
PREFACE 

The Volcano Letter was an informal publication issued at irregular intervals by the Hawaiian Volcano 

Observatory (HVO) during the years 1925 to 1955. Individual issues contain information on volcanic 

activity, volcano research, and volcano monitoring in Hawaii.  Information on volcanic activity at other 

locations is also occasionally included.  

To increase accessibility of this resource, previously only available in print format, this compilation was 

scanned from the highest quality Volcano Letter originals in the HVO archives. Optical Character 

Recognition (OCR) was run on the entire file. In addition, the file size was reduced by making it 

compatible with only Adobe Reader v. 8 and later. The scanning was done by Jim Kauahikaua and the 

quality control and posting was done by Katie Mulliken, both current staff at the Hawaiian Volcano 

Observatory. 

Originals of the first three Volcano Letters could not be found so copies plus the Title Page and Index for 

1925 have been extracted from an excellent scan of Volcano Letters for 1925 to 1929 available in 

Books.Google.com 

The Volcano Letter was published by HVO through multiple changes in administration, including the 

Hawaiian Volcano Research Association (1925-1932), the U.S. Geological Survey (1932-1935), the 

Department of the Interior (1935-1938), and the University of Hawai‘i (1938-1955).  Issues 1–262 were

published weekly from January 1, 1925, to January 2, 1930, and consisted of a single page of text. Issues 

263–384, also published weekly, from January 9, 1930–May 5, 1932, were generally longer—four-

pages—and provided more detail on volcanic activity, including photographs, maps, and plots. Weekly 

issues 385–387, published May 12–26, 1932, were a single page of text due to budget reductions 

brought on by the Great Depression. Budget restrictions reduced the publishing frequency to monthly 

for issues 388–428, covering the period of June 1932 to October 1935; these issues were generally 

shorter, 1–2 pages, and sometimes featured figures. From November 1935 to July 1938, issues 429–461 

remained monthly but increased in length (generally eight pages) and featured figures frequently. Issues 

462–530, published over the period of August 1938–December 1955, varied in length from 2–15 pages, 

but were published quarterly, rather than monthly.  

Six of the letters are misnumbered: 

Jan. 21, 1926 number is 55 though it should 56 

July 29, 1926 number is 82 though it should be 83 

Feb. 16, 1928 number is 161 though it should be 164 

May 31, 1928 number is 197 though it should be 179 

Nov. 29, 1928 number is 204 though it should be 205 

For background information on the Hawaiian Volcano Observatory: https://pubs.usgs.gov/gip/135/ 

The Volcano Letter publications are also available in print: 

Fiske, R.S., Simkin, T., and Nielsen, E.A., eds.,1987, The Volcano Letter, No. 1-530. See 

https://www.si.edu/object/siris_sil_328087 

April 2023 

https://pubs.usgs.gov/gip/135/
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BEGINNING OF GEOMAGNETIC OBSERVATIONS AT HAWAIIAN VOLCANO OBSERVATORY
By G. A. MACDONALD
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FIe RIC L 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 l\1auna Loa volcanoes,
1:{esults obtained by workers on volcanoes in other areas,
especially Japan (Kato, ]933-35; Takahasi and Hirano,
]941) , 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 a\'ailable to the Volcano Observatory by the Geo­
physics Branch of the D, S. Geological Survey. H. R.
Joesting and J. H. Swartz of the Geophysics Branch.
accompanied by R. E. \iVilcox of the General Geology
Branch of the Geoloaical 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. J oesting
and Swartz have kindly read and criticized the manu­
script of this paper.

A series of permanent ubservatiun stations was estab­
lished during February and March on Kilauea and on
the 10\\'er slopes of Mauna Loa. The location of the
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DIl'H;RI£1\'CE I VERTICAL IN1'I£,,!:lITY OF G£O~fAr.NJ:.·nSM (IN GAMMAS) AT OTrr£R STATIONS,

