 
rise of the floor during the inter
val between the two photographs. 
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The end of October brought a brief revival of activity. 
On the night of October 31, the upper portion of the 
northern conelet collapsed, decreasing the height of the 
conelet from 65 to 35 feet, and big lava fountains 
veneered the outer slopes of the conelet with a thin layer 
of liquid spatter. On the next night, a further collapse 
of the conelet reduced its height to about 25 feet and 
broadened its wide-open crater to a diameter of about 
90 feet. Lava overflowed the crater rim, completely 
covering the outer slopes of the conelet and extending 
thin flows to a point just beyond the northern edge of 
the cinder cone. On the south side of the conelet the 
flow spilled into the lava lake. With the reopening of 
the vent the gas cloud became thin and bluish again. As 
throughout much of the eruption, heat from the crater 
caused a convectional rise of the air above it, and con
densation formed an often conspicuous cap of cumulus 
cloud two or three thousand feet above the crater rim. 

Another overflow of the conelet, similar to that of 
November 1, occurred at about 10 P .M. on November 6. 
Within a few minutes a thin sheet of lava had covered 
the slopes of the conelet and the immediately adjacent 
region. The area of the overflow was estimated by 
C. K. Wentworth to be approximately 5 acres. Through 
early November, a small lava fountain was visible in the 
crater of the conelet. The fountain was generally only 
15 or 20 feet in height, but it threw spasmodic bursts to 
heights as great as 150 feet. 

The last activity of the lava lake was observed on 
November 9, and the last fountain activity on the morn
ing of November 10. 

Considering the eruption to have ended on November 
10, its duration was 136 days. Glowing spots continued 
to be visible in the lava lake and north conelet until 
November 11, and at the south conelet and at solfataras 
on the crater floor northwest and south of the big cinder 
cone until November 18. At the end of 1952, moderate 
amounts of pale bluish-gray fume were still issuing at 
these solfataras. 

THE LAVA 

The total volume of the new lava fill in Halemaumau 
is approximately 64,01X9,000 cubic yards, and its average 
thickness is approximately 310 feet. The average depth 
to the crater floor from the visitors' observation area 
at the southeast rim of the crater is 460 feet. Figure 8 
shows progressive stages in the filling of Halemaumau. 

The only specimens of the erupted lava recovered are 
pumice. The latter has not yet been analyzed chemically, 

FIGURE 8. Profile across Halemaumau along line A-A' in 
figure 1-A, showing successive levels of the crater floor just 
preceding and during the 1952 eruption. The vertical scale is 
twice the horizontal. 

hut it is basaltic in character, the refractive index of the 
glass being 1.598 ( ± . 0 0 3 ) . 

The temperature of the lava fountains was measured 
repeatedly with an optical pyrometer of the disappearing 
dot type. The reading on the hot core of the big foun
tains during the first month of the eruption ranged 
from 1030° to 1055° C , depending at least partly on 
the distance of the observer from the fountain. To these 
readings should be added a correction of about 20° for 
light absorption by the lava and, probably, a correction 
of 10° to 30° because of the fairly large distance from 
which readings were obtained. The actual temperature 
of the fountains appears, therefore, to have been in the 
vicinity of 1080° C. Early in August, the temperature 
of the fountains started to decrease. By mid-August, 
the corrected temperature had dropped to about 1050° C. 
and, by late August, to 1040°. Corrected temperature 
readings on active lava flows ranged from about 1030° 
to 920°. 

The radioactivity of the erupted lava appears to have 
been low. Two samples of pumice ejected respectively 
during the first night of the eruption and at 6 A.M. on 
July 3, analyzed by the U. S. Geological Survey in 
Washington, D. C., each contained less than 5 parts 
per million of uranium equivalent. 
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR OCTOBER-DECEMBER, 1952 

By GORDON A. MACDONALD 

VOLCANOLOGY 
October 

Kilauea Volcano continued active throughout the month of 
October. An account of the activity has been given in the 
foregoing pages. 

Mauna Loa continued somewhat restless throughout October. 
During the month seismograph stations at the rim of Kilauea 
Caldera recorded 77 earthquakes, and the Mauna Loa seismo
graph recorded a total of 187. On October 24 and 25 the Mauna 
Loa instrument recorded 165 very small earthquakes originating 
on the northeast rift zone. Northeastward tilting of the ground 
at the seismograph station on the northeastern rim of Kilauea 
Caldera was at a rate somewhat greater than the normal, sug
gesting some increase of pressure beneath Kilauea and, probably, 
also beneath Mauna Loa. 

November 

The last visible lava activity in Halemaumau was on Novem
ber 10. Small glowing spots continued to be visible on the crater 
floor until November 18. For the remainder of the month there 
were no signs of molten lava, and the only activity was the quiet 
liberation of pale bluish-gray fume at spots on the floor just 
south, west, and northwest of the big cinder cone. Steam issues 
from the talus banks at the foot of the eastern and southwestern 
walls of the crater, and at the top of the 1919 fissure in the 
southwestern wall. 

Throughout November, tilting of the ground at the north
eastern rim of Kilauea Caldera was northeastward at a rate 
approximately normal for that season of the year. This appears 
to indicate that there was little or no withdrawal of the mol
ten lava, with an accompanying decrease of pressure, beneath 
Kilauea. Brief periods of volcanic tremor on November 19 and 
29 are interpreted as indicating movement of the lava beneath 
the caldera. The liquid level probably still stands at a high level 
beneath Halemaumau, and, so long as this condition persists, 
lava activity may return to Halemaumau at any time with little 
or no warning. 

Most of the earthquakes recorded during November had their 
origins in Kilauea Volcano. The uneasiness manifested by Mauna 
Loa during October did not continue. Seismographs at Kilauea 
Caldera recorded 56 earthquakes during the month, while the 
Mauna Loa seismograph recorded only 23. Several earthquakes 
originated in central Kona, probably on the Kealakekua fault 
near Napoopoo, and a few of them were felt by some persons in 
Kona. At 22:13 on November 27, a slight earthquake originated 
just west of the summit of Mauna Loa. 

December 

Hawaiian volcanoes were quiet throughout the month of Decem
ber. Vents on the floor of Halemaumau continue to liberate 
moderate amounts of pale bluish-gray fume. On the morning of 
December 11, Ernest Morton, manager of the Kahuku Ranch, 
reported large clouds of steam in the vicinity of the vents of the 
1950 lava flows at about 10,000 feet altitude on the southwest 
rift of Mauna Loa. The unusually prominent steam clouds 
probably resulted from unusually good visibility and high at
mospheric humidity and low temperature, causing condensation. 

Seismographs at Kilauea Caldera recorded 47 small earth
quakes during December, and the Mauna Loa seismograph re
corded 22. Several earthquakes originated in central Kona, 
probably on the Kealakekua fault. A few of these, together with 
the quake of November 27, appear to have had their foci along 
a line extending westward from the summit of Mauna Loa 
toward Kealakekua Bay and may have been caused by some 
shifting along the fracture along.which occurred the eruption of 
1877. 

On December 10, at 18:01, a small earthquake was felt at 
Naalehu. This quake originated near the summit of Mauna Loa. 
On December 12, a quake, felt at 9 : 09 both in Naalehu and the 
Volcano district, originated on the Kaoiki fault about 9 miles 
southwest of Kilauea Caldera. A moderate earthquake, at 1: 21 
on December 28, appears to have had its origin beneath the 
summit of Hualalai. 

Through most of December the ground surface at the north
eastern rim of Kilauea Caldera tilted gently southwestward. The 
change from northeastward to southwestward tilting took place 
about a month earlier than usual. However, the time of reversal 
is rather variable from year to year, and the rate of tilting 
through December was about normal for the period following 
the usual seasonal reversal. Thus, there still appears to be little 
or no indication of decrease of volcanic pressure beneath Kilauea. 

SEISMOLOGY 
Earthquake Data, October—December, 1952 

(Based on Bosch-Omori seismograph on northeast rim 
of Kilauea Caldera) 

Week 
Beginning 

Oct. 5 
12 
19 
26 

Nov. 2 
9 

16 
23 
30 

Dec. 7 
14 
21 
28 

Minutes 
of 

Tremor 

t 
x 
T T 
X 

T X 

T 8 
10 
2 
7 
8 
8 
4 
9 

Very 
Feeble 

12 
8 
6 
7 
6 
3 
3 
2 
4 
5 
2 
1 
3 

Feeble 

0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 

Slight 

0 
0 
0 
0 
0 
1 
2 
1 
0 
0 
0 
0 
0 

Mod
erate 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Strong 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Local 
Seis-

micity* 

6.0 
4.0 
4.0 
3.5 
3.0 
5.5 
8.0 
3.5 
3.75 
5.5 
3.0 
1.5 
4.75 

Tele-
seisms 

0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 

* For definition of local seismicity see Volcano Letter.371 or 512. Each 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; mod
erate, 3.0; strong, 4.0. These values are totaled to give the weekly local 
seismicity. Continuous volcanic tremor is ignored in the calculation. The 
strength assigned to the earthquake depends on the double amplitude of 
the maximum oscillation it causes on the Bosch-Omori seismograph, as 
follows: tremor, less than 0.5 mm.; very feeble, 0.5 to 4 mm.; feeble, 
4 to 11 mm.; slight, 11 to 25 mm.; moderate, 25 to 60 mm.; strong, greater 
than 60 mm. 

f Continuous tremor. 

Table of Tilt at Seismograph Vaults on Rim of Kilauea Caldera 

Week 
Beginning 

October 5 
12 
19 
26 

November 2 
9 

16 
23 
30 

December 7 
14 
21 
28 

w 
(N 

Amount 

2.9" 
1.0" 
2.1" 
0.9" 
0.5" 
1.0" 
0.3" 
1.5" 
0.7" 
1.2" 
1.0" 
0.2" 
1.7" 

liitney Vault 
ortheast rim) 

Direction 

N 22° E 
N 6 9 ° E 
N 1 3 ° E 
N 23° W 
S 27° E 
N 7 ° E 
S 45° E 
N18° W 
N81° W 
S 18° E 
S 83° W 

W 
S 16° E 

Uwekabuna Vault 
(West rim) 

Amount 

1.2" 
4.7" 
1.2" 
2.6" 
1.4" 
0.3" 
0.3" 
1.0" 
0.3" 
0 
1.6" 
1.2" 
1.4" 

Direction 

S 34° W 
N 2 0 ° W 
N34° W 
S 7 ° E 
N27° W 

S 
E 

S 18° W 
E 

S 11° E 
S 34° E 
S 27° E 

Distant Earthquakes 

The following earthquakes of distant origin were recorded on 
the seismographs of the Hawaiian Volcano Observatory. Loca
tions of the epicenters are from the notices of Preliminary 
Determinations of Epicenters published by the U. S. Coast and 
Geodetic Survey. The time given is that of the first detectable 
emergence of the quake on the Bosch-Omori horizontal or 
Sprengnether vertical seismograms, in Hawaiian Standard time. 

Nov. 4, 07 : 07, very strong. Near southern end of Kamchatka 
Peninsula. Accompanied by a tsunami that 
did moderate damage in the Hawaiian Islands. 

Nov. 29,14: 03, slight. Off southern coast of Alaska Penin
sula, at 56° N., 155° W. 

516 
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THE TSUNAMI OF NOVEMBER 4 

On November 4, .1952, a strong earthquake occurred off the 
southeastern coast of Kamchatka. The notice of Preliminary 
Determination of Epicenter issued by the U. S. Coast and 
Geodetic Survey gives the point of origin as 52y4° N., 159° E-, 
and the origin time as 16 : 58: 20 Greenwich Civil time (6 : 58: 20 
Hawaiian Standard t ime). 

The earthquake was recording on the Bosch-Omori seismo
graph when the record was changed at 7: 45 A.M. The amplitude 
of the record produced was among the largest recorded at the 
Volcano Observatory. Quick inspection of the record indicated 
that it probably originated beneath the Pacific Ocean, or very 
close to its border, and, consequently, that it might be accom
panied by a tsunami. The large size of the earthquake suggested 
that the tsunami might also be big. 

At about 8 A.M. the Director of the Volcano Observatory 
notified the Hawaii Police Department in Hilo that the earth
quake had occurred and suggested that they be alert for a_ pos
sible "tidal wave" warning that would be issued by the Seismic 
Sea Wave Warning System of the Coast and Geodetic Survey. 
The statement was also made that it would be at least three 
hours from that time before the "tidal wave," if there was one, 
would reach Hilo. 

Local Earthquakes 

The data for the following local earthquakes were determined 
from seismographs operated on the island of Hawaii by the 
Hawaiian Volcano Observatory. Locations given are epicenters. 
The times given are arrival times at the Whitney Laboratory 
of Seismology, on the northeast rim of Kilauea Caldera. They 
are stated to the closest minute in Hawaiian Standard time, 
which is 10 hours slower than Greenwich Civil time. The number 
preceding each earthquake is the serial number for the current 
year. The intensity rating (Feeble, Moderate, etc.) given is that 
for the Whitney Laboratory. If the intensity was greater at 
one of the other stations, the name of that station and the in
tensity rating there are given in parentheses after the rating at 
the Whitney station. 

2128. Oct. 2, 10: 04, very feeble. 
2129. Oct. 3, 12: 12, feeble (Mauna Loa, slight). Felt at Naa-

lehu and Kapapala. 
2130. Oct. 4, 02 : 56, very feeble. 
2131. Oct. 4, 18:32, very feeble. 
2132. Oct. 5, 14 : 29, very feeble. 
2133. Oct. 5, 16: 14, very feeble. 
2134. Oct. 7, 11:40, very feeble. 
2135. Oct. 7, 11:54, very feeble. 
2136. Oct. 8, 00:04, very feeble. 
2137. Oct. 8, 05 : 20, very feeble. 
2138. Oct. 8, 14:40, very feeble (Mauna Loa, feeble). 
2139. Oct. 8, 18:59, very feeble. 
2140. Oct. 9, 15:35, no record at Kilauea (Hilo, feeble). 
2141. Oct. 9, 17:46, very feeble. 
2142. Oct. 10, 14: 14, very feeble. 
2143. Oct. 11, 05: 14, very feeble. 
2144. Oct. 11, 19 : 42, very feeble. 
2145. Oct. 12, 13 : 42, very feeble. 
2146. Oct. 13, 21 : 53, no record at Kilauea (Mauna Loa, very 

feeble). 
2147. Oct. 13, 23 : 36, very feeble. 
2148. Oct. 14, 07:30, very feeble. 
2149. Oct. 14, 11 : 52, no record at Kilauea (Mauna Loa, very 

feeble). 
2150. Oct. 14, 21 : 58, no record at Kilauea (Kona, very feeble). 

Central Kona. 
2151. Oct. 15, 06:55, very feeble. 
2152. Oct. 16, 14:31, very feeble. 
2153. Oct. 16, 15:37, very feeble. 
2154. Oct. 18, 02:47, very feeble. 
2155. Oct. 18, 17: 02, very feeble. Felt at Kapapala. Kaoiki 

fault near Wood Valley ( ?) . 

2156. Oct. 18, 2 1 : 17, very feeble. 
2157. Oct. 20, 11:25, very feeble. 
2158. Oct. 21, 07:23, very feeble. 
2159. Oct. 22, 01:45, no record at Kilauea (Kona, feeble). • 
2160. Oct. 22, 10 : 10, very feeble. 
2161. Oct. 22, 16:39, feeble. Kaoiki fault near Bird Park ( ? ) . 
2162. Oct. 23, 14:11, very feeble. Kilauea. 
2163. Oct. 24, 15 : 00, very feeble. 
2164. Oct. 25, 09:25, very feeble (Kona, slight). Felt in Kona. 

Central Kona. 
2165. Oct. 25, 14:30, tremor (Mauna Loa, very feeble). 
2166. Oct. 25, 14:44, tremor (Mauna Loa, very feeble). 
2167-2175. Oct. 25, very feeble earthquakes at Mauna Loa; at 

other stations tremors or no record. 
2176-2184. Oct. 26, same. 
2185-2186. Oct. 27, same. 
2187. Oct. 29, 13:39, very feeble. 
2188. Oct. 30, 05: 15, no record at Kilauea (Kona, very feeble). 
2189. Nov. 1, 01:23, very feeble. 
2190. Nov. 1, 14: 11, very feeble. 
2191. Nov. 2, 02:57, very feeble. 
2192. Nov. 5, 12: 49, very feeble. Southwest rift of Kilauea ( ? ) . 
2193. Nov. 7, 22 :21 , very feeble. 
2194. Nov. 8, 18:33, very feeble. 
2195. Nov. 9, 16:56, very feeble. 
2196. Nov. 10, 21:42, very feeble (Kona, moderate). Felt in 

Kona. Central Kona. 
2197. Nov. 12, 08: 05, very feeble. 
2198. Nov. 12, 10:43, very feeble. 
2199. Nov. 12, 17:43, very feeble. 
2200. Nov. 13, 12:28, slight. Off south coast. 

2201. Nov. 13, 12:54, no record at Kilauea (Kona, feeble). 
Central Kona. 

2202. Nov. 13, 14:57, tremor (Kona, very feeble). 
2203. Nov. 16, 02 : 40, very feeble. 
2204. Nov. 16, 02 :41 , slight. Off south coast. 
2205. Nov. 16, 09: 49, very feeble. 
2206. Nov. 18, 00:39, no record at Kilauea (Kona, very feeble). 
2207. Nov. 19, 03 : 27, very feeble. 
2208. Nov. 20, 10: 19, very feeble. Kilauea. 
2209. Nov. 22, 01 : 08, slight. East rift of Kilauea near Alae 

Crater, depth about 13 miles. 
2210. Nov. 23, 18:31, very feeble. 
2211. Nov. 27, 16:35, very feeble (Kona, feeble). Felt in Kona. 

Central Kona. 
2212. Nov. 27, 22:14, slight. Felt in Kona. Near summit of 

Mauna Loa, 4 miles west of North Bay; 
19° 29' N., 155° 38' W. 

2213. Dec. 1, 00:30, very feeble. 
2214. Dec. 1, 01:22, very feeble. Off south coast ( ? ) . 
2215. Dec. 3, 01 : 12, tremor (Kona, feeble). Felt in Kona. 

West slope of Mauna Loa. 
2216. Dec. 3, 09: 10, no record'at Kilauea (Kona, very feeble). 

Central Kona. 
2217. Dec. 3, 20: 03, no record at Kilauea (Kona, very feeble). 

Felt in central Kona. 
2218. Dec. 5, 17:59, very feeble. Off south coast; 19° 06' N., 

155° 19' W. 
2219. Dec. 6, 09:45, very feeble. Kilauea. 
2220. Dec. 7, 02 : 26, very feeble. West slope of Mauna Loa ; at 

about 19° 28' N., 155° 43' W. 
2221. Dec. 7, 11:12, very feeble. 
2222. Dec. 8, 17:30, very feeble. 
2223. Dec. 10, 18:01, very feeble. Felt at Naalehu. Near sum

mit of Mauna Loa. 
2224. Dec. 11, 01 : 06, very feeble. 
2225. Dec. 12, 09: 09, feeble. Felt at Naalehu and Volcano dis

trict. Kaoiki fault, south of Ainapo. 
2226. Dec. 15, 18 : 47, very feeble. East rift of Kilauea near Puu 

Huluhulu, shallow. 
2227. Dec. 15, 18: 57, very feeble. Kilauea Caldera, 28 miles 

deep ( ?) . 
2228. Dec. 15, 21 : 11, very feeble. 
2229. Dec. 17, 03 : 00, no record at Kilauea (Kona, very feeble). 
2230. Dec. 21, 12: 12, no record at Kilauea (Kona, very feeble). 

Central Kona. 
2231. Dec. 22, 01 : 18, no record at Kilauea (Kona, very feeble). 
2232. Dec. 23, 03:46, tremor (Kona, very feeble). 
2233. Dec. 25, 00 : 10, very feeble. Felt in central Kona. 
2234. Dec. 28, 01:22, very feeble (Kona, moderate). Felt in 

Kona. Beneath summit of Hualalai. 
2235. Dec. 29, 20 : 55, no record at Kilauea (Kona, very feeble). 
2236. Dec. 31, 16:00, tremor (Kona, very feeble). Central 

Kona. 
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By 9 A.M. further study of the local records and comparison 
of arrival times at mainland stations, received by wire from the 
Hilo Tribune-Herald, made it apparent that the quake had 
originated in the Kamchatka area and that, if a tsunami had 
been generated, it should reach Hilo about 13: 30. Shortly after
ward the actual wave warning was issued by the Coast and 
Geodetic Survey, based on reports of actual observed water 
waves. 

The tsunami reached Hilo at approximately 13: 30, as pre
dicted. The record of the tide gage at Kuhio wharf shows that 
a rise of approximately 4 feet began at 13: 32, bringing the 
water level to approximately 7 feet above mean lower low tide 
at 13: 49. This was followed by a trough, bringing the water 
level to one foot below mean lower low tide at about 14: 05. 
These extreme oscillations were followed by a series of diminish
ing oscillations, with an average period of about 17 minutes, that 
continued for the next several days. The dominant period of 
17 minutes in these oscillations probably is approximately that 
of the harbor seiche. 

Heights reached by the water on the Island of Hawaii were 
very much less than in the Aleutian tsunami of 1946. At Hilo 
the greatest heights measured were at Kuhio wharf, in Reeds 
Bay, and on Cocoanut Island. Water swept over the wharf to 
a depth of 11.5 feet above mean lower low tide. Near the head 
of Reeds Bay the high water mark ranged from 9 to 11 feet 
above the same datum, and on Cocoanut Island the greatest 
height was approximately 12 feet. Near the mouths of the Wai-
luku and Wailoa rivers the water reached a height of about 
9 feet. 

Both northward and eastward from Hilo the height reached 
by the water decreased rapidly, and east of Keaukaha estuary 
the rise was so small that it is not certain any occurred. The 
same condition prevailed along the southeastern, southern, and 
northeastern coasts of the island. Along the western coast the 
rise at most places ranged from 2 to 4 feet. On Hawaii, damage 
was restricted to the Hilo area. 

Damage at Hilo included beaching of several sampans and 
rolling over of another on the ways in a boat-building yard; 
damage to buildings on Cocoanut Island and near the head of 
Reeds Bay; destruction of one span of the bridge to Cocoanut 
Island; flood damage at the Naniloa Hotel, at the wharf, and 
along the shore between the wharf and Reeds Bay; and destruc
tion of a boat landing at the wharf. 

Practically all of the damage observed in Hilo appeared to be 
the result of gentle flooding. No signs of violent impact, such as 
occurred in 1946, were seen. No sharp crest, or "bore" front, 
was reported in Hilo Bay, although an 18-inch bore was reported 
in the Wailoa estuary. 

The boat landing, a house on a bar in Reeds Bay, and the span 
of the Cocoanut Island bridge appear to have merely been floated 
from their foundations. At least in part, the flooding from the 
wharf to the Wailoa River appears to have resulted from 
entrance of water to the portion of the bay confined by the break
water both through the channel west of the end of the break
water and also by flooding over the breakwater during crests of 
the tsunami faster than it could drain out again during troughs. 

Large differences in pattern of the effects around the Island of 
Hawaii between the 1946 and 1952 tsunamis illustrate well the 
individuality of such waves, resulting from disturbances of dif
ferent sizes, centering at different distances and in different 
directions. Such individuality makes extremely difficult predic
tion of the nature and size of the effects at any given locality, 
even when measurements are available from other areas nearer 
the point of origin of the waves. Many more observations, over 
a period of many years, will be necessary before accurate local 
predictions can be made, although the generally excellent opera
tion of the Seismic Sea Wave Warning System in November, 
1952, demonstrates that prediction of the general fact of the 
occurrence of a "tidal wave" of distant origin is now well in hand. 

VOLCANO NOTES AND NEWS 

DR. THOMAS A. JAGGAR 

It is our sad duty to report the death of Dr. Thomas A. Jaggar, 
on January 17, 1953, just a week before his 82nd birthday. His 
loss will be keenly felt by the staff of the Volcano Observatory, 
and by the volcanological profession generally. Dr. Jaggar was 
the last of the great pioneers of volcanology as a true science. 
A future issue of the Volcano Letter will be devoted to a review 
of his work at the Hawaiian Volcano Observatory. 

MYOJIN REEF 

In mid-September, 1952, a volcanic eruption began in the 
southern Izu Islands a few miles north of the Bayonnaise Rocks 
and about 250 miles south of Tokyo. The following information 
on the eruption has been supplied by Dr. T. Minakami of the 
Earthquake Research Institute of Tokyo University, Drs. S. K. 
Neuschel and Helen L. Foster of the U. S. Geological Survey, 
and Dr. H . Niino of the Tokyo College of Fisheries. 

The new islet, named Myojin Reef, is at 31° 56.8' N. latitude 
and 139° 59.5' E. longitude. The eruption was first observed by 
the crew of the fishing boat Myojin Maru on September 17. 
When the eruption was seen by Dr. Minakami, on September 18, 
explosions were occurring every few seconds in the main crater 
and several smaller craters, ejecting incandescent bombs, scoriae, 
and ash, together with heavy vapor. The island was estimated 
to be several hundred yards in diameter and to rise about 60 feet 
above sea level. Soon after that explosions and erosion by sea 
waves greatly reduced the area of the island above sea level, 
but when it was visited by Drs. Foster and Neuschel, on Sep
tember 22, part of the mass still projected above sea level. A 
streak of yellow-colored water that extended many miles south
ward is believed probably to have been caused by finely com
minuted rock debris. 

On September 23, the Maritime Safety Board survey vessel 

No. 5, the Kaiyo Maru, was dispatched with a party of scientists 
to study the eruption. Radio contact with the ship was lost on 
the same night, and the ship disappeared, presumably destroyed 
by an explosion of the volcano, or one of the tsunamis that 
accompanied the explosions. Floating wreckage was found near 
the volcano. The Asahi Shimbun for December 24 reports that 
the conclusion of the investigating committee is that an explosion 
occurred beneath the starboard side of the vessel at about 12: 20 
on' September 24, largely destroying the starboard side of the 
superstructure and causing the vessel to sink immediately. Thirty-
one persons were lost. The nine scientists included two geolo
gists, Dr. R. Tayama of the Maritime Safety Board and Prof. 
K. Kawada of Tokyo Education University. Dr. Tayama was 
well known for his work on the geology of the former Japanese 
Mandated Islands. 

The violent explosions of September 23 and 24 largely de
stroyed the portion of the volcanic peak above sea level. Photo
graphs taken by Dr. Niino on September 23, show dense cauli
flower explosion clouds rising within 8 minutes to a height of 
about 20,000 feet. By late December, however, the island had 
rebuilt to a height of 150 or 200 feet. It appears probably to be 
a dome of viscous dacite. 

Volcanic activity is not new in the general area of Myojin 
Reef and Bayonnaise Rocks. Sapper (Vulkankunde, p. 318) re
ports pumice ejection at 31° 59" N., 140° 07' E., in early April, 
1905. According to R. Mita, in Hydrographic Bulletin No. 12, 
1949, the Okinawa Maru reported a "smoke" column about 300 
feet in diameter and up to 1,000 feet high in April, 1906. Sub
marine eruptions near the Bayonnaise Rocks were reported by 
the Totomi Maru in April and June, 1915. Early in February, 
1946, an island about 650 feet long and 500 feet wide appeared 
at 31° 57' N., 140° 01' E., close to the location of the present 
Myojin Reef. In April, several spine-like islands as much as 120 
feet high were reported, and, in October, the island was reported 
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to be 300 feet in height. It appears to have been a volcanic 
dome. By December, 1946, the island had been reduced to a 
low reef, probably by explosions and the crumbling away that 
characteristically takes place on volcanic domes, as well as by 
wave erosion. 

NORTHERN MARIANAS ISLANDS 

In late October, 1952, the captain of a Japanese fishing boat re
ported volcanic explosions sending clouds of "smoke" to a height 
of 1,400 feet on the island of Uracas (Farallon de Pajaros) . 

Dr. Joshua I. Tracy, Jr., writes that Lt. G. W. Watson, U.S.N., 
flew over Uracas on November 22, and reported that the vol
cano was much more active than he had seen it during a dozen 
previous flights. He circled the crater for about 10 minutes and 
observed four or five large puffs of brown "smoke." With each 
puff large rock fragments were blown about 50 feet above the 
rim of the crater. 

Dr. Tracy and Dr. J. A. Stark, both of the U. S. Geological 
Survey, visited Pagan Island during early November. There ap
pears to have been no activity there since 1925, but a cinder cone 
100 feet high, in the center of the crater, was fuming slightly. 

STAFF OF H A W A I I A N VOLCANO OBSERVATORY 

U. S. Geological Survey: 

Gordon A. Macdonald, Volcanologist, Director 
Chester K. Wentworth, Geologist, part-time 
Burton J. Loucks, Instrument Maker 
John C. Forbes, Assistant Instrument Maker 
Elizabeth G. Eklund, Secretary, part-time 

Seismograph Station Operators: 
Hilo Station: 

Sister M. Thecla, St. Joseph's School 
Kona Station: 

Howard M. Tatsuno, Konawaena School 
University of Hawaii: 

T. A. Jaggar, Geophysicist 

H A W A I I A N VOLCANO RESEARCH ASSOCIATION 
In cooperation with the UNIVERSITY OF H A W A I I 

The Hawaiian Volcano Research Association was found
ed in 1911 for the recording and study of volcanoes in the 
Hawaiian Islands and around the Pacific Ocean. Its 
equipment at Kilauea Volcano, Hawaii Island, has been 
transferred to the United States Geological Survey. 

The University of Hawaii cooperates in maintaining a 
research laboratory at Kilauea. The Association and the 
University supplement the work of the government with 

research associates, instrumental equipment, and special 
investigations. Dr. T. A. Jaggar is their geophysicist resi
dent at Kilauea. 

The Volcano Letter, a quarterly record of Hawaiian 
volcano observations, is published by the University of 
Hawaii and supplied to members of the Research Asso
ciation and to exchange lists of the above establishments. 
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THOMAS AUGUSTUS JAGGAR 

THOMAS AUCUSTUS JAGC.AB 
Photo by R. II. Post, Honolulu 

In Philadelphia, on January 24, 1871, 
Thomas Augustus Jaggar, Jr., was born to 
a long life of scientific adventure terminated 
only by his death in Honolulu on January 
17, 1953. The son of a bishop of the Episco
pal Church, he was educated in public and 
private schools in Cincinnati, Montreux, 
and Philadelphia. He entered Harvard Uni
versity in 1889 and in 1893 graduated with 
the A.B. degree in geology. He received his 
Master of Arts degree from Harvard in 
1894 and spent most of the next 2 years in 
Europe, studying mineralogy under Profes
sor Paul Groth at Munich and petrography 
under Professor H a r r y Rosenbusch at 
Heidelberg. Returning to Harvard, he com
pleted his work for the Doctorate of Phi
losophy under Professor John E. Wolff in 
1897, with a dual thesis on the microscopic 
determination of the hardness of minerals 
and the geologic evidence derived from cer
tain inclusions in dikes in the Boston area. 

From 1895 to 1903, Jaggar held the posi
tion of Instructor in Geology at Harvard, 
and from 1903 to 1906 he was an Assistant 
Professor in the same department. During 
these years he was also a member of the 
United States Geological Survey, working 
under S. F. Emmons in the region of the 
Black Hills, South Dakota, and under Ar
nold Hague in the Yellowstone region. The 
work in South Dakota and adjacent parts 
of Wyoming led to the publication, in 1901, 
of his first big work, an important study of 
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the laccoliths of the Black Hills. A report on the petrog
raphy of the Absaroka Range was prepared for the 
never-published first volume of the Geological Survey's 
memoir on Yellowstone National Park. In 19C0 arid 
1901, he was engaged with Charles Palache on a study 
of the Bradshaw Mountains in Arizona. In 1906, Jaggar 
was appointed Professor and Head of the Department 
of Geology in the Massachusetts Institute of Technology. 

Dr. Jaggar's approach to geology was a dynamic one. 
Beginning in his student days, geological processes were 
his major interest. He was, of course, interested also 
in the results of the processes, but largely for what 
they could tell him of how they came about. Fired Iry 
Daubree's Geologic experimentale, he set about applying 
the experimental methods of physics and chemistry to 
geology. The results of laboratory experiments on stream 
erosion and sedimentation appeared in print in 1908. 
However, he was much more interested in applying 
similar methods in the field, in an attempt to measure 
and analyze geologic processes actually in operation. 
The most dynamic aspects of dynamic geology are seis
mology and volcanology, and to Jaggar the attraction of 
earthquakes and volcanoes was irresistible. 

In 1902, Dr. Jaggar was one of the geologists on the 
expedition of the S.S. "Dixie" to the Antilles to study 
the results of the catastrophic eruptions of Mont Pelee 
and La Soufriere. It was this expedition that decided 
him definitely on adopting the field study of geophysics 
as his life work. It is noteworthy that the catastrophe 
at St. Pierre was the factor that guided into volcanologic 
work the two greatest American volcanologists of the 
early twentieth century, Thomas Augustus Jaggar and 
Frank Alvord Perret. 

In 1906, Dr. Jaggar visited Italy to study the erup
tion of Vesuvius and the damage caused by it. There he 
found Perret already working as a volunteer assistant 
to Professor Raffaele Matteucci, director of the Vesuvius 
Observatory. In 1907, Jaggar was the leader of the 
Technology Expedition to the Aleutian Islands, during 
which Makushin and Bogoslof volcanoes received special 
study. In 1909, Professor Jaggar and his colleague Pro
fessor R. A. Daly visited the Hawaiian volcanoes, and 
Dr. Jaggar went on to Japan to visit the laboratories 
and stations of the Imperial Earthquake Investigation 
Committee. At that time a long friendship and mutual 
admiration began between him and Professor F. Omori, 
the great leader of seismology in Japan. In 1910, Jaggar 
and Charles M. Spofford, Professor of Civil Engineering 
at M.I.T., visited Central America for the purpose of 
studying the volcanoes of Costa Rica and the results of 
the great Cartago earthquake of that year, and Jamaica 
to examine the work being done there in enforcing earth
quake-proof construction. 

These excursions served to convince Professor Jaggar 
of the inadequacy of the expeditionary method of study
ing volcanoes and earthquakes and of the necessity for 
permanent observatories to keep constant record, every 
day, year in and year out, of volcanic and seismic ac
tivity. He was impressed also by the small amount of 
knowledge possessed by men of science regarding the 
prediction or alleviation of natural disasters and by the 
small amount of effort being expended in the attempt 
to acquire that knowledge. On January 7, 1909, follow
ing the Messina earthquake disaster, he wrote in The 
Nation: "The highest development of geology is the un

ravelling of the history of the past. We haven't time to 
go into prediction and humanistic geology." The blame 
did not lie, he added, with the geologist, but with the 
haphazard growth of the science and the very proximity 
of the earth which made terrestrial observation and 
measurement difficult. The time had come, however, 
when such studies could no longer be neglected. Instru
ments existed for the study of the earth processes, and 
others could be developed. The gravest difficulty lay 
in the fact that the new program would call for the 
establishment of permanent observatories in many lands. 
The goals of the program should he the prediction of 
volcanic eruptions and earthquakes and the development 
of engineering and types of construction to help alle
viate the consequences of such cataclysms. 

On July 1, 1909, the trustees of the estates of Edward 
and Caroline Whitney of Boston gave $25,000 to the 
Massachusetts Institute of Technology to be used for 
research or teaching in geophysics, including seismology, 
with a view to the protection of human life and property. 
It was decided to use these funds for the establishment 
of a laboratory at Kilauea, Hawaii, for the study of the 
activity of that volcano and its earthquakes and of waves 
traveling through the earth from distant earthquakes. 
Thus did Dr. Jaggar enter upon his true life's work— 
the establishment and operation of the Hawaiian Vol
cano Observatory. 

Actually, it did not fall to Dr. Jaggar's lot to perform 
the first work of the new program at Kilauea. During 
1910 and 1911, none of the professors at M.I.T. could 
be spared to go to Hawaii. In the meantime, part of the 
Whitney Fund had been used for the construction, 
under the direction of Dr. A. L. Day and Dr. E. S. 
Shepherd of the Geophysical Laboratory of the Carnegie 
Institution of Washington, of special resistance ther
mometers for the measurement of the temperature of 
molten lava at Kilauea. A cableway had been designed at 
M.I.T. for spanning Halemaumau Crater in order to 
lower the thermometers into the lava lake. Dr. Shep
herd's services had already been secured for the summer 
of 1911 to make the temperature measurements. Because 
Dr. Jaggar could not accompany Shepherd to Kilauea, 
arrangements were made with the Volcanic Research 
Society of Springfield, Massachusetts, for the loan of 
the services of Frank A. Perret, volcanologist of that 
society, who had been engaged in studies of the Italian 
volcanoes. Perret and Shepherd reached Kilauea on 
July 2, 1911, built an observation station at the rim of 
Halemaumau, and, after much difficulty, succeeded in 
obtaining a measurement of the temperature of the lava 
(10CO°C). Perret began the series of systematic records 
and reports on Kilauea activity that still continues. Dr. 
Jaggar was granted leave of absence from the Massa
chusetts Institute of Technology in December, 1911, and 
reached Kilauea on January 17, 1912. 

Establishment of the Hawaiian Volcano Observatory 
would not have been possible without the enthusiastic 
aid of the people of Hawaii. The Whitney Fund provided 
only $3,450 per year for 5 years. During his visit in 
1909, Dr. Jaggar enlisted the support of the Honolulu 
Chamber of Commerce and some of Hawaii's leading 
citizens. On October 5, 1911, L. A. Thurston gave a 
luncheon at the University Club in Honolulu for the 
purpose of organizing a Hawaiian Volcano Research 
Association. This association subscribed an additional 
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$5,000 a year, over and above the amount from the 
Whitney Fund, for the operation of the Volcano Ob
servatory. The College of Hawaii, through its president, 
J. W . Gilmore, pledged its interest and support. Hilo 
people also were eager to help, and through the efforts 
of Demosthenes Lycurgus $1,785 was quickly gathered 
for the construction of the Observatory building. On 
March 6, Dr. Jaggar was recalled to Boston, leaving 
the work at Kilauea temporarily in the hands of F . B. 
Dodge. But on June 13 he was back again, accompanied 
by Dr. Har ry O. Wood, who became the first seismolo
gist of the Volcano Observatory. 

From that time on, the Hawaiian Volcano Obser
vatory was the focal point of Dr. Jaggar 's interest and 
efforts. Financially, things were seldom easy and often 
extremely difficult. There were times when Dr. Jaggar 
served wholly without any regular salary. There were 
still more times when Observatory funds were inade
quate to buy even the most essential materials for the 
work, and he had to pay for them personally out of his 
own slim savings or appeal again for help from such 
loyal friends as Frank C. Atherton and Walter F . Dil
lingham. To such friends Dr. Jaggar was ever grateful, 
not only for their help to himself, but more particularly 
for their aid to the growth of the new science of vol-
canology. It is a fine tribute to Dr. Jaggar 's determina
tion and singleness of purpose that even in the hardest 
and most discouraging of times he did not falter, but 
somehow kept the program going. After responsibility 
for the operation of the Volcano Observatory was as
sumed by the United States Government in 1919, des
perately lean periods were less frequent, and there were 
occasional times of relative opulence. Never, however, 
was Dr. Jaggar content with progress. Always, over the 
hills and valleys of varying prosperity, he was striving 
for greater things for the Observatory and for the 
science as a whole. 

Work at Kilauea was diversified. To routine seis
mology and the continuous record of activity of Kilauea 
and Mauna Loa were added observations on the rise and 
fall of the level of molten lava in Halemaumau, measure
ments of the temperature of the melt, soundings of the 
depth of the lava lake, experiments on the viscosity of 
the lava, collections of volcanic gases for chemical analy
sis, borings to ascertain the nature of the crater floor and 
the distribution of temperature in the rocks underlying 
it, measurements of the shifting and tilting of the ground 
surface both laterally and vertically, study of the differ
ent types of lavas and how they form, and petrographic 
studies of the rocks. No phase or feature of the vol
canoes remained uninvestigated if means could he found 
for Jaggar or his associates to attack it. In the field of 
distant earthquakes, a special study was made of tsu
namis, the destructive ocean waves that sometimes ac
company submarine earthquakes, and possible means of 
predicting them. 

Hawaiian work did not preclude work elsewhere. 
Expeditions were made to Japan in 1914 and 1923 to 
study the eruption of Sakurajima and the great Yoko
hama-Tokyo earthquake. Seeking always to expand the 
continuous, observatory-type study of volcanoes, Jaggar 
visited New Zealand in 1920, at a time when the New 
Zealand Government was considering the establishment 
of a volcano observatory. In 1924 he visited Howland 

and Baker Islands with the "Whippoorwill" Expedition, 
sponsored by the Bishop Museum and the U. S. Navy. 
In 1927 he was engaged in field work in the Aleutian 
Islands, and in 1928 he conducted the Pavlof Expedition 
of the National Geographic Society to the Alaska Penin
sula. In 1930 he was a member of the U. S. Naval 
Observatory's Eclipse Expedition to Niuafo'ou Island. 

In 1924 the operation of the Hawaiian Volcano Ob
servatory passed from the U. S. Weather Bureau to the 
Geological Survey. In 1926 the Survey established a 
Section of Volcanology, with Jaggar as its Chief. Sta
tions were established at Lassen Volcano in California 
and at Dutch Harbor, Alaska. Investigations of Aleu
tian volcanoes were begun by Jaggar in 1927 and con
tinued by R. H. Finch, volcanologist in charge of the 
Lassen Observatory, in 1931 and 1932. These investiga
tions were resumed by the Geological Survey during 
World W a r I I and are now being pursued on a system
atic basis under the direction of Howard A. Powers, 
formerly geologist for the Hawaiian Volcano Observa
tory. 

Dr. Jaggar was one of the early advocates of a na
tional park to include the crater areas of Kilauea and 
Mauna Loa, and in 1915 he made a trip to Washington 
for the prime purpose of pleading for its establishment. 
He felt that the wonders of the great Hawaiian vol
canoes and the surrounding tropical beauty, which he 
himself loved so much, should be the property of all 
the American people. The vision was consummated in 
the establishment of Hawaii National Park the next 
year. In 1935 the Volcano Observatory was transferred 
to the National Park Service, and Jaggar became an 
official of the park he had helped to establish. He re
mained such until his retirement in 1940. After his 
retirement from government service, Dr. Jaggar became 
research associate in geophysics at the University of 
Hawaii and retained that position until his death. 

For many years Dr. Jaggar was intensely interested 
in the sea bottom. This 72 per cent of the earth's sur
face, concealed from man's view by deep water, was a 
challenge to his imagination and curiosity. He advocated 
its exploration by any means available and was especially 
interested in the possibility of drilling into it from great, 
floating seadromes. He recognized the technical difficul
ties of such a procedure hut was confident they could 
be overcome if the results would be worth it—and he 
was firmly convinced that they would be. 

Even all this activity could not absorb all the energy 
of Jaggar 's restless mind. He loved to work with his 
hands and spent much time in his machine shop. New 
types of seismographs and seismometers were usually 
under design and construction, as he carried on a con
stant search for instruments that could he built and 
installed cheaply and yet yield valuable results. Such 
instruments would make possible the great expansion of 
seismic studies that he envisioned. When Aleutian field 
work presented difficulties in transportation, he invented 
an amphibian automobile, used successfully during the 
Pavlof Expedition, for which he received the 1945 
Franklin L. Burr Prize of the National Geographic 
Society. Interest in boats led to interest in navigation 
and the design of instruments for locating the geo
graphical position of a ship or airplane through observa
tion of stars at the zenith. 
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After his retirement he returned to one of his earliest 
interests, the precise measurement of hardness of min
erals and other substances, and he designed and built 
a new instrument for hardness testing. H e was inter
ested in astronomy and spent many evenings at his tele
scope observing heavenly objects, especially the moon, 
in whose craters he saw an analogy to the great volcanic 
craters of the earth. H e even entered the fields of phi
losophy and religion with essays on Jesus ; the origin of 
the earth, life, and man ; evolution; and trends of science. 
He was a staunch church member. While he was still at 
Harvard and M.I.T. , he became deeply interested in the 
problems and methods of education. In his later life 
this interest was expressed through his service on the 
governing board of Iolani School in Honolulu. 

It is difficult to evaluate properly the importance of 
Dr. Jaggar 's work in volcanology. W e are still too close 
to it. It is abundantly obvious, however, that its im
portance is very great. At the time Jaggar founded the 
Hawaiian Volcano Observatory, the science of volcan
ology was in its infancy. It has now entered a stage of 
adolescence where some concrete results are beginning 
to appear from the great amount of work put into it. 
Unreservedly, Jaggar may be said to have been one of 
the very few principal contributors to this progress. 

Early results of the work at Kilauea related largely 
to the dual nature of the lava lake, the shallowness of 
the pool of pyromagma, the temperature distribution in 
the lake, and the composition of gases given off by it. 
These were important in building a picture of the physi
cal nature of the magma column feeding the volcano. 
Later work added somewhat to that picture, demon
strated the swelling and shrinking of the entire volcanic 
edifice related apparently to changes of magmatic pres
sure beneath it, showed the occasional occurrence of 
great collapses and related thereto occasional violent 
steam explosions due to cracking of the surrounding 
rocks and entrance of ground water to the hot volcanic 
conduit, and built a partial picture of the earthquake 
activity associated with volcanic changes. Tentative cor

relations of volcanic events with astrophysical forces and 
possible cycles in time have been made and are under
going testing. The work is far from ended, but good 
progress has been made. 

The work has not all been done by Jaggar, of course. 
Contributions have been made by a whole succession of 
capable scientific associates, among whom may be men
tioned H . O. Wood, Arnold Romberg, E. G. Wingate, 
A. E. Jones, H. A. Powers, and Jaggar 's long-time asso
ciate and successor as director of the Volcano Observa
tory, R. H . Finch. And certainly he would want in
cluded among his most valuable co-workers his wife, 
Isabel, who shared with him the disappointments, the 
joys of discovery, and much of the physical work. It has 
been Jaggar 's vision and enthusiasm, however, that has 
guided the work and integrated it, and a very large 
proportion of it actually was done by him personally. 

Possibly the greatest of all Dr. Jaggar 's contributions 
are his ideas for the protection from lava flows of cities, 
harbors, or other important areas, through aerial bom
bardment or the construction of barriers to deflect the 
flows. Bombing has been tried, and the general method 
has proved feasible and effective. There is little question 
that the barriers also would do their job well. These 
things constitute a long step toward fulfillment of the 
motto adopted at the founding of the Hawaiian Volcano 
Research Association: " N e plus haustae aut obrutae 
urbes"—no more shall the cities be destroyed! 

Dr. Jaggar 's dream was that some day the work on 
Hawaiian and other Pacific volcanoes might be combined 
with other types of geophysical studies in a great Insti
tute of Terrestrial Research centered in Hawaii. It is a 
grand dream, which may, like so many of his dreams, 
someday materialize. 

All of us who have been associated with Tom Jaggar 
mourn his passing. But at the same time we are grateful, 
as he would have us be, for his long and full life, profit
ably spent, and for memories of his superb intellect 
combined with a gentle and modest spirit whose greatest 
concern was with the well-being of the rest of mankind. 

—G. A. MACDONALD. 

HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JANUARY-MARCH, 1953 

By GORDON A. MACDONALD 

VOLCANOLOGY 
January 

Hawaiian volcanoes remained fairly quiet through the month 
of January. Seismographs at Kilauea Crater recorded 41 earth
quakes during the month, and the Mauna Loa seismograph re
corded 33. This is about the usual number recorded during times 
of volcanic quiet. However, some of the quakes were larger than 
usual. 

Several earthquakes were felt in Kona during the month. Most 
of them originated locally, on the Kealakekua fault or at sources 
between central Kona and the summit of Mauna Loa. A small 
earthquake felt at Naalehu and Kapapala at 9 : 08 A.M. on Janu
ary 9 originated beneath the southeast slope of Mauna Loa about 
8 miles northwest of Kapapala, and another at 9: 10 P.M. on the 
same day had its epicenter about 1.5 miles closer to the summit 
of the mountain. The latter quake was felt quite strongly all 
over the southern part of the island and less strongly at least as 
far north as Kukuihaele. 

At 2 :04 A.M. on January 15 a strong earthquake originated 
beneath the southeast slope of Mauna Loa near the Kapapala 
Ranch headquarters. Objects were upset and knocked from 
shelves as far away as Hilo. Residents of the southern part of 
the island of Hawaii were generally awakened, and the quake 
was felt as far away as Oahu. In its epicentral area the inten

sity of the quake is estimated to have been about 5 on the modi
fied Mercalli scale. 

Tilting of the ground at the Volcano House was in general 
slightly southward during the month, at a rate about normal for 
this season of the year. From January 1 to 15 there was an 
accumulation of a little more than 1 second of eastward tilting, 
suggesting a small increase of pressure beneath Mauna Loa asso
ciated with the Mauna Loa earthquake activity during the early 
part of the month. During late January, however, the eastward 
tilting and, presumably, the increase of pressure beneath Mauna 
Loa ceased. Late in January a slight northward tilting com
menced. 

February 
Seismic activity on the island of Hawaii during the month of 

February was relatively slight. Seismographs at Kilauea Crater 
recorded only 18 earthquakes, the smallest number since January, 
1951. The Mauna Loa seismograph recorded 25 quakes during 
the month. Some of these originated on the west slope of Mauna 
Loa and others on the northeast rift zone. 

At 6: 44 A.M. on February 12 an earthquake with an intensity 
of 4 on the modified Mercalli intensity scale was felt strongly 
at Kapapala. Its origin was close to Kapapala, probably on the 
Kaoiki fault, which parallels the highway between Kilauea 
Crater and Pahala. 
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The earthquake that occurred at 1: 40 A.M. (Hawaiian time) 
on February 26 about 650 miles north of New Caledonia, near 
the Santa Cruz Islands, produced only a slight record on seis
mographs at Kilauea. 

During the month there was a small accumulation of north
ward tilting of the ground at the seismograph station beneath 
the Volcano House. There was essentially no accumulation of 
tilt in the east-west direction. During this season of the year 
tilting at the Volcano House usually is south-southwest. There
fore, the slight northward tilting and absence of westward tilt
ing indicate some increase of volcanic pressure beneath Kilauea 
Crater and, possibly, also under Mauna Loa. 

Late in the afternoon of February 28, the seismographs re
corded 18 minutes of continuous volcanic tremor, indicating 
movement of magma beneath the surface at Kilauea. 

March 
Seismographs of the Hawaiian Volcano Observatory recorded 

a total of 75 earthquakes during March. Many of these were 
too small to be recorded at more than one station. For example, 
the seismograph at Konawaena School recorded four very feeble 
earthquakes of nearby origin that were too small to be recorded 
at Kilauea Crater. During the month the seismographs at 
Kilauea recorded 45 earthquakes, and the Mauna Loa seismo
graph recorded 51. The number of earthquakes at any single 
station was approximately normal. Although the total number 
of quakes was somewhat greater than normal, such a large pro
portion of the quakes were very small that the total seismic 
activity also was only about normal in amount. 

On March 6, at 7: 48 A.M., a slight earthquake was felt in 
central Kona. Its origin apparently was on the Kealakekua 
fault, probably near Kealia. At 2 : 26 P.M. on the same day an 
earthquake was felt throughout much of Kona and Kau. Its 
origin lay at a depth of about 30 miles beneath the summit area 
of Hualalai. 

At 6 : 19 P.M. on March 25 a moderately strong earthquake 
occurred, with its epicenter on the south slope of Mauna Loa, 
10 miles N 25° W of Naalehu. It was felt strongly at Naalehu, 
where it had an intensity of about 4 in the modified Mercalli 
scale. At Kapapala its intensity was 2 to 3. The quake was felt 
slightly over most of the island. At 1 : 40 A.M. on March 26 a 
smaller earthquake was felt quite strongly at Naalehu, where 
its intensity was estimated as about 2, and less strongly over 
much of the southwest portion of the island. Its epicenter also 
lay on the south slope of Mauna Loa, about 5 miles north of 
Naalehu. 

During March, tilting of the ground surface at the Volcano 
House was southwestward, both the direction and the aggregate 
amount being approximately normal for that season of the year. 
Temperatures of steam at vents in the vicinity of Kilauea Crater 
remained unchanged. General conditions at Halemaumau also 
remained unaltered, with no visible activity other than steam 
vents and a weakly active vent liberating sulphurous fume on 
the floor of Halemaumau Crater northwest of the large cones 
of the recent eruption. During recent weeks there has been a 
marked increase in the volume of steam visible at the northeast 
wall of Puhimau Crater. 

On March 14 continuous tremor was recorded on the seismo
graphs for 16 minutes, apparently indicating movement of magma 
beneath Kilauea. Again on March 29 there were recorded 13 
minutes of continuous tremor, possibly a succession of very 
small earthquakes, but appearing more probably to be volcanic 
tremor of the sort that accompanies magma movement. Thus 
far there has been no sign of abnormal tilting such as would 
indicate any marked decrease of pressure beneath either Mauna 
Loa or Kilauea. Although there has been no marked restlessness 
to indicate imminent eruption of either volcano, it is entirely 
possible that if magma stands high in the conduits, as is sug
gested by the evidence, eruption might occur with little or no 
warning. 

SEISMOLOGY 
Distant Earthquakes 

Only one distant earthquake was recorded during the quarter. 
It was recorded on February 26, at 01 : 59 H.S.T., and produced 
only a slight record on the Bosch-Omori seismograph. The no
tice of Preliminary Determination of Epicenter issued by the 
U. S. Coast and Geodetic Survey places the origin of the quake 
in the region of the Santa Cruz Islands, at 11° S., 164.5° E., 
about 650 miles north of New Caledonia. Its origin time was 
11 :42 :26 G.C.T. 

Earthquake Data, January-March, 1953 

(Based on Bosch-Omori seismograph on northeast rim 
of Kilauea Caldera) 

Week 
Beginning 

Jan. 4 
11 
18 
25 

F e b . 1 
8 

15 
22 

M a r . 1 
8 

15 
22 
29 

Minutes 
of 

Tremor 

5 
7 
4 
1 
0 
2 
4 
3 
6 
8 
9 
8 

11 

Very 
Feeble 

4 
6 
1 
3 
0 
5 
2 
1 
4 
1 
3 
3 
1 

Feeble 

0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 

Slight 

0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

Mod
erate 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

Strong 

1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Local 
Scis-

micity* 

7.25 
6.75 
2.5 
1.75 
0 
3.0 
2.0 
3.75 
4.5 
3.5 
2.0 
6.5 
3.25 

Tele-
seisms 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

* For definition of local seismicity see Volcano Letter 371 or 512. EJach 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; mod
erate, 3.0; strong, 4.0. These values are totaled to give the weekly local 
seismicity. Continuous volcanic tremor is ignored in the calculation. The 
strength assigned to an earthquake depends on the double amplitude of 
the maximum oscillation it causes on the Bosch-Omori seismograph, as 
follows: tremor, less than 0.5 mm.; very feeble, 0.5 to 4 mm.; feeble, 
4 to 11 mm.; slight, 11 to 25 mm.; moderate, 25 to 60 mm.; strong, greater 
than 60 mm. 

Table of Tilt at Seismograph Vaults on Rim of Kilauea Caldera 

Week 
Beginning 

January 4 
11 
18 
25 

February 1 
8 

15 
22 

March 1 
8 

15 
22 
29 

B 
(N 

Amount 

0.2" 
1.0" 
0.1" 
0.4" 
1.2" 
1.0" 
0.6" 
0.8" 
0.7" 
0.6" 
0.8" 
1.4" 
1.2" 

Tiitney Vault 
'ortheast rim) 

Direction 

E 
S 82° E 

E 
N 3 4 ° W 

W 
S 60° E 
S 79° E 
N 5 2 ° W 
N 9° W 

E 
N 2 7 ° W 
S 31° W 
N 8 8 ° W 

Uwekahuna Vault 
(West rim) 

Amount 

0 .3" 
2 .7" 
1.6" 
1.6" 
0.6" 
1.8" 
0.7" 
1.6" 
1.8" 
4 .0" 
0.7" 
2.6" 
2 .3" 

Direction 

N45° W 
N 2 1 ° E 
S 11° W 
N 11° E 

E 
S 9° W 
S 27° W 
S 11° W 
S 9° W 
S 19° W 
N27° W 
S 14° E 
S 16° E 

Local Earthquakes 

The data for the following local earthquakes were determined 
from seismographs operated on the island of Hawaii by the 
Hawaiian Volcano Observatory. Locations given are epicenters. 
The times given are arrival times at the Whitney Laboratory 
of Seismology, on the northeast rim of Kilauea Caldera. They 
are stated to the closest minute in Hawaiian Standard time, 
which is 10 hours slower than Greenwich Civil time. The number 
preceding each earthquake is the serial number for the current 
year. The intensity rating (Feeble, Moderate, etc.) given is that 
for the Whitney Laboratory. If the intensity was greater at 
one of the other stations, the name of that station and the in
tensity rating there are given in parentheses after the rating at 
the Whitney station. 

1. Jan. 2, 0 3 : 32, very feeble. Near summit of Mauna Loa 
(? ) • 

2. Jan. 2, 23:34, no record at Kilauea (Kona, very feeble). 
3. Jan. 3, 11:31, feeble (Kona, strong). Felt strongly in 

Kona. Central Kona, on Kealakekua fault 
near Keei. 19° 28' N., 155° 52' W. 

4. Jan. 3, 11:34, very feeble (Kona, slight). Felt in Kona 
(Kona aftershock). 

5. Jan. 4, 23 : 07, very feeble, Kilauea. 
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6. Jan. 7, 15:58, tremor (Kona, very feeble). Felt in Kona. 
7. Jan. 7, 21:31 , no record at Kilauea (Kona, very feeble). 

Central Kona. 
8. Jan. 9, 09: 09, very feeble. Felt at Kapapala, Naalebu, 

Kona, SE slope of Mauna Loa at about 19° 
22' N., 155° 31' W. 

9. Jan. 9, 09 : 22, very feeble. 
10. Jan. 9, 16 : 05, very feeble. Felt at Kapapala. 
11. Jan. 9, 16:42, no record at Kilauea (Kona, very feeble). 

Felt in Kona. Central Kona. 
12. Jan. 9, 2 1 : 10, strong. Felt strongly at Kahuku and Naa-

lehu, moderately at Kapapala, Volcano dis
trict, Hilo, and Kona, slightly at Kukui-
haele. SE slope of Mauna Loa about 4 
miles SE of South Pit, at about 19° 24' N., 
155° 33' W., about 14 miles deep. 

13. Jan. 10, 06: 32, tremor (Kona, very feeble). Central Kona. 
14. Jan. 12, 03:27, tremor (Kona, very feeble). Central Kona. 
15. Jan. 13, 04: 13, slight. Four miles S 45° E of Naalehu. 
16. Jan. 13, 07 : 29, very feeble. Felt quite strongly at Kapapala. 
17. Jan. 14, 05: 38, very feeble. SW rift of Kilauea ( ? ) . 
18. Jan. 15, 02:05, strong. Felt strongly all over southern half 

of island from Hilo to Kona, and slightly 
as far away as Oahu. S E slope of Mauna 
Loa about 3 miles.NNE of Kapapala Ranch 
headquarters, 19° 19- N., 155° 26' W., about 
15 miles deep. 

19. Jan. 15, 07:30, tremor (Kona, slight). Felt in Kona. Cen
tral Kona. 

20. Jan. 16, 13:01, very feeble. 
21. Jan. 16, 21 : 54, very feeble. 
22. Jan. 17, 05:09, very feeble. 
23. Jan. 17, 17 : 40, very feeble. 
24. Jan. 18, 09:33 , feeble. On SE slope of Mauna Loa near 

Ohaikea. 
25. Jan. 21, 12:58, very feeble. 
26. Jan. 23, 14: 18, no record at Kilauea (Kona, very feeble). 

Felt in Kona. Central Kona. 
27. Jan. 24, 11:14, no record at Kilauea (Kona, very feeble). 

Central Kona. 
28. Jan. 25, 03 : 17, very feeble. 
29. Jan. 27, 03 : 00, very feeble. Kilauea. 
30. Jan. 29, 00: 17, tremor (Kona, very feeble). 
31. Jan. 30, 08 : 06, very feeble. 
32. Jan. 30, 10:53, tremor (Kona, very feeble). 
33. Feb. 3, 07:28, no record at Kilauea (Mauna Loa, tremor; 

Kona, feeble). Central Kona. 
34. Feb. 6, 20 :21 , no record at Kilauea (Kona, very feeble). 

Central Kona. 
35. Feb. 8, 18:48, tremor (Kona, very feeble). 
36. Feb. 9, 22:47, very feeble (Kona, feeble). Near summit 

of Mauna Loa. 
37. Feb. 11, 21 : 19, no record at Kilauea (Kona, very feeble). 

Central Kona. 
38. Feb. 12, 04:38, no record at Kilauea (Kona, very feeble). 
39. Feb. 12, 06: 45, very feeble. Felt strongly at Kapapala, in

tensity about 4 (modified Mercalli). Kaoiki 
fault near Kapapala, at about 19° 17' N., 
155° 27' W . ; shallow focus. 

40. Feb. 12, 14:06, no record at Kilauea (Kona, very feeble). 
41. Feb. 13, 04:49, very feeble. 
42. Feb. 13, 04: 51, very feeble. 
43. Feb. 13, 04: 51, very feeble. 
44. Feb. 15, 22: 10, very feeble. 