COMPARED 1'0 TIIAT AT STATIO O.
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1 ----683 - 744 - 828 -794 -795 - 864 - 823 - 806 ~47 -1003 - 821 -792 - 858
2 - 37 - 54 - 18 - 36 - 60 - 84 1 - 35 - 228 - 87 + 13 - 46
3 -271 - 303 - 301 -329 -304 - 348 - 300 -364 - 508 - 348 -247 - 524
4 -291 - 345 - 326 -327 - 400 - 342 - 326 -371 - 551 - 368 - 486
5 +77 + 57 + 62 + 83 +112 + 96 + 77 + 131 +26 - 85 + 73 +233 - 81
6 -117 - 141 - 176 -117 - 148 - 136 -121 - 336 - 139 - 308
7 - 76 - 107 - 120 -115 - 82 - 110 - 79 - 75 - 339 - 66
8 ----615 - 659 - 765 -710 - 762 - 728 - 697 ---692 - 976 -756 - 724 ----625 -1060
9 -714 - 758 - 899 ~65 -835 - 901 - 834 - 793 ~34 -1098 -869 - 912 -766 -1179

10 ---681 - 669 -760 - 785 - 705 - 676 ---676 -1019 -778 ----629 -1052
II -171 - 204 - 212 - 244 - 166 - 143 -155 - 497 -177 + 290
12 ----677 - 676 - 745 - 760 -696 - 658 ---676 -1053 -700 - 339
13 - 536 - 604 -588 - 559 - 541 -541 - 919 -506 -431
14 - 35 - 69 - 45 - 31 - 19 - 21 - 26 - 443 - 30 + 62 + 216
15 +416 + 433 + 486 + 452 + 456 + 437 +437 + 73 +466 +621 + 788
16 +177 + 198 + 178 + 217 + 217 +217 + 209 +168 +199 +306 + 526
17 - 663 - 740 - 758 - 684 - 685 -732 -672 ----666 ----609 - 367
18 - 418 - 473 - 466 - 451 - 411 -454 - 791 -441 - 460 -345 - 178
19 + 287 + 353 + 326 + 313 +352 + 16 +332 + 331 +414 + 598
20 - 273 - 304 - 283 - 258 - 258 -310 - 581 -311 - 280 -180 - 18
21 ---- .. + 257 + 288 + 311 + 319 +294 + 67 +274 + 279 +398 + 552
22 +786 + 784 + 899 + 894 + 845 + 697 +823 +1108 + 889
23 +H67 +1358 +1334 +1255 +1219 +1168 +1284 +1278
24 - 46 - 45 - 47 - 50 - 7 -186 8 - 123
25 +2547 +2550 +2591 +2555 +2602 +3843
26 + 243 + 288 + 291 + 289 + 276 + 189 + 342
27 -872 - 910 - 850 - 827 -896 - 895 - 924 -937 - 825
28 - 927 - 921 - 925 - 897 -957 - 958 - 976 -994 - 920

stations is shown in Figure l. The numb r 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 cIo ely 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 station are occupied,
and each leg is placed 011 the same hub in successive
readings at each station. The leveling screws also are
turned out as nearly as possible to the same di tance for
each set-up, Thus the po ition of the instrument. both
horizontally and vertically. is as nearly as possible the
same for successive reading at a given station.

Jt is pl<U1ned to occupy each station approximately
once a month, but during some months the Observatory
shff has not had time to occupy all of the station . The
stations are so widely distributed that considerable time
is needed [or travel between them. II the readings of
each set are made on one day. or on 2 successive days.

The procedure is as follows. One instrument is set 011

station 0. near the Volcano Ob ervaton' at the western
edge of Kilauea Caldera (Fig. l). Aft~r the reading at
station °is obtained. the instrument is taken to each of
the other stations and readings obtained at them. Read­
ings are made \\·ith the north end of the balance pointed
fir t east and then w~st; the average of the two sets of
readings i· used. thus compensating- for any mall error
in orientation and leveling of the instrument. immedi­
ately after the first instrument is removed from station
0, the econd in 'trument 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. Frol1l the
readings at station 0. a curve of diurnal variati n 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 recorcled in terms
of di fIerence 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 pre ent. If
results appear to justify it, it is hoped that the program
can be expanded ane! improved in the future. The data
obtai.ned thus far are shown in the accompanying table.

J oesting 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 liste I in the table, those for June ]2
were made by them. The others were made by member'
of the Observatory staff. principally C. K, \\lentworth
and the writer, aided during March and pril by J. B.
Orr of the National Park Service. On March 8 an I 9,
1951. F. C. Farnham of the Geophysics Branch made
measurements with an ab olute magnetometer at sta­
tion °clo-e to the Volcano Obsen'atory and at a newlv
established station close to the seismograph station ;t
St. Joseph's School in Hila.

It is too soon to attempt much interpretation of the
re ults. It i· LeIie\'ed po 'siLIe that the rise f 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 he noted in the accompanying table that several of
the stations (L to 9) which lie on the line between the
Ob 'ervatory and the Mauna L a seismograph showed a
decrease in magnetism as related to station O. Tvlauna
T.oa erupted on J line 1, and there is some possibility
that the decrease in magnetism at these stations on
~launa Loa may have been in some way related to the
then-impending eruption. However, the clistallce of the
closest station from either the eruptiye axis of the vol­
cano (beneath the sl1l1lmit caldera) or the locality on the
'outhwest rift where the erl1ption 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 Iauna Loa
eruption, a line of three stations was established running
southeastward f r 1.5 miles from a point on the recently
active ri ft. It is planned to make readings at these sta-

tlOns at intervals of about 6 month during the next few
years to determine whether any definite di cernible
effect results from cooling of the magma in the rift.

Variations at the stations on KiJal1ea have thu far
been rather irregular. It appears that during the past
year volcanism at Kilal1ea 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
\. lcanic activity.
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JANUARY-MARCH, 1951

VOLCANOLOGY
January

The ycar 1951 commenced with both Mauna Loa and Kilauea
volcanoes quiescent. During the month of January, 18 earth­
quakes were rec rded at the \Vhitney vault on the northeastern
rim of Kilauea Caldera; 8 of the e were recordcd also on the
seismograph on the lower east slope of 'Mauna Loa. This was
the smallest number of earthquakes recorded during any month
since ctober, 1947.

At the \Vhitney vault ground surfacc 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 scconds of arc. l'ost cracks in
thc vicinity of Kilauea Caldera opcned or closed very little.
Cracks near the southeastern edge of Halem3umau c ntinued to
upen.

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 f these were recorded also
on the 11'1 auna Loa sei mograph. 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 n rtheast 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
continucd southward, as is normal for this season of the yea.
There was almost no accumulation of east-west tilt during the
month. However, becaus~ there is normally a westward tilting
at thi time of the year, the absenc of tilting may indicate a
small increase of volcanic pressure beneath Mauna Loa.

The vents of the 1950 eruption of Mauna Loa were visited 011

February 9 and 10. Steam was issuing from the Ii sures from
10,200 to 11,500 feet altitude, and large amounts of ulfurou
fume were being liberated in the vicinity of 10,000 feet. The
source cracks were still warm, but no heat could be detected il1
most of the thin flows near the vents. The thick flows ncar the
highway in Kana are still hot beneath the surface. Fume was
visible 011 the southwest rift from the Volcano Ob. ervatory 011

the afternoon of February 16.
During heavy rains in late February, spectacular steam clouds

rose [rom Halemaumau, giving evidence that the vent of Kilauea
Vol ano is still very hot only a short distance below the surface.

March

The periuu uf quiet at Hawaiian vukano", which hegan in late
llecember continued thruugh 1fan:h. The seismugraph at the
northeast rim of Kilauea Caldera recorded 27 earthquakes dur­
ing the month, 2 mol' than were recorded during February. Only
l4 of these were recorded at the :-Iauna Loa station. .'\ 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,S miles east-northeast of 21Iakaopuhi Crater.
At 6: 41 t\.~L on 1Iarch 20 another earthquake ",as felt by a
few persons in the Puueo di trict 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 mall
earthquakes originated on the western slope of Mauna Loa near
Kealakekua, possibly on the fault which rLms 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
:-Iarch 7 to 17 the tilting was distinctly more rapid than normal,
indicating a slight decrease of volcanic pre sure beneath Kilauea
Caldera. This, like thc short spell of northerly tilting in January,
indicate fluctuation of pre sure. demonstrating that the lava
column beneath Kilauea Caldera is still mobile. Slight "ve tward
tilting also occurred during the month, as is usual at this season.