45. Feb. 16, 11 : 21, very feeble. Kaoiki fault, about 4.6 miles 
SW of Uwekahuna station, at about 19° 
24' N., 155° 22' W. 

46. Feb. 16, 20:20, no record at Kilauea (Kona, very feeble). 
Central Kona. 

47. Feb. 18, 02: 26, no record at Kilauea (Mauna Loa, tremor; 
Kona, very feeble). West flank of Mauna 
Loa. 

48. Feb. 18, 02:30, no record at Kilauea (Mauna Loa, tremor; 
Kona, very feeble). West flank of Mauna 
Loa. 

49. Feb. 20, 06:14, no record at Kilauea (Kona, very feeble). 
Central Kona. 

50. Feb. 20, 06: 16, no record at Kilauea (Kona, very feeble). 
Central Kona. 

51. Feb. 21, 22:44, no record at Kilauea (Kona, very feeble). 
West slope of Mauna Loa. 

52. Feb. 22, 02: 40, slight. Felt in Volcano district. Kaoiki fault 
between Bird Park and Ohaikea. 

53. Feb. 25, 15:30, verv feeble. 
54. Mar. 1, 22: 42, very feeble. Off south shore at about 19° 

00' N., 155° 24' W. 
55. Mar. 3, 19:32, no record at Kilauea (Kona, very feeble). 

Central Kona. 
56. Mar. 6, 04: 39, feeble. Off south coast at about 19° 04' N., 

155° 25' W. 
57. Mar. 6, 06 : 06, very feeble. 
58. Mar. 6, 07:48, very feeble (Kona, slight). Felt in central 

Kona. Kealakekua fault, near Kealia ( ? ) . 
59. Mar. 6, 14:26, very feeble (Kona, feeble). Felt in central 

Kona, Naalehu, and Kapapala. Beneath 
summit area of Hualalai Volcano, about 30 
miles deep. 

60. Mar. 9, 19 : 27, feeble. Kilauea. 
61. Mar. 10, 06 :31 , very feeble. North slope of Mauna Loa 

about 3 miles N W of Kokoolau cone, at 
about 19° 39' N., 155° 37' W. 

62. Mar. 12, 18: 58, tremor at Whitney Laboratory, very feeble 
at Uwekahuna. Kilauea. 

63. Mar. 17, 03:20, no record at Kilauea (Kona, very feeble). 
Central Kona. 

64. Mar. 18, 11:12, very feeble. 
65. Mar. 18, 23 : 40, very feeble. Moderate distance. 
66. Mar. 19, 06:45, no record at Kilauea (Kona, very feeble). 

Central Kona. 
67. Mar. 19, 20 :01 , very feeble. 
68. Mar. 23, 19:30, tremor (Mauna Loa and Kona, very 

feeble). 
69. Mar. 23, 21 : 19, very feeble. Felt in south Kona. West slope 

of Mauna Loa. 
70. Mar. 25, 10:50, very feeble (Mauna Loa, slight). Near 

summit of Mauna Loa, probably on NE rift 
zone. 

71. Mar. 25, 18:19, moderate. Felt strongly at Naalehu and 
Kapapala and slightly over most of the 
island. South slope of Mauna Loa, at about 
19° 12' N., 155° 39- W. 

72. Mar. 26, 01:40, very feeble (Mauna Loa, feeble). Felt mod
erately at Naalehu and slightly as far as 
central Kona. South slope of Mauna Loa, 
at about 19° 08' N., 155° 35' W. 

73. Mar. 27,- 22:30, no record at Kilauea (Kona, very feeble). 
Felt in Kona. Central Kona. 

74. Mar. 31, 03:54, very feeble. 
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VOLCANO NOTES AND NEWS 

CONTINUED VOLCANIC ACTIVITY AT SAN BENEDICTO ISLAND, 
MEXICO 
By Adrian F. Richards 

Initial activity of Boqueron Volcano on San Benedicto Island, 
Mexico, has been described by Howel Williams in Volcano 
Letter S17. (The name Boqueron, meaning "Big Mouth," was 
suggested by Dr. Williams.) 

On November IS, 1952, J. M. Snodgrass, D. L. Inman, and 
the writer, all of the Scripps Institution of Oceanography, flew 
to Boqueron Volcano in a U. S. Navy PBM. The small conical 
mass of lava that had plugged the conduit of the 700-foot-deep 
crater was observed to have increased greatly in size so that 
the crater had become half filled with a biscuit-shaped mass of 
block lava. This extrusion of lava probably took place about 
November 12, at which time the master of the tuna clipper "Con
stitution" reported to the Scripps Institution that intermittent 
smoke with flames shooting above the crater had been visible 
during the night at a distance of 40 miles from the island. No 
incandescence was seen on November IS. On November 19, the 
master of the clipper "Paramount" reported to the writer that 
he had seen glowing boulders hurled 200 feet above the crater 
at night. Based on observations of December 10, additional 
block lava was probably added to the crater at that time. On 
December 8, according to M. Silva of the "Star of the Sea," 
lava escaped from the flank of Boqueron Volcano at the eastern 
base of the cone, 60 feet above sea level. 

Lewis Walker and the writer reached San Benedicto Island 
on December 9 for a stay of 4 days. The fissure, through which 
the blocky lava welled, lengthened upslope to 192 feet altitude 
by December 11. The temperature at the throat of the fissure 
was estimated by the writer to be approximately 1300° C , based 
on the orange-white incandescence. This lava extrusion advanced 
out to sea 900 feet in 2 days, during which time it grew laterally 
to 1,200 feet in the shape of a lobate delta. When last observed, 
the lava was advancing seaward at the rate of ISO feet per day. 

Based on identical readings of aircraft altimeters on flights 
over Boqueron on November IS and December 11, the elevation 
of the top of the cone of Boqueron Volcano was determined to 
be 1,250 feet. This figure is 250 feet less than that reported by 
Dr. Williams on the September 20 flight. -Comparisons of Sep
tember, November, and December photographs show no appar
ent change in the height of the r im; consequently, the 1,250-foot 
value is probably more nearly correct. On December 9, at inter
vals of approximately 1 hour, dense cauliflower clouds of steam 
and ash were observed to rise to 3,000 feet. On December 10, 
the crater rim was observed to be half a mile wide. Red incan
descence of the crater lava was occasionally seen in broad day
light. On the morning of December 12, the volcanic activity 
increased to a continuous eruption of steam and ash from the 
crater. This eruption continued through December 13, when the 

island was seen by tuna fishermen. On January S, Paul Lynn, 
master of the "Cape Beverly," reported rumbling sounds heard 
at a distance up to 1 mile from Boqueron, coincident with gas 
eruptions from the crater. 

ERUPTION OF TRIDENT VOLCANO, ALASKA 

Mount Trident, in Mount Katmai National Monument, erupted 
on February 15, 1953. Mount Trident is located near the base 
of the Alaska Peninsula, 110 miles northwest of Kodiak and S 
miles west-southwest of Katmai Volcano, Which erupted vio
lently in 1912. There is no previous record of activity of Trident 
Volcano during historic times. 

On February IS and 16, pilots of commercial and military 
planes reported a cloud of "smoke" rising about 30,000 feet into 
the air. Visibility was too poor, however, to permit precise 
determination of the type and place of activity. On February 18, 
the vent was finally located on the south slope of Trident Peak. 
Earlier reports that Katmai and Novarupta volcanoes were 
active proved false. 

On February 21, seismologist Richard McDonald of the U. S. 
Geological Survey identified a lava flow issuing from a fissure 
about 1 mile southwest of the old crater of Trident Volcano. 
The flow was still active and was about 800 feet wide at its toe 
and 1,500 feet long. It had advanced about 1,000 feet since it 
was photographed on February 18. The eruption column rose to 
a height of about 11,000 feet, and a thin deposit of ash was 
observed over the surrounding area. The crater lake of Katmai 
Volcano was not frozen. Light steam rose from two craters on 
nearby Mageik Volcano, and steam was rising from a vent on 
the southeast flank of Mount Trident, about l.S miles east of 
the lava vent. 

On March 11, geologist George Snyder of the U. S. Geological 
Survey reported Trident Volcano still active, with slow lava 
extrusion. Ash blanketed the area within a radius of 20 miles 
south and east of the volcano. 

MYOJIN REEF, JAPAN 

Dr. Helen Foster of the U. S. Geological Survey's office in 
Tokyo writes that Dr. H. Niino of the Tokyo College of Fish
eries visited the area of Myojin Reef on February 1. He re
ported an island estimated to have a maximum diameter of 226 
meters and a minimum diameter of 158 meters, in a northwest-
southeast direction. The highest point was a black spine 94 
meters high. There was also a grayish-white dome 54 meters 
high. Steam was being emitted from the spine, but there was no 
other sign of activity. The previous growth of the island was 
described in Volcano Letter 518. 

The March 19 edition of the newspaper Hazvaii Hochi re
ported three explosions at Myojin Reef on March 18. The erup
tion column was stated to reach a height of 1,000 feet. 



STAFF OF H A W A I I A N VOLCANO OBSERVATORY 

U. S. Geological Survey: 

Gordon A. Macdonald, Volcanologist, Director 
Chester K. Wentworth, Geologist, part-time 
Burton J. Loucks, Instrument Maker 
John C. Forbes, Assistant Instrument Maker 
Elizabeth G. Eklund, Secretary, part-time 

Seismograph Station Operators: 
Hilo Station: 

Sister M. Thecla, St. Joseph's School 
Kona Station: 

Howard M. Tatsuno, Konawaena School 
University of Hawaii: 

T. A. Jaggar, Geophysicist 

The Hawaiian Volcano Research Association was found
ed in 1911 for the recording and study of volcanoes in the 
Hawaiian Islands and around the Pacific Ocean. Its 
equipment at Kilauea Volcano, Hawaii Island, has been 
transferred to the United States Geological Survey. 

The University of Hawaii cooperates in maintaining a 
research laboratory at Kilauea. The Association and the 
University supplement the work of the government with 

H A W A I I A N VOLCANO RESEARCH ASSOCIATION 
In cooperation with the UNIVERSITY OF HAWAI I 

research associates, instrumental equipment, and special 
investigations. Dr. T. A. Jaggar is their geophysicist resi
dent at Kilauea. 

The Volcano Letter, a quarterly record of Hawaiian 
volcano observations, is published by the University of 
Hawaii and supplied to members of the Research Asso
ciation and to exchange lists of the above establishments. 
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NOTES ON THE 1880-81 LAVA FLOW FROM MAUNA LOA 
By E. D. BALDWIN1 

At Honolulu in November, 1880, we were under a 
strict smallpox quarantine, no one being allowed to leave 
the Island of Oahu for fear of carrying the disease to 
the other islands. I t was then that we received word that 
at 9 P .M. on November 5 a great lava flow had broken 
out on the top of the Mauna Loa divide about a mile 
above Puu Ulaula. One branch of the lava flow was 
heading northward toward Mauna Kea. The main 
branch was advancing rapidly down the mountainside 
south'of the 1855 lava flow. It had often been remarked 
at Hilo that, if a great lava stream should flow down on 
the Puna (south) side of the 1855 lava flow, Hilo would 
be doomed. Here was a massive aa lava stream that 
in a few clays had flowed with great speed down the 
steep part of the Mauna Loa slopes and then made a 
turn toward Hilo, on the Puna side of the 1855 lava 
flow. 

A third flow started southward into Kau at 8 P .M. 
on November 9. 

The great lava flows of Mauna Loa commonly are aa 
at first, changing to pahoehoe after a period of 2 or 3 

1 Mr. E. D. Baldwin, for 28 years surveyor and civil engineer 
in the Hawaiian Government Survey, under the Kingdom, the 
Republic, and the Territory, had a life-long interest in Hawaiian 
volcanoes. The present article was written in 1933, after his 
retirement and shortly before his death. His daughter, Mrs. 
Jessie Baldwin Hardy, referred it to K. P. Emory of Bernice P. 
Bishop Museum who in turn referred it to T. A. Jaggar and 
G. A. Macdonald. The map accompanying the article was pre
pared by Macdonald. 

The article contains much of interest that does not appear to 
have been published previously. The accounts of the two barriers 
to protect Hilo from the 1881 lava flow are of special interest 
in connection with recently proposed barriers. As Mr. Baldwin 
points out, the wall built to protect the Waiakea mill certainly 
would not have been effective, as the lava soon would have over
topped the wall and continued on its course. The great earthen 
embankment along the edge of the Alenaio Gulch, proposed but 
not constructed, might well have saved the center of Hilo if the 
flow had continued. It would not, however, have saved the 
harbor, and it would not be adequate to protect the much ex
panded Hilo of today.—G. A. M. 

weeks if the flow continues that long.2 This fact was 
well known to all our old Hilo settlers. With the rapid 
advance of this great aa flow and the knowledge that at 
any moment the more rapid pahoehoe flow might start, 
one can easily imagine the nervous excitement of the 
Hilo residents. They appealed to the authorities at 
Honolulu for advice and suggested that Professor W. D. 
Alexander, Surveyor General of the Kingdom of Ha
waii, be sent to Hilo to report on the lava flow. The 
Government acted immediately and passed Professor 
Alexander through the quarantine and on to the Island 
of Hawaii. 

The writer was then a young man, living in Professor 
Alexander's home and just beginning his apprenticeship 
in the Government Survey. Consequently, after Profes
sor Alexander's return from Hilo, the writer had the 
pleasure of listening to his brilliant account of the lava 
flow. 

One of Hilo's greatest mountaineers. Judge D. H . 
Plitchcock, was assigned to guide Professor Alexander 
to the flow. The party started on horseback at daybreak. 
on November 29, spent the night at Hitchcock's Kipuka 
Ahina cam]), then continued to the lava flow on foot the 
next day. They first visited the western branch of the 
flow, which Professor Alexander stated was a red-hot 
stream of aa, then turned back downslope and visited 
the l i i lo branch of the flow. The latter, he stated, was 
running liquid aa, with its front near the Mawae corner 
of the Piihonua land division. 

Professor Alexander described the lava flow as ap
pearing very liquid at its front, but so viscous that they 
were unable to drive a stick into it or get any of the 
molten lava on a stick to shape it into souvenirs, as the}' 

1 It should be noted that this succession of pahoehoe following 
aa as the eruption progresses is the result of a change in con
dition of the lava being poured out at the vent, resulting in a 
new pahoehoe flow flooding over and beyond an earlier aa flow, 
and not an example of change of aa to pahoehoe in a single flow 
as it progresses down slope.—G. A. M. 
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FIGURE 1. Map of the eastern portion of Mauna Loa, showing the 1880-81 lava flows. 

were accustomed to do with molten pahoehoe. They 
cut a long pole from a tree and rushed with it against the 
most molten portion of the front of the flowing lava, but 
could make no impression on it. 

Mr. Hitchcock has stated to the writer that he had 
visited the source of the flow a short time after it started 
and that it was aa all the way from its source to the 
point where Professor Alexander saw it. The aa flow 
continued for a short distance Mow that point, even
tually stopping about 20 miles from Hilo. Shortly after 
Alexander's visit, however, the lava changed to pahoe
hoe at its source. According to Mr. Hitchcock, the pa
hoehoe flowed out of the same vent as the aa and flooded 
clown over the aa, almost obliterating it. 

For 7y2 months the advance of the pahoehoe was slow, 
averaging only about H> mile a month. Above Kaumana 
Woods the flow averaged about a mile wide. On June 
30, 1881, the front of the flow was reported to be just 
above John Hall's house, near the upper edge of the 
woods about 5 miles from Hilo. As the flow moved 
through Kaumana Woods, it narrowed until it was 
hardly Jj mile wide, and its speed increased greatly, to 
an average of about 4 miles a month. Almost before 
the Hilo people were aware of it, the lava suddenly ap
peared in a narrow stream coming down through the 
Kaumana lands at the seaward edge of the woods. 

Finally the smallpox quarantine in Honolulu was 
lifted, and on July 12 the writer and a group of other 

boys took the first steamer for Hilo. The group in
cluded Willie and Arthur Alexander, sons of Professor 
Alexander; John Bishop, son of S. E. Bishop; Horace 
Chamberlain, son of Warren Chamberlain; and Henry 
Hyde, son of the Reverend Dr. Hyde. We reached Hilo 
on the morning of July 14, and as our steamer ap
proached the port we had a fine view of the whole line 
of the flow, from its source to within a few miles of 
Hilo town. At the source two columns of dense smoke 
were rising. 

We found the front of the flow about 3 miles from 
Hilo. When we first reached it, it appeared dead, and 
a stream of cold water was coming from under it. We 
traveled up along the flow looking for a suitable camping 
site and came to a place where it was in action. The 
pahoehoe lava was flowing into and burning a thick 
grove of sumach trees (called by the natives neneleau). 
We were new to a live lava flow and did not dare go 
near it. This amused us soon afterward, as we prac
tically lived on the flow for 2 weeks. 

On July 15 we camped at the Natural Bridge, about 
4 miles from Hilo. Just below the Natural Bridge the 
flow had crossed the Alenaio Stream and formed a 
natural dam and reservoir in which one could enjoy any 
kind of bath, from cold to scalding hot. We cooked 
every meal on the lava flow. We found a place where 
the lava was oozing out in a small way and on this set 
our pots and fried our pancakes. Occasionally our fry-
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ing paYi floated down with the lava. 
At several places there were openings in the top of the 

flow that exposed the tunnel of red-hot, flowing lava 
beneath. At one of these, on the steep slope near Kau-
mana, we threw stones on the flowing lava and timed 
their passage; we found that the stream of lava was 
traveling at an average rate of 40 miles an hour in its 
confining tunnel. This seemed astounding at first, but 
when one considers that the flow was then more than 
Y-2. mile wide at its advancing front, the lava would have 
to be traveling very fast in its narrow channels higher 
up to supply the broad spread of lava at the front of 
the flow. 

The central supply tunnel was probably 20 to 50 feet 
wide, with numerous smaller branch tunnels extending 
from the main tunnel. Often these supply tunnels be
came blocked; then there would be a sudden outburst of 
lava, throwing great blocks of the cooled lava, with the 
molten lava, into the air. 

After camping near the Natural Bridge for about a 
week, we went down to the front of the flow again and 
found it very active. On the side toward Hilo a great, 
red, molten stream was flowing down Alenaio Gulch. 
Another very active branch of the flow was pushing off 
toward Waiakea. W e rounded the Alenaio flow and 
went over to the Waiakea branch. On returning, we 
found that the Alenaio flow had advanced so rapidly 
that we were cut off from our former trail. Our al
ternative was to break through a dense grove of hau 
trees or run across a tongue of lava about 30 feet 
wide and 1.5 feet thick that had flowed out only a few 
minutes before. The tongue was red hot, just beginning 
to turn black on top. After testing the tongue of new 
lava by throwing heavy stones on it and observing that 
the stones rolled over it as if it were solid, we sprang 
over it with as few steps as possible, only slightly 
scorching our shoes. 

A pahoehoe lava flow in full motion is a very in
teresting sight. At the advancing front the lava seems 
to come out of its tunnel and flow in an open red river 
of fire as much as several hundred feet long. This then 
appears to clog up and cool on top, and the lava pushes 
out in great and small lobes, piling one over the other 
and eventually forming a new tunnel underneath for 
the molten lava. The latter will then again break out 

and go through the same process as before. 
After 2 weeks we reluctantly packed up our camp and 

started on our return trip to Honolulu. As we passed 
down toward Hilo we could see the lava flow making a 
rapid advance toward the town and the Waiakea sugar 
mill. On passing upper Halai Hill we noticed Princess 
Ruth Keelikolani sitting on the brow of the hill with 
her retainers, all decked out in red bandanas. The re
port is that she broke a bottle of champagne and made 
other sacrifices to Pele. The natives give Princess Ruth 
credit for stopping the flow. 

When we left Hilo, about July 29, the lava was ap
proximately 1.5 miles from the main part of the town. 
Again the Hilo people appealed to the authorities at 
Honolulu for help. At that time Professor Alexander 
had in his employ Mr. W . R. Lawrence, a former mili
tary engineer and practical civil engineer. He sent Mr. 
Lawrence to Hilo to survey the front of the lava flow 
and suggest any method that might be used to prevent 
the flow from entering the main portion of the town. 

I t was evident that the main flow of molten lava, like 
water, was seeking the lowest level and following the 
bed of Alenaio Stream. Mr. Lawrence recommended 
building a massive embankment along the town side of 
Alenaio Gulch. At Honolulu, the writer had been 
loaned to the Interior Department to assist in reading 
proof of the 12 volumes of a new copy of the Land 
Commission Awards and was working in the telephone 
room of the Interior Office. There he had the pleasure 
of hearing Mr. H . A. P . Carter, Minister of Foreign Af
fairs, telephoning to a Honolulu business firm to order 
a thousand picks, shovels, hoes, wheelbarrows, etc. The 
Government was arranging to set 1,000 men to work 
building the embankment to protect Hilo. But the work 
was never actually started, as the next steamer brought 
word that the lava had stopped flowing on August 9. 

The people of Waiakea Plantation had built an ordi
nary stone wall across the front of the Waiakea branch 
of the flow in an effort to protect the Waiakea mill and 
claimed that the Waiakea flow was stopped by that wall. 
The writer later visited the wall and found that a small 
tongue of lava had piled up a few feet along it. Fortu
nately the eruption ended just at that time, as in the 
opinion of the writer the stone wall could not have 
stopped the flow. 

HAWAIIAN VOLCANO OBSERVATORY REPORT FOR APRIL-JUNE, 1953 
By GORDON A. MACDONALD 

VOLCANOLOGY 
April 

Hawaiian volcanoes were quiet throughout the month of April, 
and seismic activity was approximately normal in amount. Seis
mographs at the rim of Kilauea Caldera recorded SO earthquakes 
during the month, and the Mauna Loa seismograph recorded 33. 
Thus, Kilauea showed somewhat more activity than Mauna Loa. 
The Kona seismograph recorded 19 small earthquakes not re
corded at any other station. These originated in central Kona 
close to the station. Probably some or all of them resulted from 
small movements on the Kealakekua fault, which runs out to 
sea along the northern edge of Kealakekua Bay. 

A feeble earthquake felt in the Volcano area at 11 :09 A.M. 
on April 10 had its origin beneath the east slope of Mauna Loa. 
A quake at 2 :20 A.M. on April 14 recorded as very feeble on 
the seismograph but was felt by several persons in central Kona. 
Another feeble quake originated beneath the southwest slope of 

Mauna Loa at 1 :42 A.M. on April 24 and was felt in Kona and 
in the Volcano district. Moderate earthquakes at 8 :S0 and 
11 :03 A.M. on April 29 probably had their origin on the Kaoiki 
fault, which separates Kilauea and Mauna Loa west of Kilauea 
Crater. 

Tilting of the ground surface at the northeast rim of Kilauea 
Caldera normally is toward the southwest throughout the month 
of April. This year, the southward component of tilting was 
approximately normal in amount, suggesting essentially no 
change in volcanic pressure beneath Kilauea. Westward tilting, 
however, was at a rate somewhat greater than normal, suggest
ing the possibility of some reduction of pressure beneath Mauna 
Loa. 

May 
During early May, Hawaiian volcanoes were fairly quiet. 

From May 1 to 17 ground tilting at the northeast rim of Kilauea 
Caldera was approximately normal, both in direction and 
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amount, for that season of the year. The number of earthquakes 
recorded was nearly twice the normal number, but most of them 
were very small. 

On May 17 the ground surface at the northeast rim of the 
caldera began tilting rapidly northward, and northward tilting 
continued at a rate notably greater than normal throughout the 
rest of May. On May 20 the number of earthquakes recorded 
at Kilauea Crater increased greatly and through the rest of the 
month averaged about 20 per day, bringing the total number 
recorded during May to 259. Of these, about 90 percent had 
their origin beneath or near Kilauea Crater. 

Several small earthquakes were felt in Kona during the month. 
All these except one originated in the Kona area, some of them 
probably on the Kealakekua fault. At 4:59 A.M. on May 29 a 
strong quake originated on the Kealakekua fault. This earth
quake dismantled one component of the seismograph at Kona-
waena School. It was felt strongly in central Kona and weakly 
over much of the rest of the island. 

At 2:44 A.M. on May 24 a moderate earthquake originating 
beneath the east flank of Mauna Loa was felt over much of the 
island. A sharp earthquake felt at Kapapala at 7:33 P.M. on 
May 27 probably had its origin on the Kaoiki fault. 

June 

Kilauea Volcano remained notably restless throughout the 
month of June. Of the 184 earthquakes recorded by seismo
graphs at Kilauea Crater during the month, the great majority 
originated in Kilauea Volcano. The total number of earthquakes 
was more than four times the usual number recorded during 
times of volcanic quiet. Northward tilting of the ground surface 
at the northeast rim of Kilauea Crater during June amounted 
to 4 seconds of arc. This rate of tilting is about five times as 
rapid as the average for this season and demonstrates a distinct 
increase of volcanic pressure beneath Kilauea. 

Several earthquakes originating beneath the slopes of Mauna 
Loa and along its northeast rift zone indicate some uneasiness 
of that volcano also. However, ground titling in the east-west 
azimuth at the northeast rim of Kilauea Crater was slightly 
westward at a rate approximately normal for this season of the 
year. This suggests a lack of any marked • change of volcanic 
pressure beneath Mauna Loa. 

A feeble earthquake felt in Hilo and the Volcano district at 
8:38 P.M. on June 15 appears to have had its origin beneath the 
east flank of Mauna Loa, about 3 miles north-northeast of the 
Whitney Laboratory of Seismology. Another, felt in the same 
areas at 10:47 A.M. on June 27, originated beneath the east 
slope of Mauna Loa about 3 miles S60°E of Puu Kulua. A slight 
earthquake at 12 :49 A.M. on June 9, felt in Hilo but not reported 
felt in the Volcano area, apparently had its origin beneath the 
crater region of Kilauea Volcano. 

The seismograph at Konawaena School recorded 17 earth
quakes during June. Most of them originated in central Kona 
close to the seismograph, probably on the Kealakekua fault. 

LANDSLIDE ON THE HAMAKUA COAST 
A small landslide took place on the sea cliff near the mouth 

of Manowaiopae Stream, just south of Laupahoehoe (Hamakua 
Coast), early on the morning of May 28. According to Joe Jose, 
who lives near the site of the slide, a small slip occurred at 3 :00 
A.M., followed by a larger one at 5 :00 A.M. Seismographs on the 
Island of Hawaii recorded no earthquakes at those times, so 
the slides apparently were not set off by earthquakes. At the 
foot of the sea cliff the slides built a small peninsula; this was 
immediately attacked by waves which rapidly removed a large 
portion of it. 

Such landslides are not uncommon along the sea cliffs of Ha
waii, especially along the windward coast of Kohala. According 
to William Ellis (Journal of a Tour around Hazvaii, Boston, 
1825), similar landslides occurred late in 1822 or early in 1823 
between Pololu and Honokane valleys and at a locality known 
as Laupahoehoe, about llA miles northwest of Waimanu Valley. 
Another landslide may have occurred at the latter locality dur
ing the violent earthquake of April 2, 1868. A large slide 
occurred on the sea cliff just east of the mouth of Honopue 
Valley during heavy rains in January, 1941 (Stearns and Mac-
donald, Geology and Ground Water Resources of the Island of 
Hazvaii, 1946, p. 51). All these slides built debris fans at the 
base of the cliff, but only the Laupahoehoe fan was large enough 
to survive for long the attack of waves. 

SEISMOLOGY 
Local Earthquakes 

The data for the following local earthquakes were determined 
from seismographs on the Island of Hawaii operated by the 
Hawaiian Volcano Observatory. Locations given are epicenters. 
The times given are arrival times at the Whitney Laboratory 
of Seismology, on the northeast rim of Kilauea Caldera. They 
are stated to the closest minute in Hawaiian Standard time, 
which is 10 hours slower than Greenwich Civil time. The num
ber preceding each earthquake is the serial number for the cur
rent year. The intensity rating (Feeble, Moderate, etc.) given is 
that for the Whitney Laboratory. If the intensity was greater 
at one of the other stations, the name of that station and the 
intensity rating there are given in parentheses after the rating 
at the Whitney station. 

75. Apr. 2, 02: 59, no record at Kilauea (Kona, very feeble). 
Central Kona. 

76. Apr. 7, 23:37, tremor (Kona, very feeble). 
77. Apr. 10, 11:09, feeble (Mauna Loa, slight). Felt in Vol

cano district. Northeast slope of Mauna 
Loa. 

78. Apr. 13, 18:00, no record at Kilauea (Kona, very feeble). 
79. Apr. 14, 02: 20, tremor (Kona, very feeble). Felt in Kona. 

Central Kona. 
80. Apr. 16, 14:36, no record at Kilauea (Kona, very feeble). 
81. Apr. 17, 09:35, very feeble. Kilauea. 
82. Apr. 22, 15 : 28, very feeble. 
83. Apr. 24, 01 : 42, feeble. Felt in Volcano district, south Kona, 

and Kohala. Southwest slope of Mauna 
Loa, near 19°20'N., 155°47'W. 

84. Apr. 24, 05 : 44, very feeble. 
85. Apr. 29, 08:50, moderate. Southwest rift of Kilauea ( ? ) . 
86. Apr. 29, 11:03, moderate. Kilauea. 
87. Apr. 29, 13:00, slight. Southwest rift of Kilauea ( ? ) 
88. May 3, 23 : 50, no record at Kilauea (Kona, very feeble). 
89. May 6, 17:59, tremor (Kona, very feeble). 
90. May 7, 14:43, no record at Kilauea (Kona, very feeble). 
91. May 8, 0 1 : 18, no record at Kilauea (Kona, very feeble). 
92. May 8, 16: 19, tremor (Kona, very feeble). 
93. May 8, 17:53, tremor (Kona, very feeble). 
94. May 11, 08:48, slight. Kilauea (east rift zone ?) . 
95. May 13, 08: 25, very feeble. 
96. May 13, 12:10, very feeble. 
97. May 15, 13:31, very feeble. 
98. May 16, 10:31, very feeble. 
99. May 17, 09:30, no record at Kilauea (Kona, very feeble). 

100. May 17, 13 : 48, very feeble. 
101. May 18, 03:05, very feeble. 
102. May 19, 18:02, tremor (Kona, very feeble). Felt in south 

Kona. 
103. May 20, 13 : 05, very feeble. 
104. May 21, 14:12, very feeble. 
105. May 22, 23:22, very feeble (Kona, feeble). Felt in central 

Kona. Kealakekua fault ( ?) . 
106. May 24, 02: 05, slight. Felt in Volcano district. Kilauea. 
107. May 24, 02 : 12, very feeble. Kilauea. 
108. May 24, 02: 44, moderate. Felt over much of Hawaii Island 

as far north as Kukuihaele. East slope of 
Mauna Loa near 19°26'N., 155°27'W. 

109. May 24, 13: 15, tremor (Uwekahuna, very feeble). 
110. May 25, 10: 17, tremor (Kona, very feeble). Felt in south 

Kona. 
111. May 26, 06:26, feeble. Felt at Naalehu. 
112. May 27, 19:33, tremor. Felt at Kapapala. 
113. May 29, 04:59, slight (Kona, strong). Felt in central and 

south Kona, Naalehu, and Volcano district. 
Kealakekua fault at north side of Kealake
kua Bay, near 19°29'N., 155°S6'W. 

114. May 29, 05: 08, tremor (Kona, very feeble). Central Kona. 
115. May 29, 07:47, no record at Kilauea (Kona, very feeble). 

Central Kona. 
116. May29, 10:21, no record at Kilauea (Kona, very feeble). 

Central Kona. 
117. May 30, 05:16, very feeble. 
118. May 31, 04: 13, very feeble. 
119. June 4, 01 : 14, very feeble. 
120. June 4, 17 : 01, very feeble. 
121. June 4, 18:48, very feeble. Felt fairly strongly at Kapa

pala. Southeast slope of Mauna Loa near 
Kapapala. 
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Earthquake Data , April—June, 1953 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea Caldera) 

Distant Earthquakes 

The following earthquakes of distant origin were recorded on 
the seismographs of the Hawaiian Volcano Observatory. Loca
tions of the epicenters are from the notices of Preliminary De
terminations of Epicenters published by the U. S. Coast and 
Geodetic Survey. The time given is that of the first detectable 
emergence of the quake on the Bosch-Omori horizontal or 
Sprengnether vertical seismograms, in Hawaiian Standard time. 

AprilS, 14:48, slight. Banda Sea, at 7°S., 132°E. 
April 18, 13:48, slight. Off south coast of Mexico, at 10°N., 

102°W. 
April 23, 06: 34, slight. New Britain region, at 4°S., 154°E. 
June IS, 08:05, slight. Near south coast of Kodiak Island, 

Alaska, at 56J4°N., 1S4°W. 

Week 
Beginning 

April S 
12 
19 
26 

May 3 
10 
17 
24 
31 

June 7 
14 
21 
28 

Minutes 
of 

Tremor 

6 
5 

12 
17 
11 
15 
73 

149 
38 
30 
48 
58 
IS 

Very 
Feeble 

0 
1 
0 
0 
0 
2 
0 
3 
6 
3 
1 
2 
2 

Feeble 

1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 

Slight 

0 
0 
0 
1 
0 
1 
0 
2 
0 
1 
0 
0 
0 

Mod
erate 

0 
0 
0 
2 
0 
0 
0 
1 
0 
0 
0 
1 
0 

Strong 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Local 
Seis-

micity* 

2.5 
1.75 
4.0 
9.25 
2.75 
6.75 

18.25 
45.75 
12.5 
11.0 
13.5 
18.5 
4.75 

Tele-
seisms 

1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 

* For definition of local seismicity see Volcano Letter 371 or 512. Each 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; mod
erate, 3.0; strong, 4.0. These values are totaled to give the weekly local 
seismicity. Continuous volcanic tremor is ignored in the calculation. The 
strength assigned to the earthquake depends on the double amplitude of 
the maximum oscillation it causes on the Bosch-Omori seismograph, as 
follows: tremor, less than 0.5 mm.; very feeble, 0.5 to 4 mm.; feeble, 
4 to 11 mm.; slight, 11 to 25 mm.; moderate, 25 to 60 mm.; strong, greater 
than 60 mm. 

Table of Tilt at Seismograph Stations on Rim of Kilauea Caldera 

Week 
Beginning 

April 5 
12 
19 
26 

May 3 
10 
17 
24 
31 

June 7 
14 
21 
28 

Whitney Station 
(Northeast rim) 

Amount 

1.4" 
0.9" 
1.3" 
1.3" 
0.6" 
0.4" 
1.5" 
1.3" 
1.2" 
1.0" 
0.1" 
0.7" 
1.8" 

Direction 

S 38° W 
N 56° E 
S 63° VV 
S 80° W 
N 7 9 ° E 
S 72° E 
N 14° W 
N 34° E 
N 17° W 
N 7° E 

W 
N 9° E 
N 20° W 

Uwekahuna Station 
(West rim) 

Amount 

0.6" 
1.3" 
0.4" 
0.7" 
1.6" 
2.6" 
2 .2" 
2.4" 
1.3" 
0 

0.7" 
1.4" 
0.4" 

Direction 

N 
S 37° E 
N 45° E 
N27° W 
N 12° W 
S 14° E 

S 
N23° W 
S 14° W 

0 
N 26° E 
S 27° E 
N45° E 

VOLCANO NOTES AND NEWS 

VOLCANOLOG1CAL SURVEY OF INDONESIA 

The Volcanological Survey of Indonesia (Dinas Gtinung 
Berapi Indonesia) is carrying on the work started by the Neth
erlands East Indies Volcanological Survey. Directly after the 
war the work was handicapped by a lack of funds and adequate 
personnel. Since 1950, however, rapid advances have been made 
in reconnaissance and mapping of volcanic districts, some of 
them previously unknown. Much of this has been made possible 
through the co-operation of the Air Force of the Republic of 
Indonesia. A summary account of the progress up to the end of 
1952 is contained in Bcrita Gunung Berapi (Communications of 
the Volcanological Survey of Indonesia) 1 (1-2) , S e p t - D e c , 
1952. 

Following the transfer of Sovereignty, Dr. G. A. deNeve be
came director of the Volcanological Survey, succeeding W. A. 
Petroeschevsky in September, 1950. It was decided that aerial 
reconnaissance offered the most expeditious way of obtaining a 
general view of the volcanic activity of the whole of Indonesia 
and determining which volcanoes are most urgently in need of 
more detailed examination. This reconnaissance was largely 
accomplished by mid-1951, and ground examinations and map
ping had been carried on in some areas. As a result of this work 
15 new active volcanic centers have been found on Sumatra, 

northern Celebes, and Flores, bringing the total number of active 
volcanoes and solfatara and fumarole fields in Indonesia to 167, 
in place of the 152 listed by C. H. Stehn in 1940. 

Additional work was done during 1952 by teams of investi
gators transported to and from their respective areas of study 
in Catalina amphibian planes. Special studies have been carried 
out on Semeru to delineate the areas in danger from cold lahars 
(mud flows) and at Kelud for the restoration of the tunnels 
constructed to drain the crater lake. 

This energetic resumption of work on Indonesian volcanoes 
is deserving of great praise, and it is to be hoped that the work 
can be continued in a similar manner and its scope increased still 
further. 

ACTIVITY OF TRIDENT VOLCANO 

Trident Volcano, in Alaska, continues in mild activity. The 
lava flow issuing about a mile southwest of the old crater of 
Trident continued to grow slowly until June 2. George Snyder, 
geologist of the U. S. Geological Survey, reports that between 
June 2 and June 17 the rate of growth of the flow increased 
markedly. He estimated the thickness of the flow in the vicinity 
of the vent to be about 1,000 feet on June 17. The rate of gas 
emission is much decreased over that during March. Snyder 

122. June 5, 11 : 23, very feeble. 
123. June 6, 04 : 48, very feeble. Kilauea. 
124. June 8, 16 : 58, very feeble. 
125. June 9, 00 : 44, very feeble. 
126. June 9, 00:49, slight. Felt in Hilo. Kilauea ( ? ) . 
127. June 10, 00 : 40, very feeble. Kilauea. 
128. June 11, 21 : 27, no record at Kilauea (Kona, very feeble). 

Central Kona. 
129. June 15, 03:24, no record at Kilauea (Kona, feeble). Cen

tral Kona. 
130. June 15, 20:34, feeble. Felt in Hilo and Volcano district. 

Northeast slope of Mauna Loa about 3 
miles N 30° E of Volcano House, near 
19°29'N., 155°14'W. 

131. June 16, 11 : 10, no record at Kilauea (Kona, very feeble). 
Central Kona. 

132. June 17, 02: 27, no record at Kilauea (Kona, very feeble). 
West slope of Mauna Loa. 

133. June 18, 03:05, very feeble. 
134. June 20, 20:55, tremor (Kona, very feeble). 
135. June 21, 07:20, no record at Kilauea (Kona, very feeble). 
136. June 23, 17: 50, very feeble (Kona, slight). Central Kona. 
137. June 23, 17: 53, no record at Kilauea (Kona, very feeble). 
138. June 26, 17:53, no record at Kilauea (Kona, very feeble). 
139. June 26, 20:24, very feeble (Kona, feeble). Central Kona. 
140. June 26, 20:54, tremor (Kona, very feeble). 
141. June 27, 10:47, moderate. Felt in Volcano district. East 

slope of Mauna Loa about 3 miles S 60° E 
of Puu Kulua, near 19°31'N., 155°23'W. 

142. June 27, 23:12, tremor (Kona, very feeble). 
143. June 28, 20 : 20, very feeble. 
144. June 30, 00:45, tremor (Kona, very feeble). Central Kona. 
145. June 30, 06: 37, tremor (Kona, very feeble). Central Kona. 
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reports there were two large explosions and constant gas libera
tion during an hour's observation on June 17. Steam is issuing 
from the crater of nearby Mageik Volcano. Robert R. Coats 
reports (U. S. Geological Survey Bulletin 974-B) that Mageik 
Volcano and the neighboring volcanoes Katmai, Martin, and 
Novarupta have been steaming almost constantly since 1912. A 
small cinder cone is reported to have been built on the southwest 
flank of Novarupta, in the Valley of Ten Thousand Smokes, in 
July, 1950 (Lowell Sumner, Sierra Club Bui. 37 (10) : 45, Dec , 
1952). George Snyder states (Preliminary Report of Mt. Tri
dent Eruption) that according to the Kodiak Mirror for Feb. 21, 
1953, Mageik Volcano last erupted in 1951. 

Tbe accompanying photograph shows the lava flow on the 
southwest flank of Trident Volcano on February 21 and the 
cloud of ash and fume rising at the vent from which the flow is 
issuing. 

Snyder estimates that from the beginning of the eruption until 
March 11 the volume of lava and ash liberated by Trident Vol
cano was between 2.2 and 4.5 billion cubic feet (0.015 to 0.03 
cubic mile) and that between March 11 and June 17 from 1 to 
2.5 billion cubic feet of additional lava was extruded. Compared 
with this, the volume of ash and other fragmental material pro
duced by the great eruption of Katmai Volcano in 1912 has been 
estimated at 6 to 7 cubic miles. 

R. E. Wilcox writes that the last significant ash eruption of 
Trident Volcano was on June 30. 

ACTIVITY OF GREAT SITKIN VOLCANO 

Richard McDonald, seismologist of the U. S. Geological Sur
vey, reports that on May 11, 1953, the Coast and Geodetic Sur
vey ship Pioneer observed a spectacular column of steam rising 
an estimated 5,000 feet above Great Sitkin Volcano, in the Aleu
tian Islands. The steam column lasted about an hour. An earth
quake felt at Adak on May 12, with an intensity of 5 on the 
modified Mercalli scale, had its epicenter on a line passing 
through Great Sitkin. On the afternoon of May 14 a steam 
cloud was seen to rise about 4,000 feet above the crater rim of 
Great Sitkin, and during the evening another earthquake oc
curred, slightly less severe than that of May 12, with its epi
center on the same line. Both quakes apparently were more 
severe on Great Sitkin than on Adak. When next observed, on 
May 19, the steaming of Great Sitkin Volcano was much dimin
ished but still greater than normal. Subsequent observations on 
May 23, June 5, and June 7 showed only weak emission of steam. 
No ash eruption was observed during the period from May 11 
to June 7, nor did the form of the basalt dome in the crater of 
Great Sitkin change appreciably. 

FIGURE 2. Trident Volcano, Mount Katmai National Monument, in eruption on February 21, 1953. The cloud of ash and fume is 
rising from a vent on the southwest slope of Trident, and a small lava flow also is issuing from the same vent. Knife Peak Volcano 
appears on the left of the view, and Katmai Volcano, with its summit caldera formed during the great eruption of 1912, is on the right. 
Official U. S. Navy photograph. 
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ACTIVITY IN THE MARIANA AND VOLCANO ISLANDS 
Charles G. Johnson, of the U. S. Geological Survey's Military 

Geology Branch, has forwarded a report from the 54th Strategic 
Reconnaissance Squadron, U S A F , on aerial reconnaissance of 
activity on Farallon de Pajaros, in the Mariana Islands, and sub
marine volcanic activity near Minami Iwo Jima, in the Volcano 
Islands. 

During late March the Farallon de Pajaros volcano was in 
mild explosive activity. On March 25, Major J. F . Fagan re
ported small puffs of smoke from the crater at intervals of 2 to 3 
minutes. On March 26, Iff. J. D. Long counted eight explosions 
in 11 minutes, during which rocks estimated to be as much as 3 
feet in diameter were thrown an estimated 30 feet above the 
crater rim. On March 27, Capt. C. G. Cook observed only two 
belches of smoke containing only small fragments in a period 
of 20 minutes. On March 28, Capt. K. S. Durham observed puffs 
of smoke rising about 300 feet above the crater every 65 to 70 
seconds. Similar activity was reported on March 30 and 31. 

About 1.5 miles north-northeast of Minami Iwo Jima subma

rine volcanic activity produced a small area of very light green 
water. 

ACTIVITY ON SAN BENEDICTO ISLAND 
Adrian F . Richards, of the Scripps Institution of Oceanog

raphy, again visited the Revilla Gigedo Islands in March, 1953. 
At that time Boqueron Crater on San Benedicto Island was 
quiet. The lava in the crater was cool at the surface but gave 
vent to numerous active fumaroles. The delta of blocky lava at 
the eastern base of the cone was about three times as large as it 
had been during December, 1952, extending seaward about 2,100 
feet beyond the old shoreline and providing a good small-boat 
harbor on its south side. Information from fishermen leads 
Richards to believe that the flow probably ceased its forward 
growth during January. 

Richards also reports an area of active fumaroles covering 
nearly 2 acres near the peak on the north and northeast sides 
of Mount Evermann, on Socorro Island. Many small, boiling 
mud pots were observed. 

STAFF OF HAWAIIAN VOLCANO OBSERVATORY 

U S. Geological Survey: 

Gordon A. Macdonald, Volcanologist, Director 
Chester K. Wentworth, Geologist, part-time 
Burton J. Loucks, Instrument Maker 
John C. Forbes, Assistant Instrument Maker 
Elizabeth G. Eklund, Secretary, part-time 

Seismograph Station Operators: 

Hilo Station: 
Sister M. Thecla, St. Joseph's School 

Kona Station: 
Howard M. Tatsuno, Konawaena School 



H A W A I I A N VOLCANO RESEARCH ASSOCIATION 
In cooperation w i th the UNIVERSITY OF H A W A I I 

The Hawaiian Volcano Research Association was found
ed in 1911 for the recording and study of volcanoes in the 
Hawaiian Islands and around the Pacific Ocean. Its 
equipment at Kilauea Volcano, Hawaii Island, has been 
transferred to the United States Geolog-ical Survey. 

The University of Hawaii cooperates in maintaining a 
research laboratory at Kilauea. The Association and the 

University supplement the work of the government with 
research associates, instrumental equipment, and special 
investigations. 

The Volcano Letter, a quarterly record of Hawaiian 
volcano observations, is published by the University of 
Hawaii and supplied to members of the Research Asso
ciation and to exchange lists of the above establishments. 
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CONDITION OF ACTIVE VOLCANOES OF ITALY IN 1952 
By FRED M. BULLARD 

University of Texas 

Although there are many volcanoes in Italy which 
have been active in very recent geologic time, the 
number which have been active in historic time is 
quite limited, even considering the fact that recorded 
history in this region goes back to around 800 B.C., 
when the first Greek colonies were established in the 
region. Today active vents are located in only three 
areas : (1) the Naples area, including Vesuvius and the 
Solfatara of Pozzouli, (2) the Eolian Islands, repre
sented by Stromboli and Vulcano, and (3) Mt. Etna 
in Sicily. 

The writer was privileged to spend most of 1952 
in a study of the active and recently extinct volcanoes 
of Italy. The purpose of this brief paper is to set forth 
the state of activity during 1952 of the so-called active 
vents. 

VESUVIUS 

It should be kept in mind that Vesuvius is but one 
of a number of volcanoes in the Naples area which 
have been active in recent geologic time. Probably the 
oldest of these is Epomeo on the island of Ischia which 
last erupted in 1302. A very severe earthquake in 1883 
at Casamiccola (Ischia) indicates that the volcanic 
energy is not entirely dead. In the Phlegrean Fields, 
on the shore of the Bay of Naples, there are no less 
than 19 separate craters, the last activity being the birth 
of the new crater, Monte Nuovo, in 1538. The Solfatara, 
one of the craters in the Phlegrean Fields, just west of 
Naples (Fig. 1), maintains a constant emission of hot 
gases from which the name "Solfatara" is derived. The 
activity of the Solfatara, with the exception of an erup
tion in 1198 in which lava poured, has been in about its 
present state since the earliest records. 

The great eruption of Vesuvius in 79 A.D., in which 
Pompeii and Herculaneum were destroyed, blew away 
a large part of the old cone, and a new cone, the present 
Vesuvius, was built, its center being somewhat removed 
from the center of the old cone. The remnants of the 
old cone, which still partly encircle Vesuvius, are known 
as Monte Somma (Fig. 2). 

Following the eruption of 79 A.D., the activity of 
Vesuvius appears to have been very irregular, with long 

FIGURI; 1. Map of southern Italy, showing the location of the 
principal volcanoes mentioned in the text. 

intervals between eruptions, until the grand eruption of 
1631. This eruption, one of the greatest in the entire 
history of Vesuvius, marks a new era in the activity of 
the volcano. Since 1631 Vesuvius has been in an almost 
constant state of activity. This activity, which may he 
described as cyclic, is marked by eruptive periods in 
which moderate activity is climaxed by a grand eruption 
which ends a cycle, the new cycle beginning with a re
pose period. Mercalli has published a list of 12 eruptive 
periods since 1700, each culminating with a paroxysm 
followed by a distinct interval of complete inactivity 
(repose period), the duration of which varied from 2 
to 7 years. The repose period is marked by simple 
emanations of gaseous material. It is the period during 
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FIGURE 2. Vesuvius during 1952, with the 
Bay of Naples in the foreground. The present 
cone of Vesuvius is on the right. The peak at 
the left is a high portion of the encircling 
remnant of Monte Somma. Photo by author. 

which the magma acquires a gas-saturated condition 
required for the next eruption. 

The great eruption of 1906 closed a cycle, and the 
re]x>se period which marked the beginning of the new 
cycle lasted until 1913 (some slight activity in 1911 is 
interpreted by some writers as marking the end of the 
repose phase), a period of 7 years. In the following 
years Vesuvius was in an almost continuous state of 
moderate activity until the grand eruption of 1944 which 
marked the end of the cycle. The. 1944 eruption began 
on March 18 and lasted 11 days. Extensive lava flows 
covered the towns of Massa and San Sebastiano, as 
well as destroying a portion of the Vesuvius railway 
line. The new cycle was initiated by a repose phase 
which has continued to the present time. As the repose 
phase of Vesuvius has rarely exceeded 7 years, and it 
is now in its ninth year, it is obvious that a renewal of 
activity may be expected at any time. 

At the end of the 1944 eruption the crater was an 
elliptical-shaped basin with a maximum depth of about 
900 feet below the west rim. Since the 1944 eruption, 
the crater has been gradually filling by avalanches from 
the sides. Its depth in July, 1952, was estimated to be 
alxmt 700 feet. As the sides avalanche, they not only 
fill up the bottom of the crater but also enlarge the 
upper rim. As some of the large avalanches crash into 
the crater, a great cloud of dust, resembling a cauli
flower in appearance, boils out of the crater. Frequently, 
such clouds are reported in the press as eruptions. 

The greatest thermal activity at present is on the 
eastern side, 200 to 300 feet below the rim on the outer 
slope. For the past year or so this has been a "hot" 
spot, and recent press reports list temperatures in excess 
of 650°C. Whether this indicates that the next outbreak 
will occur at this point cannot, of course, be determined, 
but it is at least suggestive. Numerous steam fumaroles 
rise from points on the interior walls of the crater. There 
is a considerable accumulation of sulphur around fuma

roles on the inner slope of the northeast rim, which is 
the highest point on the crater. 

If the renewal of activity at Vesuvius follows the 
pattern of the previous eruptive cycles, the first activity 
will begin with the opening of a bocca in the bottom of 
the crater and the development of a small cinder cone. 
Later, lava will appear as intercrater flows, perhaps 
filling the crater and overflowing the rim or issuing 
from cracks near the top as slow outpourings of lava. 

STROMBOLI 

The Folian Islands (Lipari Islands), in the Mediter
ranean sea off the southern coast of Italy and directly 
north of Sicily, consist of a number of volcanoes, two 
of which (Stromboli and Vulcano) are considered active. 
Stromboli is a large volcano, rising from the floor of 
the Mediterranean Sea in water between 6,000 and 7,000 
feet deep and reaching a height of approximately 3,000 
feet above sea level. Its total height from its submarine 
base is 3,200 meters; by comparison, Mt. Etna reaches 
a height of only 2,900 meters. Thus Professor G. Ponte 
was not entirely incorrect when, in a recent paper, he 
described Stromboli as the highest active volcano in 
Europe. 

Normally, the lava column stands very high in the 
conduit, and frequent gas explosions hurl quantities of 
red-hot scoria several hundred feet into the air. The 
explosions occur at intervals of 15 to 30 minutes, and 
at each outburst a red glow is reflected on the rising 
gas column, gradually dying out as the lava crusts over. 
This red glow, coming and going at more or less regular 
intervals, has given to this volcano the name, "Light
house of the Mediterranean." So characteristic of Strom
boli is the throwing out of incandescent scoria that it 
has been selected as one of the types of volcanoes. Al
though the so-called Strombolian type of activity is 
characteristic of Stromboli, the volcano also exhibits 
rare but violent explosive eruptions accompanied by 
large pino (pine-tree shaped) clouds, which spread ash 
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FIGURE 3. Stromboli, from the north. The 
eccentric crater is about 600 feet below the 
summit. The talus-like slope extending from 
the crater to the sea is the Sciarra del Fuoco. 
Photo by the author. 

and cinders widely. Effusive lava flows are also much 
more common than has been generally accredited, and 
because of this fact it must be recognized that Strom
boli, like most volcanoes, exhibits various eruptive 
phases and is not limited to the so-called Strombolian 
type. 

The writer made three visits to Stromboli in 1952: 
in June, again on December 1-3, and during the week 
of December 12-19. As one approaches Stromboli by 
ship (it is an overnight trip from Naples) in the early 
morning, the symmetrically shaped cone with a white 
vapor column rising from the crater can be seen for 
some time before the ship is close enough to enable 
one to distinguish the big scar on the side of the cone, 
known as the Sciarra del Fuoco (Fig. 3) . On the first 
trip to Stromboli in June. 1952, numerous columns of 
white vapor were observed rising from the crater, and 
at infrequent intervals a dense, yellowish-brown gas 
issued. There was no noise, and no red glow was ob
served. The cone was climbed on June 21 and the 
activity observed from the top of the north peak, from 
which vantage point one is able to look down into the 
crater some 600 feet below. The first view into the 
crater is a thrilling sight. 

The crater is a large, oval-shaped basin, about 500 
feet in its longest dimension, about 600 feet below the 
summit of the mountain. It is separated into two sections 
by a low ridge of debris. Extending from the northwest 
edge of the crater to the sea is the Sciarra del Fuoco. 
In June, 1952, there were within the crater two active 
vents and possibly a third. The vent nearest the edge 
of the Sciarra del Fuoco was an oval-shaped crater, 
possibly 30 to 40 feet in diameter, from which issued a 
grayish gas and, at intervals, a dense white cauliflower 
cloud of steam. There was no noise associated with 
this vent. 

At the opjxjsite end of the oval-shaped crater was 
the most active vent. From it a grayish-white vapor 
issued which frequently filled the entire crater, obscur
ing everything. There was a continuous roar, more of 

a chugging or "sloushing" noise, comparable to that 
made by a locomotive when the engineer slides the 
wheels in starting, or to the unrhythmical exhaust of a 
pump station in an oil field. At intervals of 15 to 30 
minutes this exhaust was interrupted by more violent 
outbursts (not an explosion but a tremendous outrush 
of gas) which hurled rocks (scoria) from 600 to 1.000 
feet above the crater floor. They were not incandescent, 
and most of them fell back into the crater, the noise 
continuing until another outburst took place. There ap
peared to be a third vent, approximately midway be
tween the two described. This vent could not be seen 
clearly from the vantage point, but a gas column was 
observed rising from this point from time to time. Active 
avalanching was taking place on the opposite wall of 
the crater. At irregular intervals avalanches slid from 
the wall, giving rise to dense, yellowish-brown cauli
flower clouds which filled the crater and spread a rain 
of fine ash over the upper part of the cone. 

Lava flow of June 6, 1952. This flow apparently 
began without any preliminary explosions or pino 
clouds which normally accompany an outflow, as the 
inhabitants of San Vincenzo were not aware of the flow 
until a tourist, arriving by ship, commented on the lava 
flowing down the Sciarra del Fuoco. The flow appears 
to have started on June 6 and to have continued for 
several days. The lava reached the sea at the base of 
the Sciarra del Fuoco, building out two small projec
tions into the sea which were still steaming when visited 
by the writer on June 22. 

The cone was not ascended on the December 1-3 
visit to Stromboli because of bad weather conditions. 
However, from the deck of the ship, as the writer was 
leaving Stromboli for Naples late in the evening of 
December 3, a red glow was noted which faded and 
reappeared. Suddenly, with a brilliant glare, a tremen
dous explosion hurled fragments into the air which 
could be clearly distinguished even at a distance of a 
number of miles. The glare which illuminated the lower 
part of the cone was a whitish red, the upper part a 



Page 4 THE VOLCANO LETTER 

FIGURE 4. Vulcano, from Quattr'ochi, Lipari. 
The low rim encircling the highest cone is 
the remnant of an earlier cone. Photo by 
the author. 

bright red. Two such explosions occurred during the 
hour the "Lighthouse of the Mediterranean" was 
watched from the deck of the ship before it disappeared 
over the horizon. 

Two visits to the crater were made on the third trip 
to Stromboli in mid-December. On the first ascent (De
cember 14) the conditions were generally the same as 
in June, except that the steam column was much denser 
(probably due to colder air temperature) and the visi
bility, as a result, much poorer. The west vent, as usual, 
was the most active and was accompanied by the chug
ging or exhaust noise as in June. When a second ascent 
was made on Decemher 18, the conditions were some
what different. From the west vent, at intervals of 20 
to 30 minutes, showers of red-hot scoria were thrown 
to a height of around 600 feet. The outbursts, although 
definite explosions, were more like an exhaust with a 
hissing noise, or like the outrush of gas under high 
pressure. The scoria fragments were mostly flat and 
appeared to represent the thin crust from a bubble, 
which on bursting showered fragments into the air. All 
the scoria fell back into the cavity, none reaching the 
Sciarra del Fuoco. The chugging, so prominent on pre
vious visits, was entirely absent, and between outbursts 
there was a silent emission of steam. The eastern vent 
(adjacent to Sciarra del Fuoco) continued to send up 
large quantities of steam, and at irregular intervals, 
probably 30 to 40 minutes, it exploded with a shrill, 
whistling noise. There was no apparent relationship be
tween the activity of the two vents. 

VULCANO 

Vulcano is one of the Eolian Islands, immediately 
adjacent to Lipari, famous in classic mythology as the 
site of Vulcan's forge (Fig. 4) . It was quite active in 
the early centuries of the Christian era but has been 
less active in recent times. The last eruption was in 
1888-90. Since that time it has been in a solfataric state 
of activity. When the writer visited Vulcano in late 
November, 1952, it appeared to be in about the same 

state of activity as described in the literature of the 
past 10 to 20 years. Abundant fumaroles were active 
on the upper half of the inner slope of the west wall 
of the crater. Deposits of sulphur were abundant around 
all the openings. Strangely enough, no fumaroles occur 
on the floor of the crater, and there is no evidence in 
deposits to indicate that any ever were present. 

Another active fumarole area is at the west base of 
the main cone, known as Faraglioni di Levante, or 
Porto di Levante. The mining of sulphur was carried 
on here for years, but no work is now being done. The 
sulphur occurs as impregnations in the porous tuffs. 
Active fumaroles occur along the beach and in the 
shallow water near shore, as well as on the land a few 
yards back of the beach. There are several active, 
boiling mud pits similar to those at the Solfatara of 
Pozzouli. Drilling is under way in this area in an 
effort to obtain natural steam for the generation of 
electricity. 

MT. ETNA 

Located on the east coast of Sicily, Mt. Etna is the 
greatest volcanic mass in Europe and one of the large 
volcanoes of the world. It has the shape of an enormous 
cone truncated at a height of 9,190 feet by a plateau 
on which stands the summit cone, which reaches a height 
of 10,742 feet. The regularity of the slope is marred by 
about 200 parasitic cones which mark the site of pre
vious eruptions. On the east slope of the cone is the 
tremendous depression or valley known as the Valle 
del Bove. 

Mt. Etna has been known as an active volcano from 
the earliest times. One of the greatest eruptions of Mt. 
Etna was in 1669, when the city of Catania was de
stroyed by a lava flow. From 1669 to 1951 there have 
been 35 eruptions, sqiarated by an average interval of 
8 years. The most recent eruptions were in 1923, 1928, 
1942, and 1950-51. 

The summit crater is a circular depression, some 2,000 
feet in diameter. Numerous steam columns rise from 
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the floor and sides of the crater, but sublimate deposits 
are insignificant. Prior to 1942 the crater was a cone-
shaped depression nearly 1,000 feet deep, with many 
steam vents and small cones on the floor. In 1942 there 
was an eruption within the crater, and it filled to its 
present level, which is about 300 feet below the rim. 
A low cinder cone, from which abundant steam issues, 
occupies a portion of the crater floor. On the northeast 
edge of the crater floor there is a circular depression 
(small-scale replica of Halemaumau on the floor of 
Kilauea) which was formed by subsidence of the crater 
floor in 1945. On the northeast edge of the summit 
crater and outside the rim is the Northeast Bocca (also 
known as the northeast subterminal cra ter ) . It is a 
cone formed during the eruption of 1911, partly merged 
with the present summit crater but some 200 feet below 
and on the outer slope. From this opening great vol
umes of steam and occasionally other gases issue. This 
is the vent which supplies the vapor column rising con
stantly from Mt. Etna. The vent can be well observed 
from a vantage point on the main crater rim. Large 
clouds of white steam boil out with a hissing noise, ac
companied by a roar which resembles the continuous 
roll of thunder. The guide reported that the thunder-like 
noise is present only when the vapor is white (i.e., 
s team). If it is dark (ash-filled) there is no noise. A 
similar relationship between the composition of the erup
tion cloud and noise was noted at Paricutin Volcano, 
Mexico. 