Table of Tilt ot Seismograph Vaults on Rim of Kilauea Caldera

Whitney Vuult Uwckahuna Vault

Week
(Northeast rilll) (West rim)

Beginning Amount Direction .\mount Direction

December 31 0.9" S 45° \V 0.4" S 56° \V
January 7 0.8" N 38° E 0.7" S 26° W

14 0.7" N 1.5" N 70° \V
21 2.0" S 35° E 2.4" NWW
28 0.6" S 37" \V 0.2" N 27° E

February 4 1.2" S 45° \V 1.2" S 70° E
11 1.5" ~ 38° E 1.5" S 58° W
18 1 ,." S 35° E 2.3" N 78° E, S 52° 'vV.:J

2S 1.6" S 42° W 2.4" 78° E
March 4 2.1" S 26° 'vV 1.5" E

II 4.1" S 5° \V 0.7" S 15° E
18 1.2" SWW 0"''' SWE.:J

25 0.6" VV 0.4" N 63° E

TILTING OF THE GROUND

At the \Vhitney Laboratory of Seismology, situated at the site
l)f the original \ olcano 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
periou of fairly strong north\\'ard tilting from January 7 to 17
and another less marked period of northward tilting from Feb­
ruary 10 to 21. There \\'a a slight eastward tilting in January
and almost no accumulation of cast-west tilt in February. How­
ever, since the normal seasonal tilting is westward in February,
hath the January and F bruary records indicate a small increase
in volcanic pressure heneath Mauna Lua. 'Normal westward tilt­
ing continued through the month of March. Records of tilting at
the wekahuna vault are not yet long enough to determine the
normal pattern of seasonal tilting at that locality.
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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.

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

11 : 17, slight. Southea tern •ew Guinea.
12: 38, moderate. About 500 miles west of Easter

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

Jan.13,

Jan. 17,
Feb. 19,

Mar. 10,

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. },[auna Loa), felt at Ka­

papala. Kaoiki fault Ileal' \inapo, about 7
miles deep.

5. Feb. lG, 07: 26, slight (moderate, Mautla Loa), felt from
Hilo to -aalehu. N orthea. t ri ft of Mautla
Loa near Puu Ulaula, about 15 mile deep.

18: 58. very feeble.
20 : 0I; very feeble.
20: 47, very feeble.
21 : 47, very feeble.
21: 26, very feehle.
03: 41, very feehle.
17: 39, very feeble.
01 : 28, very feeble (feeble, KOtla).
09: 21, very feeble.
14: 13, very feeble.
03: 53, very feeble.
03 : 56, very feeble.
09 : 33, very feeble.
16: 44, very feeble. Northeast rift of :Mauna Loa.
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. [4, 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-north ast of a­
pau Crater, about 7 miles deep.

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

25. Mar. 15, II: 34, very feeble.
26. Mar. 15, 16: 43, very feeble (sligbt, 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).
\Vest slope of Mauna Loa.

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

G. Feb. 16,
7. Feb 20,
8. Feb. 20,
9. Feb.20,

10 Feb. 21,
11. Feb. 23,
12. Feb. 24,
13. Feb. 26,
14. Feb. 26,
15. Feb. 28,
16. Mar.5,
17. Mar. 5,
18. Mar. 5,
19. Mar. 5,
20. Mar. 8,

• For definition of local seismicity, see Volctlllo Letter 311.

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
c nters. The arrival times are given to the closest minute in
Hawaiian Standard time which is 10 hour 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 i 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 tht:
Whitney station.

CRACK MEASUREMENTS

The onlv 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 Aoor of Kilauea Caldera about a
quarter of a mile southeast of Halemaumau, opened I mIllimeter;
crack 101-A, near Chain of Craters Road about 0.2 mile north­
west of Devil's Throat, closed about the same amount.

Earthquake Dato, Jonuory-Mor'ch, 1951
SEISMOLOGY

TEMPERA TURE MEASUREMENTS

The temperature of the steam well at the Sulphur Bank meas­
ured 20-1.5 0 F. on Deccmuer 31 and January 30, and 205 0 F. on
March 1 and March 31.

~Iinutes Local
Week of Very ~Iod- Seis- 1'ele-

Bcginning rl'remol' [<'ceble Wceble Slight erllte Strong mic.ity* seisms

Dec. 31 5 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 1.75 0
Jan. 28 2 0 U 0 0 0 0.5 0
Feb. 4 3 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
.'far. 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

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

STAFF OF HAWAIIAN VOLCANO OBSERVATORY

u. S. Geological Survey; University of Hawaii:

Gordon A. Macdonald, Volcanologist, Director
T. A. Jaggar, Geopbysicist

Chester K. \oVentworth, Geologist, part-time

John . Forbes, Lab ratory Mechanic

LaVieve G. Forbes, Secretary, part-time

Seismograph Station Operators:
Hilo Station:

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

Kealakekua Station:

H. 111. Tatsutlo, Konawaena Seho

HAWAIIAN VOLCANO RESEARCH ASSOCIATION
In cooperation with the UNIVERSITY OF HAWAII