The last eruption of Mt. Etna hegan on Novemher 
25, 1950, preceded by intense activity at the northeast 
subterminal crater. Large quantities of fluid lava issued 
from the east base of the summit cone near the 9,000-
foot level and flowed into Valle del Bove. This great 
expanse of fresh, black lava forms a striking floor in 
the Valle del Bove today. 

A very sharp earthquake damaged a number of towns 
on the eastern slope of Mt. Etna on March 22, 1952. 
The greatest damage centered around San Venerina, 
where 400 families were left homeless. Whether this is 
to be the point of a future outbreak is, of course, not 
known, but it is interesting to point out the possibility 
of such being the case. 
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JULY-SEPTEMBER, 1953 

By GORDON A. MACDONALD 

VOLCANOLOGY 

July 

Seismographs of the Hawaiian Volcano Observatory recorded 
82 earthquakes during July. Of these, 44 were recorded at Ki
lauea caldera and 58 at the Mauna Loa station. Many, of course, 
were recorded at both stations, but an unusually large proportion 
were too small to be recorded at any but the closest. The number 
of earthquakes was somewhat greater than usual, but only two 
were large enough to be felt. On July 26 at 1 :52 P.M., a mod
erate quake was felt from central Kona to Hawi. It appears to 
have originated in the vicinity of Hualalai. At 10:24 P.M. on 
July 28, a quake felt lightly in central Kona probably was of 
nearby origin. 

During the month, tilting of the ground at the northeast rim 
of Kilauea caldera was northward at a rate slightly greater than 
normal. There appears to have been little change of volcanic 
pressure at Kilauea. From July 22 to 31 there was a marked 
westward tilting. This, together with northwestward tilting at 
the Mauna Loa station, suggests a decrease of pressure beneath 
Mauna Loa, accompanied by some subsidence of the mountain. 

August 

Hawaiian volcanoes continued moderately uneasy throughout 
August. Observatory seismographs recorded 79 earthquakes dur
ing the month. Of these, 47 were recorded at the stations on the 
rim of Kilauea caldera, and 58 at the Mauna Loa station. Most 
of the quakes came from shallow foci on the northeast rift zone 
of Mauna Loa or in the vicinity of Kilauea Crater. 

Earthquakes felt strongly at Kapapala and slightly from Naa-
lehu to the Volcano district, at 6 :48 A.M. on August 1, 5 :20 P.M. 
on August 4, and 12:46 A.M. on August 6, originated on the 
southwest rift zone of Kilauea a short distance southwest of 
Mauna Iki. A quake felt strongly in central Kona at 3 :00 A.M. 
on August 8 originated nearby, probably on the Kealakekua 
fault. 

An earthquake felt all over the island of Hawaii and by many 
persons on Maui and Oahu, at 7:46 P.M. on August 21, appears 
to have originated beneath the north slope of Hualalai volcano 
in the vicinity of Puu Waawaa. This is the area from which 
came more than 6,000 earthquakes during September and Octo
ber, 1929. Another earthquake, felt strongly in Kona and lightly 
over most of the rest of the island at 12:53 A.M. on August 23, 
originated beneath the southwest slope of Hualalai, east of Holu-
aloa. 

Through August the ground surface at the northeast rim of 
Kilauea Crater tilted northward at a rate somewhat greater than 
normal and westward in place of the eastward tilting normal 
during that season of the year. Some of this abnormal tilting 
may have been caused by the load imposed on the ground by the 
weight of the new addition to the Volcano House, then under 
construction. It appears probable, however, that much of it was 
of volcanic origin, resulting from a decrease of volcanic pressure 
beneath Mauna Loa and an increase beneath Kilauea. 

September 

Hawaiian volcanoes continued to be seismically restless during 
the month of September. A large number of very small earth
quakes was recorded. Many of them apparently originated on 
or near the zone just south of the island from which came the 
great number of quakes during March and April, 1952, preced
ing the eruption of Kilauea. (See Volcano Letter 515.) Several 
other quakes had their origins along the Kaoiki fault zone near 
Ainapo and in central Kona. Two of the latter, at 3:00 P.M. on 
September 23 and 1 :20 P.M. on September 27, were felt in Kona. 

The ground surface at the northeast rim of Kilauea caldera 
tilted northward throughout the month at a rate slightly greater 
than normal for this season of the year. Eastward tilting was at 
approximately the normal seasonal rate. The possible small in
crease of volcanic pressure under Kilauea, suggested by the 
northward tilting, tends to be confirmed by the slight opening 
of cracks on the crater floor. 
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SEISMOLOGY 
Local Earthquakes 

The data for the following local earthquakes were determined 
from seismographs on the island of Hawaii operated by the Ha
waiian Volcano Observatory. Locations given are epicenters. The 
times given are arrival times at the Whitney Laboratory of Seis
mology on the northeast rim of Kilauea caldera. They are stated 
to the closest minute in Hawaiian Standard time, which is 10 
hours slower than Greenwich Civil time. The number preceding 
each earthquake is the serial number for the current year. The 
intensity rating (Feeble, Moderate, etc.) given is that for the 
Whitney Laboratory. If the intensity was greater at one of the 
other stations, the name of that station and the intensity rating 
there are given in parentheses after the rating at the Whitney 
station. 

146. July 1, IS: 14, tremor (Mauna Loa, very feeble). North
east rift of Mauna Loa. 

147. July 2, 00 : 12, very feeble. 
148. July 2, 05:34, no record at Kilauea (Mauna Loa, very 

feeble). Northeast rift of Mauna Loa. 
149. July 2, 07:09, tremor (Mauna Loa, very feeble). North

east rift of Mauna Loa. 
150. July 2, 11:58, no record at Kilauea (Mauna Loa, very 

feeble). 
151. July 6, 02: 51, very feeble, west slope of Mauna Loa. 
152. July 6, 07: 19, very feeble, northeast rift of Mauna Loa. 
153. July6, 15:07, tremor (Mauna Loa, very feeble). 
154. July 6, 20:26, slight. Beneath southwest edge of Kilauea 

e q 1 H fi r- ' l 

155. July 6, 23:55, very feeble. 
156. July 7, 15:59, tremor (Uwekahuna, very feeble). 
157. July 7, 17:55, very feeble. 
158. July 9, 09 :21 , tremor (Uwekahuna, very feeble). 
159. July 10, 10:07, tremor (Mauna Loa, very feeble). 
160. July 13, 15 : 56, very feeble. 
161. July 14, 12:37, tremor (Mauna Loa, very feeble). 
162. July 15, 04: 59, very feeble. Felt at Kapapala. 
163. July 19, 13 : 24, tremor (Mauna Loa, very feeble). 
164. July 20, 18 : 07, very feeble (Mauna Loa, feeble). East 

slope of Mauna Loa. 
165. July 21, 17:30, tremor (Mauna Loa, very feeble). 
166. July 24, 02:29, tremor (Uwekahuna, very feeble). 
167. July 26, 10: 18, no record at Kilauea (Kona, very feeble). 

Felt in central Kona. 
168. July 26, 13: 52, tremor (Kona, very feeble). Felt in central 

Kona and at Hawi. 
169. July 26, 21:47, tremor (Mauna Loa, very feeble). 
170. July 26, 22:44, very feeble. 
171. July 28, 22:24, tremor (Kona, feeble). Felt in central 

Kona. Central Kona. 
172. July 30, 14:30, tremor (Mauna Loa, very feeble). Prob

ably Kaoiki fault. 
173. July 31, 13 : 07, very feeble. 
174. July 31, 23 : 44, very feeble. 
175. Aug. 1, 06:48, very feeble (Mauna Loa, feeble). Felt at 

Pahala. Southwest rift of Kilauea near 19° 
176. Aug. l , . 08 :13 , 2CYN., 155°21'W. 
177. Aug. 1, 23 : 39, tremor (Mauna Loa, very feeble). 
178. Aug, 2, 02 :31 , very feeble. 
179. Aug. 4, 11 : 10, very feeble. 
180. Aug. 4, 17:20, very feeble. 

very feeble (Mauna Loa, feeble). Fel t : 
Kapapala, strong ; Volcano, Naalehu, slight. 
Southwest rift of Kilauea near 19°20'N., 
1S5°23'W. 

181. Aug. 5, 02:46, tremor (Mauna Loa, very feeble). Mauna 
Loa, northeast rift. 

182. Aug. 6, 00:47, very feeble (Mauna Loa, slight). Felt at 
Kapapala. Southwest rift of Kilauea near 
19°22'N., 155°21'W. 

183. Aug. 6, 14 : 39, very feeble. 
184. Aug. 6, 18 : 47, very feeble. 
185. Aug. 6, 2 1 : 08, tremor (Mauna Loa, very feeble). 
186. Aug. 7, 02 : 17, very feeble. 
187. Aug. 7, 05 : S3, very feeble. 
188. Aug. 8, 00:37, tremor (Mauna Loa, very feeble). 
189. Aug. 8, 03 : 00, very feeble. Felt strongly in central Kona. 
190. Aug. 11, 07: 12, very feeble. 
191. Aug. 11, 09: 16, very feeble. Kilauea. 
192. Aug. 11, 12: 39, very feeble. Kilauea. 

193. Aug. 12, 08 : 38, very feeble. 
194. Aug. 13, 05 : 55, very feeble (Uwekahuna, feeble). 
195. Aug. 14, 18:20, tremor (Mauna Loa, very feeble). 
196. Aug. 14, 22: 14, very feeble. 
197. Aug. 15, 10:33, tremor (Mauna Loa, very feeble). 
198. Aug. 15, 12:04, tremor (Mauna Loa, very feeble). 
199. Aug. 15, 16: 27, no record at Kilauea (Kona, very feeble). 

Kona. 
200. Aug. 16, 20: 53, no record at Kilauea (Kona, very feeble). 

Central Kona. 
201. Aug. 18, 17:47, no record at Kilauea (Mauna Loa, very 

feeble). 
202. Aug. 20, 12:56, tremor (Mauna Loa, very feeble). 
203. Aug. 21, 19:47, slight (Mauna Loa, Kona, and Hilo, 

strong). Felt all over island of Hawaii and 
as far away as Honolulu. Felt on Maui, 
generally weakly, but strong in Haleakala 
Crater. North slope of Hualalai near Puu 
Waawaa. 

204. Aug. 21, 21 : 07, very feeble. Felt in Kona. 
205. Aug. 23, 00: 53, strong. Felt : Kona strong; Naalehu and 

Kapapala, moderate; Volcano, slight. Be
neath southwest slope of Hualalai about 3 
miles east of Holualoa. 

206. Aug. 24, 23:05, no record at Kilauea (Kona, very feeble). 
Felt slightly in central Kona. Central Kona. 

207. Aug. 25, 14: 54, tremor (Mauna Loa, very feeble). 
208. Aug. 27, 09:44, tremor (Mauna Loa, very feeble). 
209. Aug. 27, 10:49, tremor (Mauna Loa, very feeble). 
210. Aug. 29, 06: 16, tremor (Mauna Loa, very feeble). 
211. Sept. 1, 04:07, very feeble. 
212. Sept. 1, 15: 31, very feeble (Mauna Loa, feeble). 
213. Sept. 1, 15 : 36, tremor (Mauna Loa, very feeble). 
214. Sept. 2, 06:24, tremor (Mauna Loa, very feeble). 
215. Sept. 3, 04: 42, very feeble. Felt at Hawaii National Park. 

Kilauea. 
216. Sept. 4, 05:58, no record at Kilauea (Kona, very feeble). 
217. Sept. 4, 15:40, no record at Kilauea (Mauna Loa, very 

feeble). 
218. Sept. 10, 07: 00, tremor (Mauna Loa, very feeble). 
219. Sept. 10, 20: 02, no record at Kilauea (Mauna Loa, very 

feeble). 
220. Sept. 12, 01 : 58, very feeble. 
221. Sept. 12, 06: 57, very feeble. 
222. Sept. 13, 07: 16, very feeble. 
223. Sept. 13, 16: 35, tremor (Mauna Loa, very feeble). 
224. Sept. 14, 14:03, tremor (Mauna Loa, very feeble). 
225. Sept. 15, 02: 37, no record at Kilauea (Kona, very feeble). 

Kona. 
226. Sept. 15, 10: 57, tremor (Mauna Loa, very feeble). 
227. Sept. 16, 04: 22, tremor (Mauna Loa, very feeble). 
228. Sept. 17, 19: 34, very feeble. 
229. Sept. 23, 07: 50, tremor (Mauna Loa, very feeble). 
230. Sept. 23, 14:50, very feeble (Kona, slight). Felt in central 

Kona. Central Kona. 
231. Sept. 24, 02: 09, no record at Kilauea (Mauna Loa, very 

feeble). 
232. Sept. 25, 09:40, tremor (Mauna Loa, very feeble). 
233. Sept. 25, 11:46, tremor (Mauna Loa, very feeble). 
234. Sept. 25, 12:00, tremor (Mauna Loa, very feeble). 
235. Sept. 25, 12: 19, tremor (Mauna Loa, very feeble). 
236. Sept. 25, 13: 10, tremor (Mauna Loa, very feeble). 
237. Sept. 25, 16:33, tremor (Mauna Loa, very feeble). 
238. Sept. 25, 17: 13, tremor (Mauna Loa, very feeble). 
239. Sept. 26, 11:04, no record at Kilauea (Mauna Loa, very 

feeble). 
240. Sept. 26, 12: 16, no record at Kilauea (Mauna Loa, very 

feeble). 
241. Sept. 26, 12:57, no record at Kilauea (Mauna Loa, very 

feeble). 
242. Sept. 26, 13:02, no record at Kilauea (Mauna Loa, very 

feeble). 
243. Sept. 26, 13:43, tremor (Mauna Loa, very feeble). 
244. Sept. 26, 17:25, no record at Kilauea (Mauna Loa, very 

feeble). 
245. Sept. 26, 20: 11, no record at Kilauea (Mauna Loa, very 

feeble). 
246. Sept. 27, 06 : 08, very feeble. Probably Kaoiki fault. 
247. Sept. 27, 13:20, no record at Kilauea (Kona, feeble). Felt 

in central Kona. 
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Earthquake Data. July—September, 1953 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea caldera) 

Week 
Beginning 

J u l y S 
12 
19 
26 

A u g . 2 
9 

16 
23 
30 

Sept . 6 
13 
20 
27 

Minutes 
of 

Tremor 

10 
/ 
6 
6 
8 
S 
3 
6 
5 
2 
3 

33 
8 

Very 
Feeble 

4 
2 
1 
5 
9 
6 
1 
0 
3 
3 
2 
2 
2 

Feeble 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Slight 

1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

Mod
erate 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Strong 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

Local 
Seis

micity* 

4.S 
2.7S 
2.0 
4.0 
6.5 
4.25 
3.25 
5.5 
2.75 
2.0 
1.75 
9.25 
3.0 

Tele-
seisms 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
2 

* For definition of local seismicity see Volcano Fetter 371 or. 512. Each 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; mod
erate, 3.0; strong, 4.0. These values are totaled to give the weekly local 
seismicity. Continuous volcanic tremor is ignored in the calculation. The 
strength assigned to the earthquake depends on the double amplitude of 
tbe maximum oscillation it causes on the Bosch-Omori seismograph, as 
follows: tremor, less than 0.5 mm.; very feeble, 0.5 to 4 mm.; feeble, 
4 to 11 mm.; slight, 11 to 25 mm.; moderate, 25 to 60 mm.; strong, greater 
than 60 mm. 

Table of Tilt at Seismograph Stations on Rim of Kilauea Caldera 

Week 
Beginning 

July 5 
12 
19 
26 

A u g u s t 2 
9 

16 
23 
30 

Sep tember 6 
13 
20 
27 

Whitney Station 
(Northeast rim) 

Amount 

1.4" 
0.3" 
1.6" 
2.7" 
1.8" 
1.1" 
1.8" 
0.9" 
1.0" 
1.0" 
1.2" 
1.8" 
1.4" 

Direction 

N 4 2 ° W 
S 45° W 
N 9° W 
N 6 9 ° W 

W 
N 6 4 ° W 
N 4° W 
N 16° E 
S 61° E 
N70° E 
N 5° E 
N 4 ° E 
S 85° E 

Uwekahuna Station 
(West rim) 

Amount 

4.8" 
1.6" 
0.4" 
1.6" 
2.9" 
1.1" 
3.4" 
3.4" 
1.0" 
0.3" 
2.6" 
1.4" 
3.5" 

Direction 

S 8 ° E 
N 12° E 
S 45° W 
N 1 2 ° W 
N 27° W 
S 34° E 
S 12° E 
S 12° E 
N72° E 

N 
N 7° W 
S 27° E 
N 2 2 ° W 

New Seismographs 

On June 26, 1953, the old Hawaiian-type seismograph at the 
Mauna Loa station was replaced by a new Loucks-Omori seis
mograph. The station had been out of operation for about 3 
weeks during renovation of the vault and installation of the new 
instrument. The Loucks-Omori seismograph is an Omori-type 
seismograph developed at the Hawaiian Volcano Observatory as 
a result of gradual and long-continued modification of the Bosch-
Omori instrument. Built by Burton J. Loucks and John C. 
Forbes in the Observatory's instrument shop, it consists of two 
heavy horizontal pendulums hung respectively north-south and 
east-west, operating at an undamped period of 3 seconds, with a 
static magnification of 200. 

The seismograph station on Haleakala, island of Maui, had 
been out of operation since the early part of World War II . On 
August 20, 1953, a new Loucks-Omori seismograph was installed 
in the Haleakala station. Like the Mauna Loa instrument, it has 
a static magnification of 200 and is being operated at a period 
of 3 seconds. The station is situated in the headquarters area of 
the Haleakala Section of Hawaii National Park, at 20°45'57"N. 
and 156°14'58"W. It is operated by the National Park staff 
under the direction of Mr. Eugene Barton, Assistant Superin
tendent. Records are sent to the Hawaiian Volcano Observatory 
for interpretation. 

New buildings for seismograph stations were completed during 
July on the grounds of the Waimea School at Kamuela, the 
Naalehu School at Naalehu, and the Pahoa School at Pahoa, 
island of Hawaii. These new stations will be operated in co
operation with the Territory of Hawaii Department of Public 
Instruction. It is expected that seismographs will be installed in 
them within the next few months. 

Distant Earthquakes 

The following earthquakes of distant origin were recorded on 
the seismographs of the Hawaiian Volcano Observatory. Loca
tions of the epicenters are from the notices of Preliminary De
terminations of Epicenters published by the U. S. Coast and 
Geodetic Survey. The time given is that of the first detectable 
emergence of the quake on the Bosch-Omori horizontal or 
Sprengnether vertical seismograms, in Hawaiian Standard time. 

July 1, 2 1 : 05, slight. New Hebrides Islands, l&yi'S., 169°E. 
Sept. 13, 14: 46, slight. Fiji Islands, 18j40S., 178/2°E. Accom

panied by a tsunami. Several persons killed, 
and extensive property damage. 

Sept. 28, 15: 46, slight. Origin probably within a few hundred 
miles. 

Sept. 30, 13 : 23, moderate. 

VOLCANO NOTES AND NEWS 

ACTIVITY AT NGAU*RUHOE, NEW ZEALAND 

NOVEMBER, 1952, TO JULY, 1953 

By J. Healy 

(Published by permission of tbe Director, N . Z. Geological Survey) 

On November 29, 1952, Ngauruhoe volcano erupted clouds of 
ash 6,000 feet into the air in what the manager of the Chateau, 
Mr. L. S. Dennis, described as the most intense activity for many 
months. The mountain had erupted at intervals of several months 
during the previous 2 years, but now activity mounted, and for 
a period of nearly 3 months it continued in violent eruption for 
most of the time. Unfortunately, the weather was not good and 
only spasmodic observations were possible. 

The eruption of ash in billowing, cauliflower-shaped clouds 
characterized the eruptive activity, and was accompanied by 
thunderous explosions, frequently heard at the Chateau at a dis
tance of 8 miles. Toward the end of January the climax was 
reached, and for several days windows and doors at the Chateau 
were rattled by the closely spaced detonations. Guests on the 
evening of January 23 watched white-hot blocks being thrown 
from the crater, fall beyond its rim, and roll down the mountain 
slopes, while the entire crest was illuminated by a bright red 
glow that dilated at short intervals as big "shots" went up. Con
siderable noise like thunder and drums was heard during this 
period. At this distance the visibility of discrete blocks being 
erupted through the air testified to their large size. The perio
dicity of large explosions at this stage was about 8 to 10 minutes, 

whereas earlier it had been up to a half hour. Later the perio
dicity again increased as the eruptive activity waned. 

Strong activity continued until the middle of February, after 
which active periods became shorter and more widely spaced. On 
March 27 a single eruption of a black ash cloud to an estimated 
height of 20,000 feet was reported, but since that date eruptions 
have been few. One was reported on July 28. 

The writer inspected the crater from the air on February 4, 
1953, but clouds kept the plane at about the level of the west 
rim. Steam was on that occasion issuing from vents near that 
rim, but from a vent farther east a straight plume of light-brown 
ash was rising. A climber had previously reported on January 
30 the emission of "brown, semi-transparent substance several 
hundred feet into the air" and had stated that this was falling 
back to build up the cone around the vent. He also reported the 
discharge of masses of molten, orange-colored lava, so it appears 
most likely that this light-brown emission consisted of red-hot 
ash and scoria. 

Ngauruhoe is an andesite volcano with perfect conical sym
metry, and the summit, which is a little over a quarter mile in 
diameter, was divided prior to 1949 into three units. The main 
crateral floor occupied the eastern half, with the precipitous east 
rim rising above it. On the western side were two contiguous 
subcraters—a smaller one on the north, and a larger active one 
on the south. The crater at that time and the eruptive activity 
of 1948 have been described by Allen (1 ) . In the eruption of 
1949, which has been described by Battey (2) and Cloud (3 ) , 
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the active subcrater was filled with lava in the early stages but 
finally became a shallow pit floored with loose pyroclastic mate
rial. Its earlier rim, which separated it from the main crater 
floor on the east, was obliterated, and the foot of the east wall 
was buried. 

The latest activity was similar to that described by Allen in 
the account of the 1948 eruption, and the crater now shows a 
return to the earlier conditions. The active subcrater on the 
southwest has again been deepened, and a rim of pyroclastic 
material has again been built up between it and the wide floor of 
the main eastern half of the summit. A difference has remained, 
however. The 1949 eruption apparently weakened the northwest 
rim and permitted small fumaroles to emerge on the outer slopes. 
During the winters since then a large patch outside the north
west rim has been observed to remain free of snow, due to the 
presence of warm ground. 

References 

1. ALLEN, L. R. ACTIVITY AT NCAURUHOE, APRIL-MAY, 1948. 
N. Z. Jour. Sci. and Technol. 30B : 187-193, 1948. 

2. BATTEY, M. H. THE RECENT ERUPTION OE NGAURUHOE. Rec. 
Auck. Inst. Mus. 3(6) : 387-395, 1949. 

3. CLOUD, P. F,. THE 1949 ERUPTION OF NGAURUHOE. Sci. Monthly 
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ERUPTION OF MOUNT SPURR, ALASKA 

By Ray E. Wilcox 

Mount Spurr is the northeasternmost of a chain of many ac
tive volcanoes comprising the Aleutian volcanic arc. The explo
sive outbreak of Mount Spurr which took place early on July 9, 
1953, was its first strong activity during the 200 years of re
corded history of that area. 

The eruption took place from an old ice-filled vent at an alti
tude of about 7,000 feet on the south shoulder of Mount Spurr. 
Reports of concurrent eruptions from other points on Mount 
Spurr and Mount Torbert appear to have been erroneous, as also 
do reports of eruption in the Lake Beluga-Mount Susitna area, 
30 miles east of Mount Spurr, on July 10. The eruption was 
observed by Werner Juhle and Henry Coulter, of the U. S. 
Geological Survey, from July 11 to 14, and by the writer from 
July 12 to 27. 

The earliest observations of the eruption were made by air
plane pilots at 5 :05 A.M., July 9, apparently only minutes after 
the initial outbreak. From a distance of 60 miles they noted the 
eruptive cloud rising through the overcast to a height of about 
15,000 feet and a width of about % mile, growing rapidly. By 
5 :25 A.M. the cloud had risen to the 30,000-foot level and had 
begun to mushroom. At 5 :40 A.M. the mushrooming portion ex
tended from an altitude of 32,000 feet to 60,000 or 70,000 feet, 
with an estimated diameter of 30 miles. Its stalk was estimated 
to have a diameter of about a mile. Electrical discharges were 
seen at intervals of about 3 seconds throughout the mushroomed 
portion. By 6:00 A.M. falling ash obscured the area below the 
expanded portion of the cloud, and the stalk was lost from sight. 

A report by a pilot at 9:00 A.M. indicated that the ash still 
was erupting in large quantities and that the radius of the mush
room cloud had increased to 40 to 60 miles at 27,000 feet altitude. 
At noon the activity was greatly diminished, but by 3 :30 P.M. 
moderately strong eruption had resumed and, apparently, con
tinued through the afternoon and evening. On the morning of 
July 10 the vent was steaming only, but at 3 :30 P.M. an espe
cially strong surge of ash-laden steam rose to 20,000 feet. From 
July 11 to 14 the activity consisted of the liberation of moder

ately large quantities of steam, with little or no ash. The inten
sity of the steam eruption in general diminished from day to 
day, with the exception of one stronger surge of steam and minor 
ash at 2:00 P.M. on July 13. This trend of gradually diminishing 
intensity continued through the rest of July. 

No lava flows were produced during the eruption.. Immense 
floods and mud flows did occur on July 9 or lO, however, the 
water for which no doubt stemmed from the melting of the ice 
in the crater and, possibly, from local torrential rains associated 
with the strong ash eruption. Thousands of cubic yards of debris 
of all sizes up to several yards in diameter were carried down 
the south flank of the mountain to pile up in the Chakachatna 
River and form a dam, behind which the water backed up for a 
distance of about 5 miles, nearly to Chakachamna Lake. 

The huge ash cloud from the first surges of the eruption moved 
slowdy eastward, and by 11 :00 A.M. its leading edge had spread 
over Anchorage, 80 miles east of the volcano. Street lights in 
Anchorage came on automatically at 11 :00 A.M., due to the in
creasing darkness, and by noon ash was falling abundantly, ac
companied by a perceptible odor of gas. Complete darkness lasted 
from 1 :00 to 3 :00 P.M. Ash continued to fall through the remain
der of the afternoon and evening, but by early morning on July 
10 only a haze of dust hung over the area. No significant amount 
of new ash appears to have reached the Anchorage area after 
that. At Anchorage the measured thickness of ash ranged from 
54s to )4 inch. In the Beluga Lake area the ash deposit may have 
ranged from 1 inch to several inches in thickness, judging from 
the large number of trees and bushes bent down by the load. On 
the southeast slope of Mount Spurr, Juhle found only a couple 
of inches of coarse debris. Westward the ash deposit thinned 
rapidly, and little or no ash could be seen on the snow a mile or 
two west of the active vent. 

[Sometime in the last week of August, Dr. R. Werner Juhle, 
who made some of the observations of activity of Mount Spurr 
presented above, lost his life in Knife Creek in (the Valley of 
Ten Thousand Smokes) Katmai National Monument, Alaska. 
He had gone out alone from the base camp on a traverse planned 
to take several days. When he failed to return at the appointed 
time, an exhaustive search by planes and by men on foot aided 
by bloodhounds (flown up from San Francisco for the search) 
discovered his footprints leading up to and disappearing on the 
bank of a narrow, deep rapids of Knife Creek. Flis pack and 
exposure meter were found on the oposite bank of the rapids 
but prolonged search failed to find any further trace. Dr. Juhle, 
one of the outstanding recent graduates in geology from Johns 
Hopkins University, had done his Doctor's thesis on Iliamna 
Volcano, Alaska, and was engaged during the 1953 field season 
in the study of Katmai Volcano and the Valley of Ten Thousand 
Smokes as part of the co-operative investigation of Katmai Na
tional Monument by the National Park Service, Geological Sur
vey, and other organizations.—H. A. Powers.] 

J. P. EATON JOINS HVO STAFF 

On September 15, Dr. Jerry P. Eaton joined the staff of the 
Hawaiian Volcano Observatory as Seismologist. Dr. Eaton has 
just completed his work for the degree of Doctor of Philosophy 
at the University of California, with a thesis on "The Theory of 
the Electromagnetic Seismograph." The thesis deals in large 
part with the response characteristics of Sprengnether seismo
graphs, one of which is being operated at the Observatory's 
Uwekahuna station. Dr. Eaton is assuming charge of the seismo-
logical work, and most other geophysical work, of the Volcano 
Observatory. 

STAFF OF HAWAIIAN VOLCANO OBSERVATORY 

Gordon A. Macdonald, Volcanologist, Director 
Jerry P. Eaton, Seismologist 
Chester K. Wentworth, Geologist, part-time 
Burton J. Loucks, Instrument Maker 
John C. Forbes, Assistant Instrument Maker 
Elizabeth G. Eklund, Secretary, part-time 

Seismograph Station Operators 

Hilo Station: 

Sister M. Thecla, St. Joseph's School 

Kona Station: 

Howard M. Tatsuno, Konawaena School 

Haleakala Station: 

Hawaii National Park Staff 
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A SUGGESTED EXPLANATION OF THE ALTERNATION OF ACTIVITY 
BETWEEN TWO VENTS AT KILAUEA VOLCANO 

By CHESTER K. WENTWORTH 

After the first month of the eruption of Kilauea in 
1952 and for several weeks thereafter, visible outflow 
of lava took place from one or both of two vents some
what southwest of the center of the Halemaumau pit. 
At first both vents were active centers of fountaining, 
with one or the other more active, but in late August 
and early September one or the other would remain 
crusted over and almost dead while the other would be 
quite vigorous and even spectacular in its action for 
several hours to a day or more. Then the inactive one 
would come to life and rival its twin while the latter 
in turn became quiet. Such alternations took place a 
number of times, were observed by many persons who 
were able to visit the eruption repeatedly, and came to 
be predicted confidently by various observers. 

Such behavior, among the many other points of in
terest, aroused speculation as to its cause, and the fol
lowing note offers a tentative explanation, after a brief 
additional description. The two vents, during the early 
part of the period under discussion, were the sources 
of fountains which bubbled through a common liquid 
pool of lava. With some variation, the centers were 
about 150 to 175 feet apart, and in the later stages there 
had been built two merged ring cones that generally 
were maintained some 50 or 60 feet above the central 
lake, and which together had roughly the shape of a 
figure eight. At various times this bilobate lake had as 
many as six outlet lava rivers which streamed through 
breaks in the ring cones and formed ever-changing and 
often merging fans on the low dome of the rising floor 
of Halemaumau. In later stages the outlet rivers were 
only three, two, or one in number. In the last case the 
lava output from both fountains, if any, passed out by 
the one outlet. Wi th only slight differences, the liquid 
level was commonly about the same throughout the 
lake. Most of the features of the filling crater and the 
character of the fountains have been described else
where.1 It is only necessary here to mention certain 
conditions which may bear on the alternation of activity. 

1 G. A. MACDONAI.D, THE 1952 ERUPTION OF KILAUEA, Volcano 
Letter 518:1-10. 1952. 

First, we must keep in mind that the two vents main
tained their approximate positions during the last 100 
feet or more of rise of the lava fill and were, as far as 
we can see, the same as two of the most prominent of 
the vents along the initial rift in the floor which sur
vived after the sheet fountaining of the first few hours. 
Second, it is to be presumed from the evident circula
tion of liquid in the pool, the peripheral breaking and 
exposure of bright lava, and the rise of the chilled floor 
without change of pattern that the larger part of the 
lava fill had remained very hot but was far from a 
homogeneous liquid. It seems quite certain that the two 
vents were branches from the same source at no very 
great depth. 

Essential to the postulated mechanism is recognition 
of two sorts of physical condition in and around a vent 
conduit. W e assume that, when lava outflow from a 
given vent is continuous and active, there must be a 
heating of the surrounding solid rock and an injection 
of all openings near the conduit so that the whole 
column represents an active, live, bulb-like pressure and 
heat system which would quickly make a liquid re
sponse and invade any adjacent opening. The pressure 
of the liquid must he at least slightly in excess of that 
required by the level of the vent pool through which 
it issues. 

If such a conduit becomes inactive, cooling will re
sult, the liquid parts will become less mobile, and the 
whole will presently lose its capacity for a quick hy
draulic response to an opening. On the other hand, cool
ing will result eventually in shrinking, possibly in the 
production of actual openings, and moreover, if stresses 
are transmitted, the response of the mass is likely to be 
by rupture rather than by flow. It is not a contradiction 
to suggest the possible growth of linear stresses while 
at the same time postulating shrinkage, because we 
have to consider the possibility of juxtaposition of two 
interconnected conduits in alternating phase. 

Assume, for instance, that arm A of such a dual sys
tem for some reason commences to chill and becomes 
less fluid. It will gradually lose its capacity for liquid 



Page 2 THE VOLCANO LETTER 

pressure behavior and approach and enter the rupture 
stage. If arm B continues active, building slightly higher 
pressures as the pool rises and maintaining or raising 
the surrounding throat temperature and liquidity, it can 
be able at some common point to apply stress in the 
form of liquid pressure to a part of arm A which may 
be in the rupture state. The result could be a breaking 
through of liquid, rise of the column, and renewal of 
activity in vent A. If such breaking through into vent A 
saps the hydraulic and thermal activity of vent B suf
ficiently, it is plausible that conduit B might then, in 
time, cool toward the rupture state. If this takes place 
while vent A goes through its phase of fully injecting 
the rupture system adjacent to its main conduit, the 
time may come after some hours when the hot, swell
ing, hydraulic phase of conduit A will develop sufficient 
boundary stress to invade the rupturing realm of con
duit B and bring that vent to a renewed phase of liquid 
activity, thus completing a cycle. The period of such a 
cycle would depend essentially on volumes and cooling 
rates. 

It is not possible or necessary to define or describe 
what degree of solidity is reached in the rupture stage 
if it is once accepted that there can be a relative con
trast between the mobile, liquid pressure of the hydraulic 

phase and the firm, or pasty but crackable, condition 
of the rupture phase. The contrast is one of response 
to stresses that operate over a few minutes or hours; 
it is one of rigidity rather than strength. The contrast 
is related to but not of the same dimensions as the 
well-known contrast between zones of flow and of rup
ture in the parlance of structural geologists. 

It appears that the alternation is related to a rate of 
outflow of lava and heat which can maintain one active 
vent but probably not two and thus leads to waning of 
one when the other waxes. It seems also that the postu
lated tendency can operate in varying degrees from 
sharp, accurately timed alternation (though this would 
hardly he the normal) to a more irregular, somewhat 
diffuse, and not always completed alternation, perhaps 
with a considerable amount of overlapping. It should 
also be recognized that the pressure built in the liquid 
phase need not be strictly hydrostatic or uniform, merely 
that it be effectively continuous throughout the volume 
involved. Neither must it be measured exactly by the 
fluid level of the pool; it will obviously be higher in the 
active conduit than in the connected but recently in
activated conduit which was formerly feeding the same 
pool at a slightly lower level. 

THE PHILIPPINE COMMISSION ON VOLCANOLOGY 

During 1952, the Congress of the Republic of the 
Philippines established by legislative act a five-man 
Commission on Volcanology. The Commission is com
posed of Dr. Jose M. Feliciano, Head of the Department 
of Geology and Geography of the University of the 
Philippines, Chairman; Dr. Casimiro del Rosario, Di
rector of the Weather Bureau; Mr. Benjamin Gozon, 
Director of the Bureau of Mines; Professor Ramon 
Abarquez, Chairman of the Section on Geology, Seis
mology, and Volcanology of the National Research 
Council; and Mr. Jose C. Quema, representative of the 
Philippine Geological Society. The purposes of the Com
mission are: 

1. To conduct studies of all active Philippine vol
canoes. 

2. To establish necessary facilities in order to predict 
volcanic eruption if possible. 

3. To formulate in advance and in detail specific plans 
of action and of relief in the event of eruption. 

4. To recommend to the President of the Philippines 
such measures as may be necessary to protect life 
and property in areas which may be affected by 
volcanic eruptions, including the declaration of 
certain areas as closed to human habitation or 
subject to regulation. 

5. To study the economic importance of Philippine 
volcanism. 

A working staff has been established by the Commis-
mission, with its headquarters at the University of the 
Philippines in Quezon City, near Manila. The staff 
consists of Mr. Arturo Alcaraz, Geologist-in-Charge; 
Mr. Gregorio A. Andal, Assistant Geologist; Mr. Be-

nigno Yambao, Junior Geologist; Mr. Eugenio Omahoy, 
Volcanological Observer on Camiguin Island; and Miss 
Annie C. Aterrado, Secretary. A seismograph station 
is being operated at the town of Mambajao on Camiguin 
Island, close to the base of the volcano; field studies 
are in progress at both Hibok-PIibok and Taal vol
canoes. Daily reports are received on volcanic condi
tions at Taal and Hibok-Hibok. A seismograph station 
at Taal volcano is being operated by the Weather 
Bureau, in close co-operation with the Commission on 
Volcanology. A bibliography on Philippine volcanoes 
and solfataric areas has been compiled and was pre
sented to the Eighth Pacific Science Congress in No
vember, 1953. 

Detailed topographic and geologic mapping of all ac
tive Philippine volcanoes is planned, and it is hoped to 
establish additional seismograph and tilt-measuring sta
tions in the near future. At present, a Loucks-Omori 
two-component horizontal seismograph, with static mag
nification of 200, is being operated at Hibok-Hibok 
volcano. The seismograph at Taal is a Wiechert in
verted pendulum, also with a magnification of 200. Dr. 
Gordon A. Macdonald of the United States Geological 
Survey, Director of the Hawaiian Volcano Observatory, 
is spending approximately three months in the Philip
pine Islands, aiding in the work of the Commission on 
Volcanology. During the Eighth Pacific Science Con
gress very helpful advice was received by the Commis
sion from Dr. G. A. de Neve, Director of the Volcano-
logical Survey of Indonesia; Mr. James Healy, Chief 
of volcanological investigations for- the New Zealand 
Geological Survey; and Professor Howel Williams of 
the University of California.—G. A. MACDONAGD. 
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR OCTOBER-DECEMBER, 1953 
By JERRY P. EATON 

VOLCANOLOGY 

October 

Seismic unrest at Mauna Loa and Kilauea continued through 
October. A series of sharp earthquakes on October 26, 27, and 
28 caused some excitement at the Observatory. Four of these 
quakes, which originated under the east rift of Kilauea, were 
felt in the Volcano area at 1 :07 A.M., 3 :36 A.M., and 4 :30 A.M. 
on the twenty-seventh, and at 10:58 P.M. on the twenty-eighth. A 
continuous watch was maintained at Halemaumau crater from 
4 :30 A.M. on October 27 until late in the afternoon of the same 
day, when it appeared that the seismic crisis had passed. 

Of about 20 small to moderate earthquakes originating along 
the southwest rift of Kilauea and the Kaoiki fault, one was felt 
at Pahala on October 9 at 6:15 A.M., one was felt at Naalehu 
on October 27 at 8:02 A.M., and three were felt at the Kapapala 
Ranch on October 28 at 3:50 P.M., 5:03 P.M., and 9:15 P.M. 

Thirteen earthquakes were centered in Kona. Of these, five 
were felt: October 2 at 10:06 P.M., October 8 at 9:22 A.M., 
October 15 at 5:10 P.M., October 19 at 2:33 A.M., and October 
31 at 6:15 A.M. In addition, earthquakes felt at Pepeekeo on 
October 23 at 2:02 P.M. and at Kukuihaele, in Kohala, on 
October 9 at 6:15 A.M. were recorded by the Observatory's 
seismographs. 

Although the number of earthquakes recorded during October 
was not unusually large, a surprising number of these were felt. 

Northward tilting of the earth's surface at the Volcano House 
on the northeast rim of Kilauea Crater continued at a rate 
slightly greater than normal for this season of the year. East
ward tilting was at the normal seasonal rate. An increase of 
pressure under Kilauea indicated by this excessive northward 
tilting was not confirmed by the further opening of cracks in 
the floor of the crater. 

November 

Seismic activity centered at Kilauea during the month of 
November. Of the 44 earthquakes rated as very feeble or larger 
which were recorded during November, 21 originated on Kilauea, 
8 originated on Mauna Loa, and 15 recorded too weakly to be 
located. 

Twelve of the Kilauea earthquakes centered very near the 
Observatory, four being felt weakly in the Volcano area at 
9:32 P.M. on November 22, at 3:38 P.M. on November 28, at 
7 :44 P.M. on November 29, and at 1 :04 P.M. on November 30. 
The largest earthquake of the month was felt quite generally 
in the Puna and Hilo districts and weakly as far as Kealakekua, 
Kona, and Kukuihaele, North Hamakua. It occurred on Novem
ber 29 at 8:43 P.M. and originated on the east rift of Kilauea 10 
miles from the Observatory at a depth of about 10 miles. 

A feeble earthquake recorded at 8:37 P.M. on November 8 
was felt at Naalehu and probably centered along the coast south 
of Kilauea. Slight earthquakes were felt in Kealakekua at 
8:35 P.M. on November 4 and in Kamuela at 9:45 A.M. on 
November 16, but neither was recorded at the Observatory. 

Northward tilting of the ground at the Volcano House on 
the north rim of Kilauea Crater continued at a rate slightly 
greater than normal for this season of the year, indicating con
tinuing high pressure under Kilauea. 

December 

Many small earthquakes originating under Kilauea and Mauna 
Loa during December indicated that the Hawaiian volcanoes 
remained in a state of unrest. Of 51 quakes rated as very feeble 
or larger recorded by the Observatory's seismographs during 
the month, 17 originated at Kilauea, 8 at Mauna Loa, 1 at 
Kohala, and 25 were recorded too feebly to be located. 

Between November 30 and December 6 a large number of 
tremors was recorded by the Mauna Loa seismograph. One of 
the larger earthquakes accompanying this swarm of tremors was 
felt in Hilo at 1 :56 A.M. on December 1. It is probable that 
the tremors stemmed from foci near the focus of this larger 
earthquake, deep under the northeast rift of Mauna Loa. 

Two quakes originated on the southeast flank of Mauna Loa 
between its summit and the Kaoiki fault. Two of the five quakes 
occurring on the Kona side of Mauna Loa were felt, one in 
Kalihiki at 4:16 P.M. on December 14, the other in Captain 
Cook at 1 :00 P.M. on December 16. 

Seismic activity at Kilauea continued to center around the 
caldera. Twelve of the 17 quakes occurring on Kilauea origi
nated within a few miles of the Observatory. In addition, two 
quakes proceeded from epicenters on the southwest rift of 
Kilauea, two others from epicenters along the coast south of 
Kilauea. 

Earthquakes were felt in the Kohala district at 7 :42 P.M. on 
December 11, 2:53 A.M. on December 12, and 7:11 P.M. on 
December 17. The second of these was not recorded on any 
of the Observatory's seismographs. 

The rate of northward tilting of the earth's surface at the 
Volcano House on the northeast rim of Kilauea caldera de
creased, as is usual at this time of the year. Eastward tilting, 
however, proceeded at the same moderate rate which had pre
vailed since mid-August. The failure of eastward tilting to 
slacken and reverse during December suggested an increase in 
pressure under Mauna Loa. No other evidence was available, 
however, to check this conclusion. 

SEISMOLOGY 
Local Earthquakes 

The data for the following local earthquakes were determined 
from seismographs on the islands of Hawaii and Maui operated 
by the Hawaiian Volcano Observatory. Locations given are 
epicenters. The times given are arrival times at the Whitney 
Laboratory of Seismology, on the northeast rim of Kilauea 
caldera. They are stated to the closest minute in Hawaiian 
Standard time, which is 10 hours slower than Greenwich Civil 
time. The number preceding each earthquake is the serial num
ber for the current year. The intensity rating (Feeble, Moderate, 
etc.) given is that for the Whitney Laboratory. If the intensity 
was greater at one of the other stations, the name of that sta
tion and the intensity rating there are given in parentheses 
after the rating at the Whitney station. 

248. Oct. 1, 09:23, tremor (Mauna Loa, slight). Kaoiki fault. 
249. Oct. 1, 22 : 02, very feeble. 
250. Oct. 2, 20: 18, tremor (Mauna Loa, very feeble). South

west rift of Kilauea 2 miles east of Kapa
pala Ranch. 

251. Oct. 2, 20:36, tremor (Mauna Loa, very feeble). Kaoiki 
fault. 

252. Oct. 2, 22:06, no record at Kilauea (Kona, very feeble). 
Felt in Capt. Cook. Central Kona. 

253. Oct. 4, 22:27, tremor (Mauna Loa, very feeble). 
254. Oct. 5, 01 : 20, very feeble. 
255. Oct. 5, 11 : 21, very feeble. Kilauea. 
256. Oct. 8, 09:22, feeble (Mauna Loa, moderate). Felt in 

central Kona. Nine miles east of Hainoa 
Crater on Hualalai. 

257. Oct. 9, 06: 16, very feeble. Felt at Kukuihaele. Kohala. 
258. Oct. 9, 16:26, no record at Whitney Laboratory (Mauna 

Loa, very feeble). 
259. Oct. 9, 16:28, no record at Whitney Laboratory (Mauna 

Loa, very feeble). 
260. Oct. 9, 19:03, no record at Whitney Laboratory (Kona, 

very feeble). Central Kona. 
261. Oct. 9, 21 :11 , tremor (Mauna Loa, very feeble). 
262. Oct. 9, 21:53 , tremor (Mauna Loa, very feeble). Felt at 

Pahala. Mauna Loa. 
263. Oct. 10, 02:04, tremor (Mauna Loa, very feeble). 
264. Oct. 10, 02 :51 , very feeble. East rift of Kilauea at Alae 

Crater. 
265. Oct. 14, 17:23, tremor (Mauna Loa, very feeble). Kaoiki 

fault. 
266. Oct. 14, 18:28, tremor (Mauna Loa, very feeble). Five 

miles east of Hainoa Crater on Hualalai. 
267. Oct. 15, 07: 11, very feeble. Kilauea. 
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268. Oct. IS, 17:10, very feeble (Kona, feeble). Felt in Capt. 
Cook. Central Kona. 

269. Oct. 16, 00: 33, very feeble. South flank of Mauna Loa near 
Anipeahi. 

270. Oct. 17, 18:09, very feeble. South flank of Mauna Loa. 
271. Oct. 18, 00:57, very feeble. Kilauea. 
272. Oct. 18, 15: 16, very feeble. East rift of Kilauea. 
273. Oct. 19, 02:33 , no record at Kilauea (Mauna Loa, very 

feeble). Central Kona. 
274. Oct. 20, 06:15, tremor (Mauna Loa, very feeble). Kaoiki 

fault. 
275. Oct. 22, 14:00, no record at Kilauea (Kona, very feeble). 
276. Oct. 22, 14:02, very feeble (Mauna Loa, feeble). Felt at 

Pepeekeo. East flank of Mauna Kea. 
277. Oct. 23, 14:49, no record at Whitney Laboratory (Mauna 

Loa, very feeble). 
278. Oct. 25, 00:53, no record at Kilauea (Mauna Loa, very 

feeble). 
279. Oct. 25, 01 : 23, very feeble. 
280. Oct. 25, 04: 17, very feeble. Makaopuhi Crater. 
281. Oct. 25, 10:42, tremor (Uwekahuna, very feeble). East rift 

of Kilauea near Napau Crater. 
282. Oct. 26, 14: 13, very feeble. East rift of Kilauea near Na

pau Crater. 
283. Oct. 26, 17:46, slight. East rift of Kilauea south of Alac 

Crater. 
284. Oct. 26, 17: 50, slight. East rift of Kilauea south of Alac 

Crater. 
285. Oct. 26, 17 : 51, slight. East rift of Kilauea. 
286. Oct. 26, 17: 53, very feeble. 
287. Oct. 27, CO: 22, feeble. 
288. Oct. 27, 01 : 07, strong. Felt at Volcano. East rift of Ki

lauea south of Aloi Crater near Ainahou. 
289. Oct. 27, 01 : 10, very feeble. 
290. Oct. 27, 0 1 : 38, slight. 
291. Oct. 27, 03:37, strong. Felt at Volcano. East rift of Ki

lauea south of Makaopuhi Crater. 
292. Oct. 27, 04:30, strong. Felt at Volcano. East rift of Ki

lauea near Alae Crater. 
293. Oct. 27, 06: 20, strong. East rift of Kilauea south of Na

pau Crater. 
294. Oct. 27, 08: 02, very feeble. Felt at Naalehu. Southwest rift 

of Mauna Loa near Alika Cone. 
295. Oct. 27, 23:56, tremor (Uwekahuna, very feeble). 
296. Oct. 28, 06:44, tremor (Uwekahuna, very feeble). Kaoiki 

fault near Halfway House. 
297. Oct. 28, 07: 21, very feeble. Kaoiki fault near Halfway 

House. 
298. Oct. 28, 15:50, very feeble. Felt at Kapapala. Hilina Pali. 
299. Oct. 28, 17: 03, very feeble. Felt at Kapapala. Southwest 

rift of Kilauea near Ponohohoa Chasms. 
300. Oct. 28, 21:15, very feeble. Felt at Kapapala. South flank 

of Mauna Loa. 
301. Oct. 28, 22:58, very feeble. Felt _at Volcano. East rift of 

Kilauea near Aloi Crater. 
302. Oct. 29, 04:47, very feeble. Southwest flank of Kilauea. 
303. Oct. 29, OS : 40, very feeble. 
304. Oct. 30, 08:16, tremor (Uwekahuna, very feeble). Kilauea 

caldera. 
305. Oct. 31, 06:08, tremor (Kona, feeble). Felt in North Kona 

and North Kohala. North flank of Hualalai. 
306. Oct. 31, 12:26, very feeble. Southwest flank of Kilauea. 
307. Oct. 31, 13:22, very feeble. Southwest flank of Kilauea. 
308. Nov. 1, 03: 22, no record at Whitney Laboratory (Uweka

huna, very feeble). 
309. Nov. 1, 14:42, very feeble. Southwest flank of Kilauea 

near Maunaiki. 
310. Nov. 3, 10:14, tremor (Uwekahuna, very feeble). South

west rift of Kilauea. 
311. Nov. 5, 00: 16, tremor (Mauna Loa, very feeble). 
312. Nov. 5, 07:55, tremor (Mauna Loa, very feeble). Mauna 

Loa. 
313. Nov. 5, 23: 47, very feeble. Southwest rift of Mauna Loa. 
314. Nov. 6, 02:30, feeble (Mauna Loa, slight). Mauna Loa, 

3 miles south of the Mauna Loa seismo
graph. 

315. Nov. 6, 11:24, tremor (Mauna Loa, very feeble). 
316. Nov. 8, 18: 14, very feeble. 

317. Nov. 8, 20 : 37, very feeble. Coast south of Kilauea. 
318. Nov. 10, 13 : 48, tremor (Uwekahuna, very feeble). 
319. Nov. 12, 09: 37, tremor (Mauna Loa, very feeble). 
320. Nov. 14, 04: 55, very feeble. Coast south of Kilauea. 
321. Nov. 14, 05: 12, very feeble. Coast south of Kilauea. 
322. Nov. 19, 03:20, no record at Kilauea (Mauna Loa, very 

feeble). 
323. Nov. 19, 05 : 36, tremor (Uwekahuna, very feeble). 
324. Nov. 20, 05 : 10, tremor (Uwekahuna, very feeble). 
325. Nov. 21, 11 : 26, very feeble (Mauna Loa, feeble). Red Hill. 
326. Nov. 21, 15 : 23, very feeble (Uwekahuna, feeble). Kilauea. 
327. Nov. 21, 16: 11, very feeble. Mauna Loa. 
328. Nov. 22, 21 : 32, moderate. Felt in Hawaii National Park 

and at Volcano. Kilauea caldera. 
329. Nov. 23, 17:26, very feeble. Near Kilauea caldera. 
330. Nov. 25, 07: 07, no record at Whitney Laboratory (Uweka

huna, very feeble). 
331. Nov. 25, 12:42, tremor (Uwekahuna, very feeble). 
332. Nov. 26, 02: 09, no record at Kilauea (Mauna Loa, very 

feeble). 
333. Nov. 26, 03 : 09, very feeble. 
334. Nov. 26, 05: 52, very feeble (Mauna Loa, feeble). Red Hill. 
335. Nov. 26, 13: 54, very feeble (Uwekahuna, feeble). Near Ki

lauea caldera. 
336. Nov. 26, 13: 55, very feeble (Uwekahuna, feeble). Near Ki

lauea caldera. 
337. Nov. 26, 16 : 58, very feeble. Near Kilauea caldera. 
338. Nov. 27, 19:25, very feeble. Kilauea. 
339. Nov. 28, 08: 11, very feeble. Kilauea. 
340. Nov. 28, 15: 38, moderate. Felt in Hawaii National Park. 

Near Kilauea caldera. 
341. Nov. 28, 20: 46, no record at Kilauea (Mauna Loa, very 

feeble). 
342. Nov. 29, 03 : 05, very feeble. Near Kilauea caldera. 
343. Nov. 29, 03:49, no record at Kilauea (Kona, very feeble). 

Kona. 
344. Nov. 29, 07 : 36, tremor (Uwekahuna, very feeble). Near 

Kilauea caldera. 
345. Nov. 29, 19: 44, moderate. Felt in Hawaii National Park. 

Near Kilauea caldera. 
346. Nov. 29, 20: 43, strong. Felt from Hawaii National Park to 

Hilo. East rift of Kilauea near Napau 
Crater. 

347. Nov. 29, 21 : 18, very feeble. 
348. Nov. 29, 23: 18, no record at Whitney Laboratory (Uweka

huna, very feeble). 
349. Nov. 30, 13:02, tremor (Uwekahuna, very feeble). 
350. Nov. 30, 13:04, slight. Felt in Hawaii National Park. Near 

Kilauea caldera. 
351. Nov. 30, 13:30, no record at Whitney Laboratory (Uweka

huna, very feeble). 
352. Dec. 1, 01:56, tremor (Mauna Loa, very feeble). Felt in 

Hilo. Northeast rift of Mauna Loa. 
353. Dec. 1, 02:01 , no record at Kilauea (Mauna Loa, very 

feeble). 
354. Dec. 1, 03: 20, no record at Kilauea (Mauna Loa, very 

feeble). 
355. Dec. 1, 03: 21, no record at Kilauea (Mauna Loa, very 

feeble). 
356. Dec. 1, 04:17, no record at Kilauea (Mauna Loa, very 

feeble). 
357. Dec. 1, 04: 20, tremor (Mauna Loa, very feeble). 
358. Dec. 1, 04: 24, tremor (Mauna Loa, very feeble). 
359. Dec. 1, 08 :46 ,no record at Kilauea (Mauna Loa, very 

feeble). 
360. Dec. 1, 09: 09, tremor (Mauna Loa, very feeble). 
361. Dec. 1, 10: 54, tremor (Mauna Loa, very feeble). 
362. Dec. 1, 12: 34, no record at Kilauea (Mauna Loa, very 

feeble). 
363. Dec. 1, 12:43, 'remor (Mauna Loa, very feeble). 
364. Dec. 1, 12: 45, 'remor (Mauna Loa, very feeble). 
365. Dec. 1, 13: 13, remor (Mauna Loa, very feeble). 
366. Dec. 1, 13 : 20, no record at Kilauea (Mauna Loa, very 

feeble). 
367. Dec. 1, 14: 12, tremor (Uwekahuna, very feeble). 
368. Dec. 1, 16: 27, tremor (Mauna Loa, very feeble). 
369. Dec. 1, 21 : 23, no record at Kilauea (Mauna Loa, very-

feeble). 
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Distant Earthquakes 

The following earthquakes of distant origin were recorded on 
the seismographs of the Hawaiian Volcano Observatory. Loca
tions of the epicenters are from the notices of Preliminary Deter
minations of Epicenters published by the U. S. Coast and Geo
detic Survey. The time given is that of the first detectable emer
gence of the quake on the Bosch-Omori horizontal or Spreng-
nether vertical seismograms, in Hawaiian Standard time. 

Nov. 3, 17: 59, slight. New Hebrides Islands, 12(4 °S., 166/4°E. 
Nov. 17, 03 : 55, slight. Near coast of Guatemala, 14°N., 92°W. 

Nov. 25, 07:59, moderate. Near south coast of Honshu, Japan, 
34°N., 141°E. Felt Honshu and Hokkaido. Seis
mic sea wave. 

Dec. 4, 05: 11, strong. Off coast of Vancouver Island, 49(4°N., 
129° W. 

Dec. 12, 07: S3, feeble. Near coast of Peru, 3(4°S., 81°W. Sev
eral killed and heavy property damage in 
Tumbes and Corrales. 

Earthquake Data, October-December, 1953 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea caldera) 

Week 
Beginning 

Oct . 4 
11 
18 
25 

Nov . 1 
8 

15 
V 

29 
Dec . 6 

13 
20 
27 

Minutes 
of 

Tremor 

10 
21 
16 
40 

8 
17 
30 
39 

732* 
22 
42 

6 
9 

Very 
Feeble 

11 
5 
6 

19 
7 
6 
4 
9 

28* 
8 
9 
2 
7 

Feeble 

0 
1 
1 
3 
0 
0 
2 
3 
0 
1 
0 
1 
0 

Slight 

0 
0 
0 
4 
1 
0 
0 
0 
1 
3 
0 
0 
0 

Mod
erate 

1 
0 
0 
0 
0 
0 
0 
2 
1 
0 
0 
0 
0 

Strong 

0 
0 
0 
4 
0 
0 
0 
0 
1 
0 
0 
0 
0 

Local 
Seis-

micity* 

11.0 
8.75 
8.0 

46.5 
7.5 
7.25 

11.5 
23.25 

211.0 
16.5 
15.0 
3.5 
5.75 

Tele-
seisms 

0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
0 
0 
0 

* For definition of local seismicity see Volcano Fetter 371 or 512. Each 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; mod
erate, 3.0; strong, 4.0. These values are totaled to give the weekly local 
seismicity. Continuous volcanic tremor is ignored in the calculation. The 
strength assigned to the earthquake depends on the double amplitude of 
the maximum oscillation it causes on the Bosch-Omori seismograph, as 
follows: tremor, less than 0.5 mm.; very feeble, 0.5 to 4 mm.; feeble, 
4 to 11 mm.; slight, 11 to 25 mm.; moderate, 25 to 60 mm.; strong, greater 
than 60 mm. , . _ 
X TtuS! •> MLr« . - U i';' • ; _r ff £ *• Z_ 

Table of Tilt at Seismograph Stations on Rim of Kilauea Caldera 

Week 
Beginning 

O c t o b e r 4 
11 
18 
25 

N o v e m b e r 1 
8 

15 
?2 
29 

December 6 
13 
20 
27 

Whitney Station 
(Northeast rim) 

Amount 

1.3" 
1.1" 
1.0" 
2 .9" 
0.6" 
1.2" 
1.0" 
0 .5" 
0.7" 
0 .8" 
1.2" 
0 .3" 
1.5" 

Direction 

N 4 1 ° W 
N 7 2 ° W 
S 54° E 
N 7 ° W 
S 67° E 
N 8 4 ° E 
N 2 1 ° E 
N 4 5 ° E 
N 9 ° W 
S 72" E 
S 45° E 
N 6 3 ° W 
N 7 2 ° E 

Uwekahuna 
(West 

Amount 

4 .8" 
1.0" 
1.3" 
3.0" 
2 .2" 
2.4" 
3.9" 
1.8" 
2.6" 
0.3" 
1.0" 
0 .3" 
4.2" 

Station 
rim) 

Direction 

S 20° E 
N 7 2 ° E 
N 1 4 ° W 
S 18° E 

N 
S 23° E 
N 2 4 ° W 
N 4 5 ° W 
N 1 4 ° W 

S 
S 18° E 

E 
N 2 3 ° W 

370. Dec. 2, 23 : 19, tremor (Mauna Loa, very feeble). 
371. Dec. 3, 01:54, no record at Whitney Laboratory (Mauna 

Loa, very feeble). 
372. Dec. 3, 01 : 59, tremor (Mauna Loa, very feeble). 
373. Dec. 6, 21 : 02, feeble. Near Halfway House on the south 

flank of Mauna Loa. 
374. Dec. 8, 03 : 29, no record at Whitney Laboratory (Uweka-

huna, very feeble). Near Kilauea caldera. 
375. Dec. 8, 14 : 00, very feeble. Kilauea caldera. 
376. Dec. 8, 23 : 59, very feeble. Kilauea caldera. 
377. Dec. 9, 01 : 13, slight. Felt in Hawaii National Park. Ki

lauea caldera. 
378. Dec. 9, 01 : 18, slight. Kilauea caldera. 
379. Dec. 9, 01 : 56, slight. Kilauea caldera. 
380. Dec. 9, 10: 03, very feeble. Kilauea caldera. 
381. Dec. 9, 10 : 43, very feeble. Kilauea caldera. 
382. Dec. 11, 12: 27, no record at Kilauea (Kona, very feeble). 
383. Dec. 12, 08: 56, very feeble. Southwest rift of Kilauea near 

the Ponohohoa Chasms. 
384. Dec. 12, 15: 15, tremor (Uwekahuna, very feeble). Near 

the coast south of Kilauea. 
385. Dec. 13, 02: 53, very feeble. 
386. Dec. 14, 04 : 08, very feeble. 
387. Dec. 14, 08: 15, very feeble. 
388. Dec. 14, 12 : 39, very feeble. Kilauea caldera. 
389. Dec. 14, 14: 54, very feeble. 
390. Dec. 15, 21:08, no record at Kilauea (Kona, very feeble). 
391. Dec. 16, 13:00, no record at Kilauea (Kona very feeble). 

Felt in Capt. Cook. Kona. 
392. Dec. 16, 17: 01, very feeble. 
393. Dec. 17, 19: 11, very feeble. Kohala. 
394. Dec. 20, 04: 11, very feeble (Uwekahuna, feeble). Southeast 

flank of Kilauea near Kalapana. 
395. Dec. 21, 12: 24, tremor (Mauna Loa, very feeble). East rift 

of Kilauea. 
396. Dec. 21, 12:40, tremor (Uwekahuna, very feeble). Kilauea 

caldera. 
397. Dec. 28, 22: 24, no record at Whitney Laboratory (Uweka

huna, very feeble). Kilauea caldera. 
398. Dec. 29, 06 :01 , tremor (Uwekahuna, very feeble). Kilauea 

caldera. 
399. Dec. 30, 08:05, tremor (Uwekahuna, very feeble). 
400. Dec. 31, 16: 53, very feeble. Kilauea caldera. 
401. Dec. 31, 19 : 54, very feeble. 
402. Dec. 31, 20:50, no record at Kilauea (Kona, very feeble). 

Kona. 
403. Dec. 31, 22 : 55, very feeble. 
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VOLCANO NOTES AND NEWS 

ERUPTIONS OF MIHARA-YAMA, O-SHIMA, 
AND ASAMA-YAMA, JAPAN 
By Helen L. Foster 
(From data supplied by Central Meteorological Observatory, Tokyo, Japan) 

Mihara-yama, O-shima: October 5, 1953 to January 6, 1954. 
Mihara-yama, O-shima, erupted from July 16, 1950, to Septem
ber 24, 1950. It was then quiescent until February 4, 1951, when 
eruption recommenced and lasted until June 28, although the 
activity in April, May, and June was intermittent. The volcano 
was again quiescent until October 5, 1953, when activity com
menced again, heralded by minor earth tremors and rumbling 
sounds. The first explosion was heard at 8 :32 A.M. on October 
5. A new vent about 1.5 meters in diameter opened on the 
inner south wall of the larger cinder cone formed in the 1951 
eruption. Lava fragments as large as 1 foot in diameter were 
hurled to a height of 50 or 60 meters above the vent. Explosions 
continued intermittently until October 13, when activity subsided 
after 7:30 P.M. Although emission of gas clouds occurred at 
intervals, no further explosions were recorded until November 
10. On November 11 lava flows and fragments were emitted 
from two new vents in the crater of the 1951 cinder cone. Only 
steam and gases were emitted from the vent, which had been 
active in October. By November 14 a small cone about 3 meters 
high had formed around the active vents. The volcano was 
quiescent again during most of the remainder of November, 
although steam and other gas fumes were emitted. 

On December 1 eruptions began again and continued inter
mittently until December 18, 1953. Gas, ash, and ejecta were 
emitted from the November vents and from a new vent which 
opened between those formed in October and November. 

Observations on December 24 determined that in the vicinity 
of the vents which were active in October there was a crater 
40 meters long, 20 meters wide, and 8 meters deep which had 
two vents. In the area of the vents active in November there 
was a crater 70 meters long and 40 meters wide, with two vents. 

Eruption recommenced on December 29 at 3 :27 A.M. Activity 
continued through December 31, 1953. Slight activity was again 
recorded on January 4, 5, and 6, 1954, when explosions hurled 
bombs 200 meters high and horizontal distances of 400 meters. 
Minor topographic changes were taking place in and around 
the old 1951 cinder cone as the result of collapse and the ac
cumulation of new ejecta. 

All the new activity of Mihara-yama in 1953 and 1954 has 
been on a small scale as compared with the eruptions of 1950 
and 1951. Only small quantities of lava and ejecta have been 
emitted, all of which have been within the crater of the 1951 
cinder cone, with the exception of a few pieces of ejecta which 
have been thrown beyond the 1951 cinder cone crater. 

Asama-yama: December 27, 1953 to January 7, 1954. A 
series of small explosions of Asama-yama began on December 
27, 1953. The volcano had been quiescent since June, 1952. 

Explosions occurred on December 27 at 1:41 P.M. and 4:45 
P.M. and on December 29 at 8:40 A.M. and 10:23 A.M., and on 
December 30 small ash falls from minor explosions occurred, 
beginning at 8:00 P.M. 

Another explosion occurred on January 3, 1954, and a cloud, 
probably ash-laden, rose to a height of 600 meters. 

On January 7 explosions occurred at 3 :30 P.M. and 3 :34 P.M., 
and an ash cloud rose to a height of 700 meters. These ex
plosions were the largest of the series of about 10 which have 
occurred since December 27, 1953. 

CURRENT ACTIVITY OF AlEUTIAN VOICANOES 
By H. A. Power* 

There has been but slight activity at most Aleutian volcanoes 
during the fall of 1953. Observations are being made by mem
bers of the Armed Forces and by Austin Jones, Seismologist of 
the Geophysics Branch, U. S. Geological Survey. 

Trident. During July and August a tongue of lava flowed 
as much as 3 miles, starting from the northwest side of the 
original vent and following the west margin of the June flows. 
It terminated in two broad lobes, one crossing the south-flowing 
stream from Katmai Pass where it dammed a small lake at 

about 2,000 feet altitude, the other extending a half mile farther 
south into the Pass drainage at a lower altitude. The new lava 
flow did not increase visibly in area during the fall months, but 
was still steaming in December. The vent is sporadically erupt
ing small bursts of ash, and constantly fuming and steaming. 

Spurr volcano has been steaming but has had no renewal 
of ash eruption since the July explosions. 

Shishaldin erupted hot ash during the first week of October. 
Pavlov was seen "glowing" on November 25 by the person

nel of the Penguin, sailing from the Pribilqf Islands. 
Steam plumes but no new ash on the recent snows are re

ported at various December dates from Gareloi, Kanaga, Great 
Sitkin, Cleveland, and Makushin. 

SECTION OF VOLCANOLOGY 
EIGHTH PACIFIC SCIENCE CONGRESS 

A highly successful meeting of the section of volcanology of 
the Eighth Pacific Science Congress was held on November 17, 
1953, at the University of the Philippines. The meeting opened 
with the presentation of the report of the Standing Committee 
on Volcanology of the Pacific Area, by J. Healy, Chairman of 
the Committee. The report was presented only in brief at the 
meeting, but the full report was distributed to those present, 
and copies were sent to contributors who were not present. 
The 33-page mimeographed report contains accounts of volcanic 
and thermal activity and investigations in Canada, Hawaii, 
Alaska, continental United States, Mexico, Guatemala, San Sal
vador, Nicaragua, South America, New Zealand, Australian 
territories, Philippines, Japan, Fiji, Solomon Islands, and Indo
nesia. A 22-page appendix contains a list of volcanological and 
allied research workers in all these countries. Mr. Healy de
serves, and received, the sincere thanks of his fellow workers 
for his excellent report and organization of the meeting itself. 

Following presentation of the Chairman's report, a symposium 
on Volcanology of the Pacific was convened by Mr. Healy. 
Chairmanship of the morning session, which was devoted to 
nttees ardenies and related phenomena, was turned over to Mr. 
Arturo Alcaraz of the Philippine Commission on Volcanology, 
with Mr. Jose C. Quema of the Philippine Bureau of Mines as 
secretary. Papers presented during the morning session were: 
Glowing Avalanche Deposits of Central America, by Howel 
Williams; Mount Katmai and the Valley of Ten Thousand 
Smokes, Alaska (a new interpretation of the great eruptions of 
1912), by Howel Williams, Garniss Curtis, and Werner Juhle; 
An Outline of Mount Lamington Phenomena, by G. A. Taylor 
(presented by J. Thompson) ; Volcanic Activity of Catarman 
and Hibok-HiSok, by V. R. Pelaez; Recent Volcanicity at 
Taupo, New Zealand, by I. L. Baumgart and J. Healy; Some 
Problems of Welded-Lava and Welded-Tuff Related with the 
Sunken Calderas in Japan, by T. Matumoto, T. Isikawa, and 
M. Minato (presented by Howel Williams). 

The afternoon session was devoted to descriptive volcanology, 
petrology of volcanic rocks, and geophysics, under the chairman
ship of G. A. Macdonald of the U. S. Geological Survey. Four
teen papers were presented, as follows: The Didicas Submarine 
Volcano, by A. Alcaraz, L. F . Abad, and M. H. Tupas; Erup
tion on San Benedicto Island, Mexico, 1952, by R. S. Dietz and 
A. F. Richards; Combined Air- and Terrain-Reconnaissances 
Carried out by the Volcanological Survey in the Indonesian 
Archipelago, and Its Program for Future Research, by G. A. 
de Neve; Seventy Years Krakatoa and Twenty-Five Years 
Anak Krakatoa, with a Communication Concerning the Latest 
Investigation in October, 1953, by G. A. de Neve; Volcanic 
Activity in New Guinea, by J. G. Best (presented by J. Thomp
son) ; A Cluster of Little-Known Philippine Volcanoes, by 
A. Alvir; The Significance of Pillow Lavas in Pacific Islands, 
by H. T. Stearns (read by title only) ; The Difference of 
Chemical Composition between Japanese and Manchurian Vol
canic Rocks, by I. Iwasaki and T. Katsura (presented by 
Y. Miyake) ; Preliminary Account of the Hydrothermal Condi
tion at Wairakei, New Zealand, by J. Healy; Geochemical In
vestigation of Geysers in Japan, by K. Noguchi (presented by 
Y. Miyake) ; Volcanic Activities in Japan During 1949-1953, 
by T. Minakami and R. Morimoto (presented by G. A. Mac
donald) ; Transpacific Detection by Underwater Sound of Myojin 
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Volcanic Explosions, by R. S. Dietz and M. J. Sheehy; The 
New Seismological Equipment for the Permanent Conservation-
Posts of the Volcanological Survey of Indonesia, by G. A. 
de Neve; Rehabilitation of the Guarding-System of the Vol
canological Survey, by G. A. de Neve. 

A public lecture on Hawaiian volcanoes, illustrated with color 
movies of the 1949 and 1950 eruptions of Mauna Loa and 1952 
eruption of Kilauea, was given by G. A. Macdonald on the 
evening of November 18, in the auditorium of the Philippine 
General Hospital. 

On November 15, the delegates to the Division of Geology 
and Geophysics took part in a field trip to Taal volcano. Vol

cano Island, in the midst of Taal Lake, and the crater from 
which occurred the disastrous explosions of 1911 were visited. 
Further glimpses of Taal volcano and the structure of the 
surrounding region were obtained on a field trip to Tagaytay 
Ridge on November 19, under the auspices of the Philippine 
Geological Society and the Philippine Association of Mining, 
Metallurgical, and Geological Engineers. Following the meet
ings of the Congress, a group of 15 persons from the Division 
of Geology and Geophysics participated in a field trip to the 
southern part of the Philippines, during which both Hibok-Hibok 
and Mayon volcanoes were visited. Both volcanoes were fuming, 
but no other activity was visible. 



STAFF OF H A W A I I A N VOLCANO OBSERVATORY 

U. S. Geological Survey: 

Gordon A. Macdonald, Volcanologist, Director 
Jerry P. Eaton, Seismologist 
Chester K. Wentworth, Geologist, part-time 
Burton J. Loucks, Instrument Maker 
John C. Forbes, Assistant Instrument Maker 
Elizabeth G. Eklund, Secretary, part-time 

Seismograph Station Operators: 

Hilo Station: 

Sister M. Thecla, St. Joseph's School 
Kona Station: 

Howard M. Tatsuno, Konawaena School 
Haleakala Station: 

Hawaii National Park Staff 



&&£*&**<'•*->. 

THE VOLCANO LETTER 
No. 523 U. S. Geological Survey January—March, 1954 

PUBLISHED BY THE UNIVERSITY OF HAWAII 

PHILIPPINE VOLCANOES DURING 1953 AND EARLY 1954 
By GORDON A. MACDONALD and ARTURO ALCARAZ 

The work of the Philippine Commission on Volcanol-
ogy, created in mid-1952, includes continuous watch over 
volcanoes that are in eruption or show indications of 
possible impending eruption, periodic examinations of 
other active volcanoes (not in eruption), and, as time 
permits, studies of the dormant and extinct volcanoes of 
the archipelago. During 1953 and early 1954 continuous 
observations were made at Hibok-Hibok and Taal vol
canoes and short investigations at Didicas and Mayon 
volcanoes. Canlaon and Bulusan volcanoes were viewed 
from a distance. 

Arturo Alcaraz has been in charge of the field opera
tions of the Commission on Volcanology since Decem
ber, 1952. Gordon A. Macdonald spent December, 1953, 
and January and early February, 1954, in the Philippines 
assisting in the work of the Commission. We wish to 
express our thanks to the members of the Commission 
and to the U. S. Geological Survey for making our re
spective work possible; and to our coworkers, Gregorio 
A. Andal, Benigno Yambao, and Eugenio Omahoy, for 
much assistance and pleasant companionship in the field. 

Throughout the known part of geologic time, vol
canoes have played an important part in the development 
of the Philippine Archipelago. Volcanic rocks of un
certain age appear among the metamorphosed basement 
rocks in the Northwestern Cordillera, Mountain Prov
inces, and Sierra Madre of Luzon Island; on Marindu-
que and Masbate islands; on the islands of the Palawan 
group; on Panay, Cebu, Bohol, Samar, and Mindanao 
islands; and on islands of the Sulu group (Irving, 
1951). Volcanic rocks known or believed to be of Terti
ary age are exposed at various places from central Luzon 
to Zamboanga (Irving, 1953). But it is with the vol
canoes of Pleistocene and Recent age that we are princi
pally concerned. 

The new geologic map of the Philippines (Irving, 
1953) shows numerous areas of Quaternary volcanic 
rocks, scattered all the way from the Babuyan Islands, 
north of Luzon, to the Sulu Islands, south of Mindanao. 
Of the major islands in the archipelago, only Palawan, 
Panay, Cebu, Bohol, Masbate, and Samar lack Quater
nary volcanics. Many of the cones, probably of Pleisto
cene age, are moderately dissected by erosion. Examples 

of these include Mariveles Mountain on the Bataan 
Peninsula, Mount Arayat in the central plain of Luzon, 
Mount Macolod at the southeastern edge of Lake Taal 
in Batangas Province, Mounts Isarog and Iriga in Cama-
rines Sur Province, the small cone at the southern end 
of Marinduque Island, Mount Mambajao on Camiguin 
Island, and many others. In the vicinity of the city of 
San Pablo, in the area between Mounts Banahaw and 
Malepunyo, there are many small depressions, several of 
them occupied by crater lakes. These appear to be dia-
tremes, formed by short-lived volcanic explosions with 
or without accompanying collapse, perforating the pla
teau of Quaternary tuff. 

Eleven Philippine volcanoes have erupted during his
toric times. Thirteen others show solfataric activity. 
These active and solfataric volcanoes are listed in the 
accompanying table and shown on the map (Fig. 1). 
Data concerning historic eruptions have been assembled 
by Andal and Yambao (1953). 

Mount Santo Tomas, or Tonglon, near the city of 
Baguio, has in the past been listed as a volcano in solfa
taric condition, or even as having erupted in 1641 (Mus-
per and Neumann van Padang, 1937; Andal and Yam
bao, 1953). These reports must, however, refer to some 
other locality, because examination of Mount Santo 
Tomas during February, 1954, showed it to consist of 
ancient, interstratified volcanic and sedimentary rocks 
of probable Tertiary age. 

Didicas volcano, in the Babuyan Islands north of 
Luzon, resumed eruption in March, 1952, after a period 
of quiescence lasting nearly a century. Eruptive activity 
between 1856 and 1860 had built a mountain that rose 
some 700 feet above sea level, but subsequent wave 
action had reduced it to three small rock masses 200 to 
270 feet high. Relatively quiet eruption resulted in the 
building of a blocky dome, from which escaped large 
volumes of steam and sulfurous gases. The new Didicas 
dome covered the former rock masses, and by late 
1953 the top of the dome was about 830 feet above sea 
level (Alcaraz, Abad, and Tupas, 1953). Mild vulcanian 
explosions at the summit of the dome were reported 
during the early stages of the activity. Ash fell on 
Calayan Island, 25 miles to the north, but in quantities 
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FIGURE 2. Didicas volcano from a point 0.25 mile to the east-
northeast, on March 30, 1952. The blocky character of the dome 
and the banks of crumble breccia on its flanks are clearly visible. 
One of the old Didicas Rocks can be seen at the right. Photo by 
Arturo Alcaraz. 

too small to cause damage (Andal and Yambao, 1953). 
In June, 1953, G. A. Andal and L. F. Abad were able 
to land on the dome and reported that the activity had 
subsided appreciably. 

After its catastrophic eruption in 1911, Taal volcano 
remained entirely quiet until early 1953. During Febru
ary, 1953, reports were received of signs of renewed 
activity, but examinations of the volcano on February 
12 and 19 revealed no sign of change from the conditions 
observed during a survey of the volcano in February, 
1949. The temperature of the water of the crater lake 
was found to be 32°C. In May, 1953, steam vents and 
hot springs became active in a zone about 100 meters 
long at and near the southwestern shore of the crater 
lake. Some sulfur gas is present in the steam. On May 
19 the temperature of the steam was 98°C, and the 
temperature of the crater lake had risen to 36°C. By 
mid-June the temperature of the steam had increased to 
101 °C , but since then it has remained stable, with oc
casional decreases to about 100°C. During the remainder 
of 1953 the volume of steam fluctuated, but generally it 
was somewhat less than during May and June. There 
was a slight northwestward shifting of the active area. 
In early 1954 there has again been some increase in the 
apparent volume of steam, which in early March was 
about twice that observed in May, 1953. 

The renewal and gradual increase of solfataric ac
tivity at Taal volcano seems unquestionably to indicate 
a rise of magma at depth or some other change in sub
surface conditions resulting in a greater supplv of heat 
to the volcanic vent. No other signs of impending erup
tion have been observed, and people are still being per
mitted to reside on Volcano Island, though some have 
left voluntarily. Close watch is being kept for increased 
earthquake activity or other signs of eruption; residents 
of Volcano Island have been informed of the possibility 
of eruption, and a plan for possible evacuation of the 

island and areas along the shore of Taal Lake has been 
prepared. 

Mayon volcano, in Albay Province, is the most fre
quently active volcano in the Philippines and is be
lieved to have the most perfectly symmetrical cone in 
the world. Since 1800, Mayon has had 31 recorded 
eruptions, with an average interval of one each 4.9 years. 
The actual interval has varied, however, from less than 
1 to 26 years. The 1928 and earlier eruptions have been 
described by Faustino (1929). Since that time, eruptions 
have occurred in 1938, 1939 (a single brief explosion), 
1943, and 1947. During late 1953 and early 1954 Mayon 
volcano was fuming quietly. Most of the fume rose from 
fissures in and around the small, blocky mass of 1947 
lava in the small crater. 

Mayon volcano is a composite strato-volcano, com
posed dominantly of pyroclastics but with numerous in-
terhedded lava flows. The flows are of block-lava type, 
transitional toward aa. Pyroclastic beds on the northern 
slope of the volcano above the Mayon resthouse consist 
largely of Strombolian cinder. Abundant mudflows have 
formed a broad apron completely around the base of the 
cone and have been responsible for most of the damage 
to life and property during historic times. 

Bulusan volcano, in Sorsogon Province, has not 
erupted in recent years. The last eruptive period began 
on January 18, 1916, and continued intermittently until 
1922. During that period there were 17 separate mild 
explosions, each lasting only a few minutes. Ash fell on 
towns west, southwest, and south of the volcano, but 
not in sufficient amount to cause damage. Maso (1928: 
765) describes what appears to have been a block-lava 
flow in the crater during November and December, 1918. 
The flow pushed its snout out through a breach in the 
crater rim, and from the snout fragments rolled down 
the ravine helow the breach, black by day but exhibiting 
dull red incandescence at night. Fie also describes what 

FIGURE 3. Fumaroles at the southwestern edge of the crater 
lake of Taal volcano, January 3, 1954. Photo by G. A. Mac-
donald. 

FIGURE 1. Map of the Philippine Islands, showing the location of volcanoes active in historic time, those in solfataric condition 
but not historically active, and known volcanoes of probable Quaternary age that have shown neither eruptive nor solfataric 
activity during historic times. The latter are taken from the new geologic map of the Philippines (Irving, 1953). The active 
and solfataric volcanoes are numbered on the map as follows: 1, Smith; 2, Babuyan Claro; 3, Didicas; 4, Camiguin de Babu
yanes; 5, Cagua; 6, Taa l ; 7, Maquiling; 8, Banahaw; 9, Malinao; 10, Mayon; 11, Bulusan; 12, Biliran; 13, Burauen area; 14, 
Silay; 15, Canlaon; 16, Cabalian; 17, Magaso; 18, Catarman (Hibok-Hibok) ; 19, Calayo; 20, Ragang; 21, Apo; 22, Bud Dajo. 
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FIGURE 4. The dome of Hibok-Hibok volcano seen from the 
top of the 1948 lava flow, December 19, 1953. Part of the old 
crater wall is visible on the left skyline. The dome is nearly 
buried by its long slopes of talus (crumble breccia). Photo by 
G. A. Macdonald. 

appear to have been small, avalanche-type nuccs ar-
dentes. In his own words, "Sometimes instead of rocks 
a mass not unlike mud detached itself from the said hot 
base and showed a great effervescence while sliding down 
the ravine and raised a white yellowish cloud which had 
a great ascensional force. After the effervescence had 
ceased the bottom of the ravine and the vegetation on its 
sides was seen covered with white dust. . . ." 

The last known eruption of Canlaon volcano, on 
Negros Island, occurred during 1906. The volcano was 
viewed from the air on January 22, 1954. The mountain 
has two principal peaks. The northern peak is vegetated 
to its top, is moderately eroded, and does not appear to 
have been recently active. The southern peak appears 
to be a rounded cinder cone, little vegetated and entirely 
uneroded, sitting on a forested and moderately eroded 
base which is probably a composite cone. A prominent 
crater is present in the southern peak. No fumarolic 
activity was visible. 

Calayo and Ragang volcanoes, on Mindanao Island, 
were not visited during 1953 or early 1954. The last re
corded eruption of the former was in 1887 (Andal and 
Yambao, 1953: 22), while the latter was reported to be 
active in 1915 (Smith, 1924: 216). Makaturing volcano, 
also in Mindanao, has been listed by several writers as 
active. However, there is serious doubt that it ever was 
active within historic times. Maso (1922: 142) wrote, 
"Considering the different actual conditions of the Ma
katuring and of the Ragang one is inclined to believe 
that all the historic eruptions attributed to the former 
occurred in the latter. Writers give the years 1834, 1840, 
1858, 1871 and 1873, but nearly all these dates are 
somewhat doubtful because of the lack of reliable particu
lars and of the fact that the writers are at variance about 
the same." 

Hibok-Hibok volcano, on the northern end of Cami-
guin Island, just north of Mindanao, was in eruption 
from 1948 to early 1953. During that period two block-
lava flows were extruded on.the eastern flank of the 
mountain, mudflows devastated an area on the northern 
slope, a dome was built in the summit crater partly over
lapping onto the flanks of the mountain, and destructive 

nnecs ardentes took the lives of about 500 persons in the 
sector northeast of the summit (Alcaraz, Abad, and 
Quema, 1952). As a result of this, the zone around the 
volcano was closed to public occupation by Presidential 
order, until such time as the danger from the volcano 
should subside. 

Three visits were made to Hibok-Hibok during De
cember, 1953, and January, 1954. Records from a new, 
more sensitive seismograph installed in the town of 
Mambajao, near the base of the volcano, indicated that 
very few earthquakes were originating beneath the vol
cano. There had been no ash eruptions since July 14, 
and no large avalanches from the dome had been re
ported since May. Eugenio Omahoy, the volcanological 
observer stationed in Mambajao, had detected no 
changes in the size or outline of the dome since May, 
except for the collapse of one prominent spine. In De
cember the dome was examined from the upper part of 
the valley down which had rushed the nuees ardentes of 
December, 1951, and many smaller, later avalanches. In 
January the dome itself was climbed and examined at 
close hand. The dome was fuming quite strongly, but 
there was no sign of present or recent active growth. 
Talus banks extended far up the flanks of the dome, in 
places nearly to its summit. Except in small local areas, 
the rock ribs between the talus banks had been reduced 
by crumbling to a slope of stability. Several small 
spines were present on the dome, and at the summit there 
was a narrow spine, about 100 feet high, that appeared 
from some angles to be curved like the dorsal fin of a 
shark. Some of the spines, including the eastern end of 
the large spine at the summit, appeared about to collapse. 
These collapses undoubtedly will cause small avalanches, 
but it is unlikely that the avalanches will travel far 
enough to cause damage to inhabited areas. Deposits of 
recent avalanches are all small and extend little beyond 
the edge of the dome itself. 

Therefore, it appears that, barring renewal of erup
tive activity, danger from the dome is over. On that 
basis, it was recommended that the ban on occupation 
of the town of Mambajao and the agricultural lands 

FIGURE 5. The summit of the Hibok-Hibok dome, seen from 
the southeast, January 26, 1954. The spine at the top of the dome 
is badly fissured. The mass in the left foreground was formed in 
an early stage of the dome growth. Later, activity shifted slightly 
northeastward and produced the more recently active mass in 
the background. Photo bv G. A. Macdonald. 
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around the foot of the volcano be abolished, but a new, 
smaller restricted zone with a radius of 3 kilometers be 
established around the summit of the volcano, in which 
no residence would be permitted. These recommenda
tions have been acted upon. .At the same time, the dan
gers of residing upon an active volcano were pointed 
out to the local populace. A close watch is being kept 
on the volcano for any signs of renewal of eruptive 
activity. 
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PHILIPPINE VOLCANOES (LISTED FROM NORTH TO SOUTH) 

ISLAND 

Babuyan Islands 

Luzon 

Visayan Islands 

Biliran 

Leyte 

Negros 

Camiguin 

Mindanao 

Jolo (Sulu 
Archipelago) 

N A M E OF VOLCANO 

Active during 
historic time 

Smith 
Babuyan Claro (? ) 
Didicas 

Cagua 
Taal 
Mayon 
Bulusan 

Canlaon 

Hibok-Hibok 
(Catarman) 

Calayo (Masuan) 
Ragang 

Solfataric 

Camiguin de 
Babuyanes 

Maquiling 
Banahaw (possibly 

active in 1730) 
Malinao 

Biliran 

Mt. Danan ) R 
Casiboi Crater] 

rauen area 
Cabalian 

Silay 
Magaso (Cuernos de 

Negros) 

Apo 

Bud Dajo (possibly 
active in 1641) 

HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JANUARY-MARCH, 1954 

By JERRY P. EATON 

VOLCANOLOGY 
January 

January was a quiet month for Hawaiian volcanoes. Only 27 
earthquakes were recorded by seismographs of the Hawaiian 
Volcano Observatory. Seven of them originated under Kilauea, 
12 under Mauna Loa, and 8 recorded too weakly to be located. 

An earthquake at 9:39 P.M. on January 20, issuing from a 
focus 10 miles deep under Red Hill on the northeast rift of 
Mauna Loa, was felt in the Volcano district, Hilo, Pepeekeo, 
Kukuihaele, and Papaloa, Kona. Two smaller earthquakes from 
foci under the east rift of Kilauea were felt in Hilo; the first at 
4 :36 A.M. on January 24 and the second at 11 :48 A.M. on January 
31. At 2:27 A.M. on January 17 a slight earthquake was felt at 
Kalahiki, Kona. 

Tilting of the earth's surface measured at the Volcano House 
on the northeast rim of Kilauea caldera was southwestward at 
a rate which is normal for this season of the year. Measurements 
of cracks in the floor of Kilauea do not show any significant 
change in the volcanic pressure under the volcano. 

February 

Hawaiian volcanoes remained quiet during February. Only 3 
of the 27 earthquakes recorded by the Hawaiian Volcano Ob
servatory seismographs were felt. Fourteen earthquakes origi
nated on Mauna Loa, including those at 3 :59 P.M. on February 
6, 3:15 A.M. on February 16, and 5:32 P.M. on February 22, 
which were felt in Kona. Kilauea was shaken by six earthquakes, 
none of which was felt. Seven of the recorded earthquakes were 
too feeble to be located. 

Tilting of the earth's surface at the northeast rim of Kilauea 
caldera proceeded in a southwesterly direction at a rate approxi
mately normal for this season of the year. 

March 

Thirty-six earthquakes were recorded by seismographs of the 
Hawaiian Volcano Observatory during March. During most of 
the month seismic activity remained at the low level established 
during January and February; only 15 earthquakes were re
corded from March 1 to March 29. Nine of them originated at 
Kilauea. The remaining six, including the earthquake at 4:19 
P.M. on March 16, which was felt in Captain Cook, issued from 
Mauna Loa. 

A series of small tremors felt in Hawi at about 8:30 P.M. on 
March 23 was not recorded on any of the Observatory's seismo
graphs. 

Two strong earthquakes, which originated at a depth of about 
15 miles on the east rift zone of Kilauea or the eastward exten
sion of the Hilina fault system between the rift zone and the 
south shore in the vicinity of Kalapana, rocked the Island of 
Hawaii early on the morning of March 30. The first shock was 
recorded on the seismographs at the Volcano Observatory at 
6:40:07 A .M. ; the second at 8:42:01 A.M. 

Both earthquakes were felt over the entire Island of Hawaii, 
and at least the second, which was the larger of the two, was 
felt on parts of Maui. Extensive, but mostly moderate, damage 
was caused in the Hilo and Puna districts. Although the shaking 
was most intense in the Puna district, where water tanks were 
thrown down and stone fences were damaged, the most spec
tacular damage occurred in and near Hilo, where many windows 
were broken and portions of a few houses were deranged or 
thrown down. 

On March 30 and 31 a total of 16 aftershocks, several of which 
were felt in Puna and Hilo, stemmed from the same region as 
the two large quakes. The largest of these occurred at 6 :57 A.M. 
on March 30 and at 3:04 P.M. and 4:00 P.M. on March 31. The 
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aftershock sequence extended into April, with small earthquakes 
at 3 :S7 P.M. on April 1 and 2 :05 P.M. on April 8. 

Concurrent with the large earthquakes in Puna and the asso
ciated aftershocks, seismic activity increased near Kilauea cal-
dera. Four quakes originated in this region on March 30 and 31, 
and two more occurred on April 1. Of these six earthquakes, 
those at 11:19 A.M. on March 30 and 6 :3S A.M. on April 1 were 
felt in the Volcano area. 

The normal seasonal southwestward tilting at the Volcano 
House on the northeast rim of Kilauea caldera reversed for about 
1 week at the time of the Puna earthquakes. Subsequently, south-
westward tilting normal for this season has been re-established. 

No general change in the width of cracks in Kilauea caldera, 
which might indicate changing pressure under the volcano, ac
companied the Puna earthquakes. 

SEISMOLOGY 

Earthquake Data, January—March, 1954 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea caldera) 

Minutes Local 
Week or Very Mod- Scis- Tele-

Beginning Tremor Feeble Feeble Slight crate Strong micity* seisms 

Jan. 3 2 3 0 0 0 0 2.0 0 
10 3 4 0 0 0 0 2.7S 0 
17 S 3 1 0 0 0 3.7S 1 
24 4 2 0 1 0 0 4.0 0 
31 3 1 0 1 0 0 3.75 4 

Feb. 7 6 3 0 0 0 0 3.0 0 
14 7 0 0 0 0 0 1.75 4 
21 6 0 0 0 0 0 1.5 0 
28 1 2 0 0 0 0 1.5 1 

Mar. 7 8 2 0 0 0 0 3.0 0 
14 3 1 0 0 0 .0 1.25 1 
21 1 2 0 0 0 0 1.25 1 
28 25 10 2 2 1 4 36.25 4 

* For definition of local seismicity see Volcano Letter 371 or 512. Each 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; mod
erate, 3.0; strong, 4.0. These values are totaled to give the weekly local 
seismicity. Continuous volcanic tremor is ignored in the calculation. The 
strength assigned to the earthquake depends on the double amplitude of 
the maximum oscillation it causes on the Bosch-Omori seismograph, as 
follows: tremor, less than 0.5 mm.; very feeble, 0.5 to 4 mm.; feeble, 
4 to 11 mm.; slight, 11 to 25 mm.; moderate, 25 to 60 mm.; strong, greater 
than 60 mm. 

Table of Tilt at Seismograph Stations on Rim of Kilauea Caldera 

Whitney Station Uwekahuna Station 
Week (Northeast rim) (West rim) 

Beginning ~ 
Amount Direction Amount Direction 

January 3 0.5" E 14° S 1.3" S 14° W 
10 1.2" S 6° E 1.2" S 34° W 
17 0.1" S 21° E 0.5" N45° W 
24 0.8" S 18° W 0.6" E 
31 1.5" S 29° W 1.6" N 

February 7 0.8" S 18° W 1.3" S 14° E 
14 0.2" S 45° W 1.9" S 9° E 
21 0.9" W 16° S 4.2" N 33° W 
28 1.4" S 45° W 1.2" N 34° W 

March 7 0.8" S 45° W 1.2" S 34° E 
14 1.1" S 13° W 1.6" N l l ° W 
21 1.2" S 0.3" N 
28 0.7" N 9° W 2.9" S 27° W 

Local Earthquakes 

The data for the following local earthquakes were determined 
from seismographs on the islands of Hawaii and Maui operated 
by the Hawaiian Volcano Observatory. Locations given are 
epicenters. The times given are arrival times at the Whitney 
Laboratory of Seismology, on the northeast rim of Kilauea 
caldera. They are stated to the closest minute in Hawaiian 
Standard time, which is 10 hours slower than Greenwich Civil 

time. The number preceding each earthquake is the serial num
ber for the current year. The intensity rating (Feeble, Moderate, 
etc.) given is that for the Whitney Laboratory. If the intensity 
was greater at one of the other stations, the name of that sta
tion and the intensity rating there are given in parentheses 
after the rating at the Whitney station. 

1. Jan. 3, 03:06, very feeble. Kilauea caldera. 
2. Jan. 6, 09 : 11, very feeble. 
3. Jan. 9, 0 3 : 17, very feeble (Mauna Loa, feeble). Southeast 

flank of Mauna Loa 3 miles west of Halfway 
House. 

4. Jan. 9, 13: 57, very feeble. Southeast flank of Mauna Loa 
5 miles southeast of Halfway House. 

5. Jan. 10, 00 : 19, very feeble. 
6. Jan. 12, 08: 01, very feeble (Mauna Loa, feeble). Southeast 

flank of Mauna Loa. 
7. Jan. 13, 04 : 30, tremor (Mauna Loa, very feeble). Southeast 

flank of Mauna Loa near Halfway House. 
8. Jan. 13, 22 : 48, very feeble. 
9. Jan. 14, 17:28, not recorded at Kilauea (Mauna Loa, very 

feeble). 
10. Jan. 14, 03 : 04, very feeble. 
11. Jan. 15, 13: 17, tremor (Uwekahuna, very feeble). Kilauea 

caldera. 
12. Jan. 16, 12: 49, not recorded at Kilauea (Kona, very feeble). 

Kona. 
13. Jan. 17, 02:27, tremor (Uwekahuna, very feeble). Felt in 

Kalihiki, Kona. Kona. 
14. Jan. 17, 05 : 29, very feeble. 
15. Jan. 17, 15:39, Kilauea. 
16. Jan. 17, 17: 17, not recorded at Kilauea (Kona, very feeble). 

Kona. 
17. Jan. 19, 12: 11, tremor (Mauna Loa, very feeble). Southeast 

flank of Mauna Loa. 
18. Jan. 20, 21:39, tremor (Uwekahuna, very feeble). Hilina 

Pali. 
19. Jan. 20, 21:39, feeble (Mauna Loa, slight). Felt in Papa-

loa, Kona; Hawaii National Pa rk ; and Ku-
kuihaele, North Hamakua. Ten miles deep 
under Red Hill on the northeast rift of Ma
una Loa. 

20. Jan. 20, 21 : 40, very feeble. 
21. Jan. 22, 03:13, tremor (Uwekahuna, very feeble). 
22. Jan. 24, 04: 36, slight. Felt in Hilo. Twelve miles deep un

der Alae crater on the east rift of Kilauea. 
23. Jan. 26, 06:48, tremor (Mauna Loa, very feeble). 
24. Jan. 28, 13 : 15, not recorded at Kilauea (Kona, very feeble). 

Kona. 
25. Jan. 29, 22: 54, very feeble. Kaoiki fault. 
26. Jan. 30, 08: 31, very feeble. Southwest rift of Kilauea near 

27. Jan. 31, 11:48, slight. Felt in Hilo. East rift of Kilauea 
about 6 miles from the Observatory. 

28. Feb. 6, 15:59, tremor (Mauna Loa, very feeble). Felt in 
Kalihiki, Kona. Kona. 

29. Feb. 6, 20 :41 , tremor (Mauna Loa, very feeble). Southeast 
flank of Mauna Loa. 

30. Feb. 7, 14: 15, tremor (Mauna Loa, very feeble). Deep un
der the summit of Mauna Lea. 

31. Feb. 7, 19:50, tremor (Uwekahuna, very feeble). Kilauea 
caldera. 

32. Feb. 10, 22: 14, very feeble (Mauna Loa, feeble). Southeast 
flank of Mauna Loa. 

33. Feb. 12, 03:24, tremor (Uwekahuna, very feeble). 
34. Feb. 12, 03 : 51, very feeble. Kilauea. 
35. Feb. 12, 13: 10, not recorded at Kilauea (Kona, very feeble). 

Kona. 
36. Feb. 12, 15 : 30, not recorded at Kilauea (Hilo, very feeble). 

Near Hilo. 
37. Feb. 13, 13:01, tremor (Uwekahuna, very feeble). 
38. Feb. 13, 23 : 44, very feeble. Kilauea. 
39. Feb. 16, 03: 15, not recorded at Kilauea (Kona, feeble). Felt 

in Captain Cook. Kona. 
40. Feb. 16, 08:31 , not recorded at Kilauea (Mauna Loa, very 

feeble). Northeast rift of Mauna Loa. 
41. Feb. 18, 14:39, not recorded at the Whitney Laboratory 

(Mauna Loa, very feeble). 
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VOLCANO NOTES AND NEWS 

RABAUL OBSERVATORY 

The following notes are abstracted from an account of the 
Volcanological Observatory at Rabaul and its operations, pre
pared by Mr. J. G. Best, volcanologist at the Observatory, and 
forwarded through the kindness of Dr. N. H. Fisher, Chief 
Geologist of the Bureau of Mineral Resources, Commonwealth 
of Australia. 

The Volcanological Observatory at Rabaul is built on the 
northern rim of the Blanche Bay caldera, 600 feet above sea 

level. The site overlooks the township of Rabaul and affords an 
excellent view of the various craters within Blanche Bay. 

The Observatory was completed shortly before the capture of 
Rabaul by the Japanese in early 1942. Subsequently, however, 
the upper portion of the building, together with all records, was 
destroyed, and all instruments and fittings removed from the 
instrument cellar. In December, 1951, work was commenced on 
reconstruction of the Observatory. The upper portion of the 
building was restored and now contains a laboratory, records 
room, and office, as well as temporary housing for the staff. 

42. Feb. 19, 06 :31 , not recorded at the Whitney Laboratory 
(Uwekahuna, very feeble). Southwest rift 
of Kilauea. 

43. Feb. 19, 21:27, not recorded at Kilauea (Mauna Loa, very 
feeble). Mauna Loa. 

44. Feb. 20, 02: 33, not recorded at the Whitney Laboratory 
(Mauna Loa, very feeble). Summit of Ma
una Loa. 

45. Feb. 22, 17: 32, not recorded at the Whitney Laboratory 
(Mauna Loa, very feeble). Felt at Kalihiki, 
Kona. Kona. 

46. Feb. 23, 16: 50, not recorded at the Whitney Laboratory 
(Mauna Loa, very feeble). Southeast flank 
of Mauna Loa. 

47. Feb. 24, 01:04, tremor (Uwekahuna, very feeble). 
48. Feb. 24, 03:36, not recorded at the Whitney Laboratory 

(Mauna Loa, very feeble). 
49. Feb. 25, 15: 38, not recorded at the Whitney Laboratory 

(Mauna Loa, very feeble). Southeast flank 
of Mauna Loa. 

50. Feb. 26, 09: 50, not recorded at Kilauea (Mauna Loa, very 
feeble). 

51. Feb. 26, 14:15, tremor (Mauna Loa, very feeble). Mauna 
Loa. 

52. Feb. 26, 14: 16, not recorded at Kilauea (Mauna Loa, very 
feeble). Mauna Loa. 

53. Feb. 27, 14:53, tremor (Uwekahuna, very feeble). Kilauea. 
54. Mar. 3, 23 : 30, not recorded at the Whitney Laboratory 

(Uwekahuna, very feeble). Kilauea. 
55. Mar. 6, 02:35, very feeble. East rift of Kilauea. 
56. Mar. 6, 21 : 49, very feeble. Kilauea. 
57. Mar. 9, 02 :51 , very feeble. Kilauea caldera. 
58. Mar. 9, 03 : 22, very feeble. Kilauea caldera. 
59. Mar. 12, 15:32, not recorded at the Whitney Laboratory 

(Hilo, very feeble). Near Hilo. 
60. Mar. 15, 06 : 50, very feeble. Kilauea caldera. 
61. Mar. 16, 16:19, tremor (Kona, feeble). Kealakekua fault. 
62. Mar. 19, 00 : 23, tremor (Mauna Loa, very feeble). Southeast 

flank of Mauna Loa. 
63. Mar. 24, 07: 25, very feeble. East rift of Kilauea near Alae 

Crater. 
64. Mar. 26, 00:28, very feeble. Southwest rift of Kilauea 4 

miles southeast of Kapapala Ranch. 
65. Mar. 26, 03: 08, not recorded at the Whitney Laboratory 

(Mauna Loa, very feeble). Southeast flank 
of Mauna Loa. 

66. Mar. 26, 15:02, not recorded at the Whitney Laboratory 
(Uwekahuna, very feeble). Kilauea caldera. 

67. Mar. 26, 16: 07, not recorded at the Whitney Laboratory 
(Mauna Loa, feeble). Northeast rift of Ma
una Loa near the Mauna Loa seismograph. 

68. Mar. 29, 19: 31, tremor (Mauna Loa, very feeble). Deep un
der the northeast rift of Mauna Loa. 

69. Mar. 30, 06 : 40, strong. About 15 miles deep between the east 
rift of Kilauea and the sea near Kalapana. 

70. Mar. 30, 06: 57, slight. Aftershock of No. 69. 
71. Mar. 30, 07:02, tremor (Uwekahuna, very feeble). Kilauea 

caldera. 
72. Mar. 30, 07: 38, very feeble. Aftershock of No. 69. 
73. Mar. 30, 08: 42, strong. About 15 miles deep between the east 

rift of Kilauea and the sea near Kalapana. 
74. Mar. 30, 09: 08, very feeble. Aftershock of No. 73. 
75. Mar. 30, 10: 08, tremor (Uwekahuna, very feeble). After

shock of No. 73. 

76. Mar. 30, 10: 17, very feeble. Aftershock of No. 73. 
77: Mar. 30, 10: 26, very feeble. East rift of Kilauea. 
78. Mar. 30, 11:19, strong. Felt in Hawaii National Park. Ki

lauea caldera. 
79. Mar. 30, 12:13, tremor (Mauna Loa, very feeble). After

shock of No. 73. 
80. Mar. 30, 13:31, tremor (Uwekahuna, very feeble). After

shock of No. 73. 
81. Mar. 30, 14:44, tremor (Mauna Loa, very feeble). After

shock of No. 73. 
82. Mar. 30, 15 : 42, very feeble. Aftershock of No. 73. 
83. Mar. 30, 18 : 15, very feeble. Aftershock of No. 73. 
84. Mar. 31, 00 : 30, very feeble. Aftershock of No. 73. 
85. Mar. 31, 01:09, tremor (Uwekahuna, very feeble). After

shock of No. 73. 
86. Mar. 31, 0 1 : 30, very feeble. Kilauea caldera. 
87. Mar. 31, 05 : 46, very feeble. Kilauea caldera. 
88. Mar. 31, 15 : 04, feeble. Aftershock of No. 73. 
89. Mar. 31, 15: 48, very feeble. Aftershock of No. 73. 
90. Mar. 31, 16: 00, moderate. Aftershock of No. 73. 

Distant Earthquakes 

The following earthquakes of distant origin were recorded on 
the seismographs of the Hawaiian Volcano Observatory. Loca
tions of the epicenters and the magnitudes are from the notices 
of Preliminary Determinations of Epicenters published by the 
U. S. Coast and Geodetic Survey. The time given is that of the 
first detectable emergence of the quake on the Bosch-Omori hori
zontal or Sprengnether vertical seismograms, in Hawaiian 
Standard time. 

Jan. 19, 18: 40: 00. Pacific Ocean south of Mexico, 834 °N., 
10334°W., magnitude 6. 

Jan. 31, 15: 16: 40. Volcano Islands, 2434°N., 142j4°E., magni
tude 734. 

Feb. 4, 2 3 : 2 9 : 3 1 . Off coast of New Britain, 434°S., 153°E., 
magnitude 634-7. 

Feb. 6, 14 :28 :01 . 
Feb. 6, 2 0 : 2 4 : 15. New Hebrides Islands, 15°S., 167j4°E., 

magnitude 6-634. 
Feb. 10, 14 :43:07 . Ningsia Province, China, 3934°N., 101°E., 

magnitude 7-734. 
Feb. 18, 14: 51 : 22. Off coast of Nicaragua, 1134° N., 8734°W., 

magnitude 6?4-7. 
Feb. 19, 09 :17 :17 . Kermadec Islands, 30°S., 178°W., magni

tude 7-734. 
Feb. 19, 11 :45 :33 . Coast of Nicaragua, 1234 °N., 8734 °W., 

magnitude 644-7. Felt at Managua. 
Feb.20, 08 :46 :36 . Flores Sea, 7°S., 12434°E., magnitude 634-

644-
Mar.2, 20 :13 :50 . New Guinea, S34°S., 14234°E., magnitude 

7-734. 
Mar. 19, 00: 12: 00. Santa Rosa Mountains, California, 33.3°N., 

116.1°W., magnitude 6-634. Slight property 
damage. 

Mar. 21, 13: 55 : 34. Northwestern Burma, 2434°N., 95°E., mag
nitude 7-734. Felt in Eastern India. 

Mar. 28, 10:44:04 . Rat Islands, Aleutian Islands, 52°N., 176° 
E., magnitude 634. 

Mar. 28, 18 :13 : 13. Near north coast of Luzon Island, Philip
pine Islands, 1934°N., 12l34°E. 

Mar. 28, 20 :34 :45 . Near south coast of Spain, 37°N., 334°W., 
magnitude 734-734. Extensive property dam
age at Granada and Malaga. 
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Upon the erection of permanent housing for the staff, these liv
ing quarters will be converted for use as a museum, photographic 
dark room, and workshop. 

The instrument cellar is beneath the office building. It is 25 
feet long, 15 feet wide, and 9 feet deep, and is concrete lined. 
Four concrete instrument piers are set well below the floor of 
the cellar and are based on the surface of a lava flow which lies 
8 feet below the cellar floor. A 3-inch gap, loosely filled with 
soil and covered with tarred paper, is left between the piers and 
the cellar floor. 

Three Benioff seismometers, a Benioff recorder, and two tilt-
meters have been installed in the instrument cellar. The start of 
recording with the Benioff instruments has been held up through 
lack of accessories. 

At Rapindik, 3/4 miles southeast of the Observatory, an 
Omori-type seismograph with low magnification and mechanical 
recording was installed in May, 1950. It is so placed to detect 
seismic activity of volcanic origin at the active centers in Blanche 
Bay. 

The two tiltmeters at the Observatory are normally read daily 
and the readings plotted graphically. Temperatures of hot 
springs, wells, fumaroles, and solfataras at 51 points in the 
Blanche Bay area are taken weekly and recorded graphically. 
In the event of an upward trend in temperature, the frequency 
of the readings would be increased. Analysis of volcanic exhala
tions is to become routine, being done jointly with the weekly 
temperature readings. Photographic records of selected fuma
roles and other thermal points also are to become a routine fea
ture. The Commonwealth Department of Public Works operates 
a Stevens continuous-recording water gauge in Simpson Har
bour and the volcanological staff have access to this instrument 
for any information required. In addition, tide poles are installed 
at selected points around Blanche Bay and are read weekly, so 
that changes in the level of the strandline can be detected. 

A systematic investigation is to be made of all volcanic areas 
in the Territory of Papua and New Guinea, and eventually regu
lar inspections will be made of the more active areas. Prelimi
nary investigations of several areas have already been made. 

To keep in touch with events at other centers, a system of 
reporting seismic and volcanic phenomena has been introduced. 
This involves the reporting by radio of all important earthquakes 
and changes in volcanic activity. Monthly reports of all relevant 
information from outside areas are forwarded to the Observatory 
by government stations through the Territory. 

ACTIVITY OF MOUNT ASAMA 
By T. Minakami 

Asama volcano resumed activity on December 27, 1953, after 
a complete quiescence of 38 months. The usual Asama eruptions 
are Vulcanian in type and of explosive character, with furious 
detonations lasting several minutes throwing up abundant ejecta 
including numerous lava blocks and bombs. The interval between 
successive eruptions is usually several days, even during such 
markedly active periods as 1935-38. The present activity differs 
from this in that each explosion is on an extremely small scale 
compared with the usual ones and occur very frequently. During 
the period from the beginning of the eruption to the end of Feb
ruary, 1954, the number of separate explosions observed has 
ranged from 0 to 10 per day, and because observation is not 
possible during hours of darkness the total number of explosions 
probably is about 30 per cent greater than this. The kinetic 

energies of individual explosions during the present activity are 
estimated to range from 10" to 1018 ergs, whereas those of the 
ordinary explosions of Asama are estimated to be nearly 101" 
ergs. The explosions have ejected volcanic ash and pumice-like 
gravel. No serious damage has resulted, although ice skating at 
rinks at Karuizawa, near the southeastern foot of the volcano, 
was disturbed by the fall of fine ash. 

Highly sensitive seismographs at the Asama Volcano Observ
atory indicated an increase in frequency and amplitude of micro-
earthquakes originating from Asama volcano during the late 
summer and autumn of 1953. On August 2 and 3 a swarm of at 
least 200 microearthquakes originated in the neighborhood of 
the summit crater. After that, the emission of vapor (including 
volcanic gases such as SOs) from the crater became very irreg
ular in quantity. At times the gas was very abundant, and at 
other times it was very sparse. This is a common occurrence at 
Asama preceding and during eruption. On November 5, when 
the summit of the mountain was visited by a party including 
the writer and Dr. G. A. Macdonald of the Hawaiian Volcano 
Observatory, vapor was so abundant that the crater floor was 
invisible. Rumblings from the crater were heard at the Volcano 
Observatory on December 20, a week before the outbreak. 

ACTIVITY OF OTHER JAPANESE VOLCANOES 

Early in February newspapers reported a submarine disturb
ance observed by crews of M A T S aircraft in the vicinity of 
Minami Iwo Jima, about 30 miles south-southeast of Iwo Jima 
in the Volcano Islands group. The surface of the ocean was re
ported to be boiling and steaming, presumably as a result of vol
canic eruption in the ocean. Activity in the same general area 
was reported in March, 1953 (Volcano Letter 520: 7) . 

Charles G. Johnson, of the U. S. Geological Survey, Pacific 
Geological Surveys, reports that volcanic explosions began on 
Suwanose Island in the northern Ryukyu group at about 12 :30 
P.M. on February 22. Ash fell as far as 20 nautical miles south-
southwest of the island. 

Mr. Johnson also reports that the activity of O-shima volcano, 
which began on December 29, 1953 (Volcano Letter 522: 6) , 
ceased, at least temporarily, about February 15. The last strong 
activity was on January 27, when bombs were reported hurled 
1,000 feet into the air, and a small lava flow covered part of the 
crater floor. This violent activity subsided about 4:30 P.M. on 
January 27. Small explosions occurred for about 6 minutes on 
January 31 and intermittently for about 2 hours on February 1, 
followed by intermittent small-scale activity until February 15. 

ERUPTION OF MERAPI VOLCANO 

Merapi volcano, in east-central Java, probably is the most 
dangerous volcano in Indonesia, partly because of the type of its 
activity, and partly because of the concentration of a dense agri
cultural population of some 3 million persons in the area close 
around its base. For several months the Volcanological Survey 
of Indonesia had been calling attention to the restlessness of the 
volcano, and warning that it might erupt. The eruption came on 
January 18. Scant newspaper reports state that the outbreak 
came in the form of a violent explosion, and that it was preceded 
by two perceptible earthquakes. The press descriptions suggest 
that nuces ardentes may have formed on the flanks of the moun
tain. On January 20 the reported casualties were 68 known dead 
and 145 injured. Many thousands of people were being evacuated 
from danger areas. 

STAFF OF HAWAIIAN VOLCANO OBSERVATORY 

U. S. Geological Survey: 
Gordon A. Macdonald, Volcanologist, Director 
Jerry P. Eaton, Seismologist 
Chester K. Wentworth, Geologist, part-time 
Burton J. Loucks, Instrument Maker 
John C. Forbes, Assistant Instrument Maker 
Elizabeth G. Eklund, Secretary, part-time 

Seismograph Station Operators: 
Hilo Station: 

Sister M. Thecla, St. Joseph's School 
Kona Station: 

Howard M. Tatsuno, Konawaena School 
Haleakala Station: 

Hawaii National Park Staff 



5?4 

THE VOLCANO LETTER 
N o . 5 2 4 U. S. Geological Survey April-June, 1954 

PUBLISHED BY THE UNIVERSITY OF HAWAII 

THE ERUPTION OF KILAUEA VOLCANO IN MAY, 1954 

By GORDON A. MACDONALD and JERRY P. EATON 

INTRODUCTION 

Kilauea Volcano erupted early on the morning of 
May 31, 1954, after a dormancy of I8V2 months. Al
though it could not be specifically predicted, the eruption 
was not unexpected. The termination of activity at Ki
lauea in November, 1952, was neither accompanied nor 
followed by any abnormal tilting that would suggest re
duction of volcanic pressure beneath the volcano. On the 
contrary, during 1953 there was an accumulation of ap
proximately 12 seconds of northward tilting at the Whi t 
ney Laboratory of Seismology on the northeastern rim 
of Kilauea caldera, in excess of the usual seasonal tilt
ing. This suggested an actual increase of volcanic pres
sure beneath the caldera, resulting in a tumescence of 
Kilauea Volcano. Short periods of volcanic tremor dur
ing February and March, 1953, indicated subsurface 
movement of lava at Kilauea. All indications were that 
molten lava continued to stand at a high level within the 
conduit. In the report on activity of Hawaiian volcanoes 
during 1953 (Macdonald and Eaton, in preparat ion) , 
submitted to the U. S. Geological Survey in mid-May, 
1954, it was stated: "Under such conditions, eruption 
might come with very little forewarning." 

Kilauea continued restless through the early months 
of 1954, but although eruption remained a possibility at 
any time, there was no evidence that appeared adequate 
for the basis of a prediction of an outbreak at any specific 
time. 

NARRATIVE OF THE ERUPTION 

Numerous small earthquakes occurred during the 
night of May 30—31. Slight earthquakes were recorded 
at 3:42 and 3:47 A.M. These wakened many persons, 
including the writers, in the region near Kilauea caldera. 
Shortly afterward Macdonald became conscious of a 
faint, persistent low-pitched roaring, almost a felt vibra
tion rather than a recognizable sound, somewhat resem
bling the vibration caused by a heavy truck in low gear 
climbing a distant hill. The sensation continued as long 

as the observer remained motionless. A moderate earth
quake occurred at 3 :51 A.M., followed by a strong quake 
at 3 :54 A.M. The latter was violent enough to dismantle 
the Bosch-Omori seismograph, and immediately both of 
us went to the Whitney Laboratory of Seismology to re
store the instrument to operation. 

Halemaumau had been visited at approximately 3 :30 
A.M. by G. H . Ruhle, Naturalist of Hawaii National 
Park, who reports that complete darkness reigned and 
everything appeared as usual. When we reached the 
seismograph vault, at approximately 4:03 A.M., there 
still was no sign of glow at Halemaumau. The seismo
graph was restored to operation, and a drum bearing a 
new record sheet placed on the instrument at 4:08 A.M. 
At 4:09 A.M. we observed the beginning of registration 
of volcanic tremor on the seismograph. Rushing from 
the vault, we observed (at approximately 4:10 A . M . ) a 
bright glow at Halemaumau, reflected on a rising cloud 
of gas that already had reached a height of about 2,000 
feet above the crater rim. The fume cloud continued to 
expand upward. About daylight the pilot of a plane in
bound to Hilo reported it to have reached a height of 
30,000 feet, where it was spreading out like a great 
mushroom. 

W e reached the Volcano Observatory at about 4:20 
A.M. Half a mile away, a dense column of fume was ris
ing from the northeastern part of Halemaumau Crater, 
nearly hiding the top of a giant lava fountain that ap
peared from time to time, with its top about 100 feet 
above the rim of the crater. This fountain rose from the 
crater floor, 470 feet below the rim. Thus, its total height 
was between 550 and 600 feet. Thin fume rose from the 
entire area of the crater, and a second principal fume 
column rose near the southwestern edge. These columns 
of fume rose nearly vertically above the crater. There 
was little low-lying fume, such as made approach to the 
lee side of the crater almost impossible in June, 1952. 

At 4:27 A.M. the eruptive activity was entirely con
fined to Flalemaumau Crater. Between 4:30 and 4:35 
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FIGURE 1. Map of Kilauea caldera, showing the location of the eruptive fissures and lava flows of the 1954 eruption, and some 
older flows outside Halemaumau. 
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A.M. lava issued from a fissure on the floor of Kilauea 
caldera northeast of Halemaumau. Ranger D. J. Tobin, 
Jr., of Hawaii National Park, viewed this event from 
a point near Kilauea Iki, nearly in line with the opening 
fissure. He states that at first the incandescent lava 
welled out gently, with little or no fountaining, followed 
by a gradual waxing of the fountains to a height of 50 to 
100 feet. Because of the cloud of fume rising from Hale
maumau immediately behind the new outbreak, he was 
unable to tell whether the arrival of lava at the surface 
was preceded by an outburst of fume from the fissure 
outside Halemaumau. 

At 4:35 A.M. the line of fountains on the caldera floor 
northeast of Halemaumau was estimated to be 300 feet 
long, with its western end about 300 feet from the rim 
of Halemaumau. During the next few minutes the foun
tain chain spread rapidly, mostly eastward but also 
slightly toward the west. By 4:50 A.M. the principal 
chain was 1,400 feet long. Three other shorter chains 
were active farther east-northeast (Figs. 1 & 2 ) . Very 
active flows of pahoehoe were spreading from the base 
of the fountains, and had already reached lengths as 
great as 1,000 feet. 

W e reached the rim of Halemaumau Crater at ap
proximately 4:55 A.M. The entire crater floor was cov
ered with a pond of incandescent lava. Across the floor 
diagonally from east-northeast to west-southwest, ap
proximately along the line of the eruptive fissure of 1952, 
stretched a row of lava fountains from a few feet to more 
than 100 feet high (Fig. 1) . The fissure bisected the 
cones left by the 1952 eruption, and lava poured from 
the cones into the surrounding pool. At the southwestern 
end of the line, approximately in the position occupied 
by the principal fountain during the early days of the 
1952 eruption (Macdonald, 1952), was a fountain 250 
to 300 feet high (Fig . 3 ) . At the northeastern end the 
huge fountain visible earlier from the Volcano Observa
tory continued to play to a height at least 100 feet above 
the observers' heads (Fig. 4 ) . Between these two end 
fountains the row of smaller fountains was nearly con
tinuous. 

Northwest of the principal row of fountains lay an
other shorter row, parallel to the first, and extending 
just northwest of the 1952 cones. Between these two 
rows of fountains was a third short row of three foun
tains, just northeast of the 1952 cones (Fig. 1) . All of 
the fountains of the second and third rows were small. 
Few of them exceeded 10 feet, and none exceeded 25 
feet in height. 

Possibly the most spectacular feature of the eruption 
was the cascade of brilliant, orange-yellow lava that 
poured from the eruptive fissure 300 feet above the floor, 
on the northeastern wall of the crater (Fig. 4 ) . Plung
ing down the wall, this "fire-fall" of incandescent liquid 
joined the turbulent pool around the base of the north
eastern fountain. The lava issued at the head of the 
cascade quietly, with little spattering and no fountaining, 
as though it were poor in gas. At the base of the cascade 
a row of small fountains issued from the eruptive fissure, 
merging southward with the big northeast fountain. 

Spreading out from the rows of source fountains, the 
lava was quickly covered with a thin black crust that was 
rifted apart by movement to reveal in a network of 
cracks the bright orange liquid beneath. Distinct waves, 

set up by surging at the fountains, swept outward across 
the surface of the lake. At the foot of the crater walls, 
the surging liquid alternately covered and revealed a 
bright band 5 to 10 feet in height. Locally, foundering of 
fragments of the crust resulted in small secondary foun
tains, apparently caused by release of air and other gases 
carried down by the sinking crusts. Many of the secon
dary fountains were evanescent, and shifting in position. 
Others, however, occurred persistently along certain 
lines, apparently determined by the boundaries of flow 
units. The most prominent line of that sort extended 
from the southeast to northwest edges of the lake, pass
ing just northeast of the 1952 cones, and apparently 
marked the boundary between two principal convective 
cells surrounding the southwest and northeast fountains 
respectively. 

A gap of 200 feet separated the westernmost fountains 
on the caldera floor from the rim of Halemaumau Crater 
(Fig. 1 ) . By 5:40 A.M., lava liberation had nearly 
ceased along the westernmost 100 feet of the fountain 
chain, and activity at those vents consisted largely of 
roaring gas release, accompanied by showers of incan
descent ejecta. The preponderance of gas at these vents, 
together with the gas-poor character of the lava forming 
the cascade on the adjacent wall of Halemaumau, sug
gests that in the section of the fissure near Halemaumau 
there was a partial separation of the gas and liquid 
phases, the gas-rich portion rising nearly vertically to 
feed the westernmost vents of the fountain chain on the 
caldera floor, and the liquid largely draining into Hale
maumau, forming the cascade. 

No conspicuous crack was visible on the wall of Hale
maumau above the head of the cascade, or between the 
rim of Halemaumau and the end of the fountain chain to 
the east. In the latter gap there were many cracks in a 
zone about 50 feet wide along the projected course of the 
eruptive fissure farther east, but none of them were 
continuous for more than a few feet, or were more than 
2 or 3 mm. wide. 

Eastward, the principal line of fountains was approxi
mately 1,400 feet long, and essentially continuous. The 
fountains forming this "curtain of fire" were a few feet 
to about 100 feet high, and the accumulation of ejecta 
from them was rapidly building a spatter rampart. Frag
ments of ejected pumice were drifted southwestward by 
the trade wind, partly mantling the southern slope of 
the spatter rampart and the adjacent lava. Along its 
southwestern part the rampart was breached, and sev
eral flow units were escaping northwestward, merging 
into a single, very active flow of pahoehoe. A smaller 
flow moved southeastward on the southern side of the 
rampart. A large river issued from the fountain pit at 
the eastern end of the spatter rampart and moved south
eastward, spreading out to form a broad flow that 
merged with the lava flowing eastward north of the 
spatter rampart and with other lava from vents farther 
east. 

Three other short rows of small fountains, less than 
20 feet high, lay respectively 200, 400, and 900 feet east 
of the principal fountain chain. These also built small 
ramparts and cones of spatter, and liberated small flows. 
A somewhat more conspicuous row of fountains, 300 feet 
long, lay 1,800 feet east of the principal fountain chain. 
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All of these short rows of fountains were essentially 
parallel to the principal chain, but were offset en echelon 
from it. West of the easternmost row, a zone of narrow, 
diagonal cracks extends across an embayment in the 
new flow toward the next group of vents. Another zone 
of narrow cracks extends eastward for about 900 feet 
beyond the new lava, as a prolongation of the line of the 
principal fountain-chain (Fig. 1). 

By 6:45 A.M. new lava had accumulated to a depth of 
more than 50 feet in Halemaumau Crater, nearly bury
ing the cones of the 1952 eruption. Dense, bluish-white 
fume filled the crater, nearly obscuring the floor. Two 
principal fume columns rose from the northeast and 
southwest fountains. Strong winds, which were directed 
centripetally entirely around the crater, blew these fume 
columns inward, causing them to meet a few hundred 
feet above the crater rim. Above that level the fume cloud 
rose nearly vertically. No doubt the violent centripetal 
winds were caused by the strong convective rise of warm 
air and fume above the crater. Small, violent whirlwinds 
caused dust-devils around the edge of the crater, and 
swept across the crater floor, carrying off whirling frag
ments of the thin crust of the lava lake. 

At 7:10 A.M. a good view of the northeastern portion 
of the crater floor was obtained by Eaton from the north
ern rim. The northeast fountain consisted of a surging, 
dense, domical core rising about 200 feet above the 
crater floor, with frequent bursts of scattered incandes
cent ejecta as high as the crater rim. The main outward 
flowage from the base of the fountain was southward. 
Concentric lobe-shaped markings on the crust of the 
new lava developed around the base of the fountain. 
These were stretched outward as the current spread 
from the fountain source at a velocity of 5 to 10 miles 
per hour. The circulation appeared to move in a circle 
and return toward the northwest base of the fountain, 
hut dense fume caused poor visibility of that part of the 
floor. 

At 7:30 A.M. fountain activity, both in Halemaumau 
and on the caldera floor to the northeast, was decreasing. 
The largest fountains northeast of Halemaumau were 
only about 75 feet high, and the westernmost 200 feet 
of the eruptive fissure was almost dead. The southwest 
fountain in Halemaumau was about 150 feet high, with 
occasional hursts reaching 200 feet. The northeast foun
tain was about 450 feet high. Other small fountains, 10 
to 50 feet high, were active in the central part of the 
floor. The cascade had dwindled to a mere trickle, and 
by 8:00 A.M. it was entirely inactive. 

Between 8:00 and 9:00 A.M. the flow on the caldera 
floor was still advancing slowly, but had reached nearly 
its full extent. The three segments of eruptive fissure 
east of the principal cone chain were nearly inactive, and 
at the fourth (easternmost) segment activity was very 
weak. At the latter the repetitive pattern of behavior 
consisted of a few seconds of quiet followed by loud 
hissing, culminating in a dull, hissing explosion that 
threw fragments of pasty lava 15 feet in the air. Along 
the main section of the active fissure lava fountains still 
played to heights of 50 to 75 feet. 

Between 10:00 and 11:00 A.M. activity within Hale
maumau was restricted largely to the northeast and 
southwest fountains. A prominent sinkhole was active 
from time to time near the northeastern end of the 1952 

cones. Many small avalanches were occurring on the 
crater walls. Striking the fluid lava of the lake, these 
caused violent splashing and sank quickly out of sight, 
to be followed for several minutes by a group of small, 
secondary fountains. The lava fountains northeast of 
Halemaumau continued to decrease in size, and by 11:00 
A.M. were essentially inactive. By 1:00 P.M. the south
west fountain in Halemaumau had decreased to a height 
of only 50 feet, and the northeast fountain was throw
ing only occasional showers of spatter to heights of less 
than 25 feet. A slump scarp was starting to form around 
the edge of the crater floor. 

At 1:30 P.M. fountains along the central part of the 
chain northeast of Halemaumau again became weakly 
active, throwing sporadic showers of incandescent ejecta 
to heights as great as 25 feet. This revival was brief. By 
4:00 P.M., the fountain activity outside Halemaumau 
was completely ended except for occasional very weak 
flings and weak, whistling gas release. A little sluggish 
movement continued in the flow until evening, and glow 
was visible in the throats of the cones until the night of 
June 1. 

By 3:00 P.M. the northeast fountain in Halemaumau 
was completely inactive, and the southwest fountain was 
throwing weak, sporadic bursts of ejecta to heights up to 

FIGURE 2. Lava fountains along the fissure northeast of Hale
maumau and flow spreading from them. At the right, fume rises 
from the northeastern edge of Halemaumau. Photo from Uwe-
kahuna about 6 A.M., by Ralph T. Kanemori, Modern Camera 
Center, Hilo. 

25 feet. Similar, hut smaller fountains were active in the 
pit of the principal 1952 cone and just northeast of the 
1952 cone group. The slump scarp around the edge of 
the floor continued to grow in height. By 4:00 P.M. it 
averaged about 25 feet high, and by the morning of 
June 1 its height was estimated at 40 feet. 

During the evening of May 31 occasional small show
ers of red-hot cinders were being thrown from the 
throat of the 1952 cone, but the principal activity was at 
a vent about 500 feet northeast of the 1952 cones (Fig. 
1). At intervals of a few minutes noisy, semi-explosive 
bursts from that vent threw showers of incandescent 
ejecta to heights of about 100 feet. The ejecta falling 
and accumulating around the vent were building a small 
cone. The vent continued in similar activity until the 
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afternoon of June 3. During daylight hours each blast 
was seen to be accompanied by a puff of bluish-white 
fume. 

On the morning of June 1 two small flows were active 
near the northeast and east-northeast edges of the floor 
of Halemaumau, and occasional weak lava movement 
was visible near the southwestern edge. This condition 
continued throughout the day. During the afternoon a 
tiny lava fountain, about two feet high, was visible at 
the head of the east-northeast flow. On June 2 the south
west and east-northeast flows had ceased, but the north
east flow continued active and was developing into a 
small lava lake. This lake was approximately 300 feet 
long and 100 feet wide, and was situated on the course 
of the eruptive fissure. Slow circulation in it, from east 
to west, was accompanied by occasional disintegration 
and foundering of the crust and small secondary foun
tains. No primary fountaining was visible. The lake be
came inactive about 3 :00 A.M. on June 3. The last weak 
blasts from the semi-explosive central vent were ob
served at about 6:00 P.M., June 3. Thus, the duration of 
the eruption was approximately three and one-half days. 

Gradual shrinkage of the new lava fill in Halemaumau 
continued through the eruption and for several days 
thereafter. Old features, such as the 1952 cones and the 
prominent fault scarp running northwestward from 
them, temporarily buried by the new lava, reappeared. 
The slump scarp around the edge of the crater floor 
eventually reached a height of approximately 45 feet. 

THE LAVA 

The lava poured out onto the caldera floor northeast 
of Halemaumau is basalt containing only 1 to 2 per cent 
olivine. The olivine is present both as scattered pheno-
crysts up to about 2 mm. across, and as microlites visible 
only under the microscope. 

The flow consists almost entirely of pahoehoe. Aa is 
present in small patches only locally. A particularly in
teresting feature is the development of typical clinkery aa 
in narrow bands, generally less than a foot wide, along 
the lines of principal shear near and parallel to the mar
gins of lava streams. Part of the pahoehoe, especially 
that liberated late in the eruption, is dense, but much of 
it is very vesicular and shelly. Many toes near the edge 
of the flow are hollow, consisting of a thin crust 2 to 6 
inches thick, covering a central opening as much as 2 
feet in diameter. These toes appear to have been inflated 
by gas, like balloons. 

An upper layer of vesicular pahoehoe crust, generally 
1 to 3 inches thick, appears to have been essentially iso
lated from the underlying flow by a layer of gas bubbles. 
This crust behaved semi-independently from the flow 
beneath it, being dragged along by movement of the 
underlying liquid, folded and rolled into ropy forms, 
and locally fractured and tilted. At the edges of the flow 
this crust was in places thrust out as much as 3 or 4 feet 
over the adjacent rocks. 

The area covered by the flow northeast of Halemau
mau is approximately 139 acres, and the volume of the 
flow is approximately 1.5 million cubic yards. 

The rapid gush of liquid lava into Halemaumau dur
ing the first eight hours of the eruption produced a fill 
averaging 63 feet in thickness, with a volume of approxi-

FIGURE 3. Southwest fountain in Halemaumau, seen from the 
east rim about 6 :30 A.M., May 31. To the right small fountains 
are playing along fissures that cross the 1952 cones. The bright 
lines on the crater floor are cracks in the dark lava crust, reveal
ing the incandescent material beneath. Photo by Ralph T. Kane-
mori, Modern Camera Center, Hilo. 

mately 15 million cubic yards. Most of the lava was ex
truded during the first two hours. About noon on May 
31, there began a rapid sinking of the lava level over 
the entire floor of Halemaumau, leaving a narrow band 
of congealed lava clinging to the crater walls. By the 
evening of May 31 the slump scarp thus produced 
around the edge of the floor was about 25 feet in height, 
and by the end of the eruption the scarp had increased 
to an average of 32 feet. Thus the permanent fill of new 
lava in Halemaumau had an average thickness of 31 
feet, and a volume of approximately 7 million cubic 
yards. 

In Hawaii, shrinkage of ponded lavas on cooling and 
loss of gas commonly produces slump scarps, indicating 
a decrease of volume of as much as 20 per cent (Mac-
donald, 1954). However, the decrease of volume of the 
new fill in Halemaumau was approximately 52 per cent. 
This proportion appears to be far too great to have re
sulted from shrinkage due to loss of gas and cooling. 
Furthermore, the major part of the sinking of the new 
lava surface was too rapid to have resulted from those 
causes. The conclusion appears inescapable that some 
of the new lava disappeared downward, presumably 
draining back into the fissures through which it had 
previously risen. The slower sinking, of approximately 
7 feet, after the evening of May 31, may have resulted 
partly from additional draining away of the liquid, but 
unquestionably also in part from loss of gas and cooling. 

RADIOACTIVITY 

An attempt to determine the degree of radioactivity 
of the fume was only partly successful. An hour after 
the outbreak of the eruption Macdonald took a Geiger-
Muller counter into the fume cloud at the southwestern 
edge of Halemaumau. The fume was rising almost di
rectly upward, however, and only occasionally did mod
erately dense clouds blow momentarily over the ground 
at the rim. At no time was it possible to keep the counter 
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tube in dense fume for long periods. Two counts for 
periods of only one minute each were obtained. A third 
count was made in fume rising from a crack several feet 
away from the crater rim. All of these counts were 
within the range normally obtained in the Kilauea area 
at times of no surface volcanic activity, and counts made 
on the caldera floor away from the crater rim on the 
morning of May 31. Thus, the counts obtained give no 
evidence of any concentration of radioactive material in 
the fume cloud, just as earlier counts have revealed no 
concentration in active flows or pumice ejected by the 
lava fountains (Macdonald and O r r , 1950, p. 2 4 ; Finch 
and Macdonald, 1953, p. 76 ) . 

EARTHQUAKES ASSOCIATED WITH THE ERUPTION 

Following the cessation of the last eruption of Kilauea 
in November 1952, seismic activity remained at a low 
level for about five months. On April 29, 1953, three 
moderate earthquakes originating on the southwest rift 
of Kilauea initiated a mild resurgence of seismic activity 
which continued through May, June, and July. August, 
September, and most of October were extremely quiet 
months at Kilauea. 

A sequence of moderate to strong earthquakes on 
October 26 and 27 stemming from the upper part of 
Kilauea's east rift was the first major seismic event at 
the volcano following the 1952 eruption. After another 
three weeks of quiet there began a series of frequent, 
small earthquakes originating at Kilauea caldera which 
continued until the end of the year. 

The first three months of 1954 were very quiet. Co
incident with the occurrence of two large earthquakes 

FIGURE 4. Northeast fountain in Halemaumau, seen from the 
east rim about 6 :30 A.M., May 31. The cascade on the crater wall 
is visible just to the right of the fountain. The crater wall to the 
right is approximately 400 feet high. Photo by Ralph T. Kane-
mori, Modern Camera Center, Hilo. 

along the east rift of Kilauea between Pahoa and Ka-
lapana on March 30, the series of frequent, small to 
moderate quakes stemming from Kilauea caldera began 
again. This series continued until the outbreak of the 
eruption on May 31. 

The majority of these earthquakes were of shallow 
origin, not more than three to five miles deep, although 

between May 13 and 18 four quakes originated under 
the caldera region at depths of 15 to 25 miles. Predomi
nantly, these quakes were small, only eight being felt 
in spite of the shallow focal depths. From March 30 
through May 31 about 90 quakes were large enough to 
be identified as being of Kilauean origin, while almost 
900 quakes, too small to locate but apparently from 
Kilauea, were recorded at the Uwekahuna station. Like 
the larger members of the same group these small 
quakes appear to have been predominantly of shallow 
origin. Two characteristic types occurred. One had very 
sharp preliminary phases and an S-P interval of be
tween 0.2 and 1.5 seconds. The other had no identifiable 
phases; it consisted only of a train of very irregular 
waves. Both types were recorded only by instruments 
around Kilauea caldera and, undoubtedly, were of local 
origin. 

At 3:26 A.M. on May 31 intermittent, high-frequency 
spasmodic tremor began recording on the Sprengnether 
vertical seismograph at Uwekahuna. About 3:37 A.M. 
a series of small, sharp quakes began recording at a rate 
of about one per minute, the records of the quakes super
imposed on the now continuous spasmodic tremor. 
After 3 :42 A.M. these frequent quakes and the continu
ous spasmodic tremor became so large that the Spreng
nether record was unreadable. 

Between 3:37 A.M. and the beginning of harmonic 
tremor at 4:09 A.M., 33 quakes, several of which were 
felt, were recorded on seismographs around Kilauea 
caldera. The large quake at 3:54 A.M., which originated 
at a shallow depth just east of Halemaumau, awakened 
people generally in the vicinity of the caldera. 

It appears probable that the spasmodic tremor and 
earthquake sequence immediately preceding the erup
tion were caused by the splitting open of the eruptive 
fissure and the intrusive rise of the fluid lava through 
the opening fissure at moderate to shallow depths in the 
volcano. When the lava reached the surface and the spo
radic rise through the opening fissure gave way to a free 
and voluminous outflow of lava at the surface, harmonic 
tremor with approximately 10 times the amplitude of the 
preceding spasmodic tremor suddenly appeared on the 
seismographs. 

Less than one minute after the sharp beginning of 
strong harmonic tremor on the Bosch-Omori seismo
graph, the authors rushed from the seismograph vault 
and found Kilauea already in eruption. This sharp be
ginning of harmonic tremor and its coincidence in time 
with the beginning of the eruption is a further check on 
the long-standing belief that harmonic tremor is gene
rated by the movement of magma through fissures feed
ing the eruption. The intensity of harmonic tremor re
corded hy instruments around the caldera correlated 
closely with the rate of outpouring of lava by the vol
cano. Continuous harmonic tremor ceased when lava 
fountaining died out about 2:00 P .M. on May 31. Fol
lowing the cessation of lava fountaining in Halemaumau 
and along the rift on the caldera floor, several small 
vents on the floor of Halemaumau continued in mild 
gas and cinder activity. One of these continued to throw 
up occasional showers of cinders until the afternoon of 
June 3. Associated with the mild explosions from these 
vents frequent packets of harmonic waves, each about 15 
seconds in duration and closely resembling harmonic 
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FIGURE 5. Graph showing weekly strain release index (vertical bars) and cumulative strain release index (con
tinuous curve) for the Kilauea caldera region from January 1953 to mid-July 1954. An increase in steepness of rise 
of the cumulative curve represents an increase in rate of strain release through earthquakes. 

tremor, were recorded by the Sprengnether vertical 
seismograph. These packets, about 3,700 in all, increased 
and decreased in frequency of occurrence in rather close 
correspondence to the frequency of explosions at the 
cinder vents although no coincidence in time between 
vent explosion and recorded packet could be demon
strated. 

STRAIN-RELEASE INDEX 

Benioff (1954) has pointed out that, under certain 
simplifying assumptions, if a uniformly strained body 
be released suddenly from its strained state by faulting, 
a fraction of the energy so released radiating outward 
as seismic waves, the amount of strain released is pro
portional to the square root of the energy released. If 
magnitudes of the earthquakes considered are available 
this energy can be obtained from the Gutenberg-Richter 
(1942) magnitude-energy formula. To date, determina
tion of magnitudes of local Hawaiian earthquakes has 
been impeded by proximity of recording stations to the 
epicenters and variable focal depths. Pending a solution 
of this problem an approach somewhat different from 
Benioff's will be followed. 

Supposing that we are dealing with regular, sinusoi
dal, body waves in a homogeneous medium, at any dis
tance from the focus the S-P interval multiplied by the 
amplitude of the largest wave is constant and is pro
portional to the square root of the energy in the earth
quake. For earthquakes of moderate range in size re
corded at small epicentral distances the above relation
ship permits us to calculate a quantity proportional to 
the strain release without knowing the earthquake's 
magnitude. 

Dealing only with local earthquakes, we can adopt one 
instrument as standard and avoid the reduction of re
corded amplitudes to earth amplitudes. Thus, the prod
uct (S-P) x A, where S-P and A are, respectively, the 
S-P interval and the maximum amplitude of a given 
earthquake recorded on the Sprengnether vertical seis
mograph at Uwekahuna, is a measure of the strain re
lease or the faulting or fracturing which generated the 
earthquake. 

Because of the extreme difference between the energy 
released by a large earthquake and that released by a 
small one, (S-P) x A shows a great variation from 
large to small earthquakes. Since the many small earth-
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quakes which precede eruptions of Hawaiian volcanoes 
and which appear to be a significant premonitory symp
tom of eruption are dwarfed relative to the infrequent, 
much larger earthquakes occurring at times remote from 
eruptions, an additional weighting device is employed. 
The strain release index of a given earthquake is defined 
a s : S-R Index — \ / ( S - P ) A, where S-P and A are as 
defined above. 

To obtain geologic units small enough that its rocks 
may be considered to be acted upon by a single system 
of forces it is necessary to divide the volcanoes into 
units, guided insofar as possible by the known geology. 
For the present purpose the Kilauean unit is taken as the 
volcano Kilauea minus the eastern half of its long east 
rift zone. S-R Indices for earthquakes larger than 
tremors originating in this unit were computed for 1953 
and the first half of 1954. When records from the stand
ard instrument, the Sprengnether vertical seismograph 
at Uwekahuna, were not available records from other 
instruments located around Kilauea caldera were used. 
In such cases, empirically determined amplitude cor
rection factors were applied to obtain S-R Indices cor
responding to those from the Sprengnether seismograph. 

In Figure 5 are plotted weekly S-R Indices ( the sum 
of the S-R Indices of earthquakes occurring during a 
given week) and cumulative weekly S-R Indices. The 
slope, not tire height, of the latter curve is significant: 
it is a measure of the rate of strain release in the volcano. 

CONCLUSION 

The 1954 eruption of Kilauea is one of the shortest on 
record, being exceeded in brevity during recent years 
only by that of February, 1929, which lasted two days. 
The total final volume of lava left in Halemaumau and 
on the caldera floor was only about one-twelfth that 
extruded during 1952, but the rate of lava output during 
the first few hours of the eruption was very high, ap
proximately equal to that during the corresponding 
part of the 1952 eruption. 

The fissure eruption on the caldera floor east-north
east of Halemaumau appears to have been unique in the 
recent history of Kilauea caldera. A search of the litera
ture reveals no record of similar activity at least since 
1877. Before that, the records are too incomplete to con
stitute any good basis for comparison. The eruptive fis
sure extends almost directly toward the vents of the 
eruptions of 1832 and 1868. Neither of these eruptions 
was on the caldera floor. The eruption of 1832 occurred 
on the Byron Ledge, spilling lava both into the caldera 
and into Kilauea Iki Crater. That of 1868 occurred on 
the wall of Kilauea Iki and sent no lava into the caldera 
proper. Both, however, were intimately associated with 
caldera activity, and the alignment of the 1954 fissure 
with these earlier vents suggests that this is an important 
zone of weakness across the caldera floor. 

On or about May 4, 1877, an eruption occurred along 
a fissure at the southeastern edge of Kilauea caldera. An 
entry by Thomas E. Cook in the Volcano House record 
book, under the date of May 21, 1877, states that the 
fissure from which the flow of lava took place com
menced at the caldera wall and extended up to within 
20 or 30 feet of the top of the wall (Brigham, 1909, p. 
132). Under the date of May 6, 1877, Sanford B. Dole 

states, also in the Volcano House record book, that the 
lava spouted from the fissure to heights of 50 to 150 
feet (Brigham, 1909, p. 131). Activity appears to have 
lasted only a few hours, but lava covered several acres 
of the caldera floor. The eruption was accompanied by 
draining of Halemaumau, leaving a fuming pit about 250 
feet deep. The large size of the fountains and the location 
of the fissure indicate quite certainly that the eruption 
came from a primary, deep-seated vent, and was not 
merely an overflow from Halemaumau. 

Eruption may have occurred in Keanakakoi Crater at 
about the same time. There appears, however, to be 
considerable doubt regarding the date of the lava that 
forms the floor of Keanakakoi (Stearns and Clark, 1930, 

The location of the eruptive fissure of 1877 is not 
known with certainty. H. A. Powers suggests (personal 
communication) that the small spatter cone at the 
southeast edge of Kilauea caldera just north of Keana
kakoi (Fig. 1) may have been formed at that time. The 
suggestion is highly plausible, but cannot be confirmed. 
Both the spatter cone and a 2-foot bed of cinder on the 
caldera wall south of it, 150 feet above the caldera floor, 
may have been formed during the 1877 eruption. 

None of the lava outpourings on the caldera floor 
between 1877 and 1954 appear to have been from 
primary, deep-seated vents. In 1884 and 1885 lava 
flowed northeastward from Flalemaumau to the caldera 
wall near Kilauea Iki, building a small cone, known as 
Little Beggar, near its point of emergence. Little Beggar 
was a well-known landmark on the floor of Kilauea cal
dera until it was buried by the 1954 eruption. It was a 
"rootless" driblet cone (Wentwor th and Macdonald, 
1953, p. 52) built by spatter from an opening in the roof 
of a lava tube. L. A. Thurston believed that overflows 
during 1894 destroyed the original Little Beggar cone, 
and built another in its place (Stearns and Clark, 1930, 
p. 79 ) . However, comparison of a photograph of Little 
Beggar in 1889 published by Brigham (1909, p. 157), 
with others taken during recent years indicate that it 
probably was the same cone. If there were two Little 
Beggars they were very closely similar in form and 
identical in origin. It appears probable that the 1884-85 
flow was simply a drainage from the Halemaumau lake, 
through fissures in the edge of the broad, shield-shaped 
Halemaumau cone. Certainly no strong lava fountaining 
occurred at the 1884 vent. The 1894 lava flooding in the 
same general area undoubtedly was merely an overflow 
from the Halemaumau lake. 

The outpourings of 1918 and 1919 also were obviously 
merely overflows from the Halemaumau lake, even 
though the latter sent a big stream of lava all the way to 
the northern wall of the caldera. The 1921 flow, over the 
southern portion of the caldera, issued from cracks 
southwest of Halemaumau formed at the time of the 
1919-20 outbreak in the Kau Desert. Two prominent 
conelets were formed at the points of issue of the lava. 
However, the fountains at these vents were low and 
poor in gas, and photographs of the conelets show them 
to have been driblet cones. Almost surely, the eruption 
of 1921, like those of 1884, 1894, 1918, and 1919, was 
merely an overflow from the Halemaumau lake. 

Persons familiar with the behavior of Kilauea previous 
to the great collapse in 1924 have remarked on the dis-
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tinct change in character of its behavior during the 1952 
and 1954 eruptions (Isabel P. Jaggar, personal com
munication). Unquestionably, these last two eruptions 
have resembled much more closely the eruptive habit of 
Mauna Loa than that of Kilauea during the 19th, and 
early part of the 20th centuries. Probably, however, the 
change does not represent any fundamental alteration in 
the eruptive habit of Kilauea, but rather merely reflects 
the absence of an open vent between eruptions (or lava 
overflows). The open conduit, marked by the presence 
of the active lava lake most of the time from 1823 to 
1924, prevented the accumulation of any large "head" 
of gas on the magma column, and consequently the for
mation of large gas-rich fountains such as have charac
terized the activity of Mauna Loa and the 1952 and 1954 
eruptions of Kilauea. There is no good reason to be
lieve, however, that the "permanent" lava lake and open 
conduit have been characteristic of Kilauea volcano 
throughout its period of growth. Its geologic structure 
and the formations at prehistoric vents indicate, on the 
contrary, that throughout most of its growth it has 
closely resembled Mauna Loa. The century of nearly 
constant lava lake activity, which ushered in our knowl

edge of Kilauea, may well have been an unusual period 
in the long-term history of the volcano. 
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REPORT OF THE HAWAIIAN VOLCANO OBSERVATORY FOR APRIL-JUNE, 1954 

By GORDON A. MACDONALD 

April 

Seismic activity on the island of Hawaii was appreciably 
greater than normal during the month of April. A total of 69 
earthquakes larger than tremors was recorded on seismographs 
operated by the Volcano Observatory on the island of Hawaii. 
Of these, 44 originated in Kilauea Volcano, 19 of them in or near 
the crater area, and most of the rest along the east rift zone, 
which extends from the crater eastward through Puna to Cape 
Kumukahi. Three of these earthquakes were felt in the Volcano 
district on April 15, and one each on April 1 and 22. The quake 
felt in Hilo on April 8 was an aftershock of the large quakes 
that originated in Puna on March 30. Another, felt in Hilo on 
April 26, had its focus on the east rift zone of Kilauea near 
Napau Crater. 

Only six earthquakes were definitely related to Mauna Loa, 
although the origins of 14 others could not be located with cer
tainty. On April 23 and 24, three small quakes originated beneath 
the western slope of Hualalai Volcano. 

Tilting of the ground surface at the northeastern rim of Ki
lauea caldera was southwestward, but at a rate somewhat less 
than normal. This apparently represented a slight increase of 
volcanic pressure beneath Kilauea. 

Although Kilauea Volcano was definitely restless, there was 
as yet no indication of imminent eruption. 

A new seismograph station at Pahoa, in eastern Puna, was 
put into operation on April 1. The station is situated on the 
grounds of the Pahoa school, through a cooperative agreement 
with the School Department of the County of Hawaii. The sta
tion is equipped with a Loucks-Omori two-component horizontal 
seismograph, with static magnification of 250, recording on 

smoked paper with a recorder speed of 60 mm. per minute. Time 
marks on the record originate from an I.B.M. master clock in 
the station. The clock time is corrected by means of the Bureau 
of Standards time signal, broadcast over station W W V, and 
marked directly on the record by means of a device constructed 
by Jerry P. Eaton. The station operator is Kongo Kimura. 

May 

The outstanding event of the month was the outbreak of Ki
lauea on May 31, described in preceding pages. 

Earthquake activity at Kilauea remained greater than usual 
throughout May. Both the total number of quakes recorded and 
the weekly seismicity index ranged from two to four times the 
normal. Thus the volcano was obviously uneasy, but no single 
event or pattern of events was recognized that would make pos
sible a definite prediction of coming eruption. A large number 
of very small earthquakes recorded on the Sprengnether vertical 
seismograph at the Uwekahuna station may, on further analysis, 
prove to have characteristics that would aid prediction if similar 
swarms occur in the future. This is the first pre-eruption seismic 
activity recorded on seismographs of high sensitivity in Hawaii. 

Ground tilting at the northeastern rim of Kilauea caldera was 
approximately normal during May. The seasonal reversal from 
southward to northward tilting took place a little earlier than 
usual, and as a result there was a slightly larger than usual accu
mulation of northward tilting during the month. It was, however, 
well within the limits of variation of non-eruption years. Thus 
there was little or no evidence of change of magmatic pressure 
beneath Kilauea during the months just preceding the eruption. 
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June 

The eruption of Kilauea that began at 4:09 A.M., May 31, 
ended late in the afternoon of June 3. No eruptive activity 
occurred during the remainder of the month. 

Seismic activity at Kilauea remained somewhat greater than 
normal through the month of June. The seismograph at the 
Whitney Laboratory of Seismology recorded a total of 65 earth
quakes. Most of these came from a depth of several miles beneath 
the Kilauea crater area, and represented continued uneasiness 
of Kilauea volcano. Ground tilting was normal for this season 
of the year, indicating no marked change of volcanic pressure 
during or following the eruption. 

From June 16 to 20 a swarm of small quakes originated ap
parently at a depth of about 25 miles in the vicinity of the 
Manna Loa seismograph station. Many of these were felt at 
Umikoa, and some at other localities on the north and east 
flanks of Mauna Kea. 

Several small quakes were felt in Kona during June. Two of 
these, on June 1 and 16, dismantled the seismograph at Kona-
waena school. The quakes originated in central Kona, probably 
on the Kealakekua fault. 

Starting early on the morning of May 31, and continuing 
throughout June, a very large number of landslides occurred on 
the walls of Halemaumau Crater. More broken rock accumulated 
at the foot of the wall during the month of June than during 
the entire interval between the 1952 and 1954 eruptions. Several 
segments of the crater rim collapsed. One of these was almost 
directly in front of the visitors' overlook, but the greatest insta
bility was on the northern wall. There, an average width of about 
10 feet of the rim collapsed over a distance of several hundred 
feet, taking with it one benchmark and several other surveying 
stations used by the Volcano Observatory. Cracks near the 
northern rim show an aggregate opening of about one foot. Less-
pronounced cracking occurred on the caldera floor southeast, 
south, and west of Halemaumau. The crack at station 40, west 
of the west tilt cellar, opened 9 mm. during June. 

The summit region and northeast rift zone of Mauna Loa 
were examined on June 24 to 27. No signs of any unusual condi
tions were detected. There have been no apparent changes in 
Mokuaweoweo caldera since the end of the 1949 eruption. 

A new seismograph station at Kamuela, on the northern part 
of the island of Hawaii, was put into operation on June 9. I t is 
situated on the grounds of the Waimea school, and is equipped 
in the same manner as the Pahoa station (see above). The sta
tion operator is Thomas C. Mills. 

Table of Tilt at Seismograph Stations on Rim of Kilauea Caldera 

SEISMOLOGY 

Earthquake Data, April-June, 1954 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea caldera) 

Minutes Local 
Week of Very Mod- Scis- Tele-

Bcginning Tremor Feeble Feeble Slight erate Strong micity* seisms 

April 4 0 3 0 0 0 0 1.50 0 
11 6 9 0 2 0 1 14.00 1 
18 3 1 1 1 0 0 4.25 0 
25 4 5 0 0 0 0 3.50 3 

Mav 2 7 9 0 0 0 0 6.25 1 
9 7 5 1 0 0 0 4.25 2 

16 12 10 2 1 0 0 12.00 0 
23 13 9 2 0 0 0 9.75 0 
30 984 22 2 1 1 1 268.00 1 

June 6 20 8 0 0 0 0 9.00 3 
13 815 16 0 0 0 0 212.00 2 
20 5 12 1 0 0 0 8.25 1 
27 5 11 3 0 0 1 13.75 1 

* For definition of local seismicity see Volcano Tetter 371 or 512. Each 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; mod
erate, 3.0; strong, 4.0. These values are totaled to give the weekly local 
seismicity. Continuous volcanic tremor is ignored in the calculation. The 
strength assigned to the earthquake depends on the double amplitude o', 
the maximum oscillation it causes on the Bosch-Omori seismograph, ? s 
follows: tremor, less than 0.5 mm.; very feeble, 0.5 to 4 mm.; feeb'e 
4 to 11 mm.; slight, 11 to 25 mm.; moderate, 25 to CO mm.; strong, greater 
than- 60 mm. 

Week 
Beginning 

April 4 
11 
18 
25 

May 2 
9 

16 
23 
30 

June 6 
13 
20 
27 

Wliitney Station 
(Northeast rim) 

Amount 

1.03" 
0.36" 
0.60" 
0.61" 
0.60" 
0.42" 
0.61" 
1.18" 
1.03" 
1.08" 
0.24" 
1.23" 
0.72" 

Direction 

W 36° S 
E 

W 37° S 
W 11° N 
N 37° E 
W 34° S 
N 11° W 
N 24° E 
W 2 4 ° N 

N 
E 

N 29° W 
N 

Uwekahuna Station 
(West rim) 

Amount 

1.32" 
2 .58" 
0.32" 
2.74" 
1.72" 
2.58" 
1.43" 
0.96" 
5.30" 
0.72" 
1.60" 
1.43" 
1.36" 

Direction 

N 14° \V 
S 7° E 

S 
N21° W 
S 22° E 
N 30° W 
N 27° \V 

S 
N25° W 
N 2 7 ° W 

S 
S 27° E 

SE 

Local Earthquakes 

The data for the following local earthquakes were determined 
from seismographs on the islands of Hawaii and Maui operated 
by the Hawaiian Volcano Observatory. The number preceding 
each quake is the serial number for the current year. Only earth
quakes classed as feeble or larger are included in the list. Many 
very feeble quakes, to which serial numbers are assigned also, 
are omitted. Locations given are epicenters. Except where other
wise indicated, the times given are arrival times at the Uweka
huna station, on the western rim of Kilauea caldera. They are 
stated in Hawaiian standard time, which is 10 hours behind 
Greenwich civil time. The intensity rating (Feeble, Moderate, 
etc.) given is based on the Bosch-Omori seismograph at the 
Whitney Laboratory of Seismology. If the intensity was greater 
at one of the other stations, the name of that station and the 
intensity rating there are given in parentheses after the rating 
at the Whitney station. 

92. Apr. 1, 06 : 34 : 49, strong. Felt in Hawaii National Park. 
Kilauea caldera. 

93. Apr. 1, 15 : 56: 42, slight. Felt in Puna. East Puna. 
94. Apr. 1, 17 : 52 : 30, feeble. Kilauea caldera. 

101. Apr. 11, 02:20, not recorded at the Whitney Laboratory 
(Pahoa, slight). East Puna. 

116. Apr. 15, 06 :27 :11 , very feeble (Uwekahuna, feeble). Ki
lauea caldera. 

117. Apr. 15, 06 :27 :50 , slight (Uwekahuna, moderate). Felt in 
Hawaii National Park. Kilauea caldera. 

118. Apr. 15, 06 :43 :03 , very feeble (Uwekahuna, feeble). Ki
lauea caldera. 

119. Apr. 15, 0 7 : 0 1 : 11, slight (Uwekahuna, moderate). Felt in 
Hawaii National Park. Kilauea caldera. 

120. Apr. 15, 07 :15 :00 , strong. Felt in Hawaii National Park. 
Kilauea caldera. 

123. Apr. 15, 19 : 19 : 53, not recorded at the Whitney Laboratory 
(Pahoa, feeble). East Puna. 

131. Apr. 17, 17:25:34, very feeble (Uwekahuna, feeble). Ki
lauea caldera. 

138. Apr. 22, 14: 3 1 : 54, slight. Felt in Hawaii National Park. 
Kilauea caldera. 

141. Apr. 23, 16: 13:23, feeble. Kaoiki fault. 
143. Apr. 23, 23:14, not recorded at the Whitney Laboratory 

(Kona, feeble). Kona. 
149. Apr. 25, 11 : 22 : 17, not recorded at the Whitney Laboratory 

(Pahoa, feeble). East Puna. 
177. May 6, 20: 31 : 41, very feeble (Mauna Loa, feeble). 

Northeast rift of Mauna Loa near Puu 
Ulaula. 

190. May 14, 07 : 53 : 19, not recorded at the Whitney Laboratory 
(Pahoa, feeble). East Puna. 

192. May 15, 01 : 45 : 36, feeble. Three miles south of Uweka
huna at a depth of 15 miles. 

197. May 18, 03 :34 :34 , feeble. Kilauea caldera. 
198. May 18, 10: 36: 40, feeble. Six miles south of Uwekahuna 

at a depth of 20 miles. 
199. May 18, 16 : 56 : 48, very feeble (Kona, strong). Felt in Ke

alakekua and Capt. Cook, Kona. Kona. 
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VOLCANO NOTES AND NEWS 

TANGIWAI RAILWAY DISASTER 

Christmas Eve of 1953, and the visit of Queen Elizabeth to 
New Zealand, were marred by disaster. Shortly after 10 :20 P.M. 
on December 24, the Wellington-Auckland express train plunged 
into the gorge of the Whangaehu River near Tangiwai station. 
Casualties numbered 151, of which 131 are known dead, and 20 
are missing. The immediate cause of the catastrophe was the 
destruction of the railway bridge by a large mudflow (lahar) 
originating on Ruapehu volcano and rushing down the Whan
gaehu River. The following account of the causes of the 
catastrophe is derived largely from a report by James Healy, 
Supervising Geologist of the Geological Survey Branch, New 
Zealand Department of Scientific and Industrial Research. The 
report is contained in a longer report of the Board of Inquiry 
into the Tangiwai Railway Disaster (Government Printer, Well
ington, 31 pp., 1954). 

Ruapehu is a composite volcanic cone south of Lake Taupo, 
in the central part of the North Island of New Zealand. At its 
summit is a broad crater, a mile long and half a mile wide, 

within which is an inner cone with a crater containing a small 
lake. The central cone is surrounded on three sides by fields of 
snow and ice, occupying the larger crater. On the east, however, 
the central cone slopes directly down to the Whangaehu Glacier, 
on the outer flank of the mountain. The crater lake is generally 
unfrozen, being warmed by rising volcanic steam. The water of 
the lake may rise until it spills out through the lowest notch in 
the crater rim, melts a channel beneath the adjacent ice field, 
and finally emerges to form a branch of the Whangaehu River. 
Recent activity of Ruapehu has been restricted largely to the 
inner cone. During the last eruption a dome of lava grew in the 
crater during March and April, 1945, followed by explosions 
that continued until early 1946. The explosions left a crater 1,000 
feet deep, and covered the summit of the mountain with loose 
ash and larger ejecta. 

In prehistoric times large mudflows buried much of the region 
around the base of Ruapehu. Mudflows down the Whangaehu 
River occurred on four previous occasions during the past cen
tury. Those of 1889 and 1895 resulted from eruptions in the 
crater lake; those of 1861 and 1925 were cold mudflows result-

203. May 20, 20 : 40 : 03, slight. Kilauea caldera. 
212. May24, 09: 11:56, feeble (Uwekahuna, slight). Kilauea 

caldera. 
218. May 26, 16: 39: 42, feeble (Mauna Loa, strong). Kaoiki 

fault near Halfway House at a depth 
of 6 miles. 

233. May 31, 03 : 42 : 32, slight (Uwekahuna, moderate). Ki
lauea caldera. 

236. May 31, 03 :46 :57 , very feeble (Uwekahuna, feeble). Ki
lauea caldera. 

237. May 31, 03 :47 :38 , very feeble (Uwekahuna, feeble). Ki
lauea caldera. 

238. May 31, 03 :48 :06 , very feeble (Uwekahuna, feeble). Ki
lauea caldera. 

239. May 31, 03 :48 :16 , feeble. Kilauea caldera. 
246. May 31, 03 :50 :44 , moderate (Uwekahuna, strong). Felt 

in Hawaii National Park. Kilauea cal
dera. 

247. May 31, 03 :50 :59 , very feeble (Uwekahuna, feeble). Ki
lauea caldera. 

253. May 31, 0 3 : 54: 05, strong. Felt in Hawaii National Park. 
Kilauea caldera just east of Halemau-
mau. 

258. May 31, 14:45:40, very feeble (Uwekahuna, feeble). Ki
lauea caldera. 

266. June 1, 20 : 42: 53, very feeble (Kona, strong). Felt in 
Kona. Kona. 

267. June 2, 00 : 03 : 03, feeble. Kilauea caldera. 
289. June 16, 09 :42 :28 , very feeble (Pahoa, feeble). East rift 

of Kilauea. 
299. June 18, 03 :00 :03 , very feeble (Mauna Loa, feeble). Ap

proximately under the Mauna Loa seis
mograph station at a depth of about 25 
miles. This is one of the largest of a 
series of more than 100 very feeble 
quakes and innumerable tremors origi
nating from this focus on June 18, 19, 
20, and 21. Many of these quakes were 
felt at Umikoa on the northeast flank 
of Mauna Kea, and several were felt at 
Kamuela and Hilo. 

429. June 23, 02 : 03 : 09, feeble. Kilauea caldera. 
445. June29, 02: 35 : 27, very feeble (Mauna Loa, slight). Same 

epicenter as No. 299. 
456. June 30, 17 :20 : 11, feeble. Kilauea caldera. 

Distant Earthquakes 

The following earthquakes of distant origin were recorded on 
the seismographs of the Hawaiian Volcano Observatory. Loca
tions of the epicenters and the magnitudes are from the notices 
of Preliminary Determinations of Epicenters published by the 
U. S. Coast and Geodetic Survey. The time given is that of the 
first detectable emergence of the quake on the Sprengnether ver
tical seismograms, in Hawaiian standard time. 

Apr. 2, eP 05 : 07 : 35, 28)4° S., 177° W. Kermadec Islands. 
Apr. 17, iP 10: 17: 51.4, 51(4° N., 179° W. Andreanof Islands, 

Aleutian Islands. Felt on Adak. Mag
nitude 634-7. 

Apr. 26, eP 10 : 33 : 29.4, 51° N., 158)4° E. Off southeast coast 
of Kamchatka. Magnitude 6)4-634. 

Apr. 29, eP 00: 57: 15.3, 29)4° N., 1124° W. Gulf of California. 
Magnitude 7j4-7)4. 

Apr. 29, eP 0 1 : 42: 11.2, 29)4° N., 112)4° W. Gulf of California. 
Minor damage in Western Mexico. 
Magnitude 7j4-7a4. 

May 5, iP 23 : 10: 59.4, 27)4° N., 112)4° W. Gulf of California. 
Magnitude 6)4. 

May 9, eP 20 : 53 : 03.4 
May 13, iP 04: 56: 12.6, 17° N., 95)4°' W., Oaxaca, Mexico. 

Minor damage. Magnitude 6 - 6 % 
May 14, iP 12: 49: 13.7, 36° N., 137° E. Near coast of Honshu, 

Japan. Felt in Eastern Honshu. Mag
nitude 7. 

June 3, eP 21 : 0 1 : 29.0, )4° S., 91)4° W. Galapagos Islands. 
Magnitude 6)4-6)4. 

June 6, eP 07: 02: 04, 3)4° S., 136)4° E. Western New Gui
nea. Magnitude 7. 

June 7, eP 00 : 24 : 37.5, 3yi° S., 152° E. New Britain Region. 
Depth 450 km. Magnitude 6)4. 

June 11, iP 19: 42: 34.4, 18° S., 179° W. Fiji Islands. Depth 550 
km. Magnitude 6)4. 

June 15, eP 03 : 4 1 : 02.6, 5° S., 77° W. Northern Peru. Magni
tude 6)4-7. 

June 16, iP 15: 49: 31.5, 56° N., 159)4° W. Off south coast of 
Kodiak Island. Magnitude 6)4. 

June 23, eP 22: 07: 28.2, 18)4° N., 145)4° E. Marianas Islands. 
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ing from release of the water of the lake below the glacier. None 
appears to have equaled in size that of 1953. 

After the end of explosive activity in 1946, the crater began 
to refill with water, and by August 1953 the lake level had again 
stabilized and the outlet tunnel under the glacier had been re
established. The new lake level was 20 to 25 feet higher than 
before 1945. Water appears to have been seeping through a bar
rier of ash and scoria alongside the outlet tunnel, to form another 
channel beneath the ice at a lower level. 

No new volcanic activity appears to have contributed to the 
origin of the 1953 mudfiow. The cause of the sudden release of 
water from the crater lake, which resulted in the disastrous 
mudfiow, appears to have been Assuring, and collapse of the bar
rier of ash at one side of the entrance of the outlet tunnel. Col
lapse of the barrier may have resulted partly from erosion by 
the stream of water in the hidden channel beneath the ice, and 
partly from weakening of the barrier by seepage of water 
through it (Healy, 1954). The lake level dropped 26 feet, and 
the rate of discharge is believed to have reached 30,000 cubic 
feet per second. As the flood moved down the Whangaehu Valley 
it brought with it huge quantities of loose ash and boulders, 
together with blocks of ice from the glacier. At the lower end 
of the Whangaehu Gorge the flood, at its maximum, filled a 
channel 105 feet wide to a depth of 22 feet (as compared to the 

river flow on December 28, which occupied a channel only 20 
feet wide and 1.5 feet deep). 

Mudflows, both hot and cold, are a common cause of disaster 
in volcanic regions, and methods for warning and control of 
mudflows are one of the most pressing problems in practical 
volcanology. During the past few months two persons were 
killed by mudflows on the slopes of Hibok-Hibok volcano in the 
Philippines. These mudflows resulted from torrential typhoon 
rains falling on the loose debris left on the upper slopes of the 
volcano by the recent eruptions. On January 23, 1954, A. Alcaraz 
and G. A. Macdonald warned the municipal council of Mambajao 
of the possibility of such mudflows, and advised that local people 
should not live within a few feet of stream courses. 

UNITED NATIONS TRAINEE IN VOLCANOLOGY 

Gregorio A. Andal, assistant geologist of the Philippine Com
mission on Volcanology, arrived at the Hawaiian Volcano Ob
servatory on June 7 for a stay of nearly two months. Mr. Andal's 
visit is under the auspices of the United Nations Technical 
Training Program. He will spend his time in Hawaii studying 
Hawaiian volcanoes and volcano observatory methods. On his 
departure from Hawaii, early in August, he plans to spend an 
additional two months on similar study in Japan. 

STAFF OF H A W A I I A N VOLCANO OBSERVATORY 

U. S. Geological Survey: 

Gordon A. Macdonald, Volcanologist, Director 
Jerry P. Eaton, Seismologist 
Chester K. Wentworth, Geologist, part-time 
Burton J. Loucks, Instrument Maker 
John C. Forbes, Assistant Instrument Maker 
Elizabeth G. Eklund, Secretary, part-time 

Seismograph Station Operators: 
Hilo Station: 

Sister M. Thecla, St. Joseph's School 

Kona Station: 

Howard M. Tatsuno, Konawaena School 

Pahoa Station: 

Kongo Kimura, Pahoa School 

Kamuela Station: 

Thomas C. Mills, Waimea School 

Haleakala Station: 

Hawaii National Park Staff 
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VOLCANIC ERUPTIONS OF 1953 AND 1948 ON ISABELA ISLAND, GALAPAGOS ISLANDS, ECUADOR1 

By ADRIAN F. RICHARDS2 

1953 FLANK ERUPTION OF SIERRA NEGRA (Volcan Grande) 

On August 27, 1953, the northern flank of Sierra 
Negra (Volcan Grande), situated on southern Isabela 
(Albemarle) Island, the largest of the Galapagos Is
lands, was reported in a state of eruption. The reports 
were contained in radio messages sent by the captains of 
several tuna clippers to the Scripps Institution of Ocea
nography, University of California, and the U. S. Hy-
drographic Office (Notice to shipmasters, volcanic ac
tivity, Pacific Ocean: U. S. Hydrog. Office, Hydro-
graphic Bui. No. 36, Sept. 5, 1953). Joe Marques, 
Master, and Robert Robbins, Navigator and Radio 
Operator, of the "Normandie," and Captain George 
Zeluff of the "Paramount" have furnished the writer 
with their observations of the beginning of this eruption. 

During the afternoon of August 27 a presumedly new 
lateral fissure, believed to trend northeast-southwest and 
estimated to be two miles long, opened about three-
fourths of the way up the northern side of Sierra Negra, 
at an approximate altitude of 3,700 feet. The beginning 
of the eruption was witnessed from the "Paramount," 
located in Bolivar Canal nearly 30 nautical miles north 
of the fissure site. A very large, light-colored eruption 
column was observed to ascend to a height of more than 
30,000 feet, and voluminous flows of lava started to is
sue from the ends of the fissure and flow north towards 
Elizabeth Bay. 

1 Contribution from Scripps Institution of Oceanography, New Series, 
No. 741. 

- Scripps Institution of Oceanography, La Jolla, California. The writer 
wishes to express his appreciation to all of the men of the tuna fishing fleet 
who have contributed the information which has made this report possible. 
The assistance of Professors F. P. Shepard and Chas. H. Behre, Jr., who 
have critically read the manuscript, is also appreciated. Professor Behre 
has also aided the writer with the nomenclature of the Isabela Island 
volcanoes. 

During the night of August 28 a bright red reflection 
in the sky was observed from the "Normandie," which 
was then off the west end of San Cristobal (Chatham) 
Island, approximately 90 miles east of the volcano. On 
the 29th the eruption was viewed from the "Normandie" 
in Elizabeth Bay, about 20 miles from the fissure. Un
fortunately much "smoke"—slightly darker than the fog 
—and haze obscured the site of the eruption. However, 
at night visibility improved, and cherry-red lava could 
be seen flowing down the northern side of Sierra Negra. 
Lava from the north end of the fissure appeared to flow 
due north, to the shore of Elizabeth Bay, about 5 miles 
from the fissure. It is not known whether or not the lava 
flowed into the bay. From the southern end of the fissure 
the lava stream apparently divided and flowed toward 
both sides of Point Moreno, which is located approxi
mately 10 miles northwest of the fissure. "Red erup
tions," probably lava fountains or showers of incan
descent cinder, ascended an estimated 400 feet (as seen 
from 20 miles away) above the fissure at intervals of 
seven to eight minutes. Most of the visible activity ap
peared at the northern extremity of the fissure. 

On August 31 a bright reddish glow, reflected from 
low clouds, was seen from James Bay on the western 
side of San Salvador or Santiago (James) Island, nearly 
40 miles north-northeast of the volcano. On September 
10 the "Normandie" was near Webb Cove, about 15 
miles west of the fissure. Volcanic activity, if present, 
was not observed, due to heavy fog, mist, and clouds 
which obscured the island from view. 

Ray Maderis, Navigator of the "Equator," has in
formed the writer that on October 7 volcanic activity on 
southern Tsabela Island was observed from Baltra Is
land, about 60 miles to the northeast. 

At the end of January, 1954, the "Paramount" again 
visited Isabela Island. Visibility from Elizabeth Bay was 
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FIGURE 1. Location of the 1948 and 1953 flank eruptions on Isabela Island. 
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excellent and Captain Zeluff reported that he observed 
the lava flows to be located approximately as shown in 
Figure 1. No cone was seen at the site of the fissure, 
where fumarolic activity was observed. The violent 
phase of the eruption ceased between October 7 and the 
end of January, 1954. The exact date is unknown. 

1948 FLANK ERUPTION OF VOLCAN WOLF 

According to notations made in the log book of the 
"Paramount ," and information obtained from Joseph 
Madruga, Master of the "Paramount" at that time, an 
eruption occurred on January 24, 1948, from a new 
peripheral vent near the east summit of Volcan Wolf on 
northern Isabela Island. To the writer 's knowledge this 
eruption has not been previously recorded in the litera
ture. 

At the beginning of the eruption Volcan Wolf was 
observed from Banks Bay, about 11 nautical miles south
west of the volcano. A light-colored eruption column 
originating from the new vent was observed to ascend 
more than 10,000 feet above sea level. Throughout the 
time that the "Paramount" was in the vicinity of the 
volcano, an intermittent rumbling noise was heard. At 
night red incandescent bombs were seen ejected an esti
mated 200 to 300 feet above the vent, and Banks Bay 
was illuminated by the volcanic activity as brightly as 
during a night with a full moon. 

On the 25th Madruga was flown near the eruption 
site in the fish-spotting Piper Cub belonging to the 
"Paramount ." A small cone, estimated to be about 100 

feet high, was seen forming on the southeastern side 
of the volcano near the peak, at an altitude of approxi
mately 4,000 feet. The crater of the cone glowed cherry-
red, and lava appeared to be flowing over the rim. How
ever, the base of the cone could not be clearly seen, and 
consequently it is possible that the lava could have been 
emerging from a fissure in the cone instead of flowing-
over the rim. Large bombs or blocks of lava were also 
seen shooting skyward. 

A single stream of lava from the crater of the parasitic 
cone was observed flowing very slowly down the flank of 
the volcano. Several days later, according to Madruga, 
other fishermen noticed that steam was rising from the 
shore, and it appears probable that the lava had reached 
the sea, about 3.5 miles from the cone. On the day of 
the flight a small second stream of lava was observed 
flowing a short distance south from the cone. The ap
proximate position of the cone and two flows, based 
on the data given by Madruga, are shown in Figure 1. 

The violent phase of the activity continued for at least 
four or five days before the "Paramount" left Isabela Is
land. At the end of January, or early in February, the 
ship was at Wolf (Wenman) Island, 85 miles north of 
the volcano, and a red glow from the eruption was 
clearly visible at night. The date of the end of the erup
tive activity is not known to the writer. 

REFERENCE 

Report of the M. v. ROYAL PACIFIC : U. S. Hydrographic Office, 
Bui. 36, Sept. 5, 1953. 

A METHOD FOR RECORDING RADIO TIME SIGNALS ON SEISMOGRAMS 

By JERRY P. EATON 

One of the most exacting requirements in seismology 
is the accurate timing of seismic events. For earth
quake work the precision in timing currently sought is 
one-tenth of a second. To attain this precision an ac
curate time base must be provided on the seismogram. 
The usual procedure is to maintain a station clock, capa
ble of running at a very uniform rate, which is equipped 
with contacts for marking minutes and hours on the 
seismogram. Time indicated by this clock is then checked 
periodically against the accurate radio time signals 
broadcast by the National Bureau of Standards Stations 
W W V or W W V H ; by one of the U. S. Naval Radio 
Stations N S S , N P G , N P M , or N B A ; or by similar 
institutions abroad. 

Granted that a reliable station clock is available, the 
accuracy of the seismogram time base is limited by the 
accuracy of the radio time signal and the accuracy of the 
comparison of clock and radio time. Of the American 
stations, W W V , W W V H , and N S S broadcast time sig
nals accurate at least to a few hundredths of a second. 
Signals broadcast by N P M and N P G appear to he ac
curate to within about one-tenth of a second. Thus, any 

of these stations provides time precise enough for the 
needs of earthquake seismology. 

The most satisfactory method for comparing radio 
and clock time is to record the radio time signal directly 
on the seismogram, permitting a clock correction to be 
measured with at least as great a precision as that at
tainable in measuring individual seismic events on the 
seismogram. Special receivers built to close a relay in 
the seismograph timing circuit in response to the make-
break continuous wave signals sent out by the Naval 
Radio Stations are usually employed for this purpose. 

At the Hawaiian Volcano Observatory the need arose 
to adapt a small commercial communications receiver 
(Hallicrafters S-38C) to the task of closing a relay in 
response either to the N P M (Oahu) continuous wave 
signal or to the W W V H (Maui ) modulated signal. A 
diagram of the rather simple and inexpensive solution 
to this problem is given in Figure 2. The audio frequency 
emf appearing across the speaker transformer primary, 
T, is rectified in a voltage-doubling circuit employing 
two germanium diodes, D. The output of this system is 
applied to the coil of a plate circuit relay, Rel. Wi th the 
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FIGURE 2. Radio adapter for recording time signals. T—Speaker transformer, J—Phone jack, P—Phone plug, O— 
2gF capacitor, Cj—li"F capacitor, C3—0.25gF capacitor, D—Germanium diode (G.E.1N91 or 1N34A), Rek—Plate 
circuit relay (Potter-Brumfield LS-5, 5000B coil), Ri—20 to 50Q 1 watt carbon resistor. The I M F and 2,"F capacitors 
preferably should be pyranol, but electrolytic capacitors are satisfactory if polarization is maintained. 

circuit components used the relay closes on about 10 
volts, whereas a good, strong signal develops up to 60 
volts across the relay. Since this recording device re
quires no operating power supply, the relay, two diodes, 
four condensers, and one resistor required in its con
struction are simply mounted on a 1 X 4 X 10 inch 
wooden block. The device is attached to the radio cir
cuit by means of a phone plug and jack so that it need 
not interfere with other use of the receiver. 

Signals broadcast on any frequency which can be 
tuned by the receiver can be used provided the structure 
of the signal is suitable for recording. At the Volcano 
Observatory the signal from W W V H has proved to be 
most useful. Beginning on the hour, W W V broadcasts 
a 600 cps audio frequency and a one cps modulation 
consisting of five lOOO cps pulses at the beginning of 
each second. This one cps modulation, or "tick," as it 
sounds on the receiver, is omitted on the 59th second of 
each minute. During the fourth minute of the hour the 
audio frequency is omitted; code, voice announcements, 
and the one cps modulation are broadcast during this 
minute. At exactly five minutes after the hour a 440 cps 
audio frequency comes on. This frequency and the one 
cps modulation continue for four minutes, then the 440 
cps tone goes off and another minute of code, voice an
nouncements, and "ticks" follows. The foregoing 10-
minute cycle is repeated six times per hour and continues 
day and night. Except for minor periodic interruptions, 
the W W V H signal is the same as that of W W V . The 
adapter described altove closes the relay during period 
of audio frequency, code, voice announcements, and, 
with moderate signal strength, at each of the one cps 

"ticks." The timing event most clearly recordable is the 
return of the audio frequency after the one minute of 
audio frequency silence. 

If photographic recording is employed the adapter re
lay contacts can be placed in parallel with the clock re
lay contacts to permit the radio time signal to be re-

FIGURE 3. Radio time-signal marking pen for mechanical 
recorder. Li—Pen lift magnet, L«—Pen deflector magnet, Fe— 
Iron core and armature, A—Amplitude adjustment screw, S— 
Flexible pen arm. 
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corded by the minute-mark deflector system. If mechani
cal recording is used and the writing points are lifted to 
record time marks, it is convenient to record the radio 
time signal by a separate writing point which is deflected 
horizontally by the radio signal and is lifted from the 
paper by the clock signal. In practice the clock correction 
is obtained once a day when the record is changed. The 
operator drops the timing needle onto the drum and 
tunes the radio to record the signal. After the signal has 
been recorded he lifts the timing pen to avoid inter
ference with the seismograph pens during the registra
tion of earthquakes. 

Figure 3 is a diagram of the time marker used with 
the mechanically recording Loucks-Omori seismographs 
built at the Observatory. The pen is lifted by the regu
lar pen-lift magnet used to record clock time. In addi
tion the pen is carried on a flexible arm which is de
flected horizontally by another electromagnet controlled 
by the radio. 

One difficulty encountered in the use of this time-
marking system originated in the "feedback" through 

FIGURE 4. W W V H time signals recorded on an optical (A) 
and mechanical (B) seismograph. 

the receiver of the static generated at the relay contacts. 
This difficulty was overcome by employing a half-wave 
doublet antenna with a twin-line lead-in to the receiver; 
by placing a simple capacity-resistance filter across the 
relay contacts and near each heavy inductance in the 
time-signal marking circuit; and by using shielded con
ductors in this circuit. 

Figure 4 illustrates WWVH time signals recorded on 
the photographic record of the Sprengnether and on the 
smoked-paper record of the Loucks-Omori. 

HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JULY-SEPTEMBER, 1954 

By GORDON A. MACDONALD and JERRY P. EATON 

VOLCANOLOGY 

July 

Earthquake activity on the island of Hawaii continued some
what greater than usual throughout July. The seismograph at the 
Whitney Laboratory of Seismology, on the northeast rim of 
Kilauea caldera, recorded 58 quakes during the month. This is 
approximately twice the number usual during times of volcanic 
quiet. The more sensitive Sprengnether seismograph at Uwe-
kahuna recorded a much larger number of very small earth
quakes. 

Most of the quakes originated within a few miles of the 
Whitney and Uwekahuna stations, probably beneath Kilauea 
caldera and the east rift zone near the caldera. On July 3, at 
11 :53 A.M., a strong earthquake was widely felt over the southern 
part of the island, and did minor damage in Hilo. Its epicenter 
was about a mile north of Alae Crater, five miles southeast of 
the caldera. J. B. Wosky, Superintendent of Hawaii National 
Park, reported that during and after the quake numerous heavy 
rock falls occurred on the seaward face of Puu Kapukapu, in 
the vicinity of Halape, at the coast south of Kilauea caldera. 
Other small shocks of this group were felt lightly in the Volcano 
district on July 25 and 26. 

Several small earthquakes, originating farther east on the 
Kilauea rift zone, were recorded at the Pahoa station. A light 
quake, probably of local origin, was felt in central Kona on 
July 29. 

Tilting of the ground surface at the northeastern edge of 

Kilauea caldera was northward at a rate only slightly greater 
than usual at that time of year. There did not appear to be any 
marked change in volcanic pressure, indicated by ground tilting. 

Occasional rock falls continued on the walls of Halemaumau 
Crater, but their frequency during the latter half of July was 
somewhat less than during June. Fresh cracking of the ground 
surface was observed near the west, southeast, and north rims 
of Halemaumau. 

August 

Kilauea Volcano continued somewhat uneasy during August. 
The seismograph at the Whitney Laboratory of Seismology 
recorded 46 earthquakes during the month. This is somewhat 
more than the number normally recorded in times of volcanic 
quiet. Most of the quakes originated beneath or near Kilauea 
caldera. Tilting of the ground at the northeastern rim of the 
caldera was northward at a rate slightly greater than usual at 
that season. There was no indication of any decrease of volcanic 
pressure beneath Kilauea. 

A sharp earthquake was felt in Kona at 11 :27 P.M. on August 
1. Its origin was within a few miles of the seismograph station 
at Konawaena school, probably on the Kealakekua fault near the 
northern edge of Kealakekua Bay. At 2 :27 P.M. on August 7 a 
strong quake originated beneath Kilauea caldera. It was felt by 
many persons in the Volcano area, and by some in Hilo and 
Kona. A moderate quake at 11:16 P.M. on August 30, felt by 
residents of the Volcano area, also originated beneath Kilauea 
caldera. 
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September 

The seismograph at the Whitney Laboratory of Seismology 
recorded 94 earthquakes during the month, approximately three 
times the number recorded during normal times of volcanic 
quiet. During the week starting September 12 alone, 56 quakes 
were recorded. Most of the earthquakes appear to have origi
nated beneath the Kilauea caldera area or the adjacent part of 
the east rift zone. Several during mid-September appeared to 
originate at depths of 25 to 30 miles beneath the caldera or the 
nearby slope of Mauna Loa. One at 2 :43 A.M. on September 13 
was felt in Hilo. 

Several quakes were felt in Kona during early September. 
These originated on the western slope of Mauna Loa, probably 
on the Kealakekua fault. No other signs of uneasiness of Mauna 
Loa were noted. 

Tilting of the ground at the northeast rim of Kilauea caldera 
was approximately normal in direction and amount for that 
season of the year. Thus no marked change in volcanic pressure 
beneath Kilauea was indicated. 

Neither during the May-June eruption of Kilauea, nor in the 
four months following the eruption, has there been any indica
tion of reduction of volcanic pressure beneath Kilauea Volcano. 
Magma appears probably to be still standing at a high level in 
the conduit. Under such conditions, eruption may occur with 
little or no warning other than the numerous earthquakes that 
indicate continued uneasiness of the volcano. 

SEISMOLOGY 

Local Earthquake Data, July-September, 1954 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea caldera) 

Week 
Beginning 

July 4 
11 
18 
25 

Aug. 1 
8 

15 
22 
29 

Sept. 5 
12 
19 
26 

Minutes 
of 

Tremor 

2 
10 
6 
1 
1 
6 
1 
3 
7 
3 

32 
9 
5 

Very 
Feeble 

4 
15 
6 
9 
9 
6 
4 
5 
7 
4 

19 
9 
8 

Feeble 

0 
2 
1 
0 
0 
0 
0 
2 
0 
1 
3 
0 
1 

Slight 

0 
0 
0 
2 
1 
0 
0 
2 
0 
0 
2 
1 
0 

Mod
erate 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

Strong 

0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 

Total 

6 
27 
13 
12 
11 
14 
5 

12 
15 
8 

56 
19 
14 

Local 
Seis-

micity* 

2.50 
12.00 
5.50 
8.75 
6.75 

12.50 
2.25 
9.25 
8.25 
3.75 

21.00 
8.75 
6.25 

* For definition of local seismicity see Volcano Fetter 371 or 512. Each 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; mod
erate, 3.0; strong, 4.0. These values are totaled to give the weekly local 
seismicity. Continuous volcanic tremor is ignored in the calculation. The 
strength assigned to the earthquake depends on the double amplitude of 
the maximum oscillation it causes on the Bosch-Omori seismograph, as 
follows: tremor, less than 0.5 mm.; very feeble, 0.5 to 4 mm.; feeble, 
4 to 11 mm.; slight, 11 to 25 mm.; moderate, 25 to 60 mm.; strong, 
greater than 60 mm. 

Table of Tilt at Seismograph Stations on Rim of Kilauea Caldera 

Week 
Beginning 

July 4 
11 
18 
25 

Aug. 1 
8 

15 
22 
29 

Sept. 5 
12 
19 
26 

Whit 
(Nor 

Amount 

0.4" 
1.0" 
1.3" 
0.4" 
0.8" 
1.0" 
0.9" 
0.4" 
1.3" 
0.4" 
1.0" 
0.2" 
0.6" 

ley Station 
beast rim) 

Direction 

S56° W 
N 

N 3 0 ° E 
N 18° W 
N18° W 
N21° W 
N 5 6 ° E 
S 33° W 
N 2 1 ° E 
N 1 8 ° E 
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FIGURE 5. Graph showing weekly strain release index (vertical 
bars) and cumulative strain release index (continuous curve) 
for the Kilauea caldera region from late June through Sep
tember, 1954. An increase in steepness of rise of the cumulative 
curve represents an increase in rate of strain release through 
earthquakes. 

Local Earthquakes 

The data for the following local earthquakes were determined 
from seismographs on the islands of Hawaii and Maui operated 
by the Hawaiian Volcano Observatory. The number preceding 
each quake is the serial number for the current year. Only earth
quakes classed as feeble or larger are included in the list. Many 
very feeble quakes, to which serial numbers are assigned also, 
are omitted. Locations given are epicenters. Except where other
wise indicated, the times given are arrival times at the Uwe-
kahuna station, on the western rim of Kilauea caldera. They are 
stated in Hawaiian standard time, which is 10 hours behind 
Greenwich civil time. The intensity rating (Feeble, Moderate, 
etc.) given is based on the Bosch-Omori seismograph at the 
Whitney Laboratory of Seismology. If the intensity was greater 
at one of the other stations, the name of that station and the 
intensity rating there are given in parentheses after the rating 
at the Whitney Station. 

461. July 1, 09:06, feeble (Mauna Loa, moderate). Felt in 
Hawaii National Park. About 10 km 
deep under Kilauea caldera. 

462. July 2, 06 : 00, feeble. Kilauea caldera. 
465. July 3, 11 : 52: 35, strong. Felt quite generally over south

ern half of Hawaii. About 12 km deep 
under Alae Crater on the east rift of 
Kilauea. 

476. July 11, 12 : 07 : 26, feeble. East rift of Kilauea near Napau 
Crater. 

486. July 15, 17: 10: 07, feeble. Kilauea caldera. 
500. July 22, 13:35 (Pahoa) , not recorded at Kilauea (Pa-

hoa, feeble). East rift of Kilauea near 
Pahoa. 
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VOLCANO NOTES AND NEWS 

ERUPTION OF NGAURUHOE 

Ngauruhoe Volcano, on the North Island of New Zealand, 
broke into violent eruption on June 4. The volcano is a conical 
mountain 7,515 feet in altitude, 175 miles southeast of Auckland. 
The following information was furnished by James Healy, New 
Zealand Government volcanologist, and Brenda Bishop, Secre
tary of the Pacific Science Council. 

The volcano had been in activity for some time, sending big-
ash clouds high into the air. On the morning of June 4 the 
entire top of the mountain was reported to be aglow even in 
daylight. Flying over the volcano, Healy found the crater full 
of lava, with spurts of orange-red lava going some 500 feet into 
the air, and two lava flows moving down the slopes of the 
mountain. One flow came down directly on top of the lava flow 

501. July 22, 15 : 38 (Pahoa) , not recorded at Kilauea (Pa 
hoa, feeble). East rift of Kilauea near 
Pahoa. 

502. July 22, 20 : 36 : 50, feeble. Kilauea caldera. 
506. July 25, 18 :17 : 55, slight. Felt in Hawaii National Park. 

Near Mauna Loa seismograph station 
about 10 km deep. 

508. July 26, 00 : 5 1 : 44, slight. Felt in Hawaii National Park 
and in central Kona. Along the Kaoiki 
fault west of the Observatory at a 
depth of 10 km. 

520. Aug. 1, 23 :27 :48 , not recorded at the Whitney Labora
tory (Kona, feeble). Felt in central 
Kona. Central Kona. 

521. Aug. 2, 13 : 40 : 33, strong. Felt in Volcano area. About 
15 km deep under Alae Crater on the 
east rift of Kilauea. 

523. Aug. 7, 14: 26: 17, strong. Felt generally over central Ha
waii. 25 km deep under Kilauea caldera. 

536. Aug. 16, 04 : 45 : 33 (Pahoa) , not recorded at Kilauea (Pa 
hoa, feeble). East rift of Kilauea near 
Pahoa. 

540. Aug. 18, 07: 13:56, slight. Kilauea caldera. 
542. Aug. 20, 0 1 : 58: 54, feeble. East rift of Kilauea near Ma-

kaopuhi Crater. 
559. Aug. 30, 23 : 17: 04, moderate. Felt in Volcano area. 20 km 

deep under Makaopuhi Crater. 
564. Sept. 1, 15 :17 : 49, not recorded at the Whitney Labora

tory (Kona, slight). Felt in central 
Kona. Central Kona. 

570. Sept. 7, 14 : 48: 36, not recorded at the Whitney Labora
tory (Pahoa, feeble). East rift of Ki
lauea near Pahoa. 

576. Sept. 8, 23 : 03 : 52, feeble. Kilauea caldera. 
588. Sept. 12, 21 : 58: 59, slight. Under Kilauea caldera at a 

depth of 20 km. 
590. Sept. 12, 23 : 08: 26, tremor (Mauna Loa, very feeble). This 

very feeble earthquake is included in 
the list because it is typical of about 
250 earthquakes (tremor and very 
feeble in strength) which originated on 
Sept. 12 and Sept. 13 at a depth of 
about 45 km below the southeast flank 
of Mauna Loa between the Mauna Loa 
seismograph station and the Volcano 
Observatory. 

595. Sept. 13, 02: 42: 53, feeble. Felt in Hilo. 5 km east of Puu 
Kapukapu along south coast of Kilauea 
at a depth of about 15 km. 

598. Sept. 13, 18: 22: 05, feeble. 20 km deep under east rift of 
Kilauea near Makaopuhi Crater. 

602. Sept. 15, 0 1 : 23 : 06, feeble. Kilauea caldera. 
604. Sept. 16, 08: 15:04, slight. Kilauea caldera. 
622. Sept. 22, 00: 19: 35, slight. Kilauea caldera, 15 km deep. 
630. Sept. 25, 21 : 12: 07, not recorded at the Whitney Labora

tory (Pahoa, feeble). East rift of Ki
lauea near Pahoa. 

Distant Earthquakes 

The following earthquakes of distant origin were recorded on 
the seismographs of the Hawaiian Volcano Observatory. Loca
tions of the epicenters and the magnitudes are from the notices 
of Preliminary Determinations of Epicenters published by the 
U. S. Coast and Geodetic Survey. The time given is that of the 
first detectable emergence of the quake on the Sprengnether 
vertical seismograms, in Hawaiian standard time. 

J u l y l , e P 1 6 : 5 1 , 13(4° N., 12314° E. Sou theas te rn 
Luzon, P. I. Many casualties and ex
tensive property damage. Mag. 6)4-7)4. 

July 5, eP 22: 13:27.6,46)4° N., 153)4° E. Kurile Islands. 
Mag. 6)4-7. 

July 6, eP 0 1 : 20: 35.3, 39)4° N., 118)4° W. Near Fallon, 
Nevada. Several injured and moderate 
property damage. Mag. 6)4-7. 

July 6, eP 12 :14 : 58.6, Fallon, Nevada, aftershock. Mag. 6%-
6)4-

July 17, eP 23 : 17: 39.4, 35)4° N., 140)4° E. Near east coast of 
Honshu, Japan. Felt. Mag. 6)4. 

July 30, eP 15: 12:46.3, 39° N., 140° E. Ningsia province, 
China. Mag. 6)4. 

July 31, eP 17:33:41.0, 3° S., 140° E. Northern New Guinea. 
Aug. 4, eP 22: 57: 26.1, 52° N., 176° E. Rat Islands, Aleutian 

Islands. Mag. 6-6)4. Depth 60 km. 
Aug. 9, eP 09 : 25 : 26.7, 53° N., 161° E. Off east coast of Kam

chatka. Mag. 6)4-6)4. Depth 60 km. 
Aug. 17, iP 18: 50: 26.9, 21)4° S., 176° W. Tonga Islands. Mag. 

7-7%. Depth about 150 km. 
Aug. 23, eP 19: 58: 52.1, 39)4° N , 118)4° W. Near Fallon, 

Nevada. Minor property damage at 
Fallon and Lovelock. Mag. 6)4-6)4. 

Aug. 27, eP 0 1 : 04: 41.5, 24)4° N., 143° E. Volcano Islands. 
Mag. 6%. Depth about 100 km. 

Aug. 31, eL 12: 30, Fallon, Nevada, aftershock. Mag. 5)4-
6)4. 

Sept. 2, eP 09 : 00 : 08.4, 10° S., 166° E. Santa Cruz Islands. 
Depth about 100 km. 

Sept. 3, eP 17: 39: 32.9, 3° S., 139)4° E. Northern New Guinea. 
Mag. 6)4. Depth about 60 km. 

Sept. 4, eP 2 1 : 54: 18.5, 19° S., 176° E. Fiji Islands region. 
Mag. 6)4. 

Sept. 6, eP 08: 39: 35.0, 51° N., 158° E. Near southeast coast 
of Kamchatka. Mag. 6)4. Depth about 
60 km. 

Sept. 12, eP 16: 18: 01.7, 21° S., 175)4° W. Tonga Islands. Mag. 
6)4. Depth about 150 km. 

Sept. IS, iP 08: 03: 27.2, 18° S., 178)4° W. Fiji Islands. Mag. 7. 
Depth about 600 km. 

Sept. 17, iP 0 1 : 11:18.3, 20)4° S., 177)4° W. Fiji Islands re
gion. Mag. 7-7%. Depth about 250 km. 

Sept. 19, eP 14: 52: 10.8, 1)4° S., 120)4° E. Celebes. Mag. 5)4-
6. 

Sept.30, eP 17: 03:21.0, 11° S., 166° E. Santa Cruz Islands. 
Mag. 6)4-7. 
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of 1949, and the other a little farther south. Very little ash was 
being liberated. The lava flows were visited on June 5. They 
had nearly come to rest, but large blocks were rolling down the 
mountainside following numerous explosions at the crater. On 
June 6 activity was more explosive and more ash was being-
liberated. The explosive phase continued for several days, but 
on a lesser scale than in 1949. 

Another increase of activity occurred on the night of June 9. 
Spectacular flows of lava were visible from Chateau Tongariro 
during the evening, but by 3 A.M. on June 10 the spurt of activity 
was nearly over. The lava flow is reported to be of aa type, 
and in places to exceed 70 feet in thickness. A cinder cone built 
in the crater of the volcano was reported to have reached a 

height of 200 feet on June 9, and to be breached toward the 
west where the lava flows escaped. 

In September Ngauruhoe was still active. Strong explosions 
took place on the night of September 2. Several lava flows have 
been reported on the flanks of the cone during June, July, and 
August. One of the largest occurred on August 18. 

Ruapehu Volcano, 12 miles southwest of Ngauruhoe, was re
ported steaming in early October. Healy flew over the crater on 
October 8, and reported that the steam was thick enough to 
obscure part of the crater lake. Ruapehu Volcano erupted in 
1895. Another eruption in 1945 caused the temporary drying up 
of the crater lake. During that eruption a small lava dome was 
built in the crater. 
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KAUAI, AN ANCIENT HAWAIIAN VOLCANO 

By G. A. MACDONALD', D. A. DAVIS1, and D. C. COX" 

Kauai is one of the oldest, and structurally the most 
complicated of the Hawaiian Islands. Like the others, 
it consists principally of a huge dome-shaped shield vol
cano, built up from the sea floor by many thousands of 
thin flows of basaltic lava. The volume of this great 
shield was on the order of 7,000 cubic miles. Through 
much of its growth it must have resembled rather closely 
the presently active shield volcano Mauna Loa, on the 
island of Hawaii. When the Kauai volcano started its 
growth is not known with certainty. It is believed that 
activity started late in the Tert iary period of geologic 
time, possibly in the early or middle part of the Pliocene 
epoch, some 8 to 10 million years ago. Growth of the 
shield was rapid in the geological sense, and probably 
was completed before the end of the Pliocene epoch. 

Toward the end of the growth of the shield, its sum
mit collapsed to form a broad caldera, the largest that 
has been found in the Hawaiian Islands. Like the cal-
deras of Kilauea and Mauna Loa, that of Kauai had 
boundaries which were rather indefinite in part. The 
principal central depression was bordered by less de
pressed fault block's, some of which merged impercep
tibly with the outer slopes of the volcano. Elsewhere the 
caldera rim was low, and flows spilled over it onto the 
outer slopes. The well-defined central depression of the 
major Kauai caldera was approximately 10 to 12 miles 
across. 

At about the same time as the formation of the major 
caldera, another smaller caldera was formed by collapse 
around a minor eruptive center on the southeastern side 
of the Kauai shield. Lavas accumulated in the calderas, 
gradually filling them, and burying talus that formed 

1 U. S. Geological Survey. 
2 Experiment Station, Hawaiian Sugar Planters' Association. 

along the foot of the boundary cliffs. These lava flows 
differed from those that built the major portion of the 
shield in being much thicker and more massive, as a 
result of ponding in the depressions. The petrographic 
types are for the most part the same throughout. Both 
the flank flows that built most of the shield, and the flows 
that filled the calderas, are predominantly olivine basalt. 
Picrite-basalt (oceanite), with very abundant large 
phenocrysts of olivine, and basalt containing little or no 
olivine are present, but together comprise less than 10 
percent of the whole. Late in the period of filling of the 
major caldera a small amount of basaltic andesine an-
desite was extruded. 

Near the end of the period of filling of the major cal
dera further collapse occurred, forming a large triangu
lar graben (down-faulted trough) on the southwestern 
side of the shield. Lava flows erupted within the caldera 
poured southwestward over the cliff bounding the 
graben and spread over the gently sloping graben floor. 
Other flows were erupted along the fault forming the 
northeast edge of the graben. Near the present Waimea 
Canyon their advance was obstructed by the fault scarp 
at the western edge of the graben. The cliff along the 
northeastern edge of the graben eventually was buried 
by lava flows from within the caldera, but that along 
the western edge continued to stand above the level of 
the flows in the graben. The flows accumulated in the 
graben are of the same types as those that filled the cal
dera, and like them are mostly thick and massive because 
of ponding and the gentle slopes over which they spread. 

The rocks of the major Kauai shield volcano are 
known as the Waimea Canyon volcanic series. The thin 
flows that accumulated on the flanks of the shield, and 
that comprise the major portion of the volcanic edifice, 
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FIGURE 1. Generalized geologic map of the island of Kauai. 

/ a r e named, t h e Olcftele format ion , and those^> 
( t h a t f i l l e d t h e small c a lde ra^ -^" " 
I are named the Napall formation. Therocks that accu-

mulated in the big summit calderaYm the southeastern 
slope of the shield are named the Piaupu formation. The 
volcanic rocks accumulated in the graben on the south
western side of the shield are named the Makaweli 
formation, and sedimentary rocks interbedded with them 
are known as the Mokuone formation. These formations 
are formally defined and described in detail in the forth
coming Bulletin 13 of the Hawaii Division of Hydro
graphy. The relationships of the rock units are shown in 
generalized fashion in ( Fig. 1). 

About the end of eruption of the Waimea Canyon 
volcanic series, or shortly afterward, another great col
lapse took place on the eastern flank of the volcano. A 
subcircular graben 6 or 7 miles across sank several 
thousand feet, forming a broad depression between the 
Waialeale massif on the west and Kalepa and Nonou 
ridges on the east. This collapsed structure cannot be 
demonstrated as clearly as the Makaweli graben, on the 
southwest side of the shield, because its walls have been 
greatly eroded and its floor is deeply buried by lavas 
of the later Koloa volcanic series. It appears, however, 
to be the most reasonable explanation of the physiogra
phy of the eastern side of the island (Fig. 2) . 

Following the building of the great Kauai shield came 
a long period of volcanic quiescence in which erosion 
carved deeply into the island. Waves cut high sea cliffs, 
and streams cut grand canyons as much as 3,000 feet 

deep. The course of the most magnificent of these, Wai
mea Canyon, was governed by the partly buried eroded 
fault scarp along the western edge of the Makaweli 
graben. The massive caldera-filling lavas were more 
resistant to erosion than the thinner flank flows, and the 
caldera fills stand in relief above the eroded flanks of 
the volcano. The Flaupu mass is a prominent landmark 
from both the Lihue and Koloa areas, and along the 
northern side of the island the eroded edge of the caldera 
fill forms an imposing escarpment culminating in Puu 
Iliahi, Mamalahoa, and Flihimanu peaks. 

During this period of erosion sea level was several 
hundred feet below the present level. Test holes have 
passed through younger rocks to more than 200 feet 
below sea level on the south side of the island, and more 
than 300 feet below sea level on the east side of the is
land, without entering rocks of the Waimea Canyon 
volcanic series. Probably this early sea level on Kauai 
was as far below the present sea level as the minus-
1200-foot shoreline recognized on Oahu. The later rocks 
of the Koloa volcanic series probably rest in part on a 
platform formed by wave erosion during this early low 
stand of the sea. 

After a period of quiescence long enough for deep 
soil to form over much of the mountain and erosion to 
carve the shield nearly to its present degree of dissec
tion, volcanism was renewed. Eruption occurred from a 
series of minor vents arranged in nearly north-south and 
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northeast-southwest lines across the eastern two-thirds 
of the island. The lavas, cinder cones, and ash beds of 
this period of volcanism are known as the Koloa vol
canic series. The Koloa lavas include olivine basalt, 
picrite-basalt of mimosite type with few phenocrysts of 
olivine, basanite, nepheline basalt, melilite-nepheline 
basalt, and ankaratrite (nepheline basalt very rich in 
pyroxene and olivine). Inclusions of dunite, composed 
almost entirely of olivine, are common in the Koloa flows. 
Just before and during the eruption of the Koloa vol-
canics, voluminous landslides and mudflows brought 
down a large amount of rock debris and soil from the 
steep slopes of the mountainous central upland and de
posited it as breccias at the foot of the steep slopes in 
valley heads and along the border of the marginal low
land. Streams distributed part of the material across the 
lowland. The breccias and conglomerates thus formed, 
and later buried by Koloa lavas, are named the Palikea 
formation. 

The structures formed at Koloa vents include cinder 
cones, one tuff cone, and lava cones. The latter are 
miniature shields resembling the major Kauai shield 
volcano, and like it formed by repeated outpourings of 
fluid lava. The tuff cone, at Lae o Kilauea, was formed 
by phreatomagmatic explosions caused by rising magma 
coming in contact with water-saturated rocks. It re
sembles Diamond Head and Punchbowl cones on the 
island of Oahu. 

Koloa volcanism continued for a long period. It was 
not, however, continuous over the entire eastern part of 
the island. Locally long periods of quiet occurred, allow
ing streams to re-excavate some of the canyons filled 
by earlier Koloa lavas, and weathering to form deep 
soils later buried by new Koloa flows. Some of the 
canyons formed by erosion between Koloa eruptions 

were several hundred feet deep. Koloa eruptions proba
bly continued through the Pleistocene and into the Re
cent epoch. The latest Koloa flow appears very recent. 
The lava is essentially unweathered and the surface 
features of the flow are well preserved. It overlies lithi-
fied calcareous sand dunes formed during a low stand of 
the sea, probably at the time of the last advance of the 
Pleistocene glaciers. 

At times during the Pleistocene epoch lowered sea 
levels permitted erosion of stream valleys and sea cliffs 
to more than 200 feet below present sea level. Coral 
reefs were formed during some of these low stands of 
the sea and calcareous beaches accumulated. A test 
boring about 1.5 miles north of Kapaa penetrated a 
calcareous beach buried 240 feet below present sea level 
beneath Koloa lavas. Calcareous sand dunes also were 
formed, and now stand with their bases submerged in 
the ocean. The tuff cone at Lae o Kilauea was formed 
by phreatomagmatic explosions caused by rising hot 
magma encountering water-saturated rocks. The ex
plosions threw up fragments of reef limestone. Much of 
the apron of Koloa lavas around the northeast side of 
the island probably rests on a platform formed below 
present sea level by wave erosion and the growth of 
coral reef. 

At other times during the Pleistocene the sea stood 
higher than at present. Some stream terraces may be 
graded to a stand of the sea as high as 260 feet above 
present sea level, but no positive evidence for stands 
higher than 40 feet have been found. Well-preserved 
shorelines are recognized approximately 40, 25, and 5 
feet above sea level. Some of the present coral reef 
probably was formed when the sea stood about 5 feet 
higher than now, and has been planed down to its pres
ent level by solution and wave erosion. 

FIGURE 2. Photograph of a topographic model of Kauai, at the University of Hawaii. The model is viewed from the south, and shows 
at the right the Lihue basin, on the eastern side of the island. In the left center is the Makaweli graben, with Waimea Canyon at its 
western edge. 
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR OCTOBER-DECEMBER, 1954 

By GORDON A. MACDONALD and JERRY P. EATON 

VOLCANOLOGY 
October 

Kilauea volcano remained in a restless condition during Oc
tober. About two-thirds of the 70 earthquakes recorded on the 
seismograph at the Whitney Laboratory of Seismology stemmed 
from the region of Kilauea caldera and the adjacent portion of 
the east rift zone. None of these earthquakes was reported felt. 

Approximately one-third of the earthquakes recorded during 
the month originated beneath Mauna Loa. Among these were 
the four earthquakes reported felt on Hawaii during October. 
At 8 :50 P.M. on October 7 the southern part of the island was 
shaken by an earthquake from an epicenter about 10 miles north 
of Naalehu. The largest quake of the month, which occurred 
near Hookena at 6:26 A.M. on October 11, was felt over most of 
the island. Two aftershocks, the first at 6 :39 A.M. and the sec
ond at 6:52 A.M. on October 11, were felt in South Kona. 

Tilting of the ground at the northeast rim of Kilauea caldera 
was approximately normal in direction and amount for this 
season of the year. 

November 

Kilauea volcano continued moderately uneasy through No
vember. The seismograph at the Whitney Laboratory of Seis
mology recorded 72 earthquakes during the month. The more 
sensitive seismograph at the Uwekahuna station recorded ap
proximately 385 quakes. Both the total number of earthquakes 
and the amount of energy released in earthquakes, which is repre
sented in a general way by the seismicity index, were approxi
mately three times as great as during periods of volcanic quiet. 

Most of the earthquakes that could be located came from 
points of origin near Kilauea caldera. Two of these, at 11 :09 
P.M. on November 23 and 11 :34 A.M. on November 26, were 
felt in Hawaii National Park. Two other quakes, felt at Kamuela 
at 10 :56 A.M. on November 19 and 3 :02 P.M. on November 20, 
appear to have come from a depth of about 20 miles beneath 
the northwest flank of Mauna Kea, 10 miles southeast of Ka
muela. On November 21, a small quake came from a shallow 
focus 3 miles south-southeast of the summit of Mauna Loa. 

Tilting of the ground at the northeastern rim of Kilauea cal
dera was approximately normal during most of the month. How
ever, from November 27 to 30 it was northeastward at a rate de
cidedly greater than normal. This may have been related to heavy 
rains rather than to changes of volcanic pressure. 

December 

Kilauea volcano continued uneasy through the month of De
cember. The seismograph at the Whitney Laboratory recorded 
91 earthquakes during the month, more than twice the number 
normally recorded during times of volcanic quiet. The local 
seismicity, which is a rough indication of the amount of energy 
released by the earthquakes, was more than three times as great 
as that normally experienced during quiet periods. The more 
sensitive seismograph at the Uwekahuna station recorded 353 
earthquakes during December. Most of the quakes originated at 
or close to Kilauea caldera. Several interesting quakes came 
from foci approximately 28 miles deep beneath the caldera. 
Others were of exceedingly shallow origin. 

Many earthquakes originated also along the east rift zone of 
Kilauea volcano both in the vicinity of the Chain of Craters 
Road in Hawaii National Park, and in east Puna. A large num
ber of small quakes, and a few fairly large ones, came from 
foci only about 5 miles from the Pahoa seismograph station. 
The Pahoa seismograph was dismantled by these quakes several 
times during the month. Two of the quakes, at l i :00 A.M. and 
4:02 P.M. on December 14, were felt quite strongly 4.5 miles 
east-southeast of Pahoa. 

FIGURE 3. Graph showing weekly strain release index (verti
cal bars) and cumulative strain release index (continuous curve) 
for the Kilauea caldera region from October through December, 
1954. An increase in steepness of rise of the cumulative curve 
represents an increase in rate of strain release through earth
quakes. Earthquakes on the Kilauea rift zone east of Kalalua 
Crater and on the Hilina and Kaoiki fault zones are not included. 

An earthquake at 2:30 P.M. on December 4, felt by some per
sons from Hilo to Pahala, originated at a depth of about 10 miles 
beneath the south flank of Kilauea just south of the caldera. A 
quake felt slightly at Captain Cook and Pahala at 8:59 P.M. on 
December 5, and another felt in the Volcano district at 10:26 
P.M. on December 14, originated beneath the Kilauea caldera 
area. Another, felt in the Volcano district at 8:49 A.M. on the 
28th, appears to have stemmed from the Kaoiki fault, which 
separates Kilauea and Mauna Loa. 

Quakes felt in Kona at 7:15 P.M. on December 6, 6:00 P.M. 
on December 11, and 9:10 P.M. on December 24, probably came 
from foci beneath the western flank of Mauna Loa. A quake 
felt in Kamuela and Hawi at 12:46 P.M. on December 23, orig
inated near Kamuela. 

Particularly noteworthy volcanologically, although they were 
felt by no one, were several periods of almost continuous 
small earthquakes recorded at the Mauna Loa and Uwekahuna 
stations. The longest of these periods extended from 2:00 P.M. 
on December 3 to 9:45 A.M. on December 4. Other shorter 
periods of this continuous spasmodic tremor, from 10 minutes 
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to more than one-half hour in duration, occurred at intervals 
from November 30 to December 5, and on December 21. These 
quakes appear to have come from a depth of 25 to 30 miles be
neath the Kilauea caldera area. 

Tilting of the ground surface at the northeastern edge of Ki
lauea caldera was slightly southwestward during the month. 
Because the normal tilting at this season is slightly northeast
ward, this suggests the possibility of a slight decrease in volcanic 
pressure beneath Kilauea. However, the reversal to southwest-
ward tilting normally takes place in January, and exceptionally 
heavy rains during December may have had enough effect on 
the temperature of the rocks near the seismograph station to 
cause tbe reversal to southwestward tilting to occur a little 
earlier than usual, independently of any volcanic effect. Tilt-
meters at Uwekahuna and on the caldera floor showed no marked 
centripetal tilting. 

Although Kilauea volcano shows definite signs of uneasiness, 
there is at the end of December no definite evidence that erup
tion is imminent. However, conditions somewhat resemble those 
preceding the eruption on May 31, and there is little or no evi
dence of any reduction in pressure since before the May eruption. 
Molten lava may still be standing at high levels in the conduit 
of the volcano, and it is not unlikely that eruption might again 
occur with little or no additional forewarning. 

SEISMOLOGY 

Local Earthquake Data, October-December, 1954 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea caldera) 

Week 
Beginning 

Oct. 3 
10 
17 
24 
31 

Nov. 7 
14 
21 
28 

Dec. 5 
12 
19 
26 

Minutes 
of 

Tremor 

5 
5 
3 
6 
4 
4 
1 
7 

11 
10 
4 
6 
6 

Very 
Feeble 

9 
7 
6 
9 
9 
5 
6 

19 
14 
13 
8 
7 

14 

Feeble 

2 
1 
1 
1 
0 
0 
3 
2 
1 
1 
1 
1 
3 

Slight 

0 
0 
0 
0 
0 
1 
0 
1 
1 
0 
1 
0 
2 

Mod
erate 

1 
1 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 

Strong 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total 

18 
14 
10 
16 
15 
10 
10 
29 
27 
24 
14 
14 
25 

Loeal 
Seis

in icity* 

14.75 
8.75 
4.75 
7.0 
6.5 
5.5 
4.75 

15.25 
12.75 
10.0 
8.0 
6.0 

15.5 

Table of Tilt at Seismograph Stations on Rim of Kilauea Caldera 

* For definition of local seismicity see Volcano Letter 371 or 512. Each 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; moderate, 
3.0; strong, 4.0. These values are totaled to give the weekly local seismicity. 
Continuous volcanic tremor is ignored in the calculation. The strength as
signed to the earthquake depends on the double amplitude of the maximum 
oscillation it causes on tbe Bosch-Omori seismograph, as follows: tremor, 
less than 0.5 mm.; very feeble, 0.5 to 4 mm.; feeble, 4 to 11 mm.; slight, 
11 to 25 mm.; moderate, 25 to 60 mm.; strong, greater than 60 mm. 

Local Earthquakes 

The data for the following local earthquakes were determined 
from seismographs on the islands of Hawaii and Maui operated 
by the Hawaiian Volcano Observatory. The number preceding 
each quake is the serial number for the current year. Only earth
quakes classed as feeble or larger are included in the list. Many 
very feeble quakes, to which serial numbers are assigned also, 
are omitted. Locations given are epicenters. Except where other
wise indicated, the times given are arrival times at the Uwe
kahuna station, on the western rim of Kilauea caldera. They are 
stated in Hawaiian standard time, which is 10 hours behind 
Greenwich civil time. The intensity rating (Feeble, Moderate, 
etc.) given is based on the Bosch-Omori seismograph at the 
Whitney Laboratory of Seismology. If the intensity was greater 
at one of the other stations, the name of that station and the 
intensity rating there are given in parentheses after the rating 
at the Whitney Station. 

Whitney Station Uwekahuna Station 
(Northeast rim) (West rim) 

Week 
Beginning Amount Direction Amount Direction 

Oct. 3 0.3" N45°E 2.9" S 12" E 
10 0.9" N 40° E 3.0" S 32° E 
17 0.1" E 0.7" S 27° E 
24 1.0" N76°E 0.7" N 27° W 
31 0.3" S 63° E 0.6" E 

Nov. 7 0.3" S 63° E 1.3" S 17° E 
14 0.6" N 22° E 0.4" N 45° E 
21 1.2" N29°W 1.1" S33°W 
28 2.2" N61°E 2.3" N 34° W 

Dec. 5 0.5" N 26° E 0.6" S 
12 0.7" S 59° E 1.4" N 63° W 
19 1.8" S 42° W 2.6" N 7° W 
26 0.8" S 1.6" N 3 6 ° W 

641. Oct. 1, 14:49:57, feeble. East rift of Kilauea near Ki
lauea caldera. 

648. Oct. 2, 22: 22: 54, not recorded at. the Whitney Lab
oratory (Pahoa, feeble). East rift of 
Kilauea near Pahoa. 

649. Oct. 3, 11 : 09 : 02, feeble. Near Kilauea caldera at a depth 
of 20 km. 

653. Oct. 5, 12:23:54, very feeble (Mauna Loa, feeble). Felt 
in Hawaii National Park. Northeast 
rift of Mauna Loa near Puu Ulaula. 

658. Oct. 6, 13:42:46, feeble. Near Kilauea caldera. 
661. Oct. 7, 18:43:22, moderate. East rift of Kilauea near 

Pauahi Crater at a depth of about 
10 km. 

662. Oct. 7, 20 :56 :25 , moderate (Naalehu, strong). Felt Ka-
lahiki, Capt. Cook, and Hawaii Na
tional Park. Southeast flank of Mauna 
Loa about 20 km. north of Naalehu. 

664. Oct. 8, 11:56:39, very feeble ( M a u n a L o a , feeble). 
Southeast flank of Mauna Loa near the 
Mauna Loa seismograph station. 

665. Oct. 9, 04:20, not recorded at the Whitney Lab
oratory (Pahoa, feeble). East rift of 
Kilauea near Pahoa. 

666. Oct. 11, 0 1 : 18:41, feeble. Near Kilauea caldera. 
667. Oct. 11, 06 :26 :33 , strong. Felt in Kalahiki, Capt. Cook, 

Kamuela, Hawaii National Park, Hilo, 
and Honokohau. West shore of Mauna 
Loa near Hookena. 

677. Oct. 15, 23 : 16: 50, feeble. Near Kilauea caldera. 
679. Oct. 16, 06: 16: 32, not recorded at the Whitney Labora

tory (Pahoa, feeble). 
684. Oct. 18, 23 :07 :05 , tremor (Kamuela, feeble). West flank 

of Mauna Kea. 
686. Oct. 19, 0 1 : 2 5 : 4 1 , feeble. Near Kilauea caldera. 
698. Oct. 27, 13 : 30 : 14, feeble. Near Kilauea caldera. 
708. Nov. 4, 0 4 : 4 9 : 2 1 , moderate. Near Napau Crater on the 

east rift of Kilauea at a depth of about 
10 km. 

714. Nov. 6, 16: 04: 36, moderate. Felt in Hawaii National 
Park. Near Kilauea caldera at a depth 
of about 20 km. 

723. Nov. 11, 01 : 53 : 43, slight. Near Kilauea caldera at a depth 
of about 15 km. 

111. Nov. 17, 04: 30: 48, feeble. Near Kilauea caldera. 
738. Nov. 18, 19: 30: 39, not recorded at the Whitney Labora

tory (Naalehu, feeble). Near the sum
mit of Mauna Loa. 

743. Nov. 19, 10: 55: 34, feeble (Kamuela, strong). Felt in Ka
muela. Fifteen km. southeast of Ka
muela at a depth of about 35 km. 

745. Nov. 20, 15 :02 :51 , very feeble (Mauna Loa, slight). Felt 
in Kamuela. Ten km. west of Pohaku-
loa at a depth of about 30 km. 

748. Nov. 21, 19:32:55, very feeble (Mauna Loa, feeble). Ten 
km. southeast of Mokuaweoweo at a 
depth of 10 km. 
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899. Dec. 27, 03 :19 :30 , tremor (Pahoa, feeble). East rift of 
Kilauea near Pahoa. 

904. Dec. 28, 03 : 06: 36, moderate. Just south of Kilauea cal-
dera. Shallow. 

905. Dec. 28, 03: 3 1 : 26, slight. Just south of Kilauea caldera. 
Shallow. 

906. Dec. 28, 07 :26 :22 , slight. Just south of Kilauea caldera. 
Shallow. 

907. Dec. 28, 08: 49: 17, feeble (Mauna Loa, slight). Felt in the 
Volcano area. Kaoiki fault near Half
way House at a depth of IS km. 

753. Nov. 23, 07: 47: 54, not recorded at the Whitney Labora
tory (Pahoa, moderate). East rift of 
Kilauea near Pahoa. 

7S6. Nov. 23, 08: 21:25, not recorded at the Whitney Labora
tory (Pahoa, feeble). East rift of 
Kilauea near Pahoa. 

763. Nov. 23, 23 : 08 : 35, slight. Kilauea caldera. 
771. Nov. 26, 02: 20: 19, not recorded at the Whitney Lab

oratory (Pahoa, feeble). East rift of 
Kilauea near Pahoa. 

773. Nov. 26, 02: 30, not recorded at the Whitney Lab
oratory (Pahoa, feeble). East rift of 
Kilauea near Pahoa. 

776. Nov. 26, 05: 50: 24, not recorded at the Whitney Lab
oratory (Pahoa, feeble). East rift of 
Kilauea near Pahoa. 

779. Nov. 26, 11 :34:05 , feeble. Felt in Hawaii National Park. 
East rift of Kilauea near Kilauea 
caldera. 

786. Nov. 26, 15:37:59, feeble. Near Kilauea caldera. 
789. Nov. 27, 08: 04: 58, not recorded at the Whitney Lab

oratory (Pahoa, feeble). East rift of 
Kilauea near Pahoa. 

797. Dec. 1, 17:27:34, feeble. Near Kilauea caldera. 
811. Dec. 4, 06 :35 :56 , not recorded at the Whitney Labora

tory (Mauna Loa, feeble). About 45 
km. deep in the vicinity of Kilauea 
caldera. 

815. Dec. 4, 08:49, not recorded at the Whitney Labora
tory (Mauna Loa, feeble). About 45 
km. deep in the vicinity of Kilauea 
p i l f i p n 

818. Dec. 4, 14 : 29 : 36, slight. Felt in Hilo and Pahala. Hilina 
Pali. 

833. Dec. 5, 10 : 46 : 42, feeble. East rift of Kilauea near Napau 
Crater. 

837. Dec. 5, 20 : 59: 15, tremor (Pahoa, feeble; K o n a a n d 
Mauna Loa, very feeble). Felt in Capt. 
Cook and Pahala. About 45 km. deep in 
the vicinity of Kilauea caldera. This is 
the largest of a swarm of more than 
200 small earthquakes originating at 
about the same place on Dec. 4 and 5. 

840. Dec. 6, 08: 55 : 07, not recorded at the Whitney Labora
tory (Kona, feeble). Offshore west of 
Hualalai. 

841. Dec. 6, 19:15, not recorded at the Whitney Labora
tory (Kona, feeble). Felt in Capt. 
Cook. 

848. Dec. 9, 16: 02: 18, not recorded at the Whitney Lab
oratory (Pahoa, feeble). East rift of 
Kilauea near Pahoa. 

863. Dec. 14, 11:01:04, not recorded at the Whitney Lab
oratory (Pahoa, moderate). East rift 
of Kilauea near Pahoa. 

866. Dec. 14, 17: 35 : 26, very feeble (Kamuela, feeble). Be
tween Mauna Loa and Hualalai at a 
depth of about 15 km. 

867. Dec. 14, 22: 25 : 52, moderate. Felt in the Volcano area. 
Kilauea caldera. 

868. Dec. 15, 11: 2 1 : 30, feeble. Near Kilauea caldera. 
887. Dec. 22, 02: 50:52, not recorded at the Whitney Lab

oratory (Pahoa, feeble). East rift of 
Kilauea near Pahoa. 

889. Dec. 23, 12: 45: 54, not recorded at the Whitney Lab
oratory (Kamuela, moderate). Felt at 
Kamuela and Hawi. About 25 km. deep 
near Kamuela. 

Distant Earthquakes 

The following earthquakes of distant origin were recorded on 
the seismographs at the Hawaiian Volcano Observatory (19° 
25.4' N. latitude, 155° 17.7' W. longitude). Beginnings of phases 
are given in Hawaiian standard time, which is 10 hours slower 
than Greenwich civil time. Locations of epicenters, magnitudes, 
and depths of focus are from the notices of Preliminary Deter
minations of Epicenters published by the U. S. Coast and Geo
detic Survey. 

Oct. 2, eP 16:56:10.9, 10° S., 166° E. Santa Cruz Islands. 
Magnitude 6)4-7. 

Oct. 3, iP 01:26:28.2, 60° N., 151° W. Kenai Peninsula, 
Alaska. Minor damage at Anchorage, 
Seward, Valdez and Homer. Magni
tude 6)4-7. Depth about'100 km. 

Oct. 3, eP 13:33:53.4, 14° S., 127° E. Molucca Islands. 
Oct. 17, eL 13: 13, 13(4° N., 116)4° W. Lower California. 

Felt in San Diego and Imperial Valley, 
California. Magnitude 6. 

Oct. 20, eP 21 :02 :05 , 14° N., 9014° W. Guatemala. Magni
tude 6)4. 

Nov. 1, eP 18: 13:42 
Nov. 1, eP 22:36:16.7, 7y2° S., 119° E. Sumbawa Island re

gion. Magnitude 6)4-6)4. 
Nov. 12, eP 02 :34 :06 , 31)4° N., 116° W. Lower California. 

Felt in San Diego and El Centro, Cali
fornia. Magnitude 6-6/4. 

Nov. 12, eP 11 : 56: 15, 15(4° S., 174° W. Tonga Islands. 
Nov. 15, iP 06:36:01.5, 19)4° N., 145)4° E. Marianas Islands. 

Magnitude 6)4-6)4. Depth 200 km. 
Nov. 18, eP 20:05:49.1 , 41° N., 131)4° E. Sea of Japan. Mag

nitude 6)4-6)4. Depth about 600 km. 
Nov. 25, iP 01:23:12.9, 40)4° N., 126° W. Off' Cape Mendo

cino, California. 
eT 01 : 55 : 40, Felt in Northern California. Magnitude 

6)4-6)4. 
Nov. 25, iP 11:41:20.5, 21)4° S., 179° E. Fiji Islands region. 

Magnitude 6)4. Depth about 650 km. 
Dec. 16, iP 01:14:32.0, 39]/,° N., 118° W. Near Fallon, Ne

vada. Moderate property damage. Mag
nitude 6)4-7)4. 

Dec. 21, iP 10:03:14.7, 41° N., 124° W. Humboldt County,, 
California. 

eT 10:38:26, Several injured and extensive property 
damage. Magnitude 6)4-6)4. 

Dec. 26, eP 19:40:15.2, 19° S , 178° W. Fiji Islands. Depth 
about 500 km. 

Dec. 26, eP 20:59:26.2, 4)4° S., 130° E. Banda Sea. 
Dec. 27, eP 15:10:28.8, 5° S., 152)4° E. New Britain region. 
Dec. 30, eP 01 : 39: 10.1, 53° N., 168° W. Fox Islands, Aleutian 

Islands. Felt on Unalaska. Magnitude 
6)4-6)4. Depth about 60 km. 
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VOLCANO NOTES AND NEWS 

VOLCANIC ACTIVITY IN JAPAN 

By Helen L. Foster 
(From personal observations and data supplied by Central Meteorological 

Observatory, Tokyo.) 

Mihara-yama, O-shima.—Mihara-yama, on O-shima, has 
been quiescent since February, 1954, although steam and other 
gases have been emitted continuously from various parts of the 
crater in varying amounts. At times steam and gas emission has 
been quite heavy with billowing clouds rising 100 to 300 meters 
into the air. 

Volcanic tremors were recorded at intervals in April, June, 
and on September 25. At 4 :25 P.M. on September 24 an earth
quake originated beneath O-shima which, on the island, had an 
intensity of I I on the scale of V I I used by Central Meteorologi
cal Observatory, Japan. 

On November 2, 1954 at 5:45 A.M. volcanic tremors were 
recorded for periods of about 12 minutes at 30-minute intervals. 
On November 6 and 7 when the crater was visited volcanic 
tremors were continuing, and steam and gas emission had in
creased considerably. At times, steam clouds rose to a height of 
500 meters. Ground temperatures in the crater area seemed 
higher than in previous months. Sublimates were being deposited 
in increased amounts in many places in the crater. Numerous new 
fissures, particularly in the remnants of the 1951 cinder cone, 
were observed. Some old fissures had opened wider and were 
emitting steam. A small cone formed in January, 1954, was 
considerably broken, partly by fissures which opened in August 
and partly by new collapses. 

On November 9 the volcanic tremors again ceased and steam 
and gas emission decreased. 

1954 Eruptions of Asama-yama.—The 1953 and January 
and February, 1954, activity of Asama-yama was reported in 
Nos. 522 and 523 of the Volcano Letter. Since then small explo
sions have continued. The Karuizawa Weather Station recorded 
about 50 small explosions in January, about 70 in February, 31 in 
March, 17 in April, 19 in May, 4 in June, 6 in the latter part of 
July, 4 in August, and 2 on September 6 including quite a large 
explosion at 5 :58 P.M. 

After an inactive period in September and October a small 
explosion occurred at 1 :45 P.M. on November 2 and another at 
1:50 P.M. on November 4. A small amount of ash was ejected 
on November 4. 

Volcanic ash has been ejected during many of the explosions, 
but no serious damage has been reported. All of the explosions 
have been comparatively small. 

Submarine Eruption of Myojin-sho.—Myojin-sho is a rock 
bank in the Beyoneisu-retsugan (Bayonnaise Rocks), about 50 
kilometers south of Aoga-shima, Izu Islands. It was the site of 
violent volcanic eruptions in 1952 and 1953 and became especially 
well known because of the loss of the Kaiyo-maru, a patrol 
ship of the Japanese Hydrographic Office, in an eruption on 
September 24, 1952. (See Volcano Letter No. 518.) 

Renewed eruption at Myojin-sho has been reported by a fish
ing boat, the Eikichi-maru. Members of the crew witnessed two 
explosions between 2:00 and 3:00 P.M. on November 4, 1954. 
The eruptions were not recorded on the seismograph or wave-
recorded at Aoga-shima and no steam cloud was seen from there. 

The Tori-shima Weather Station, about 160 kilometers south 
of Myojin-sho, reported several ocean swells during a 3-hour 
period on November 5 which might have been caused by erup
tions at Myojin-sho. 

CATALOGUE OF PHILIPPINE VOLCANOES 

Late in 1953 appeared Par t I I of the Catalogue of the active 
volcanoes of the world, including solfatara fields. Part II, Philip
pine Islands and Cochin China, by M. Neumann van Padang, 
closely follows the plan of Part I. (See Volcano Letter No. 516.) 
In 49 pages, it lists and briefly describes 41 volcanoes and solfa
tara fields in the Philippine Archipelago, and 2 in Cochin China. 
Of the Philippine volcanoes, 16 have had historic activity, 12 are 
in a solfataric and fumarolic state, and 3 are solfatara and fuma-
role fields not belonging to any well-defined volcano. Both the 
Cochin China volcanoes have been active in historic time. Like 
Part I, this new section of the Catalogue will be of great value 
as a reference work. 

The Catalogue is being published by the International Vol-
canological Association, part of the cost of printing of Parts I 
and II being borne by a grant-in-aid from UNESCO. A limited 
number of copies of Par t II are available from Professor Fran
cesco Signore, General Secretary of the Association, Via Tasso 
199, Napoli, Italy, for $3.60 (U.S. ) . 

ERUPTION IN THE GALAPAGOS ISLANDS 
Alcedo Volcano, in the central part of Isabela (Albermarle) 

Island, erupted on November 9. According to Adrian Richards, 
of the Scripps Institution of Oceanography, fume rose from the 
crater and from numerous fissures on the east flank of the cone. 
The eruptive activity of Alcedo on the first day was reported to 
be less intense than that of Sierra Negra (Volcan Grande), 
on the south end of Isabela Island, during 1953 (see Volcano 
Letter No. 525). Later (exact date unknown) a small flow of 
lava was reported high on the north-northwest side of the cone, 
and shimmering heat waves were observed above the crater 
during daylight and a bright glow from the crater at night. 

Richards states that the eruption of Alcedo was preceded in 
late 1953 or early 1954 by upheaval of the shore in the vicinity 
of Bahia Urvina and for three miles southward. The upheaval 
raised the reef surface as much as 15 feet, and caused the shore
line to migrate about 2,400 feet seaward. The raised area is on 
the western flank of the Alcedo cone. 

This appears to be the first recorded eruption of Alcedo vol
cano, although eruptions elsewhere on the island occurred in 
1797, 1800, 1813, and 1847. An eruption in the northern part of 
Isabela Island in April, 1925, was recorded by William Beebe; 
and eruptions occurred at Wolf volcano in 1948 and at Sierra 
Negra volcano in 1953. The latter two eruptions, in the northern 
and southern parts of Isabela Island, respectively, are described 
by Richards in Volcano Letter No. 525. 

FRENCH BIBLIOGRAPHICAL DIGEST 

Just received is the third issue of the second series of the 
French Bibliographical Digest, devoted to Geology. This series 
is intended to make French scientific work better known in the 
United States, and numbers are sent free of charge upon request. 
Correspondents are asked to specify the subjects in which they 
are interested. Requests should be addressed to the Cultural Divi
sion of the French Embassy, 972 Fifth Avenue, New York 21, 
N. Y. The present number of the Digest contains 102 pages, and 
lists approximately 500 titles, most of them accompanied by brief 
abstracts. One of the several sections deals with volcanology 
and paleovolcanology. Another volume in preparation will in
clude papers on geophysics. 
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RECENT VOLCANIC ACTIVITY IN CENTRAL AMERICA 

By A. R. McBIRNEY 

Although the years 1952, 1953, and 1954 have seen 
little primary activity in the Central American volca
noes, there have been several interesting events that 
merit recording. In general, activity through this period 
has been characterized by low temperature steam and 
gas emissions often of violent nature, and little if any 
juvenile material has been erupted. The locations of the 
volcanoes are shown in Figure 1. 

Starting in the northernmost extremity of the Central 
American volcanic chain, in Guatemala conditions have 
remained more or less unchanged during the last five 
years. Tacana, which erupted in 1950, is quiet and 
shows not even fumarolic activity. Santa Maria contin
ues to give off a respectable amount of steam and gas, 
but there is no sign of significant growth in the pro
trusive spine. Fuego has been quiet, and aside from a 
steady mild fuming around the circumference of the 
summit crater, has given off nothing of note. Fumaroles 
are reported active on Zunil, Pacaya, Atitlan, and Aca-
tenango. 

In El Salvador, Izalco has been the only volcano to 
show activity. During 1953 and early 1954 it erupted 
with remarkable regularity, blowing off puffs of steam 
and dust at intervals of 20 to 90 minutes, but this de
clined around the middle of 1954 and finally stopped. 
Early in 1955 (probably in February) Izalco again be
came active, with strong explosive discharges of gas and 
incandescent bombs every 5 to 10 minutes. Other re
cently active volcanoes in El Salvador have shown only 
fumarolic activity. 

Nicaragua still has the greatest concentration of active 
vents along the chain. Old Telica continues to send up 
a steady cloud of gases of considerable volume, although 
no ash or lava has been given off for several years. Cerro 
Negro has been quiet since the spectacular outburst of 
1950, but when I visited it last around the end of August, 
1954, I noticed several active fumarolic vents on the 
summit and along a set of parallel north-south lines on 
the north side of the cone. Las Pilas has developed into 
a vent of major importance. It opened on the 23rd of 
October, 1952, with a fissure approximately a kilometer 
in length running north-south across the top and down 
both flanks. Steam, gas, and lithic dust from wall rocks 
were blown out along the entire length of the fissure, 
but soon the activity became centralized on the south 
side of the peak. Apart from a short period of quiet be
tween December, 1952, and February, 1953, the volume 
of gases has continued to increase and the centralized 
vent has been widened. Following a period of very heavy 
rainfall, it erupted a considerable amount of ash (ac
cessory wall rock material) for three days starting the 
31st of October, 1954, and blanketed the town of Leon, 
23 kilometers to the west, with a thin layer of dust. 

Momotombo continues to steam quietly, as it has since 
the last important eruption of cinders and lava in 1905. 
The Santiago vent of Masaya, which probably has given 
off more steam and gas during the last eight years than 
any other volcano of the world, has increased its rate of 
gas emission. I made a descent into the 680-foot deep 
crater during the first week of October, 1954, and found 
that the concentric faulting around the floor close to 
the vertical walls has reached a maximum downthrow of 
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16 feet. A new collapse appears to be imminent. The 
activity of the volcano Concepcion on the island of Ome-
tepe resembles that of Izalco in El Salvador. It sends up 
large puffs of steam and dust at intervals varying from 
seven minutes to several hours, and for nearly three 
years its spectacular performance has delighted travelers 
on the air plane flights south of Managua. 

In Costa Rica, Poas has been the only volcano to show 
much activity. The present cycle started in February of 
1953 when eruptions under the crater lake finally vapor
ized the water and began, in March of that year, to hurl 

incandescent bombs in Strombolian fashion nearly a 
thousand feet into the air. When I visited it in Septem
ber, 1953, the strength of the steam blast was very 
impressive, and the roar from the vents could be heard 
for several miles down the mountain side. It began build
ing a small cinder cone in the bottom of the crater, and 
Fred M. Bullard, who visited it in August of 1954, told 
me that the cone had been well formed around a single 
vent, which still gives off large quantities of steam. The 
remaining active volcanoes in Costa Rica—Rincon de la 
Vieja, Irazu, and Turrialba, have not shown more than 
fumarolic activity. 

FIGURE 1. Map of Central America showing the location of volcanoes mentioned in the text. Black dots indicate volcanoes that have 
been active in historic time. 
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A NEW DATE IN KILAUEA'S HISTORY 

By HOWARD A. POWERS 

An old fern forest growing on the northeast' rim of 
Kilauea was killed and buried under a layer of hot 
pumice and Pele's hair about 2,500 years ago. Much 
charcoal from this old forest has been found in excava
tions in the vicinity of the Volcano House since the 
original Hawaiian Volcano Observatory buildings were 
erected in 1912, and the date of the death of the forest 
has been found by measuring the amount of carbon 14 
isotope in the charcoal. 

Carbon 14 is a radioactive form of carbon that is 
present in small quantities compared to the inert form, 
carbon 12. The proportion of these two sorts of carbon 
remains the same so long as the plant or animal is living. 
At the death of the organism, the carbon 14 begins to 
break down to carbon 12 at a known rate, and if the 
amount of radioactive carbon 14 in a sample of dead 
carbon is measured, the number of years that the carbon 
has been dead can be determined with reasonable accu
racy. This important detective tool was discovered and 
made useful by W . F . Libbey of the University of Chi
cago, and has been employed to determine the age of 
many events in both human and geological history that 
occurred between about 25,000 B.C. and the beginning 
of written history. 

This carbon date at Kilauea makes it possible to ex
tend backward the history of volcanic activity with con
siderable certainty. The high spots probably were about 
as follows: 

Kilauea was exceedingly active several thousand years 
before the birth of Christ and overflowed its crater fre
quently, building the broad dome of the volcano. Activity 
slowed down and a caldera formed. (The Volcano 
House is on the rim of that caldera.) A steam blast 
eruption, perhaps similar to the one of 1924, plastered 
the rim with a layer of mud and boulders, on which 

later a fern forest grew while activity in the crater re
mained moderately quiet. 

About 500 B.C., lava returned to form a lava lake with 
fountaining that probably rarely has been equalled since. 
The Pele's hair and pumice fell over the countryside 
forming a deposit several inches thick a mile away from 
the crater on the windward rim, killing the forest. Down
wind, in the Kau desert, pumice and glassy ash piled up 
more than 30 feet thick. Several small overflows of the 
crater rim took place. 

At the time of Hawaiian occupation overflows were 
continuing, according to information given by Hawai-
ians to Ellis in 1823. He said: ". . . it had been burning 
from time immemorial . . . and had overflowed some 
part of the (adjacent) country during the reign of every 
king that had governed Hawaii ." (Ellis, W . 1917. A 
narrative of a tour through Hawaii. P . 184. Honolulu.) 

A change of activity from overflow to collapse with 
many explosive eruptions is recorded in the rock record 
and also by Hawaiian verbal history. Ellis goes on to 
say (p. 184) : ". . . for many kings' reigns past, it had 
kept below the level of the surrounding plain, continually 
extending its surface and increasing its depth, and occa
sionally throwing up, with violent explosion, huge rocks 
or red-hot stones." In the rock section, this change in 
nature of activity is well marked, and it is quite possible 
that datable charcoal may be found also among the 
buried remains of the forest that was killed by these later 
explosive eruptions. 

This period of collapse and explosive activity proba
bly culminated in the explosion of 1790, vividly de
scribed by the Hawaiians. Since that time, Kilauea has 
changed again to a stage of voluminous lava eruption 
that has filled the greater crater up to a point where 
overflows to the desert again are possible. 

HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JANUARY-MARCH, 1955 

By GORDON A. MACDONALD and JERRY P. EATON 

VOLCANOLOGY 
January 

Kilauea volcano continued markedly uneasy through most of 
January. The Bosch-Omori seismograph at the Whitney Labo
ratory of Seismology, on the northeastern rim of Kilauea cal
dera, recorded 94 earthquakes during the month. This is nearly 
the same number as recorded in December, 1954, and between 
two and three times the number normally recorded during times 
of volcanic quiet. The local seismicity was more than four times 

as great as that normally experienced during quiet periods. The 
more sensitive Sprengnether seismograph at the Uwekahuna 
station recorded 316 earthquakes during January, a few less than 
during December. Most of the quakes originated in or very close 
to the Kilauea caldera region, probably on the east rift zone or 
the zone of faults that extends westward from it 2 to 4 miles 
south of the caldera. 

Even greater restlessness was displayed by the Pahoa station, 
where 140 quakes were recorded on the Loucks-Omori seismo-
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graph as compared to 127 during December. Most of the quakes 
originated on the east rift zone of Kilauea within 6 miles of the 
station. 

Tilting of the ground surface at the northeast rim of Kilauea 
caldera was south-southwestward at a rate normal for that sea
son of the year. 

February 

The uneasiness of the east rift zone of Kilauea volcano in
creased throughout February. From February 1 to 23, the Pahoa 
seismograph recorded an average of 6 earthquakes a day, exclud
ing swarms on February 12 and 17. On February 12 a swarm 
of SO small quakes was recorded, and on the 17th a swarm of 
173. On February 24 the instrument recorded 130 quakes. On 
subsequent days the number increased rapidly to 350 on the 25th, 
600 on the 26th, and 700 on the 27th. The last three numbers are 
estimates because the seismograph was dismantled for several 
short periods. Most of the earthquakes originated within 10 miles 
of the station. 

The seismic uneasiness of the east rift zone began in Novem
ber, 1954, and continued with general slight increase through 
December, January, and February. It was accompanied by similar 
uneasiness in the caldera region. This uneasiness was pointed 
out in press releases in November, December, January, and early 
February, and in Volcano Letter 526 (pp. 4-5). Early on the 
morning of February 28, it was culminated by eruption of the 
volcano on the east rift near the southern base of Puu Honuaula, 
6 miles west-southwest of Cape Kumukahi (East Cape). The 
eruption will be described in detail in a later issue of the Volcano 
Letter. 

Throughout most of February tilting of the ground surface at 
the northeastern rim of Kilauea caldera was south-southwest
ward at a rate approximately normal for that season of the year. 
Beginning about February 20, however, the rate of southwest-
ward tilting increased markedly, indicating a decrease of volcanic 
pressure beneath the caldera region. 

Neither tilting nor earthquakes gave any indication of uneasi
ness of Mauna Loa associated with that of Kilauea. 

March 

The lava extrusion that began near Puu Honuaula on the 
morning of February 28 ceased abruptly just after noon of 
March 1. It was followed during the next few hours by volumi
nous steam liberation accompanied by small phreatic explosions. 

On March 2, cracks started to open in the ground farther 
northeast, in the area between Puu Honuaula and Kapoho. The 
cracks closely followed the zone of cracking of the 1924 disturb
ance. Sharp earthquakes of very shallow origin accompanied the 
formation of small fault scarps. Early on the afternoon of March 
2 lava broke out along a fissure near the south base of Kaholua 
o Kahawali hill, 4.5 miles west-southwest of Cape Kumukahi. 
During that afternoon and night, and through March 3, the erup
tive fissures spread both southwestward and northeastward, and 
on the evening of March 3 lava fountains broke out in the out
skirts of Kapoho village. The evacuation of Kapoho had already 
been recommended on March 1, and by afternoon of March 3 it 
was essentially completed. 

Activity in the zone between Kapoho and Puu Honuaula con
tinued strong until March 6, but by evening of that day lava 
eruption had ceased. On March 7 earthquakes again became very 
numerous on the Pahoa seismograms, with a total of 326 re
corded in 24 hours. On March 8 the number increased to 596, 
and on March 9 to 1,392. Most of these quakes originated along 
the rift zone from 8 to 16 miles west-southwest of Cape Kumu
kahi, and it became apparent that eruption probably would occur 
somewhere in that region. Early on the morning of March 12 
cracks appeared in the Kalapana road 3 to 3.5 miles south of 
Pahoa, and in the late afternoon fume, followed by lava foun
tains, appeared near the south base of Puu Kaliu. The next 
morning lava broke out in the vicinity of the Kalapana road. On 
March 14 a large lava fountain developed between Puu Kaliu 
and the Kalapana road, and on March 16 the lava flow reached 
the ocean 1.5 miles southwest of Opihikao. At 2 P.M. on March 
16, a lava outbreak occurred east of the old Iilewa Crater, about 
3,000 feet southwest of the Kalapana road outbreaks. On March 
19 another outbreak occurred about 1.3 miles farther southwest. 
The vent near Iilewa Crater continued active until March 27, 
and on March 26 another vent became active about a quarter of 

a mile farther southwest. Flows from this new vent reached the 
ocean on March 28 and April 2. At the end of March the lava 
fountains at the vent about 0.6 mile south of old Iilewa Crater 
were still very active. 

South-southeastward tilting at the northeastern rim of Kilauea 
caldera continued from late February into March, and on March 
7 the rate of tilting became very much accelerated. Throughout 
the remainder of the month the ground tilting was rapid, indicat
ing a sinking of the floor of Kilauea caldera. Apparently there 
occurred a withdrawal of magma from beneath the caldera to 
compensate for the extrusion of lava 20 miles to the eastward. 
The tilting at the Whitney Laboratory totaled 34 seconds of arc 
between February 20 and April 10, and during the same period 
tilting of 30 seconds of arc occurred at the Uwekahuna station. 
Using the azimuths of tilting determined at those two stations, 
the point of maximum subsidence on the caldera floor is found 
to lie approximately 4,700 feet N. 77° E. of the center of Hale-
maumau, and assuming uniform tilting from the stations to that 
point the amount of sinking is calculated to have been approxi
mately 1.2 feet. The point of maximum subsidence is close to 
that indicated by tilting at the same two stations during the sub
sidence of December 1950, and is in the same general region as 
the zone of maximum subsidence in 1924 as determined by R. M. 
Wilson by differential leveling. 

The sinking was accompanied by very numerous earthquakes. 
During the week starting March 20, the Bosch-Omori seismo
graph at the Whitney Laboratory recorded approximately 2,667 
earthquakes, and during the following week approximately 778. 
An even greater number was recorded on the more sensitive 
seismographs. At 4 P.M. on March 27, an earthquake of about 
intensity 5 broke water lines and cracked houses in the residence 
area of Hawaii National Park, and opened cracks across the 
Mamalahoa Highway about 1,000 feet east of Park Headquar
ters. 

Assuming the cone of depression to have had the same area as 
that of 1924, as delineated by Wilson, and using the ratio of the 
maximum subsidence to that of 1924 in the same region, the 
volume of the subsidence has been calculated to be of the order 
of 220 million cubic yards. This is of the same order of magni
tude as the volume of lava extruded in east Puna during the 
eruption. 

Over the rest of the island seismic activity was low during 
March. Mauna Loa continued to show no signs of uneasiness. 

SEISMOLOGY 

Local Earthquake Data, January-March, 1955 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea caldera) 

Week 
Beginning 

Jan. 2 
9 

16 
23 
30 

Feb. 6 
13 
20 
27 

Mar. 6 
13 

Minutes 
of 

Tremor 

10 
0 
7 
4 
9 

13 
14 
53 

128 

15 
38 

20 **2600± 
27** 700 ± 

Very 
Feeble 

8 
5 

29 
11 
8 

9 
6 

13 
0 

8 
42 
55 
69 

Feeble 

0 
0 
5 
2 
0 

1 
0 
1 
1 

4 
6 
5 
6 

Slight 

1 
0 
3 
1 
0 

0 
0 
4 
0 

2 
1 
5 
0 

Mod
erate 

0 
0 
0 
0 
0 

0 
0 
0 
0 

1 
5 
2 
1 

Strong 

0 
0 
0 
0 
0 

0 
0 
0 
2 

2 
0 
0 
2 

Total 

19 
5 

44 
18 
17 

23 
20 
71 

131 

31 
92 

2667 ± 
778 ± 

Local 
Seis-

micity* 

8.5 
2.5 

27.25 
10.5 
6.25 

8.75 
6.5 

28.75 
41.0 

26.75 
53.5 

698.5 ± 
220.5 ± 

* For definition of local seismicity see Volcano Letter 371 or 512. Each 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; moderate, 
3.0; strong, 4.0. These values are totaled to give the weekly local seismicity. 
Continuous volcanic tremor ("harmonic tremor") is ignored in the calcu
lation. The strength assigned to the earthquake depends on the double am
plitude of the maximum oscillation it causes on the Bosch-Omori seismo
graph, as follows: tremor, less than 0.5 mm.; very feeble, 0.5 to 4 mm.; 
feeble, 4 to 11 mm.; slight, 11 to 25 mm.; moderate, 25 to 60 mm.; strong, 
greater than 60 mm. 

** Number of tremors partly estimated. 



527 
No. 527, January-March, 1955 Page 5 

Table of Tilt at Seismograph Stations on Rim of Kilauea Caldera 

Week 
Beginning 

Jan. 2 
9 

16 
23 
30 

Feb. 6 
13 
20 
27 

Mar. 6 
13 
20 
27 

Whitney Station 
(Northeast rim) 

Amount 

1.4" 
1.4" 
0.2" 
0.1" 
1.1" 
0.6" 
0.3" 
1.3" 
1.2" 

11.0" 
11.1" 
6.2" 
3.6" 

Direction 

S59° E 
S 20° W 

S 
N 
S 

S 37° W 
S45° E 
S 22° W 
S 11° W 
S36° W 
S31° W 
S 34° W 
S 16° W 

Uwekahuna Station 
(West rim) 

Amount 

1.2" 
0.9" 
1.0" 
3.9" 
2.3" 
1.6" 
2.6" 
3.3" 
1.3" 

12.5" 
11.2" 
4.6" 
4.9" 

Direction 

N 34° W 
S 45° E 

W 
S 25° E 
N 8° W 
N 37° W 
S 14° E 
N 17° W 
N 14° W 
S 61° E 
S 53° E 
S 56° E 
S 58° E 

Local Earthquakes 

The data for the following local earthquakes were determined 
from seismographs on the islands of Hawaii and Maui operated 
by the Hawaiian Volcano Observatory. Except for smaller 
earthquakes of special interest, only earthquakes classed as slight 
or larger were included in the list. The intensity ratings assigned 
are based on the Bosch-Omori seismograph at the Whitney 
Laboratory. This intensity scale has been extended empirically 
to permit its use with the Loucks-Omori and Sprengnether seis
mographs. The entries for a given earthquake a re : date, time of 
arrival at the nearest station (Hawaiian standard time), inten
sity at the nearest station, name of the nearest station, epicenter, 
and general remarks. 

A large fraction of the earthquakes occurring on the east rift 
of Kilauea near Pahoa were felt in the epicentral area. The num
ber felt was so large that no attempt was made to keep an accu
rate record of those felt. It may be assumed that all of the quakes 
from the Pahoa area which are listed below either were felt or 
could have been felt by a favorably situated observer. 

Jan. 5, 00: 16: 43, slight at Pahoa. East rift of Kilauea near 
Pahoa. 

Jan. 6, 15:44:07, slight at Uwekahuna. East rift of Kilauea 
near Napau Crater. 

Jan. 6, 18: 33: 55, slight at Pahoa. East rift of Kilauea near 
Heiheiahulu at a depth of about 5 km. 

Jan. 8, 17 :33:33 , slight at Pahoa. East rift of Kilauea south
east of Pahoa. 

Jan. 8, 18 :20:03 , Ditto 
Jan. 11, 11:03:27, Ditto 
Jan. 17, 03 :49 :16 , slight at Mauna Loa. Kaoiki fault near 

Halfway House at a depth of about 15 km. 
Jan. 18, 13 : 33 : 55, slight at Kamuela. Near Kamuela at a depth 

of about 20 km. 
Jan. 21, 02 :54:09 , slight at Uwekahuna. East rift of Kilauea 

near Kalalua Crater. 
Jan. 21, 07: 56: 01, slight at Uwekahuna. East rift of Kilauea 

near Napau Crater. 
Jan. 21, 2 2 : 0 0 : 4 1 , slight at Uwekahuna. East rift of Kilauea 

near Kalalua Crater. 
Jan. 22, 09: 0 1 : 02, moderate at Pahoa. East rift of Kilauea 

southeast of Pahoa. 
Jan. 25, 05 : 08: 10, slight at Pahoa. East rift of Kilauea near 

Pahoa. 
Jan. 27, 06: 18: 43, slight at Uwekahuna. East rift of Kilauea 

near Napau Crater at a depth of about 5 km. 
Feb. 21, 19 :17 : 45, slight at Uwekahuna. East of Puu Kapu-

kapu at a depth of about 5 km. Felt in the 
Volcano area. 

Feb. 23, 13:58:49, slight at Uwekahuna (slight at Mauna Loa 
and Pahoa, very feeble at Hilo, Naalehu, 
and Kamuela). East rift of Kilauea near 
Makaopuhi Crater at a depth of about 25 
km. Felt in Hawaii National Park, the Vol
cano area, and Pepeekeo. 

Feb. 24, 15 :06 : 17, slight at Pahoa. East rift of Kilauea south
east of Pahoa. 

Feb. 24, 18 : 46 : 22, moderate at Pahoa. East rift of Kilauea near 
Puu Honuaula at a depth of about 5 km. 

Feb. 24, 2 1 : 23: 28, slight at Pahoa. East rift of Kilauea south
east of Pahoa. 

Feb. 25, 01 :34 :43 , Ditto 
Feb. 25, 05 :50 :34 , Ditto 
Feb. 25, 06 :11 :25 , moderate at Pahoa. East rift of Kilauea 

southeast of Pahoa. 
Feb. 25, 13: 19: 21, slight at Pahoa. East rift of Kilauea near 

Pahoa. 
Feb. 25, 15:19:56, slight at Pahoa. East rift of Kilauea near 

Pahoa. 
Feb. 25, 22: 01 : 50, moderate at Pahoa. East rift of Kilauea 

near Pahoa. 
Feb. 26, 07: 30: 43, slight at Pahoa. East rift of Kilauea near 

Pahoa. 
Feb. 26, 08:47, Ditto 
Feb. 26, 10 :37:13 , slight at Uwekahuna (Pahoa seismograph 

out of operation. Estimated moderate at Pa
hoa). East rift of Kilauea near Puu Kepaka. 

Feb. 26, 12: 22: 05, slight at Pahoa. East rift of Kilauea near 
Pahoa. 

Feb. 26, 15 : 40: 18, Ditto 
Feb. 26, 18:56-33, Ditto 
Feb. 27, 00:37:24 , Ditto 
Feb. 27, 13 :42:23 , Ditto 
Feb. 27, 17:00:30, Ditto 
Feb. 27, 17:22:06, Ditto 
Feb. 27, 17 : 56 : 53, very feeble at Hilo (Pahoa seismograph out 

of operation. Estimated moderate at Pahoa) . 
East rift of Kilauea near Pahoa. 

Feb. 27, 18: 07: 29, slight at Pahoa. East rift of Kilauea near 
Pahoa. 

Feb. 27, 20: 15:03, Ditto 
Feb. 27, 23 : 12 : 02, Ditto 
Mar. 1, 09 :06 :43 , Ditto 
Mar. 1, 1 4 : 2 1 : 30, strong at Pahoa. East rift of Kilauea near 

Kalalua Crater. Felt in the Volcano area. 
Mar. 4, 14: 32, slight at Uwekahuna. East rift of Kilauea 

near Kilauea caldera. 
Mar. 5, At 12:30 a series of earthquakes which 

was recorded at all stations on the islands of 
Hawaii and Maui began. These earthquakes 
originated at a shallow depth on the east rift 
of Kilauea between Napau Crater and Kala
lua Crater. For the first hour and a half the 
seismograms at Uwekahuna and the Whit
ney Laboratory were so disturbed by spas
modic tremor that arrival times of individ
ual earthquakes could not be determined. 
During this interval, arrival times and in
tensities recorded at the Pahoa station will 
be given although Uwekahuna might be a 
few km. closer to the epicenters of some of 
the earthquakes. 

Mar. 5, 12:39:08, strong at Pahoa. Four km. east of Napau 
Crater. Felt in Hilo. 

Mar. 5, 12 : 46 : 53, moderate at Pahoa. Near Kalalua Crater. 
Mar. 5, 12:48:37, Ditto 
Mar. 5, 12 :53 :21 , slight at Pahoa. Near Kalalua Crater. 
Mar. 5, 12: 53 : 44, strong at Pahoa. Near Kalalua Crater. 
Mar. 5, 12: 54: 43, moderate at Pahoa. Near Kalalua Crater. 
Mar. 5, 12: 58: 26, strong at Pahoa. Four km. west of Kalalua 

Crater. Largest earthquake of series. 
Mar. 5, 14: 13: 51, moderate at Pahoa. Near Kalalua Crater. 
Mar. 5, 14 : 22 : 08, strong at Pahoa. Near Kalalua Crater. 
Mar. 5, 14 : 56 : 57, slight at Uwekahuna. Near Kalalua Crater. 
Mar. 5, 15: 19:04, Ditto 
Mar. 5, 15:29:40, slight at Uwekahuna. Near Kalalua Crater. 
Mar. 5, 15: 54: 30, slight at Uwekahuna. Near Kalalua Crater. 
Mar. 5, 16: 11:23, moderate at Pahoa. Near Kalalua Crater. 
Mar. 5, 17 : 00 : 01, slight at Uwekahuna. Near Kalalua Crater. 
Mar. 5, 17: 59: 08, moderate at Pahoa. Near Kalalua Crater. 
Mar. 5, 18 : 35 : 35, slight at Uwekahuna. Near Kalalua Crater. 
Mar. 5, 19:44:00, Ditto 
Mar. 5, 20 : 08 : 14, Ditto 
Mar. 5, 23 :29 :15 , Ditto 
Mar. 6, 05 : 24: 47, moderate at Pahoa. Near Kalalua Crater. 
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Mar. 6, 09 : 58: 37, slight at Pahoa. Near Kalalua Crater. 
Mar. 6, 11 : 45 : 06, strong at Pahoa. Near Kalalua Crater. 
Mar. 6, 12 : 47: 45, slight at Mauna Loa. Near the Mauna Loa 

seismograph at a depth of about 5 km. 
Mar. 7, 22: 2 1 : 31, strong at Pahoa. Near Heiheiahulu. Felt 

over the entire southern half of the island 
of Hawaii. 

Mar. 7, 22 :43 :50 , slight at Uwekahuna (Pahoa seismograph 
out of operation. Estimated moderate at Pa
hoa). Near Heiheiahulu. Felt in Pahoa, 
Hilo, and Hawaii National Park. 

Mar. 7, 22: 57: 38, strong at Pahoa. Near Heiheiahulu. Felt in 
Pahoa, Hilo, Hawaii National Park, and 
Capt. Cook. 

Mar. 7, 23 : 32: 41, strong at Pahoa. Near Heiheiahulu. Felt in 
Pahoa, Hilo, and Hawaii National Park. 

Mar. 8, 20: 03: 36, slight at Pahoa. East rift of Kilauea near 
Pahoa. 

Mar. 9, (17 earthquakes), slight at Pahoa. East rift of Kilauea 
near Pahoa. 

Mar. 9, 09: 16: 55, slight at Pahoa. South coast of Kilauea near 
Kalapana. 

Mar. 10, (15 earthquakes), slight at Pahoa. East rift of Kilauea 
near Pahoa. 

Mar. 11, (11 earthquakes), Ditto 
Mar. 12, (9 earthquakes), Ditto 
Mar. 13, (6 earthquakes), Ditto 
Mar. 14, (7 earthquakes), Ditto 
Mar. 15, (4 earthquakes), Ditto 
Mar. 15, 19:01:27, slight at Uwekahuna. Kilauea caldera. 
Mar. 15, 19: 02: 55, slight at Uwekahuna. Kilauea caldera. 
Mar. 16, (3 earthquakes), slight at Pahoa. East rift of Kilauea 

near Pahoa. 
Mar. 17, (4 earthquakes), slight at Pahoa. East rift of Kilauea 

near Pahoa. 
Mar. 17, 01 : 00: 52, slight at Uwekahuna. Kilauea caldera. 
Mar. 17, 0 1 : 06 : 04, Ditto 
Mar. 17, 05 :54 :40 , Ditto 
Mar. 17, 08 :23 :37 , Ditto 
Mar. 17, 13: 32: 23, moderate at Uwekahuna. Kilauea caldera. 
Mar. 17, 13:35:47, Ditto 
Mar. 18, (7 earthquakes), slight at Pahoa. East rift of Kilauea 

near Pahoa. 
Mar. 18, 09: 54: 30, moderate at Uwekahuna. Kilauea caldera. 
Mar. 18, 15 :25:15 , Ditto 
Mar. 18, 22: 43 : 03, Ditto ' 
Mar. 19, 12: 09: 40, slight at Pahoa. East rift of Kilauea near 

Pahoa. 
Mar. 19, 18: 03 : 33, moderate at Uwekahuna. Kilauea caldera. 
Mar. 20, 18: 10: 42, slight at Pahoa. East rift of Kilauea near 

Pahoa. 
Mar. 22, 00 : 42 : 54, Ditto 
Mar. 22, 20 : 46 : 27, Ditto 
Mar. 22, 23 : 57 : 06, slight at Uwekahuna. Kilauea caldera. 
Mar. 23, 0 0 : 0 1 : 2 1 , Ditto 
Mar. 23, 02: 06: 30, slight at Pahoa. East rift of Kilauea near 

Pahoa. 
Mar. 23, 03 : 42: 12, Ditto 
Mar. 23, 07 : 53 : 59, slight at Uwekahuna. Kilauea caldera. 
Mar. 23, 12: 08: 52, slight at Pahoa. East rift of Kilauea near 

Pahoa. 
Mar. 24, 05: 23 : 46, slight at Pahoa. East rift of Kilauea near 

Pahoa. 
Mar. 24, 0 6 : 5 6 : 1 1 , slight at the Whitney Laboratory. Kilauea 

caldera. Felt in Hawaii National Park. 
Mar. 24, 06 : 59 : 27, Ditto 
Mar. 24, 07: 05 : 32, Ditto 
Mar. 24, 10: 27: 38, slight at Uwekahuna. Kilauea caldera. Felt 

in Hawaii National Park. 
Mar. 24, 11:02:26, slight at Pahoa. East rift of Kilauea near 

Pahoa. 
Mar. 24, 18 : 22 : 59, moderate at Uwekahuna. Kilauea caldera. 
Mar. 24, 23 : 26 : 20, slight at Uwekahuna. Kilauea caldera at a 

depth of 20 km. 

Mar. 25, 04: 27: 33, moderate at Uwekahuna. Kilauea caldera. 
Mar. 25, 05 : 42: 49, Ditto 
Mar. 25, 06: 26: 10, slight at Pahoa. East rift of Kilauea near 

Pahoa. 
Mar. 25, 07 : 13 : 23, slight at Uwekahuna. Kilauea caldera. 
Mar. 25, 07: 34: 28, Ditto 
Mar. 25, 07: 40: 42, Ditto 
Mar. 25, 07: 4 1 : 24, Ditto 
Mar. 25, 08: 07: 08, Ditto 
Mar. 25, 08 : 54: 49, Ditto 
Mar. 25, 08: 55 : 19, Ditto 
Mar. 25, 20 :17 :00 , very feeble at Mauna Loa. About 10 km. 

north of Kilauea caldera at a depth of about 
40 km. This earthquake and the next are 
representative of a large number of small 
earthquakes originating in this region on 
March 25, March 26, and March 27. 

Mar. 26, 06: 34: 08, very feeble at Mauna Loa. About 10 km. 
north of Kilauea caldera at a depth of about 
50 km. 

Mar. 27, 09: 23 : 43, strong at the Whitney Laboratory. Kilauea 
caldera. Felt in Hawaii National Park. 

Mar. 27, 16 : 02: 20, strong at the Whitney Laboratory. Kilauea 
caldera. Felt strongly in Hawaii National 
Park. Water lines broken and roads cracked 
in Hawaii National Park. 

Mar. 28, 20 : 39 : 00, slight at Uwekahuna. Kilauea caldera. 
Mar. 30, 13: 4 1 : 31, moderate at Naalehu. Southwest rift of 

Mauna Loa about 15 km. northeast of Puu 
Keokeo. 

Mar. 30, 16: 57: 23, Moderate at the Whitney Laboratory. Ki
lauea caldera. 

Distant Earthquakes 

The following earthquakes of distant origin were recorded on 
the seismographs at the Hawaiian Volcano Observatory (19° 
25.4' N. latitude, 155° 17.7' W. longitude). Beginnings of phases 
are given in Greenwich civil time, which is 10 hours faster than 
Hawaiian standard time. Locations of epicenters, magnitudes, 
and depths of focus are from the notices of Preliminary Deter
minations of Epicenters published by the U. S. Coast and Geo
detic Survey. 

Jan. 5, eP 01:02:19.6, 50° S., 162(4° E. Off coast of South 
Island, New Zealand. Magnitude 6(4-
6-J4. 

Jan. 5, eP 17:57:51.0, 16° S., 167(4° E. New Hebrides 
Islands. Magnitude 6(4-

Jan. 5, eP 23:51:13.5, 16° S., 167(4° E. New Hebrides 
Islands. Damage at Malekula. Magni
tude 644-7. 

Jan. 8, eP 07:42:29.3, 11(4° S., 166(4° E. Santa Cruz Islands. 
Depth about 60 km. Magnitude 6(4-7. 

Jan. 13, eP 02: 10: 37.5, 53° N., 167(4° W. Fox Islands, Aleu-
eT 03 : 00 : 44, tian Islands. Felt on Unalaska. 

Jan. 13, eP 02 : 42 : 38.8, Fox Islands aftershock. 
eT 03 : 34: 02, 

Jan. 31, eP 16 : 11: 05.7, 46(4° N., 153° E. Kurile Islands. Mag
nitude 6(4-6(4. 

Feb. 27, iP 20:52:30.6, 27(4° S., 176° W. Kermadec Islands 
region. Magnitude 7(4-8. 

Mar. 14, iP 13: 19:01.8, 52(4° N., 173(4° W. Andreanof 
Islands, Aleutian Islands. Magnitude 
6(4-7. Depth about 100 km. 

Mar. 18, eP 00: 15:28.4, 54(4° N., 161° E. Near east coast of 
Kamchatka. 

Mar. 31, eP 18:29:08.2, 8° N., 124° E. Near northwest coast 
of Mindanao, P. I. About 425 killed. 
Magnitude 7x/i. 

Mar. 31, iP 21 : 04: 54.7, 8° N., 124(4° E. Mindanao aftershock. 
Felt. 
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VOLCANO NOTES AND NEWS 

ERUPTION OF STROMBOLI 

Following a series of strong earthquakes in its vicin
ity, Stromboli volcano erupted in late December, 1954. 
On December 29, United Press reported a stream of 
lava entering the sea near the village of Ginostra, and 
ash falls over other parts of the island. The earthquakes 
caused a large amount of damage on the island of Salina, 
20 miles from Stromboli. It was stated that no house 
was left habitable on Salina Island, and many of the 
inhabitants were evacuated. Etna also was reported 
fuming heavily. 

ASSOCIATION OF PHYSICAL VOLCANOLOGY OF JAPAN 

Letters from Akira Suwa, Chief of the Volcanological 
Subsection of the Central Meteorological Observatory, 
and Prof. Sakuma of Hokkaido University announce 
the formation of an Association of Physical Volcanology. 
At the end of December the Association had about 240 
members. Chairman of the committee for the Associa
tion is Prof. T. Minakami, of the Earthquake Research 
Institute of Tokyo University. 

SUBMARINE ERUPTION IN THE CELEBES SEA 

On February 13 the crew of a Japanese fishing boat 
reported a submarine eruption, south of the Philippine 
Islands. Black "smoke," probably an ash-laden cloud of 
fume and steam, at first rose from the sea to a height of 
200 to 300 meters. Five minutes later the cloud became 
white, probably largely steam. The cloud rose from an 
area of about 1,800 square meters of sea surface. 

According to Mr. Arturo Alcaraz, Geologist in 
Charge, Philippine Commission on Volcanology, the 
eruption probably took place at or near a known sub
marine volcano that lies about 130 kilometers west-
northwest of Great Sangihe Island in the northern part 
of the Celebes Archipelago, about 250 kilometers south
west of the Davao Peninsula on the island of Mindanao, 
Philippines. (Lat. 3° 58' N., Long. 124° 10' E.) The 
volcano, which last erupted early in 1922, is unnamed. 
It bears the serial number 6,7-5 in M. Neumann van 
Padang's Catalogue of the Active Volcanoes of Indo
nesia. 
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DISTRIBUTION OF AREAS OF PNEUMATOLYTIC DEPOSITION 
ON THE FLOOR OF KILAUEA CALDERA 

By GORDON A. MACDONALD 

Gases rising through innumerable fissures in the 
lavas that floor Kilauea caldera have formed white de
posits on the surface of the lava. These deposits are not 
distributed uniformly over the caldera floor, but are 
concentrated in narrow bands and irregular patches. For 
the most part, the active steam vents are confined to the 
same areas. With certain qualities of lighting, the areas 
of deposition show up clearly to the eye in the field, 
from the caldera rim, and in aerial photographs. I com
menced the mapping of these areas by plane table in 
1951, but the mapping was interrupted by the heavy 
earthquake of August 21, in Kona. The mapping was 
completed in January 1955, by use of a photo-mosaic 
compiled by E. K. Field, former chief ranger of Hawaii 
National Park, from aerial photographs taken in 1944. 
Thanks are extended to Elroy Bohlin, acting chief 
ranger, for permission to use the mosaic. 

Gases issuing at the two solfataras, known respectively 
as Sulphur Bank and Southeast Sulphur Bank (Fig. 1) , 
contain sulphur dioxide and carbon dioxide. In those 
two areas of acid gas release the rocks are much altered 
to iron oxides and clay minerals, and leached to form 
pseudomorphs of opaline silica (Macdonald, G. A. 1944. 
Solfataric alteration of rocks at Kilauea volcano. Amer. 
Jour. Sci. 242 :496-505) . For the most part, however, 
the fumarole gases in and near Kilauea caldera consist 
largely or entirely of steam and air. Gas was collected 
by Kazuji Terada from a vent on the eruptive fissure 
of the 1954 lava flow on June 23, and from a vent on 
the northern part of the caldera floor on July 16, 1954. 
The latter vent (A, Fig. 1) is at or near the site of the 
former prominent conelet known as the Perret cone, 
buried by the lava flow of 1919. The gases were analyzed 
by Terada for the Geological Survey, and found to con
tain only water vapor and air. Gas from a vent on the 
flat .hove the Steaming Bluffs, 0.4 mile southwest of 
Sulphur Bank, contained a very small amount of carbon 

dioxide, possibly as a result of contamination by vege
table matter along the fissure (Terada, K. Unpub
lished report to U. S. Geological Survey, 1954). 

Along the source fissure of the 1954 lava flow on the 
caldera floor northeast of Halemaumau (Fig. 1) small 
deposits of thenardite (Na2SO,4) are found, associated 
with a little opal. These resemble deposits along eruptive 
fissures on Mauna Loa (Macdonald, G. A., and C. K. 
Wentworth. 1954. Hawaiian volcanoes during 1951. 
U. S. Geol. Survey, Bui. 996d: 180). At other areas 
within Kilauea caldera the deposits appear to be en
tirely opal. The opal is white and powdery, and forms 
thin crusts commonly in mammilary, botryoidal, and 
stalagmitic forms, and rarely miniature conelets re
sembling geyser cones but less than a centimeter high. 
Below the crust the lava rocks are generally partly 
altered to clay minerals and iron oxides for thicknesses 
of a few millimeters or a few centimeters. Generally the 
line of demarcation between the altered rock and the 
overlying crust is very sharp. The silica has clearly been 
transported and deposited by the rising steam, though it 
probably was derived by leaching of the altered rocks 
along the walls of the channel rather than from any 
deep-seated magmatic source. 

Most of the areas of pneumatolytic deposition on the 
caldera floor show a strikingly arcuate arrangement 
(Fig. 1) . With little question, these arcuate traces mark 
the buried margins of the sunken central basins that 
existed in the caldera during the nineteenth century. The 
buried scarps that bounded the basins, and the faults 
beneath them on which the sinking took place, still con
stitute pathways that guide the rise of steam from 
greater depths. 

Comparison with Figure 2 demonstrates that trace 1 
(Fig. 1) coincides approximately with the margin of 
the inner basin of 1840. Trace 2 nearly corresponds with 
the ridge of talus pushed up by bodily elevation of the 
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FIGURE 1. Map of Kilauea caldera, showing areas of deposition and alteration, the Perret steam vent ( A ) , and a small monoclinal 
scarp (B) on one of the arcuate lineaments marked by the areas of deposition. 

central part of the caldera floor in 1845 and 1846, and 
may correspond with the central basin of 1868. Trace 3 
coincides in position with the embayment at the north 
edge of the inner basin in 1825 (Fig. 2) , and 1841 
(Wilkes, Charles. 1845. Narrative of United States Ex
ploring Expedition During the Years 1838-1842. Vol. 4. 
Map facing p. 165). Trace 4 appears probably to reflect 
the position of another small pit, possibly the lake shown 

north of Halemaumau in Maiden's map of 1825, and the 
sketch by Captains Parker and Chase in 1838 (Brigham, 
W. T. 1909. The volcanoes of Kilauea and Mauna Loa. 
Bernice P. Bishop Mus., Mem. 2(4) : 45-48), and the 
embayment on the west side of the central basin shown 
in Wilkes' map of 1841. 

Along trace 1, in the southeastern part of the caldera, 
a scarp (B, Fig. 1) as much as 10 feet high formed 
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principally by flexing of the lavas, with cracking and 
minor faulting, has resulted from uplift of the central 
portion of the crater floor in relation to the margin. This 
uplift probably took place since 1884, because the lavas 
covering that portion of the floor probably are of that 
date. 

Trace 5 appears to be essentially straight, rather than 
arcuate, it coincides closely in direction, and very nearly 
in position, with the eruptive fissure of the 1954 lava 
flow, and probably represents the northeast rift zone 
crossing the caldera floor. The eruptions of 1832 and 

1868 no doubt represent activity on this rift zone. 
Strikingly linear also is the arrangement of the three 

small circular structures, pits 3 and 4 and Halemaumau. 
The trend of this lineament departs somewhat from that 
of the southwest rift zone, and even more from that of 
the northeast rift. It is, however, approximately the 
same as that of two dikes cropping out in the caldera 
wall west of the fault blocks at the northeastern edge 
of the caldera. These dikes are the only ones exposed 
in the walls of Kilauea caldera other than those in 
Halemaumau. 

FIGURE 2. Map of Kilauea caldera showing the approximate margin of the inner depression of 1823 (adapted from the map by Maiden 
in 1825), and 1840 (after Wilkes), and the approximate position of the ridge of elevated talus in 1846 (after C. S. Lyman). 
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR APRIL-JUNE, 1955 

By GORDON A. MACDONALD and JERRY P. EATON 

VOLCANOLOGY 

April 
The volcanic activity on the east rift zone of Kilauea vol

cano, in eastern Puna, that had begun on February 28, con
tinued into early April. The vents in the vicinity of the pre
historic lilewa Crater continued fountaining, and liberating 
lava flows. A second flow from these vents entered the ocean 
on the evening of April 2. Lava extrusion stopped early on the 
morning of April 8. For the next two weeks the southwestern 
vents near lilewa Crater continued to fume moderately to 
heavily, and a small pit on the northeast side of the south-
westernmost vent glowed brightly, but there was no surface 
extrusion of lava. 

On April 24 a short period of weak fountain activity oc
curred in the crater of the northeasternmost new cone near 
lilewa Crater, and a small lava flow poured into the crater of 
the cone. Another small fountain and flow broke out in the 
same crater on the afternoon of April 26, but continued only 
a few hours. On the afternoon of April 27 a small lava flow 
broke out at a fissure in an older flow 1,000 feet southeast of 
the cone, and continued until the afternoon of the 28th. On 
April 30 activity resumed at the small pit just northeast of the 
southwesternmost cone of the lilewa group, with small lava 
fountains, and pahoehoe flows spreading around the vent. 

Volcanic tremor of the "harmonic" type was weak and 
irregular on the Pahoa seismograms from the beginning of the 
month until April 7. The resumption of weak activity at the 
vents near lilewa Crater from April 24 to 30 was not accom
panied by any detectable tremor. 

At 4:25 A.M. on April 1 a strong earthquake occurred deep 
under the Kilauea caldera region. It was widely felt on the 
island of Hawaii , but did no damage. Very numerous earth
quakes continued at Kilauea caldera throughout the month, 
but with gradually decreasing frequency (see table of local 
earthquake data) . These accompanied a south-southwestward 
tilting of the ground at the northeast edge of the caldera total
ing about 4.4 seconds of arc. At the west edge of the caldera 
the tilting was about 6 seconds of arc in a south-southeasterly 
direction. This tilting clearly indicated a sinking of the cal
dera floor, presumably resulting from decrease of magmatic 
pressure because of the release of lava in east Puna. The sink
ing was a continuation of the much more marked sinking of 
late March. (See Volcano Letter 527.) 

The eruption in east Puna, and the accompanying effects at 
Kilauea caldera, will be described in detail in forthcoming-
issues of the Volcano Letter. 

May 

The activity that resumed at the southwestern vents of the 
lilewa group on April 30 continued with gradually increasing-
strength into May. At first fountaining was low, and small 
sluggish flows were restricted to the area within about 1,000 
feet of the vents. On May 16 occurred a marked recrudescence 
of activity. Lava fountaining became strong, and voluminous 
extrusion formed a broad pool of pahoehoe northeast of the 
vents, which drained southeastward toward the old Kalapana-
Pahoa road and the coast. On May 19 a flow threatened the 
Iwasaki camp, and evacuation of the camp was started. (The 
camp had been evacuated during March, but had been partly 
reoccupied during the lull in activity in April.) On May 24 
and 25 flows buried the upper portion of the Kamaili road and 
the Iwasaki camp area. All lava activity at the vent ceased 
suddenly at approximately 11:15 A.M. on May 26. 

Harmonic tremor resumed on the Pahoa seismograph on 
May 4, and continued very weakly until May 9. No tremor 
was detected on May 10 and 11, but it resumed on May 12. 

It continued to be very weak until 8:30 P.M. on May 16, when 
it suddenly increased in strength, though it was still rather 
weak. It continued until May 26, when it ceased very abruptly 
at 11:13:47 A.M. The latter time coincided closely with the end 
of visible activity at the vents south of lilewa Crater. 

During the rest of May the vents near lilewa Crater, those 
at and near the old Kalapana road 3.6 miles south of Pahoa, 
and those southwest of Puu Kii continued to fume lightly to 
moderately, but there was no further lava extrusion. Blue 
flames, possibly burning sulphur, were observed at cracks in 
the ground along the old Kalapana road. 

Seismic activity was at a low level both in east Puna and in 
the Kilauea caldera area. The Pahoa seismograph recorded 
only 25 earthquakes during May, and only 35 were recorded 
by the Bosch-Omori seismograph at the northeast rim of the 
caldera. Westward tilting of the ground at the northeast rim 
of the caldera was about normal in direction and amount for 
that season of the year, but southward tilting continued at a 
moderate rate well beyond the normal time of reversal to 
northward tilting. This may indicate a continued sinking of 
the caldera floor, but may on the other hand represent merely 
an unusually late seasonal reversal. The Mauna Loa seis
mograph recorded 56 earthquakes during May. 

June 

The month of June was quiet both volcanically and seis-
mically. Quiet release of volcanic fume and steam continued 
at the vents of the recent eruption in east Puna, and blue 
flames were occasionally visible at cracks along the old Kala
pana road near the former Nii residence. The amount of 
visible steam varied greatly, probably in large part because of 
variations in the amount of rainfall, and temperature and 
humidity of the atmosphere. 

The Bosch-Omori seismograph in the Whitney Laboratory 
of Seismology, on the northeast rim of Kilauea caldera, re
corded only 18 earthquakes during June. This is the smallest 
number recorded since February 1953. The Pahoa seismograph 
recorded 28 quakes, three more than in May. The Mauna Loa 
seismograph recorded 52 quakes, four less than in May. Some 
of the quakes recorded at the Mauna Loa station originated at 
Kilauea, others on the Kaoiki fault zone between Kilauea and 
Mauna Loa, and others on Mauna Loa, probably on the east 
rift zone. No harmonic tremor was recorded on any of the 
seismographs. 

A sharp earthquake felt from Naalehu to the Volcano dis
trict at 9:16 P.M. on June 12 probably originated on the Kaoiki 
fault. A quake of local origin rattled windows in the Waimea 
area at 7:11 A.M. on June 29. 

During June the ground surface at the Whitney Laboratory 
of Seismology tilted slightly southeastward. Normally at that 
season of the year the direction of tilting should be northeast
ward. The abnormal direction of tilting may indicate a con
tinued slight reduction of volcanic pressure beneath Kilauea 
caldera, but the time of the seasonal reversal from south
ward to northward til t ing varies as much as two months 
and the continued southward tilting may represent merely an 
unusually late seasonal reversal. If so, the reversal from west
ward to eastward tilting in advance of the south to north 
reversal (it usually follows the latter by about a month) may 
indicate either an increase of pressure beneath Mauna Loa to 
the west, or a reduction of pressure beneath the Puna area to 
the east. The number and distribution of tilt measuring sta
tions is inadequate to furnish the answer to this and similar 
problems, and the number of stations is being increased as 
rapidly as possible. 
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SEISMOLOGY 

Local Earthquake Data, Ap r i l - June , 1955 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea caldera) 

Week 
Beginning 

Apr. 3 
10 
17 
24 

May 1 
8 

IS 
22 
29 

June S 
12 
19 
26 

Minutes 
of 

Tremor 

230 
198 
28 

3 
0 
0 
1 
2 
4 
1 
0 
1 
2 

Very 
Feeble 

24 
1 
3 
3 
1 
3 
0 
5 
2 
1 
2 
0 
2 

Feeble 

3 
0 
1 
0 
0 
0 
1 
3 
0 
0 
0 
0 
0 

Slight 

2 
0 
0 
1 
0 
3 
1 
0 
2 
0 
0 
0 
0 

Mod
erate 

2 
2 
0 
1 
0 
3 
0 
0 
3 
0 
1 
0 
0 

Strong 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total 

261 
201 

32 
8 
1 
9 
3 

10 
11 
2 
3 
1 
4 

Local 
Seis

micity* 

82.5 
56.0 
9.5 
7.25 
0.5 

16.5 
3.25 
6.0 

15.0 
0.75 
4.0 
0.25 
1.5 

* For definition of local seismicity see Volcano Letter 371 or 512. Fach 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; moderate, 
3.0; strong, 4.0. These values arc totaled to give the weekly local seismicity. 
Continuous volcanic tremor ("harmonic tremor") is ignored in the calcu
lation. The strength assigned to the earthquake depends on the double am
plitude of the maximum oscillation it causes on the Bosch-Omori seismo
graph, as follows: tremor, less than 0.5 mm.; very feeble, 0.5 to 4 mm.; 
feeble, 4 to 11 mm.; slight, 11 to 25 mm.; moderate, 25 to 60 mm.; strong, 
greater than 60 mm. 

Table of Tilt at Seismograph Stations on Rim of Ki lauea Caldera 

Beginning 

Apr. 3 
10 
17 
24 

May 1 
8 

15 
22 
29 

June 5 
12 
19 
26 

Whit 
(Nor 

Amount 

2.8" 
0.4" 
0.3" 
0.9" 
0.3" 
0.7" 
1.4" 
1.2" 
0.4" 
0.4" 
0.4" 
0.5" 
0.4" 

ray Station 
boast rim) 

Direction 

S 18° W 

s S 27° W 
S 15° W 
S 27° E 
S 31° E 
S 38° W 
S 36° W 
N81° E 
S 18° E 
N81° E 
S 14° W 
N81° W 

Uwekabm 
(West 

Amount 

3.3" 
3.2" 
1.0" 
1.4" 
1.3" 
0.6" 
0.3" 
0.3" 
1.6" 
2.7" 
2.3" 
0.9" 
2.6" 

a Station 
rim) 

Direction 

S 29° E 
S 12° E 
S 18° E 
N 27° W 

S 
S 
N 
E 
S 

S 21° E 
S 9° E 
S 45° E 
S 7° E 

Local Earthquakes 

The data for the following local earthquakes were deter
mined from seismographs on the islands of Hawaii and 
Maui operated by the Hawaiian Volcano Observatory. Except 
for smaller earthquakes of special interest, only earthquakes 
classed as slight or larger were included in the list. The in
tensity ratings assigned are based on the Bosch-Omori seis
mograph at the Whitney Laboratory. This intensity scale has 
been extended empirically to permit its use witb the Loucks-
Omori and Sprengnether seismographs. The entries for a 
given earthquake are : date, time of arrival at the nearest sta
tion (Hawaiian standard time), intensity at the nearest station, 
name of the nearest station, epicenter, and general remarks. 

Apr. 1, 04 : 24 : 28, Strong at Uwekahuna. Under the south rim 
of Kilauea caldera at a depth of about 10 
km. Felt generally over the entire island of 
Hawaii and by a few observers on the 
islands of Maui and Oahu. 

Apr. 2, 05 : 09 : 24, slight at Uwekahuna. Kilauea caldera. 
Apr. 2, 06 : 37 : 56, Ditto 
Apr. 4, 13:28:44, Ditto 
Apr. 4, 13 :34 : 14, Ditto 
Apr. 6, 14: 33 : 35, moderate at Uwekahuna. Near Kilauea cal

dera. 
Apr. 6, 15: 59:34, Ditto 
Apr. 7, 01 : 27: 22, slight at Uwekahuna. Near Hilina Pali at 

. a depth of about 25 km. 
Apr. 7, 15 : 48 : 54, slight at Uwekahuna. Near Kilauea caldera. 
Apr. 9, 18: 08 : 30, moderate at Uwekahuna. Near Kilauea cal

dera. 
Apr. 10, 09: 45 : 02, feeble at Uwekahuna. Southwest rift of Ki

lauea near the Ponohohoa Chasms at a depth 
of about 15 km. 

Apr. 12, 08: 25 : 44, moderate at the Whitney Laboratory. East 
rim of Kilauea caldera. Felt in Hawaii Na
tional Park. 

Apr. 12, 12: 49 : 56, Ditto 
Apr. 22, 05 : 47: 16, moderate at Pahoa. East rift of Kilauea near 

Pahoa. 
Apr. 23, 07: 33: 51, moderate at Mauna Loa. Ten km. north of 

Halfway House at a depth of about 15 km. 
Felt at Hilo, Hawaii National Park, and 
Naalehu. 

Apr. 24, 13:19:08, moderate at Uwekahuna. Kilauea caldera. 
Felt at Hawaii National Park. 

Apr. 24, 09: 06: 19, slight at LAvekahuna. Five km. north of 
Halfway House at a depth of about 25 km. 
Felt at Hilo, Pahoa, and the Volcano area. 

May 8, 16:01:57, moderate at Uwekahuna. Near Puu Kapu-
kapu. Felt at Pahoa and Pepeekeo. 

May 9, 05 : 44: 51, slight at the Whitney Laboratory. East rim 
of Kilauea caldera. Felt at Hawaii National 
Park. 

May 9, 09 : 35 : 38, Ditto 
May 11, 09: 06: 53, moderate at Uwekahuna. Near Kilauea cal

dera. 
May 12, 10 : 30 : 40, slight at the Whitney Laboratory. Near Ki

lauea caldera. 
May 14, 10: 34: 23, slight at Uwekahuna. Near Kilauea caldera. 
May 15, 02 :42 :23 , feeble at Uwekahuna. Under Kilauea cal

dera at a depth of about 40 km. 
May 16, 2 3 : 2 6 : 17, slight at Uwekahuna. Kilauea caldera. 
May 23, 01 : 40 : 47, Ditto 
May 29, 05: 34: 11, moderate at Uwekahuna. Near Kilauea cal

dera. 
June 1, 01 : 59: 50, moderate at the Whitney Laboratory. East 

rim of Kilauea caldera. 
June 1, 03 : 50 : 50, Ditto 
June 5, 17 :02 :11 , very feeble at Naalehu. Near Pahala at a 

depth of about 75 km. 
June 12, 21 : 15 : 56, slight at Mauna Loa. Near the Mauna Loa 

seismograph station at a depth of about 15 
km. Felt at Pahala, Naalehu, and Hawaii 
National Park. 

June 14, 14: 29 : 35, slight at Mauna Loa. Near the Mauna Loa 
seismograph station at a depth of about 15 
km. 

June 27, 03 :51:27 , slight at Pahoa. East rift of Kilauea near 
Pahoa. 

Distant Earthquakes 

The following earthquakes of distant origin were recorded 
on the seismographs at the Hawaiian Volcano Observatory 
(19° 25.4' N. latitude, 155° 17.7' W. longitude). Beginnings of 
phases are given in Greenwich civil time, which is 10 hours 
faster than Hawaiian standard time. Locations of epicenters, 
magnitudes, and depths of focus are from the notices of Pre
liminary Determinations of Epicenters published by the U. S. 
Coast and Geodetic Survey. 

Apr. 5, eL 15:29:50, 25° N., 110° W. Gulf of California. 
Magnitude about 7. 
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Apr. 10, eP 17:50:19.8, 8° N., 125° E. Philippines aftershock. 
Many injured, moderate damage in L,a-
nao province. 

Apr. 19, eP 20: 38: 19.6, 30° S , 72° W. Near coast of Central 
Chile. Extensive damage from water 
waves at Tongoy and La Serena. Mag
nitude 7. 

Apr.23, iP 18:38:58.1, 2414° S., 113* W. Easter Islands re
gion. Magnitude 6 % 

Apr.28, eP 19:12:11.6, 51° N., 178j4° W. Fel t : Adak. Mag-
eT 19:50:27.1, nitude 6^4. 

May 14, iP 06:13:34.1 , 28° N., 13914° E. Bonin Islands re
gion. Depth about 500 km. Magnitude 

VOLCANO NOTES AND NEWS 

THE LANAO EARTHQUAKE, PHILIPPINES 

On April 1, at 2:15 A.M. (Philippine time), a very 
strong earthquake occurred in the central western part 
of Mindanao Island. Soon afterward the volcano Maka-
turing was reported in eruption. 

The earthquake is briefly described by Arturo Alcaraz, 
in The Philippine Geologist (9(2) : 48-49). It was 
among the most severe experienced in the Philippines 
during this century. The epicenter lay between Lake 
Lanao and Panguil Bay. An intensity of VIII in the 
Rossi-Forel scale was attained in the epicentral area. 
The effects included Assuring and slumping in filled 
ground, differential settling in alluvial ground, sand 
boils, landslides, and a strong seiche in Lake Lanao. 
Many houses and public buildings were damaged. About 
400 persons were killed. Of these, 174 were drowned 
when a large portion of Tugaya village slumped as much 
as 40 feet downward into the lake. 

Makaturing is a dormant or extinct volcano situated 
south of Lake Lanao {Volcano Letter 523, p. 4) . Mr. 

Alcaraz writes (personal communication) that aerial 
examination of the mountain in April indicates the news 
reports of eruption to have been incorrect. Two or three 
small landslides on the mountain slopes probably resulted 
from the earthquake of April 1. 

ERUPTION OF MT. ASAMA, JAPAN 

Newspapers reported a brief explosive eruption of 
Asama volcano at 7:46 P.M. on June 11. The eruption 
was stated to have lasted only about 3 minutes. It was 
accompanied by a loud roar, and black ash fell over 
neighboring areas, including the popular resort town of 
Karuizawa. No casualties were reported. The mountain 
lies in the Asama National Park, and normally during 
summer week ends many climbers are on its slopes. 
Fortunately, on June 11 visitors were discouraged by 
heavy rains. 

The last previous activity of Asama consisted of small 
explosions on November 2 and 4, 1954 {Volcano Letter 
526, p. 7). 

May 30, iP 12:40:42.2, 2 4 / T N., 14214° E. Volcano Islands. 
Depth about 600 km. Magnitude 7j4. 
Fel t : Tokyo. 

May 30, eP 23:39:10.8, 3° S , 137° E. Western New Guinea. 
Magnitude 6J/4. 

May 31, eP 09:39:44.7, 27° S., 177j4° W. Kermadec Islands 
region. Depth about 100 km. Magni
tude 644. 

June 2, eP 00:26:11.0, 5114° N., 180°. Andreanof Islands, 
Aleutian Islands. Magnitude 644. 

June 12, eP 20:39:35.2, 49° N., 155° E. Kurile Islands. 

June 14, eP 06: 19: 46.4, 20° N., 107° W. Off coast of Colima, 
Mexico. Magnitude 7. 

June20, iP 12: 14:42.2, 5114° N., 180°. Andreanof Islands, 
eT 12: 53: 15, Aleutian Islands. Magnitude 6.}J—714. 
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THE 1955 ERUPTION OF KILAUEA VOLCANO 

By GORDON A. MACDONALD and JERRY P. EATON 

INTRODUCTION 

The 1955 eruption, on the east rift zone of Kilauea 
volcano in the eastern part of the Puna District, was 
unique in several respects and unusual in others. I t was 
the first flank eruption of Kilauea since 1923, and the 
first eruption in eastern Puna since 1840. In some re
spects it had the aspects of three separate eruptions, 
each accompanied by its premonitory earthquakes. It 
was unusual in that the opening of the eruptive fissures 
in part progressed up slope, toward the central vent of 
the volcano, and also in the irregular manner in which 
activity shifted from one vent area to another. For the 
first time in Hawaii, and probably anywhere else, scien
tists were able to observe and photograph at close range 
the entire sequence of the development of volcanic vents, 
from the first opening of the fissure in the ground, 
through the appearance of lava, the formation of cones 
and flows, and the cessation of activity. Also for the first 
time in Hawaii, we observed the formation of a pit 
crater. Unusually good opportunities were presented to 
observe active flow fronts at close range and study the 
mechanics of their movement; and to obtain temperature 
measurements both on flow fronts and in the lava foun
tains. 

The 1955 eruption was the first to occur in any popu
lous area in American territory. For the first time it was 
necessary to evacuate fairly large numbers of people, 
with their movable belongings, because of volcanic dan
ger. The staff of the Hawaiian Volcano Observatory 
worked in close cooperation with the Civil Defense 

Agency, the Police and Fire departments, the National 
Guard, the American Red Cross, and the Department 
of Public Instruction, in handling the disaster. In this 
connection, the responsibility of the Observatory staff 
was principally for prediction of the location of new 
points of outbreak and of the course of the flows. All 
orders of evacuation were issued by the Disaster Council 
of the County of Hawaii, with advice from the Observa
tory staff; and evacuation was on a purely voluntary 
basis. The eruption also saw the first modern attempts 
in Hawaii to construct barriers to deflect lava flows from 
certain areas. The barriers will be discussed in the de
tailed report on the eruption. The experience obtained 
with problems of human safety is of great value to all of 
us, particularly in view of the possibility of the develop
ment of even more serious situations in future Hawaiian 
eruptions. 

Space here does not permit a full account of the erup
tion. The following pages contain only a brief summary 
of events. A detailed report will be published later as a 
bulletin of the United States Geological Survey. 

ACKNOWLEDGMENTS 

It is impossible to credit here all the individuals who 
aided us during the eruption, but to all we extend our 
sincere thanks. Among those who may be mentioned 
a r e : Deputy Director Peter Pakele, Edward Bento, 
Raymond Suefuji, Richard Chinen, Albert Kudo, Albert 
Wilson, and Edward Wingate, of the Civil Defense 
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in January, 1956, the quarterly report of the Hawaiian Volcano Observatory will 
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request them from the Director, U . S. Geological Survey, Washington 25, D. C. 
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Agency; Col. Michael Roman, Captains Elroy Bohlin 
and Ken Cheney, and the men of the National Guard 
radio crews; Manager John Rolfes and Robert Spence 
of the American Red Cross; Principal Raymond Torii, 
and other teachers of Pahoa School; Deputy Chief 
George Martin, Captain William Kamau, and many 
other officers of the Hawaii Police Department; Man
ager C. E. S. Burns, Jr., and Myron Isherwood, of Olaa 
Sugar Co.; County Supervisor Richard Lyman ; Chief 
Robert Kahakua, and other members of the Hawaii Fire 
Department. Special thanks are due Curtis Kamai, of 
the Territorial Highway Department, who worked with 
us constantly in the field through the first phases of the 
eruption, keeping flow maps up to date and aiding in 
many other ways; and to Arthur Lyman, of Olaa Sugar 
Co., whose phenomenal knowledge of the area and ever-
willing counsel aided immensely in keeping track of vol
canic events. 

NARRATIVE OF THE ERUPTION 

The events leading to the eruption may be considered 
to have commenced with the two strong earthquakes 
centered in eastern Puna on March 30, 1954. The 
quakes came from a focus about 12 miles deep nearly 
south of Pahoa, between the surface trace of the east rift 
zone of Kilauea volcano and the southern shore of the 
island. Throughout the rest of the year many earth
quakes originated at centers along the east rift zone and 
in the caldera area. At the same time, tilting of the 
ground surface in the vicinity of the caldera indicated a 
swelling of the mountain, apparently caused by an in
crease of volcanic pressure beneath. The brief eruption 
in Kilauea caldera, from May 31 to June 3, 1954, had 
scarcely any effect either on the tilting of the ground 
surface or the sequence of earthquakes. Both continued 
uninterrupted through the rest of the year. 

Repeatedly from November 1954 through February 
1955 press releases from the Volcano Observatory called 
attention to the restlessness of the volcano. The possi
bility of eruption without appreciable further warning 
was pointed out, but the evidence was not sufficient to 
allow us to state definitely that the volcano was going 
to erupt, or if it did erupt, just when or where the out
break would occur. Finally, in late February, earthquake 
activity increased greatly and centered in eastern Puna. 
Mr. and Mrs. Harold Warner reported that they were 
feeling large numbers of quakes, many of them accom
panied by booming sounds, and that their dogs were 
much excited and digging persistently in the ground at 
their ranch, 5 miles S. 72° E- of Pahoa (Fig. 1 ) . W e 
spent most of February 27 at the Warne r ranch, study
ing the phenomena. By that evening it was evident that 
eruption was imminent and that the outbreak would al
most certainly take place in the area close to the Warne r 
ranch. But our conservatism had caused us to wait too 
long. Before the prediction could be published, the erup
tion began. 

The initial outbreak occurred within a few minutes of 
8 A.M. on February 28, within a quarter of a mile of the 
Warner ranch house. Small lava fountains played along 
fissures in the ohia forest just north of the road to Poho-
iki (Fig. 1-A). Two principal fissures, each about 300 

feet long, trended N. 65° E., and were arranged en 
echelon with the more easterly fissure offset slightly to 
the north. A fuming fissure extended southwestward 
from them across the road. Farther east-northeast, two 
other short rows of fountains played from fissures on 
the south slope of the old cinder cone, Putt Honuaula 
(Fig. 1-B). The lava fountains were 50-150 feet high, 
and from them a rather sluggish lava flow spread south
eastward between the base of Puu Honuaula and the 
road. 

At approximately 2 P .M. a new group of small foun
tains developed farther east-northeast, in the saddle be
tween Puu Honuaula and the next hill to the east (Fig. 
1-C), and where the fissure crossed a cane-field road 
just west of the fountains the upper edge of a dike of 
incandescent lava was visible a foot or two below the 
ground surface. Bursts of gas from the top of the dike 
threw showers of glowing lapilli into the air. 

The extension of the erupting fissures lay along a line 
trending almost directly toward the village of Kapoho, 
3 miles distant, and in a hurried conference with Defense 
officials it was decided that Kapoho should be evacuated. 
By 5 P .M. the evacuation was already well under way. 
At 4:10 P .M. the lava flow from the vents on the south 
side of Puu Honuaula reached the Pohoiki road, and by 
4:30 the road was completely blocked. 

Activity in vent area C had essentially ceased by 4:30 
P.M. , but it resumed about 7:30, with the development 
of a chain of fountains in the area where the glowing 
dike had been visible earlier. A lava flow from them ad
vanced rapidly southeastward into the cane fields. 

Conditions continued essentially the same, though 
with fluctuations in the intensity of the lava fountaining, 
throughout the night and into the morning of March 1. 
By midmorning, activity had ceased at the vent area C, 
but continued at vents A and B. At 12:15 P .M. the lava 
fountains suddenly started to decrease rapidly in size, 
and by 12:20 they were completely dead. Immediately 
afterward, a great cloud of steam started to roll from 
vents B and C but not from the vents at A (Fig. 1 ) . At 
most places the emission was rather gentle, and the cloud 
consisted entirely of white steam. Along the western 
portion of the row of vents at B, however, the steam 
roared out violently, carrying with it a cloud of black 
sand-sized ash. There was no trace of salt and very little 
trace of sulfur in the steam cloud. Apparently the rapid 
withdrawal of molten lava from the upper part of the 
eruptive conduits had allowed ground water to enter the 
conduits from the surrounding rocks, and contact of the 
water with the hot conduit walls resulted in the rapid 
generation of large volumes of steam. The ash was 
largely lithic, and apparently resulted from corrasion of 
the walls of the conduits by the outrushing steam. 

The violent escape of steam continued until about 
2 :30 P.M., when it started to diminish. Gradually lessen
ing amounts of steam poured out of the vents through
out the remainder of the afternoon and night. Lava 
activity at the vents was over, but lava continued to 
drain from tubes and open channels in the flow until 
about midnight. 

At about 4 P .M. a small brief outbreak of lava occurred 
in the saddle between two unnamed hills 3,500 feet east-
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FIGURE 1. Map of the southeastern part of the island of Hawaii, showing the vents and lava flows of the 1955 eruption. Letters indi
cate the location of vents mentioned in the text in the order of their outbreak. 

northeast of Puu Honuaula (Fig. 1-D). It lasted only 
a few minutes, and the flow formed in the cane field was 
less than 50 feet long. 

The quiet condition of the vents suggested that the 
eruption might be over, but the continuation of large 
numbers of small earthquakes indicated that that was 
not the case. During the morning of March 2, new 
cracks appeared in the ground near the Pahoa-Kapoho 
road, 1.25 miles east-northeast of Puu Honuaula and 
0.2 mile southeast of the old cinder cone, Puu Kii. The 
road was broken by a southeast-facing fault scarp 18 
inches high, which continued east-northeastward along 

the bed of the old railroad with displacement as great 
as 3 feet. These fissures and fault scarps developed while 
we watched them, by a series of slow gradual movements 
accompanied by sharp small earthquakes of very local 
origin. Plantation officials were advised to move cane-
field workers out of the area just southeast of the open
ing fissures, and the evacuation of Kapoho village (al
ready largely accomplished) was speeded up. By 1 P.M. 
the fissures had spread northeastward to the vicinity of 
Halekamahina hill, a mile from Puu Kii, and less than 
a mile from the outskirts of Kapoho. The Assuring was 
following closely the zone of fractures formed during 
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the great swarm of earthquakes in the spring of 1924. 
At 2:15 P.M. lava broke out in the cane field north of 

the Kapoho-Pahoa road (Fig. 1-E), 0.1 mile northeast 
of the initial Assuring across the road, and only about 
250 feet from where Macdonald and B. J. Loucks were 
watching the development of fissures along the old rail
road bed. First a cloud of dense white fume appeared, 
then after an interval of two or three minutes clots of 
incandescent lava started to shoot above the tops of the 
cane. Within 5 minutes of the first appearance of lava 
the line of fountains had increased in length to a quarter 
of a mile, the fountains had grown to a height of 50 feet, 
and very active flows of pahoehoe were spreading out
ward at a rate of about 40 feet a minute. 

At approximately 4 P .M. the erupting portion of the 
fissure again lengthened downhill (Fig. 1-F). About 
6:30 P .M. new vents extended the erupting fissure up 
slope, across the Kapoho-Pahoa road (Fig. 1-G). From 
7:15 to 7:25 P .M. the eruptive fissure again lengthened 
500 feet down slope east of vent F . At 8 P .M. another 
line of fountains broke out at FI, east of vent F , and a 
new flow started to advance just north of the earlier 
flow. The fountains at vent H lasted only about 2 hours. 
At approximately 9 P .M. still another group of vents 
became active southwest of the Pahoa-Kapoho road 
(Fig.l-J). 

At 12:35 A.M. on March 3 a row of small lava foun
tains broke out on the lower southeast slope of Haleka-
mahina hill (Fig. 1-K). At 1:30 A.M. another small 
outbreak occurred just to the west (Fig. 1-L), and at 
2:41 still another outbreak occurred to the east (Fig. 
1-M), only half a mile from the outskirts of Kapoho 
village. None of these groups of fountains lasted more 
than 2 hours. At 5:10 A.M. a small fountain broke out 
at N (Fig. 1) , but lasted only about 45 minutes. 

Vents J, G, and E were longer lived than the other 
vents, and became the principal vents of the eruption 
between March 3 and 10. They lay on fissures arranged 
en echelon, with each fissure offset to the left (nor th) 
in relation to the preceding one. The largest fountain 
was at vent E, close to the locus of the initial outbreak 
at 2:15 P.M. on March 2. By the early hours of daylight 
on March 3 this fountain averaged about 200 feet in 
height, and occasional bursts of cinder reached heights 
of 350 or 400 feet. The three groups of fountains fed a 
very active flow of aa. At 6:30 A.M. on March 3 the 
principal lobe of this flow was advancing 300 feet per 
hour over a front 500 feet wide, just south of the Ka
poho road. Another less active lobe lay further south. 

About 7 P .M. new fissures appeared in the old railroad 
bed at the western edge of Kapoho, and within a short 
time had extended through the center of the village it
self. A police detail was still stationed in Kapoho, and a 
few people were still loading heavy appliances and the 
remainder of store stocks into trucks. These persons 
were immediately evacuated from the village, and the 
headquarters of the police detail was moved southward 
to a point on the coastal road 2.5 miles south of Kapoho. 

Lava fountains broke out in the outskirts of Kapoho 
(Fig. 1-P) at approximately 9:30 P.M. , and it seemed 
as though the village was doomed. By great good for
tune, however, fountain activity was restricted to the 
westernmost part of the line of fissures, and a low ridge 

turned the flow of lava northward, away from the main 
portion of the village. Several houses in the outer part 
of the village were destroyed, but most of the village 
remained unharmed. Like that near Halekamahina, ac
tivity at the Kapoho vents was short lived. By 7:30 A.M. 
on March 4 lava activity at the easternmost vent had 
been replaced by a cloud of steam similar to those at Puu 
Honuaula on March 1, and by 8 A.M. activity at the 
Kapoho vents was over. 

Still another threat to Kapoho had developed on the 
evening of March 3, when the big" flow from the vents 
near Puu Kii reached the head of a shallow valley that 
led to the village. Although the main portion of the flow 
was directed down a larger valley farther south, it ap
peared probable that part of the flow would spill over 
the low divide and go down the valley toward Kapoho. 
However, the head of the valley was blocked by a fill 
on the old railroad grade, and although the lava piled 
up to a height of 15 to 20 feet above the level of the top 
of the fill, the lower mobile portion of the flow was de
flected southward by the fill and none of the flow spilled 
into the valley toward Kapoho. 

The flow crossed the coast road on the evening of 
March 4. On that day and the next the lava fountain at 
vent E reached a height of nearly 800 feet! On March 6, 
however, the fountains rapidly died down. By evening 
there was no sign of activity at the vents, and the big 
flow was stagnating without having reached the ocean. 

Again it looked briefly as though the eruption might 
be over. The seismographs indicated otherwise, how
ever. By the morning of March 7 another series of 
earthquakes was under way, this time originating in a 
zone southwest of the Puu Honuaula vents, within a 
mile or two on each side of the road from Pahoa to Kala-
pana. A new outbreak in that area appeared probable. 
For nearly a week we waited, while earthquakes oc
curred as frequently as two a minute for hour after 
hour. Eruption appeared more and more certain, but we 
could not be sure just where it would take place. The 
east rift zone of Kilauea lies along the top of a broad 
ridge, the crest of which lies about three miles south of 
Pahoa. If eruption occurred on the north side of the 
ridge, the town of Pahoa might be in immediate and 
drastic danger. The evacuation of Pahoa was not ad
vised, because it appeared almost certain that the out
break would be on the south side of the r idge; but under 
the direction of Richard Lyman, plans were laid for the 
construction by bulldozers of an earthen wall to try to 
divert the lava from the town if it should prove neces
sary. The Observatory staff took part in the planning, 
and the scheme had the complete approval of the citi
zens of Pahoa. 

Finally, on the morning of March 12, cracks opened 
across the Pahoa-Kalapana road south of the crest of 
the ridge, 3.5 miles south of Pahoa. The town of Pahoa 
appeared to be out of danger, but the Kaueleau and 
Kamaili areas were in immediate jeopardy. Most per
sons had already left those areas, and residents of the 
Kalapana and Opihikao areas also had been evacuated 
because of the probability of isolation of those areas from 
food supplies and medical aid should eruption occur. 

On the evening of March 12, lava broke out near Puu 
Kaliu (Fig. 1-Q), 2 miles east of the Kalapana road; 



FIGURE 2. Fume issuing from 
a new fissure in vent area R, ad
jacent to the Kalapana road, on 
March 13, 1955. Lava reached 
the surface at this point a few 
minutes later. This illustrates 
the first phase in the formation 
of a new volcanic vent. 

FIGURE 3. Viscous lava ap
pearing at the surface in a new 
fissure across the Kalapana road, 
in vent area R, on the afternoon 
of March 13, 1955. Small explo
sive fountains burst through the 
top of the bulge of lava a minute 
or two later. 

FIGURE 4. Spatter cone form
ing around a lava fountain at 
the new vent shown in Figure 
3, about 16 hours later (morn
ing of March 14). 
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and on the morning of March 13 a series of outbreaks 
occurred just east of the road (Fig. 1-R). Persons liv
ing in the area had already moved away, and the absence 
of any immediate threat to human life or movable prop
erty allowed us to spend a fascinating day watching and 
photographing for the first time in history the complete 
sequence of the development of new volcanic vents. 

First, hairline cracks opened in the ground, gradually 
widening to 2 or 3 inches. Then from the crack there 
poured out a cloud of white choking sulfur dioxide fume 
(Fig. 2 ) . This was followed a few minutes later by the 
ejection of scattered tiny fragments of red hot lava, and 
then the appearance at the surface of a small bulb of 
viscous molten lava (Fig. 3 ) . The bulb gradually swelled 
to a diameter of 1 to 1.5 feet, and started to spread lat
erally to form a lava flow. From the top of the bulb 
there developed a fountain of molten lava which grad
ually built around itself a cone of solidified spatter (Fig. 
4 ) . The same general sequence was observed at three 
separate points during the day. 

During the afternoon, activity spread southwestward 
across the Kalapana road, and by the morning of March 
14 a spatter cone 30 feet high stood athwart the road. 

On March 14 a lava fountain 400 feet high developed 
about a mile east of the Kalapana road (Fig . 1-S). 
Favorable conditions of wind and topography allowed 
us to approach within 100 feet of the base of this foun
tain and an unusually clear line of sight made possible 
excellent temperature measurements at night with an 
optical pyrometer. The temperature in the core of the 
fountain was close to 2,000° F . A lava flow from the 
fountain swept down through Kaueleau. On March 16 
it entered the ocean, sending up great clouds of steam. 
Kalapana village was completely isolated. 

During the afternoon of March 16 a new outbreak 
(Fig. 1-T) occurred south of the old Iilewa Crater, a 
mile southwest of the scene of the March 13 activity at 
the Kalapana road. Another took place two miles south
west of the road (Fig. 1-U) on March 19. Flows from 

the latter vents crossed the Kalapana road on the eve
ning of March 19, but the activity of the vents lasted 
only about a day. 

On March 20 activity increased at vent T . The lava 
fountain reached a height of 600 to 750 feet, and flows 
from it advanced into the Kamaili area. Pumice and 
Pele's hair fell abundantly in Pahoa, 5 miles away. A 
cone of pumice, cinder, and welded spatter 1,000 feet 
across and about 100 feet high was built around the 
fountain. On the morning of March 21 a tongue of one 
of the flows from vent T entered the head of a small 
valley that led directly to a small plantation camp owned 
by Koji Iwasaki. In an effort to keep the flow from 
reaching the camp, a wall about 1,000 feet long and 10 
feet high was hurriedly thrown up by bulldozers work
ing under the direction of Ar thur Lyman, with Eaton's 
advice. During the afternoon the flow reached the bar
rier and was turned by it, but advanced along it only 
about 50 feet before the supply of lava was cut off and 
all movement in that tongue stopped. 

The next day Robert Yamada, of Hilo, started con
struction of another series of short barriers to try to 
divert another portion of the flow from his coffee plan
tation. The walls were only partly successful, but did 
demonstrate certain valuable principles relating to the 
diversion of lava flows. 

At 4:03 P .M. on March 20 a sharp explosion from 
vent area R, only about 150 feet east of the Kalapana 
road, threw dark ash 500 feet into the air. Several simi
lar explosions followed within the next two hours. Air 
reconnaissance revealed a nearly circular pit with a 
mouth about 30 feet in diameter and a brightly glowing 
interior (Fig . 5 ) . The walls were overhanging, the di
ameter of the base of the pit being at least twice that of 
the mouth. A tongue of pale blue and yellow flame 
played over the aperture at night, and the temperature 
of the interior was estimated on the basis of color to be 
at least 100° F . hotter than the cores of the lava foun
tains, presumably because of combustion of volcanic gas 

FIGURE 5. Aerial photograph 
showing the small pit crater 
formed in vent area R (Fig. 1) 
on the afternoon of March 20. 
Lava flows erupted on March 13 
are visible on the left. The erup
tive fissure extends across the 
picture from middle left to lower 
right. 
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in the pit. The edges of the pit caved back rapidly dur
ing the next few days, revealing it to be about 135 feet 
deep, floored with talus from the collapsing rim. The 
walls were covered with a tapestry of stalactites formed 
by melting and dripping of the old rocks under the in
tense heat of the burning gas. This pit is a small pit 
crater, similar to those along the Chain of Craters road 
in Hawaii National Park. The volume of ash ejected 
by the explosions was much less than the volume of the 
crater. Obviously, the crater was formed principally by 
collapse, probably as the result of withdrawal of molten 
lava beneath. 

At 9 A.M. on March 25 a small outbreak occurred 0.7 
mile east of the Kalapana road (Fig. 1-V). I t was short
lived, however. The lava flow advanced less than 500 
feet from the vent, and by early afternoon the activity 
was completely over. 

At 8 P .M. on March 26 a new outbreak occurred 1,500 
feet southwest of vent T. From this new vent (Fig. 
1-W) a rapid aa flow advanced seaward along the south 
side of the earlier flows, and on March 28 spread across 
the Yamada coffee plantation and entered the sea. Small 
explosions caused by sea water coming in contact with 
the fluid hot lava threw up showers of sand of the sort 
that forms beaches such as the famous black sand beach 
of Kalapana. The fountains at cone T became inactive 
at 2 A.M. on March 27, though occasional roaring gas 
release continued at a vent on the northeast side of the 
cone. Early on the morning of March 27 still another 
vent became active at Y (Fig. 1 ) . 

On March 30 a lava fountain developed at the roaring 
vent on the northeast side of cone T, and a cinder and 
spatter cone was built around it, overlapping the adja
cent older cone. On March 31 a small flow from this 
vent stopped only 2,000 feet from the Iwasaki camp. A 
flow that had started from vent Y on March 28 con
tinued slowly down the southern edge of the previous 
flows and entered the ocean at Kehena on April 2. The 
lava fountains at vents T and Y gradually declined 
through April 3 to 5, and on April 6 became intermit
tent. Just after midnight on April 7 all lava activity 
ceased. 

Then for more than 2 weeks things were completely 
quiet except for a glowing pit 10 feet across at the north
east base of cone Y and liberation of clouds of white 
sulphurous fume and steam from other vents. Ear th
quakes were very few and small. Apparently, however, 
molten lava continued to stand high in the conduits, for 
activity resumed quietly and without forewarning. 

On April 24 a weak lava fountain broke out again in 
the crater of the first cone at vent T . I t continued to 
play for only a few hours. Similar activity again ap
peared on April 26. For 3 or 4 hours scattered bursts 
of spatter were thrown to a height of 50 feet, and a 
small lava flow trickled into the bowl of the crater. The 
next day a flow of sluggish dense pahoehoe issued from 
fissures in lavas of the earlier part of the eruption about 
1,000 feet southeast of the crater of cone T, and ad
vanced 1,500 feet seaward before coming to a stop on 
April 28. 

On April 30 weak fountaining and lava extrusion re
sumed at the site of the glowing pit at the base of cone 
Y. From then until May 16 activity at that site gradu

ally increased. Semi-explosive ejections built a cone of 
loose cinder 75 feet high between cones W and Y, and 
close to its northeast base two small spatter cones were 
built. Lava spread around the vents. Then on May 16 a 
marked recrudescence of activity took place. The show
ers of discrete cinders were replaced by voluminous lava 
fountaining at the site of one of the two small spatter 
cones, and in the crater of the cinder cone. A large cone 
of welded spatter (Fig. 1-Z) rapidly grew around the 
two fountains, reaching a height of 150 feet and bury
ing the cinder cone, the two small spatter cones, and the 
remnant of cone W . East of the cone was formed a broad 
pool of lava that spilled southeastward toward the ocean 
and northeastward into the crater of cone T. On May 
19 the Observatory staff issued a warning of renewed 
danger to the Iwasaki camp; the camp, which had been 
reoccupied after the cessation of activity in early April, 
was again evacuated..At 9 P .M. lava entered the camp, 
destroying about half the buildings, but not until essen
tially all their contents had been removed. 

On May 18 lava had started to spill from the pond 
northeast of cone Z into the valley northwest of cone T. 
Other small overflows into the valley occurred on sub
sequent days. At 11:30 P.M. on May 23 a great flood of 
lava broke over the divide into the head of the valley, 
and quickly formed another broad pond of lava north of 
cone T. This pond continued to grow through May 24, 
fed by a spectacular cascade in which the lava attained 
rates of flow estimated as more than 30 miles per hour. 
A flow worked northeastward from the pond along a 
line of old cracks leading toward vent area R. At 9:45 
P.M. on May 24 a tongue from this flow spilled south
eastward, and swept at great speed down across the 
intersection of the Kalapana and Kamaili roads. About 
3j/2 hours later another similar spill-over sent lava 
across the Kamaili road 1,500 feet below the Kalapana 
road. This flow joined another slower aa flow that had 
spilled out of the pond near cone Z, and together they 
advanced on the remnant of the Iwasaki camp. One of 
the houses spared by the flow of May 19 had been moved 
away, and tbe metal roofing had been removed from an
other, but the remainder of the camp was totally de
stroyed in the early morning of May 25. 

I t almost seemed as though, with the final destruction 
of the camp, the volcano goddess felt her work was 
ended! At 11 :15 A.M. on May 26, lava fountain activity 
ceased very abruptly, almost as though a valve had been 
closed in the conduit bringing the lava to the surface, 
and by the morning of May 27 all movement in the flows 
had stopped. Since then steam and sulfur gases have 
continued to escape from the vents, especially in vent 
areas J, R, and T, but there has been no other volcanic 
activity. 

VOLUME AND COMPOSITION OF THE LAVAS 

The flows and cones of the 1955 eruption cover an 
area of approximately 6.1 square miles, or 3,900 acres. 
Of this, about 1,100 acres were under cultivation. The 
estimated volume of the flows above sea level is approxi
mately 111,000,000 cubic yards. The amount of lava that 
disappeared below sea level is unknown, but is estimated 
to be 5 to 10 million cubic yards. The total volume of 
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FIGURE 6. Graph showing ground tilting, strain release index, and amplitude of volcanic tremor in the eastern Puna and Kilauea 
summit regions during and just preceding the 19SS eruption. In the lower part of the graph tremor of deep origin is plotted above the 
line and tremor of shallow origin probably generated by flow of lava through the conduit near the surface is plotted below the line. 

the cinder and spatter cones is approximately 2.5 million 
cubic yards. Thus the total volume of material extruded 
is approximately 120 million cubic yards. This is about 
twice the volume of material extruded during the 1952 
eruption in Kilauea caldera, but is less than half the 
estimated volume of the nearby lava flow of 1840, and 
only about one-fifth that of the material extruded during 
the 1950 eruption of Mauna Loa. 

The lava is basalt, containing moderately abundant 
phenocrysts of plagioclase. A few phenocrysts of olivine 
also are present in most specimens, but eight chemical 

analyses of the lavas made in the laboratories of the 
U. S. Geological Survey all show a slight excess of 
normative silica. The percentage of silica shows a gen
eral decrease through the course of the eruption, rang
ing from 51.24 in the earliest flow to 50.53 in the latest. 
Similarly, there was a slight decrease in the proportion 
of soda, and increase of magnesia and lime through the 
course of the eruption. 

EARTHQUAKES, TILTS, AND HARMONIC TREMOR 

The strain release index previously defined for the 
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short period, vertical Sprengnether seismograph at 
Uwekahuna (Volcano Letter 524) , was extended em
pirically to permit its use with a Loucks-Omori seis
mograph. For a group of earthquakes recorded during 
October, 1954, on the Sprengnether and on a Loucks-
Omori temporarily set up beside it, the average ratio of 
the maximum amplitude on the Sprengnether to that on 
the Loucks-Omori was 6.5. Using this ratio we can 
wri te : 

S-R index = y ( S - P ) A = V ( S - P ) 6.5 a, where 
S-P is the duration in seconds of the preliminary tremor, 
A is the maximum double amplitude in mm. on the 
Sprengnether record, and a is the maximum double am
plitude in mm. on the Loucks-Omori record. 

Two units into which it is convenient to divide Ki-
lauea for a seismometric study of the eruption are east 
Puna (Kilauea volcano east of the bend in the east rift 
zone 2 miles east of Napau Crater) and Kilauea sum
mit (Kilauea volcano minus the Puna unit defined 
above). 

Because of the great uncertainty in reading and locat
ing very small earthquakes, strain release indices were 
tabulated only for earthquakes having an index of 
\ / 5 or larger. Since the significance of earthquakes 
occurring at abnormally large depths (greater than 25 
km.) under the caldera and its environs is as yet poorly 
understood, and the epicenters of these earthquakes are 
very difficult to determine, such earthquakes were not 
included in the computation of strain release indices for 
the Kilauea summit unit. 

In Figure 6 daily strain release indices from February 
5 to May 31 for east Puna (based on the Loucks-Omori 
seismograph at Pahoa) and for Kilauea summit (based 
on the Sprengnether seismograph at Uwekahuna) are 
presented graphically. The daily strain release index for 
a given unit is the sum of the strain release indices of 
the earthquakes occurring during the day in that unit. 

During the eruption sharp changes in the inclination 
of the earth's surface (tilt) were recorded both at Pahoa 
and at Kilauea caldera. At Pahoa, which lies about 5 km. 
northwest of the initial 1955 outbreak, the north-south 
component shows the clearest changes. Northward tilt
ing at Pahoa results from a swelling of the rift zone 
southeast of the station. All of the tiltmeters and hori
zontal pendulum seismographs around Kilauea caldera 
recorded a large subsidence of the top of the volcano 
centered just east-northeast of Halemaumau. At the 
Whitney Laboratory, which lies about 3 km. N. 30° E. 
of this center of subsidence, the southward tilting re
corded on the north-south component corresponds to 
subsidence of the caldera. 

The north-south components of tilt recorded at Pahoa 
and at the Whitney Laboratory are plotted in Figure 6. 

A gross measure of the rate of lava extrusion is pro
vided by the amplitude of the harmonic tremor gener
ated by the lava moving up through the feeding chan
nels. The amplitudes of this tremor recorded on the 
Loucks-Omori seismograph at Pahoa and on a modified, 
short period, horizontal component Sprengnether seis
mograph operated in a basement on the east rim of Ki 
lauea caldera also are presented in Figure 6. In addition, 
the amplitude of the short period tremor supposedly of 

deep origin recorded on the latter seismograph is given 
in the same figure. 

This graph constitutes a summation of the most im
portant data on earthquakes and tilt accompanying the 
eruption and presents this data for comparison with the 
time and intensity of lava extrusion (as measured by 
the harmonic tremor generated). The discussion of the 
relationship between earthquakes, tilt, and lava extru
sion which follows is largely an interpretation of this 
graph. 

Following the two big earthquakes near Kalapana on 
March 30, 1954, the only seismic activity which per
sisted in east Puna issued from the east rift zone near 
Pahoa. Tiny, sharp, shallow earthquakes at an average 
rate of about 25 per month stemmed from this region 
through the spring, summer, and fall of 1954. Late in 
the year the frequency of these earthquakes began to 
increase. A total of 67 occurred in November; 81, in 
December; 185 in January, 1955 ; and 350 between Feb
ruary 1 and February 23, 1955. 

On February 23 a sharp earthquake of moderate size 
occurred at a depth of about 25 km. under the east rift 
zone of Kilauea near Makaopuhi Crater. After that date 
the number of earthquakes stemming from the east rift 
zone southeast of Pahoa rose sharply. Only 13 earth
quakes from this region were recorded on February 23. 
This number increased rapidly to 130 on the 24th, 350 
on the 25th, 600 on the 26th, and 700 on the 27th. Early 
on February 28 the frequency of earthquakes dropped 
off sharply; and at 7 :45 A.M. the first harmonic tremor, 
heralding the beginning of a rapid flow of lava up 
through feeding channels, appeared on the Pahoa seis-
mogram. The eruption had begun. 

Northward tilting recorded at Pahoa between Febru
ary 24 and March 1 indicates that the east rift zone was 
inflated during the swarm of earthquakes preceding the 
initial outbreak and during the brief life of the eruption 
on the flank of Puu Honuaula (Fig. 1, vents A - C ) . 

Whi le the eruption was in progress and lava was 
pouring out freely at the surface, very few earthquakes 
were recorded. Immediately after the cessation of activ
ity at the Puu Flonuaula vents (Fig. 1, A - C ) , earth
quakes started again. The frequency of earthquakes 
slowly diminished after the outbreak at vent E (Fig. 1) 
on March 2 and as the opening of new vents came to a 
halt on March 3. While the most spectacular lava foun-
taining of the whole eruption was in progress at vent E 
on March 4, virtually no earthquakes were recorded. 

By noon on March 5 the fountain at vent E was 
greatly reduced in size, and earthquakes in the eruption 
area had almost ceased. At about 12:30 a spectacular 
swarm of earthquakes began at a source near Kalalua 
Crater (9 miles west of the Pahoa-Kalapana road) . For 
several hours all seismographs on Hawaii were in inces
sant motion. With diminishing intensity and frequency 
of earthquakes, this swarm lasted for about 24 hours. 
These earthquakes typically showed rather long period, 
dispersive, surface wave trains following preliminary 
phases which were relatively small and wholly lacking in 
short periods. They appear to have originated at shal
low depth, perhaps about 5 kilometers. 

On March 7 the Kilauea summit region began to re
spond to changes of the previous week in east Puna. 
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This response probably was made possible by splitting 
open of the east rift zone at depth near Kalalua Crater 
two days earlier. Although no increase in seismic activ
ity at Kilauea caldera began until March 12, on March 
7 the top of the volcano began to subside rapidly. At 
the same time a minute short period harmonic tremor 
closely resembling tremor from eruptions at Kilauea cal
dera began to record on a short period, horizontal com
ponent Sprengnether seismograph on the east rim of 
Kilauea caldera. 

At Pahoa a brief southward tilting was under way by 
March 7 (Fig. 6 ) . Several strong earthquakes origi
nated south of the east rift zone, near Kalapana, and the 
number of earthquakes from the east rift itself began 
to increase rapidly on the same day. 

On March 8 the tilting at Pahoa reversed, and a rapid 
inflation of the east rift zone south of Pahoa began. The 
dramatic swarm of earthquakes from the east rift zone 
intensified on March 8 and reached a maximum on 
March 9 when almost 1,400 earthquakes were recorded. 
On subsequent days the frequency of earthquakes from 
the east rift diminished gradually. Rapid tumescence of 
the east rift stopped on March 11. For the next two 
weeks only erratic back and forth tilting was recorded 
at Pahoa. 

From March 7 to March 12, as the short period har
monic tremor usually associated with the outpouring of 
lava at Kilauea caldera steadily increased in amplitude, 
rapid subsidence of the caldera continued. During this 
interval no lava was extruded, but the east rift zone 
south of Pahoa was inflated to the accompaniment of an 
impressive swarm of earthquakes. This evidence sug
gests that plastic magma at depth (10 to 20 km., per
haps) oozed out from under the caldera and welled up 
beneath the badly fractured east rift zone. 

Following the outbreak of lava on the east rift south 
of Pahoa on March 12, seismic activity in east Puna 
continued as long as new sections of the rift were being 
split open and new vents formed. After the last new 
section of the rift opened on March 26 seismic activity 
in Puna dropped to a very low level, where it remained 
for the rest of the eruption. 

After a weak beginning on March 12 a swarm of 
earthquakes at Kilauea caldera suddenly built up to 
major proportions on March 15. This swarm reached a 
first maximum on March 18 and then declined slowly. 
Earthquakes of this group were mostly quite small and 
shallow. They appear to have originated within a few 
kilometers of the Uwekahuna station. 

A sharp revival of earthquakes at Kilauea caldera on 
March 25 sent the number for the day to almost 1,100. 
Although the average size of the earthquakes dimin
ished, an even greater number (almost 1,300) was re
corded on March 26. 

On the afternoon of March 27 a sharp shallow earth
quake originating near the east rim of the caldera opened 
a crack across the Mamalahoa highway east of Hawaii 
National Park headquarters and cracked water lines in 
the park housing area. From March 25 to March 28 the 
focal zone of these earthquakes extended to depths as 
great as 45 km. From this same zone, about 45 km. deep 
under Kilauea caldera, several remarkable series of small 
earthquakes and spasmodic tremor were recorded prior 
to the 1955 eruption. The largest such series occurred 
from June 18 to June 21, 1954, shortly after the 1954 
eruption in Kilauea caldera (see Volcajw Letter 524). 

Early on the morning of April 1, 1955, the largest 
earthquake that occurred during the eruption originated 
at a depth of about 10 km. near the south rim of Kilauea 
caldera. 

The subsidence of the caldera which began on March 
7 continued until the end of the swarm of earthquakes 
in the summit region in mid-April, although the rate of 
subsidence decreased on March 23 and again on April 
10. After a very weak reversal of tilt between April 13 
and April 22, slow subsidence of the caldera started once 
more and continued until the end of the year. Assuming 
the area of sinking to have been the same as that in 1924 
(Wilson, R. M., 1935. Ground surface movements at 
Kilauea volcano, Hawaii. Hawaii Univ. Res. Pub. 10, 
pp. 54-55, fig. 8 ) , and the amount of sinking throughout 
the area to have had the same proportions as in 1924, 
the volume of sinking in the summit region from Feb
ruary 20 to April 10 has been calculated to be about 
216,000,000 cubic yards. This is of the same order of 
magnitude as the volume of lava extruded in eastern 
Puna during the same interval. 

After the cessation of eruptive activity in Puna on 
April 7, the east rift zone again began to swell slowly. 
Only a few tiny earthquakes occurred in this region 
between April 7 and the revival of activity at an earlier 
vent on April 23. This swelling which stopped again 
with the revival of activity on April 23, was the only 
forerunner of the final phase of the eruption. The chan
nels had remained open, and when more lava became 
available, perhaps oozing out from under the caldera, it 
simply welled up and poured out without the premoni
tory earthquakes resulting from further opening of the 
rif t 

HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JULY-DECEMBER, 1955 

By GORDON A. MACDONALD and JERRY P. EATON 

VOLCANOLOGY 

July 

The month of July was seismically and volcanically quiet on 
the island of Hawaii. The seismograph in the Whitney Labor
atory of Seismology, at the northeast edge of Kilauea caldera, 
recorded only 21 earthquakes, most of them very small. The 

Mauna Loa seismograph recorded 40 quakes during the month, 
12 less than during June. There also, most were very small. 

The seismograph at Pahoa School recorded 29 earthquakes 
during July, as compared with 28 during June. Most of the 
quakes were small, and probably originated along the part of the 
east rift zone of Kilauea volcano affected by the recent eruption. 
At 10 :23 P.M. on July 23 a quake felt strongly on the rift zone 
at the Pahoa-Kalapana road was felt only weakly in Pahoa and 
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Kaueleau. It originated at a very shallow focus near Iilewa 
Crater. 

The ground surface at the northeast rim of Kilauea caldera 
tilted slightly eastward during the month. Normally during this 
season of the year the tilting is northeastward. The absence of 
northward tilting probably indicates a slight continuation of the 
decrease of volcanic pressure beneath the caldera that was con
spicuous during the eruption in east Puna. 

Volcanic activity at the surface was confined to mild steaming 
and fuming at the vents of the recent eruption in east Puna. On 
several days steam release was strong near the Nii house on the 
old Kalapana road, and at the vents on Namba's hill southwest 
of Puu Kii. However, this appeared to result from heavy rains. 
At one vent the sound of steam bubbling through accumulated 
rain water could be heard. Gas flames no longer were observed 
along the Kalapana road. 

Except for the occasional periods of voluminous steaming re
sulting from heavy rains, there appears to have been a gradual, 
slight but definite, decrease in temperature and fume release at 
the east Puna vents during June and July. That, together with 
the low level of seismic activity, appeared to indicate that the 
east Puna eruption was over. 

August 

Volcanoes on the island of Hawaii remained fairly quiet 
throughout the month of August, although two deep earthquakes 
were felt lightly over a large part of the island group. The seis
mograph in the Whitney Laboratory of Seismology recorded 
only 23 earthquakes, two more than during the month of July. 
The seismograph at Pahoa School recorded 39 quakes, 10 more 
than during July. 

Most of the seismic activity was recorded at the Mauna Loa 
station. Throughout most of the month activity at that station 
also was small, but between 11 A.M. on August 9 and midnight on 
August 10 more than 600 very small earthquakes were recorded. 
The origin of these quakes is not known with certainty, but they 
probably came from the nearby northeast rift of Mauna Loa. 

At 7:18 A.M. on August 7 an earthquake was felt generally on 
the islands of Hawaii and Maui, and by many people on Oahu. 
It originated at a depth of about 25 miles beneath the Waimea 
area on the island of Hawaii. Another quake, felt to about the 
same degree over the same area at 2:28 A.M. on August 14, 
originated at a depth of about 22 miles beneath the Hilina Pali 
area, on the south slope of Kilauea volcano. A slight earthquake 
was felt at 5 :27 A.M., August 19, in the volcano area. On August 
29, at 2:41 and 2:44 A.M., slight quakes were felt at Nanawale 
Ranch, 3 miles east of Pahoa. They had their origin on the east 
rift zone of Kilauea. 

Tilting of the ground surface at the northeast edge of Kilauea 
caldera was eastward, rather than north-northeastward, as is 
normal at that time of the year. This probably indicates a de
crease of pressure beneath the volcanic structure to the south and 
southeast of the Whitney Laboratory. 

Liberation of steam and sulfurous fume continued weak to 
moderate along the vent fissures of the recent eruption in east 
Puna. There was no sign of any resumption of volcanic activity 
in east Puna, or elsewhere. 

September 

Volcanoes on the island of Hawaii remained quiet during the 
month of September. The Bosch-Omori seismograph in the 
Whitney Laboratory of Seismology recorded only 22 earth
quakes. This was one less than during August, and one more 
than during July. The more sensitive Sprengnether vertical seis
mograph at the Uwekahuna station recorded 164 quakes during 
the month. The Mauna Loa seismograph recorded 47, and the 
seismograph at Pahoa School recorded 38 quakes. 

At 2:16 on the morning of September 26 an earthquake was 
felt strongly at the Kapapala Ranch, and weakly all over the 
southern part of the island, from Kalapana to south Kona. I t 
originated on the southwest rift zone of Mauna Loa two or three 
miles south of Puu o Keokeo. No damage was reported. 

Eastward tilting of the ground surface at the northeast rim 
of Kilauea caldera was approximately normal, but northward 
tilting was much less than usual during that season of the year. 

This appears to represent a small reduction in volcanic pressure 
beneath Kilauea and adjacent parts of the east rift zone. 

October 

During the month of October earthquake activity on the island 
of Hawaii increased somewhat over that of preceding months. 
The Bosch-Omori seismograph at the Whitney Laboratory of 
Seismology recorded 79 earthquakes, as compared with 22 dur
ing the month of September. The more sensitive Sprengnether 
vertical seismograph at Uwekahuna recorded 327 quakes. 

Most of the earthquakes originated at or near Kilauea caldera, 
and probably were related to the slight sinking of the caldera 
region (indicated by tilting of the ground surface) that had con
tinued ever since the end of the Puna eruption in late May. The 
quake felt in the Volcano district at 12:42 on the morning of 
October 12 came from a depth of about 15 miles beneath Kilauea 
caldera. Another, felt in Hilo at 10 :07 P.M. on October 29, prob
ably came from the same region. A quake felt in the Volcano dis
trict and at Pahala at 4 :33 P.M. on October 24 originated near 
the mouth of Wood Valley, probably on the Kaoiki fault zone. 
Earthquakes felt at Kamuela and Umikoa at 5 :17 and 11:45 P.M. 
on October 24 came from a depth of about 18 miles beneath the 
Waimea region. 

The strongest earthquake of the month occurred at 4:56 P.M. 
on October 26, and originated near the summit of Mauna Loa. 
Several smaller quakes also came from Mauna Loa. Eastward 
tilting of the ground surface at the edge of Kilauea caldera, 
accompanied by less than normal northward tilting, may have 
indicated a small increase of volcanic pressure beneath Mauna 
Loa. 

A series of landslides on the southwest wall of Halemaumau 
crater began in late September and continued into October. A 
large segment of the crater rim, estimated to be 100 feet long, 
75 feet high, and 5 to 10 feet thick, fell into the crater during the 
night of October 1. The last large slide occurred on October 10, 
but occasional small slides continued throughout the rest of the 
month. 

November 

The Hawaiian volcanoes were very quiet through the month 
of November. The Bosch-Omori seismograph in the Whitney 
Laboratory, on the northeast rim of Kilauea caldera, recorded 
only 19 earthquakes during the month, the smallest number since 
February, 1953. The Sprengnether vertical seismograph at Uwe
kahuna recorded 100 quakes during November. The Loucks-
Omori seismograph in the Mauna Loa station recorded 47 
quakes, most of them very small. 

An earthquake at 10 :37 A.M. on November 2 was reported 
felt at Hilo, Pahoa, and in the Volcano district. It originated at 
a depth of about 10 miles on the east rift zone of Kilauea, near 
the caldera. On November 3 and 4 several tiny quakes felt in 
Naalehu originated very close to that town. A quake felt in cen
tral Kona at 8:16 A.M. on November 13 had its origin near Ke-
alakekua, probably on the Kealakekua fault. At 3 P.M. on No
vember 21 a sharp earthquake was felt only at the Volcano 
House and the nearby headquarters building of Hawaii National 
Park. Its origin was beneath the northeastern edge of Kilauea 
caldera. 

The Pahoa seismograph recorded 17 earthquakes during No
vember. One of these, at 8:15 P.M. on November 29, was felt at 
Pahoa School. It originated at a depth of about 3 miles on the 
east rift zone of Kilauea southeast of Pahoa. Steam and sulfur 
gas continued to escape from the vents of the 1955 eruption, par
ticularly those at the old Kalapana road, those south-southeast 
of old Iilewa Crater, and those south of the Kapoho road. There 
had been essentially no change in the temperature of the escap
ing steam since shortly after the end of the eruption. Several 
places in the last flows southwest of the Kamaili-Opihikao road 
remained very hot. At one of them the temperature was still 
about 870° F. There were no signs whatever of any renewal of 
volcanic activity in Puna. 

Tilting of the ground surface at the Whitney Laboratory was 
almost due eastward throughout the month. Normally at that 
season of the year the tilting is north-northeastward. The ab
sence of northward tilting during November appeared still to be 
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the result of a slow sinking of the top of Kilauea volcano south 
of the Whitney Laboratory that had continued ever since the 
end of the Puna eruption. The sinking is believed to have been 
caused by a small reduction in volcanic pressure beneath the 
volcano. The eastward tilting, combined with an absence of 
northward tilting, may indicate a slight swelling of Mauna Loa 
volcano, but the evidence is inconclusive. 

December 

Except for the continued liberation of steam along the vents 
of the 19SS eruption, Hawaiian volcanoes remained quiet during 
December. 

Twenty-nine earthquakes, about the average for months of 
volcanic quiet, were recorded during December at the Whitney 
Laboratory. Only 10 earthquakes from the Puna area were re
corded at Pahoa during December. 

On December 12 and 13 a swarm of tiny earthquakes origi
nated about 45 km. beneath Kilauea caldera. The sensitive 
Sprengnether seismograph at Uwekahuna recorded about 200 
earthquakes from that source on those two days. A total of 307 
earthquakes, mostly very small, were registered on the Spreng
nether seismograph during the month. 

A small earthquake which probably originated in the Hualalai 
volcano was felt at Honokohau at 3:15 P.M. on December 7. The 
earthquake felt on the island of Oahu at 2 :23 P.M. on December 
26, was recorded feebly on the Uwekahuna seismograph. At 2:14 
P.M. on December 28 an earthquake originating along the south
west rift of Kilauea was felt at the Kapapala ranch. Later the 
same day, at 6 :02 P.M., an earthquake stemming from the north 
rim of Kilauea caldera at a very shallow depth was felt at 
Kilauea Military Camp. 

Table of Tilt at Seismograph Stations on Rim of Kilauea Caldera 

Beginning 

J u l y 3 
10 
17 
24 
31 

Aug. 7 
14 
21 
28 

Sept . 4 
11 
18 
25 

Oct . 2 
9 

16 
23 
30 

N o v . 6 
13 
20 
27 

Dec . 4 
11 
18 
25 

Whitney Station 
(Northeast rim) 

Amount 

0.4" 
0.5" 
0.8" 
0.4" 
0 .1" 
0 .3" 
0 .3" 
0.9" 
0.6" 
0.8" 
0 . 1 " 
1.2" 
0 .3" 
0 .3" 
0.4" 
0.4" 
0.9" 
0.4" 
0.5" 
0.6" 
0.0" 
0.4" 
0.4" 
0.5" 
2.6" 
0.7" 

Direction 

S 18° W 
N 45° E 

E 
N 18° E 

W 
N 27° E 
S 45° E 
N 67° E 
N 79° E 

E 
N 

N 84° E 
N 45° E 
N 26° E 
S 57° E 

S 
N 33° E 

E 
E 

N 37° E 

S 19° E 
S 34° E 
S 89° E 
S 60° E 
S 31° W 

Uwekahuna Station 
(West rim) 

Amount 

1.0" 
1.4" 
1.3" 
1.6" 
1.3" 
0.6" 
0.4" 
0.6" 
0.9" 
0.7" 
1.0" 
1.4" 
0.7" 
1.0" 
2.4" 
2.0" 
0.0" 
1.6" 
1.9" 
2 .3" 
2 .3" 
1.4" 
1.0" 
2 .9" 
5 .1" 
0.9" 

Direction 

S 18° E 
S 27° E 
S 14° E 
N 11° W 
N 14° W 

N 
N 45° W 

S 
S 45° E 
N 63° W 
S 18° E 
N 27° W 
S 27° E 

S 
N 23° W 
N 9° W 

S 11° E 
N 31° W 
S 8 ° E 
N 8° W 
N 27° W 

S 
S 6 ° E 
N 2 1 ° W 
N 45° W 

SEISMOLOGY 

Local Earthquake Data, July-December, 1955 

(Based on Bosch-Omori seismograph on northeast rim of 
Kilauea caldera) 

Week 
Beginning 

J u l y 3 
10 
17 
24 
31 

A u g . 7 
14 
21 
28 

Sept . 4 
11 
18 
25 

Oct . 2 
9 

16 
23 
30 

N o v . 6 
13 
20 
27 

Dec . 4 
11 
18 
25 

Minutes 
of 

Tremor 

2 
1 
1 
2 
3 
4 
2 
1 
1 
2 
1 
4 
6 
3 

14 
17 
10 
4 
2 
1 
1 
2 
1 

13 
0 
2 

Very 
Feeble 

2 
1 
1 
3 
4 
2 
4 
3 
1 
2 
2 
4 
4 
2 
9 
3 
8 
1 
2 
1 
1 
1 
4 
4 
0 
4 

Feeble 

1 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Slight 

0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 

Mod
erate 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

Strong 

0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total 

5 
3 
3 
7 
7 
7 
7 
4 
2 
4 
3. 
9 

11 
5 

25 
21 
21 

6 
4 
3 
3 
3 
5 

17 
0 
7 

Local 
Seis

mic ity* 

2.5 
2.75 
2.75 
4.0 
2.75 
6.0 
6.5 
1.75 
0.75 
1.5 
1.25 
5.0 
6.5 
1.75 

11.0 
6.75 

12.5 
3.5 
1.5 
2.75 
2.75 
1.0 
2.25 
5.25 
0.0 
5.5 

* For definition of local seismicity see Volcano Letter 371 or 512. Each 
local earthquake is assigned a seismicity value according to its strength, 
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; moderate, 
3.0; strong, 4.0. These values are totaled to give the weekly local seismicity. 
Continuous volcanic tremor ("harmonic tremor") is ignored in the calcu
lation. The strength assigned to the earthquake depends on the double am
plitude of the maximum oscillation it causes on the Bosch-Omori seismo
graph, as follows: tremor, less than 0.5 mm.; very feeble, 0.5 to 4 mm.; 
feeble, 4 to 11 mm.; slight, 11 to 25 mm.; moderate, 25 to 60 mm.; strong, 
greater than 60 mm. 

Local Earthquakes 

The data for the following local earthquakes were determined 
from seismographs on the islands of Hawaii and Maui operated 
by the Hawaiian Volcano Observatory. Except for smaller earth
quakes of special interest, only earthquakes classed as slight or 
larger were included in the list. The intensity ratings assigned 
are based on the Bosch-Omori seismograph at the Whitney 
Laboratory. This intensity scale has been extended empirically 
to permit its use with the Loucks-Omori and Sprengnether seis
mographs. The entries for a given earthquake are : date, time of 
arrival at the nearest station (Hawaiian standard time), inten
sity at the nearest station, name of the nearest station, epicenter, 
and general remarks. 

July 3, 10 : 40: 18, slight at Uwekahuna. Kilauea caldera. 
July 10, 14 :34:49 , slight at Uwekahuna. Five km. north of 

Apua Point. 
July 23, 11 : 27 : 16, moderate at Uwekahuna. Just south of Ma-

kaopuhi Crater. Felt in Hilo. 
July 23, 22 :03 :17 , moderate at Pahoa. East rift of Kilauea 

near Pahoa. 
July 25, 07: 50: 34, feeble at Naalehu. Off south shore of Ha

waii at 19° N., 155° 10' W. 
July 27, 02 : 58, slight at Kona. Near Keahole Pt. Felt over 

northwest one third of the island of Hawaii. 
Aug. 7, 07: 17:44, strong at Kamuela. Five km. northeast of 

Kamuela at a depth of 40 km. Felt over the 
entire island of Hawaii, on Maui, and on 
Oahu. 

Aug. 9, 21 : 33: 25, very feeble at Uwekahuna. About 60 km. 
deep in the vicinity of Kilauea caldera. This 
earthquake is the largest of several hundred 
originating in the same region on Aug. 9 
and Aug. 10. 

Aug. 14, 02: 28: 05, strong at Uwekahuna. On the Hilina fault 
system south of the Volcano Observatory 
at a depth of about 25 km. Felt over the en
tire island of Hawaii, on Maui, on Oahu, 
and by a few persons on Kauai. 

Sept. 19, 14: 01 : 54, slight at Pahoa. East rift of Kilauea near 
Pahoa. 

Sept. 26, 02 : 16 : 00, strong at Naalehu. Southwest rift of Mauna 
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Loa near Puu Keokeo. Felt over the south
west half of the island of Hawaii. 

Oct. 12, 00: 41 : 42, slight at Uwekahuna. Under Kilauea cal-
dera at a depth of about 25 km. Felt at Ha
waii National Park. 

Oct. 24, 17 :16 :53 , slight at Kamuela. Near Kamuela at a 
depth of about 25 km. 

Oct. 26, 16: 55 : 45, strong at Mauna Loa. Near the northeast 
end of Mokuaweoweo. Felt at Hawaii Na
tional Park. 

Nov. 2, 10 : 36 : 44, slight at Uwekahuna. East rift of Kilauea 
near Kilauea caldera at a depth of about 15 
km. Felt at Volcano, Pahoa, and Hilo. 

Nov. 13, 08 :16 :24 , (time at Uwekahuna), strong at Kona. 
Near Kealakekua. Felt in central Kona. 

Nov. 21, 14:59:54, slight at the Whitney Laboratory. North
east rim of Kilauea caldera. Felt at Hawaii 
National Park Headquarters. 

Nov. 29, 20 :15 :20 , (time at Uwekahuna), feeble at Pahoa. 
East rift of Kilauea southeast of Pahoa at 
a depth of about 5 km. Felt at Pahoa. 

Dec. 12, 12: 33 : 12, tremor at Uwekahuna (very feeble at Ma
una Loa) . Under Kilauea caldera at a depth 
of about 45 km. This earthquake is one of 
the largest of a swarm of about 200 earth
quakes stemming from this focus on Dec. 
12 and 13. 

Dec. 26, 14: 23 : 34, (time at Uwekahuna), very feeble at Hale-
akala. Near the north coast of Molokai. 
Felt on Oahu. 

Dec. 28, 18 : 02 : 25, moderate at the Whitney Laboratory. Near 
the north rim of Kilauea caldera. Felt at 
Kilauea Military Camp. 

Distant Earthquakes 

The following earthquakes of distant origin were recorded on 
the seismographs at the Hawaiian Volcano Observatory (19° 
25.4' N. latitude, 155° 17.7' W. longitude). Beginnings of phases 
are given in Greenwich civil time, which is 10 hours faster than 
Hawaiian standard time. Locations of epicenters, magnitudes, 
and depths of focus are from the notices of Preliminary Determi
nations of Epicenters published by the U. S. Coast and Geodetic 
Survey. 

July 3, eP 14:33:56.7, 52° N., 178° E. Rat Islands, Aleutian 
Islands. 

July 4, eP 14:27:09.8, 51)4° N., 177° E. Rat Island, Aleutian 
Islands. Magnitude 6/4—6)4. 

July 6, eP 02: 03 : 03.9, 51° N., 158° E. Kamchatka. Magni
tude 6)4. 

July 20, eL 00: 11 : 15, 56(4° N., 153° W. Near south coast of 
Kodiak Island. Magnitude 6. 

July 21, eP 11: 58: 56.4, 25° S., 74° W. Southern Peru. Magni
tude 6)4. Depth about 100 km. 

July 24, iP 1 6 : 3 1 : 58.2, 24° N., 122° E. Near east coast of For
mosa. Felt at Hualien and Shinko. 

July 26, eL 04: 24: 34, 56)4° N., 153° W. Kodiak Island fore-
shock. Magnitude 6. 

July 27, eP 18: 26: 29.0, 56)4° N., 153° W. Near south coast of 
Kodiak Island. Magnitude 6)4. 

Aug. 6, iP 08: 39: 19.5, 21)4° S , 177)4° W. Tonga Islands re
gion. Magnitude 6)4. Depth about 350 
km. 

Aug. 16, iP 11:56:17.4, 6° S., 155° E. Solomon Islands. Mag
nitude 7)4. Depth about 200 km. 

Aug.21, iP 1 7 : 4 5 : 14.5, 3° S., 137)4° E. New Guinea. Magni
tude 6U—7. 

Aug. 23, eP 15:39:21.6, 43)4° N., 128° W. About 170 miles 
eT 16 : 13 : 57, off coast of Oregon. Magnitude 6—6)4. 

Aug. 24, eL 07: 12: 26, 44)4° N., 129)4° W. Off coast of Ore-
eT 07: 36: 47, gon. 

Aug. 28, eP 20:23:48.9, 14° N., 91° W. Near coast of Guate
mala. Magnitude 6)4. Depth about 60 
km. 

Sept. 3, eP 12: 46: 34.8, 14° N., 91° W. Guatemala. Felt. Mag
nitude 6)4. Depth about 100 km. 

Sept. 3, iP 16:35:21.7, 1° N., 123° E. Celebes. 
Sept. 8, eP 03:36:56.3, 7° S., 155)4° E. Solomon Islands. 
Sept. 13, eP 02:07:44.8, 52° N., 176° W. Andreanof Islands, 

eT?02 :45 :48 , Aleutian Islands. Magnitude 5)4—6. 
Depth about 60 km. 

Sept. 15, eP 12: 42: 06.1, 5° S., 134)4° E. Off coast of western 
New Guinea. Magnitude 6)4-

Sept. 20, eP 13:30:00.2, 32° S., 178° W. Kermadec Islands. 
Magnitude 6)4. 

Sept. 22, eP 03 : 36: 55.0, 24° N., 123° E. Off east coast of For
mosa. Felt : Taipeh. 

Sept. 25, eP 19: 11 : 13.9, 6° N , 127)4° E. Off east coast of Min
danao, Philippine Islands. Fel t : Min
danao. Magnitude 6)4. Depth about 100 
km. 

Sept. 26, iP 08:38:17.7, 15)4° N., 92)4° W. Chiapas, Mexico. 
Magnitude 6)4- Depth about 200 km. 

Oct. 5, eP 09:06:47.9, 53)4° N., 161° E. Near east coast of 
Kamchatka. 

Oct. 10, eP 09: 07: 33.1, 5° S., 153° E. New Britain. Magnitude 
eL 09: 25 : 45, 7)4. 

Oct. 13, iP 09:35:58.6, 9)4° S., 161° E. Solomon Islands. 
Magnitude 7. 

Oct. 14, eL 09 :09 :44 . 3° S., 103)4° W. Pacific Ocean, west 
of Galapagos Islands. Magnitude 6— 
6)4. 

Oct. 21, iP 19:10:14.4, 21° S., 179° W. Fiji Islands. Depth 
about 650 km. Magnitude 6%. 

Oct. 21, eP 23:22:08.6, )4° S., 123)4° E. Northern Celebes. 
Nov. 10, iP 01 : 51 : 32.3, 15° S., 174° W. Samoa Islands. Depth 

about 100 km. Magnitude 7)4—7)4. 
Nov. 14, eP 13:32:36.1, 17)4° N., 145)4° E. Marianas Islands. 

Depth about 150 km. 
Nov. 15, eP 10: 13:49.2, 55)4° N., 155° W. Off south coast of 

eT 10 :51 :03 , Alaska Peninsula. Magnitude 6—6)4. 
Nov. 22, eP 03:33:37 .1 , 24)4° S., 123° W. Eastern Tuamotu 

eS 0 3 : 4 1 : 14.1, Archipelago. Magnitude 6)4—7. 
eL 03 :52 : 16.1, 
eT 0 4 : 3 0 : 5 1 , 

Nov. 23, eP 06:38:32.2, 50)4° N., 157° E. Near south coast of 
eL 06 : 52 : 33, Kamchatka. Depth about 60 km. Mag

nitude 7—7)4. 
Dec. 19, eP 03:25:42.1 , 8)4° N., 127° E. Near east coast of 

Mindanao Island, Philippine Islands. 
Dec. 27, iP 17:29:48.4, 32° S., 180°. Kermadec Islands. Depth 

about 400 km. 
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VOLCANO NOTES AND NEWS 

CHANGE IN VOLCANO OBSERVATORY STAFF 

On December 12, Dr. Jer ry P. Eaton replaced Gordon 
A. Macdonald as Director of the Hawaiian Volcano Ob
servatory. The rest of the staff remains unchanged. Dr. 
Macdonald will be transferred to the United States 
mainland in the summer of 1956, and will be attached to 
the Denver office of the General Geology Branch of the 
Geological Survey. No replacement for him has yet been 
named. 

ERROR IN Volcano Letter 526, 
"KAUAI, AN ANCIENT HAWAIIAN VOLCANO" 

A phrase was omitted in the first sentence on page 2 
of Volcano Letter 526. The sentence should read: "The 
rocks that accumulated in the big summit caldera are 
named the Olokele formation, and those that filled the 
small caldera on the southeastern slope of the shield are 
named the Haupu formation." 

POSSIBLE ERUPTIONS NEAR NECKER ISLAND AND 
WEST OF THE HAWAIIAN CHAIN 

On August 20 the crew and passengers of a M.A.T.S . 
plane sighted an oval area of steaming turbulent water, 
about a mile across, between Necker and Nihoa Islands 
in the northern part of the Hawaiian chain. The patch 
was surrounded by a thin line of yellowish surf, and near 
one end of the oval was what appeared to be an acre or 
two of dry land. Yellowish water drifted off down cur
rent. The next day all this had disappeared, and there 
was left only a slick appearance of the water surface 
where the turbulence had been, and a series of large 
waves sweeping outward away from the area. 

The description is typical of submarine eruptions, and 
it appears probable that a brief submarine eruption did 
occur. The supposed dry land that disappeared so 
quickly probably was a raft of floating pumice. Hawaiian 
pumice is so permeable that it floats only a very short 
time. 

The eruption occurred in a part of the Hawaiian 
Islands in which there has been no known previous vol
canic activity during historic times. It is quite possible, 
however, that such activity may have occurred. The 
nearby islands are uninhabited. The area lies away from 
the regular shipping lanes, and although it is visited 
nowadays by many fishing boats, this is a rather recent 
development. Eruptions could easily have occurred in 
that area during the 19th century without being ob
served by anyone. Even today, with frequent air travel 
over the area, only one plane chanced to see it. 

Although it was not specifically foreseen, the eruption 
is not surprising. The entire Hawaiian ridge, from Kure 
and Midway Islands on the northwest to Hawaii on the 

southeast, is volcanic. The northwestern islands are 
mostly old and deeply eroded, but geologically young 
lava flows are found on both Oahu and Kauai. Geolo
gists working in the islands have long recognized the 
possibility that volcanic activity might occur again on 
those islands. The probability is small. It has not oc
curred during all the time the Hawaiian people have 
lived in the islands, and it is not likely to occur in the 
lifetime of any living person. But it is nevertheless a 
distinct possibility. 

On September 22 planes reported brown and yellow 
streaks in the ocean and smoke rising from the water 
about 385 miles due west of Honolulu (205 miles south 
of Necker Is land) . The reports made a much less defi
nite picture than those of August 20, and it is not at all 
certain that the disturbance was of volcanic origin. 

VOLCANIC ACTIVITY IN OTHER PARTS OF THE WORLD 

Volcanoes in many parts of the world have been active 
in recent months. Mount Etna, in Sicily, was active in 
late June and July, and lava flows threatened several 
villages. On September 3 an outbreak 14 miles south of 
Mexicali, in northern Lower California, Mexico, ap
pears to have been a low temperature eruption related 
to mud volcanoes and geysers rather than to ordinary 
volcanic eruptions. A similar eruption appears to have 
occurred in the same region in 1877. In October a ship 
passing through the Philippine Sea reported boiling 
water about 600 miles east of the Didicas Rocks, where 
volcanic activity built a dome in 1952 and 1953. This 
position is at approximately 19° 10' N., and 132° 15' E., 
nearly due south of the Daito Islands, and a little south 
and west of a point where a submarine eruption was 
reported in 1854 (Sapper, K., Vulkankunde, p. 320) . 
On October 22 long-dormant Bezymyanny volcano in 
Kamchatka erupted, and continued active into late No
vember. 

Particularly abundant activity occurred in Japan. The 
following information was supplied by Mr. Akira Suwa, 
Chief of the Volcanological Subsection of the Central 
Meteorological Observatory. On July 24 Naka-dake, 
one of the vents of Aso volcano in central Kyushu, broke 
into strombolian eruption, throwing incandescent bombs 
to a height of 200 to 300 meters above the crater rim. 
On October 13 eruption commenced at the South Peak 
of Sakurajima, near the southern end of Kyushu. Activ
ity continued until the end of the month. On November 
l9 a minor explosion occurred at Me-akan-dake, near 
the Akan caldera in eastern Hokkaido. 

Stromboli, off the western coast of Italy, was reported 
in eruption on January 3, 1956. On January 4 Merapi 
volcano, in central Java, erupted, sending glowing clouds 
down the mountainside toward populous districts at the 
base of the volcano. 
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STAFF OF H A W A I I A N VOLCANO OBSERVATORY 

U. S. Geological Survey: 

Gordon A. Macdonald, Volcanologist, Director 
Jerry P . Eaton, Seismologist 
Chester K. Wentworth, Geologist, part-time 
Burton J. Loucks, Instrument Maker 
John C. Forbes, Assistant Instrument Maker 
Akira Yamamoto, Secretary 

Seismograph Station Operators: 

Hilo Station: 

Sister M. Thecla, St. Joseph's School 

Kona Station: 

Howard M. Tatsuno, Konawaena School 
Pahoa Station: 

Kongo Kimura, Pahoa School 
Kamuela Station: 

Thomas C. Mills, Waimea School 
Haleakala Station: 

Hawaii National Park Staff 
Naalehu Station: 

Alfred K. Kahakua, Naalehu School 



Index 

The following Index contains references 
both to articles and illustrations in The 
Volcano Letter. Although The Volcano Letter 
contains articles on a wide range of 
geological subjects, this Index emphasizes 
volcanology. References are to the issue 
number of The Volcano Letter, followed by a 
colon and the page number. For those issues 
that are only one page, there is no reference 
to page number. For example, "242" refers 
to Volcano Letter No. 242, and "378:1-2" 
refers to pages 1-2 of Volcano Letter No. 
378. If the reference contains an 
illustration, it is followed by an "/", "m", 
or "p" denoting line drawing, map, or 
photograph, respectively. 

References to reviews and summaries of 
other publications are indexed by the 
original author's name, followed by the year 
of the publication in parentheses. 

Place names, including volcanoes, are 
indexed by country, and also by state for the 
United States. On Hawaii, however, the four 
main volcanoes (Kilauea, Mauna Loa, Mauna 
Kea, and Hualalai) are listed separately. 
References to an eruption or geographic 
feature of a volcano are indexed by the 
volcano name as given in Volcanoes of the 
World (van Nostrand Reinhold Co., 1981). 
Geographic features preceded by "Mount" are 
indexed under the proper name Of the feature. 
Twent ie th-century dates are abbreviated 

month/day/year . Under the appropriate 
volcano name or subject heading, eruptions 
and other events indexed by date appear in 
chronological order before other references. 

The Index also contains references to 
authors of Volcano Letter articles. These 
author names are italicized. (Note that a 
few other references are also italicized; 
they are the names of publications, ships, or 
boats.) Some authors wrote several articles, 
and we have condensed their many entries by 
removing page numbers from the references. 
These authors are: Ruy H. Finch, Thomas A. 
Jaggar, Austin E. Jones, Gordon A. Macdonald, 
Howard A. Powers, Hugh H. Waesche, Ronald M. 
Wilson, and E.G. Wingate. 
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Akutan, 246, 352:1-2, 375:1, 515:7 
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Jaggar, T.A. 
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