'Plle Hawaiian Volcano Research Association ,vas found- research associates, instrunlental equiptnent, and special
d in 1911 for tile reeordin~ and study of \'olcanoes in the im·estigations. Dr. T. A ..Jaggar is their geophysicist re~i-

Hawaiian Jslands and around the Pa ific Ocean. Its dent at Kilau a.
equipment at Kilauea Volcano, HawC\ii Island, has becn The Volcano Leiter, a quarterly record of Hawaiian
transfel'l'ed to the United Slates G ological Survey. volcano obSel'\·alions. is published by the Univer'sity of

The University of Hawaii c00perat s in maintaining a Hawaii and supplied to members of the Resear'eh Asso-
research labonltory at Kilauea. The Association and the eiation and to exchange lists of the abo\'e establishments.
University supplement the work of the government with
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THE KILAUEA EARTHQUAKE OF APRIL 22, 1951, AND ITS AFTERSHOCKS

By GORDON A. MACDONALD

April-June, 1951

At 2: S2 Hawaiian time, on the afternoon of April 22,
the southern part of the island of Ha\\'aii 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 uni form for 30
miles northeast and southwest of the epicenter. to Hila
and Naalehu. respectively. This uni formity of intensity
over such a hroad area indicates that the origin of the
earthquake wa at a considerable depth, probahly 2S to
30 miles. It \\'as 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 Hila seismooraph station, Brother Bernard T.
Pleimann a f St. Joseph's School. reached the dismantled
instrument and reassembled it in time to record the coda
of the earthCjuake. Shaking continued on the 1-1 ilo in­
strument for 16 minutes.

The preliminary determination of epicenter. issued by
the U. S. Coast and Geodetic Survey on pril 2-1-. gi\'es
the time at the origin a 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 Berk ­
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 I-Iawaii many
slllall objects were ovnturned. and some dishes were
broken. l\Jany. but not all, pendululll clocks were
stopped. 1\ water pipe was broken at the Volcano Ob­
sen'atory, and a plate glass window at Glenwood \\'as
cracked. \;\Tater slopped over the rims of some tanks.
Small earth slips occurred in road cut between Kilauea
Caldera amI Hila. and north of Hilo along the Hamakua
Coast. Several rock slides occurred on the walls of Ki­
lauea Caldera and a very large numller (In the unstable
wall:; 0 t IIalemaumau crater. "\11 the latter were small.
~ a large blocks of the crater rim "'ere 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 111111. at the ti111e of
the earthquake and 3 111m. more during the period of
aftershocks. Sl11all slides continued in Halemaul11au for
about a week after the big earthquake. Small rock a va­
lanches occurred on the walls of Alae and :Makaopuhi
craters. on the east rift zone of Kilauea, and Superinten­
dent F. R. Oberhanslev of Hawaii National Park re­
ported rock falls at the cliffs of Hilina Pali and Puu
Kapukapu. on the southern shore of the island. l\finor
cracking ot the high\\'ay occurred at the northeast rim
of Kilauea Caldera, ;4 mile southeast of the \iVhitney
Laboratory (Fig. 1), apparently caused by settling of a
thin fill under the pa\'ement when the block at the edge
of the caldera movecl forward slightly. Cracking in the
soil also was obser\'ed at several places north and east
of Kilauea Caldera. apparently caused by lurching at
the soil. 1\0 surface faulting was ob erved.

The Bosch-Omori seismograph at the 'Whitney Lab­
oratory on the northeast rim of Kilauea Caldera (Fig.
I) and the vertical seismograph at Uwekahul1a were
dismantled. The yertical seismograph was back in oper­
ation at 15: 20. but resumption at recording on the
Bosch-Omori seismograph was delayed until 16: 45 by
electric pO\\'er failure caused by the earthquake. The
wire suspensions on the heavy mass of one component
of the Ha\vaiian-type sei 1110graph at the ~rauna Loa
.-tation were broken. and the ma s, weighing approxi­
mately 225 pounds. was deposited on the floor of the
vault, 3 feet trom its proper position. At the Uweka­
huna vault. the wire suspensions on both components of
a semi portable tiltrneter \\-ere broken and the horizontal
pendulul1ls. each weighing 3S pounds. dropped onto the
pier. The breaking of the wire suspensions, which have
considerahle strength under normal conditions of lateral
swing of the pendulums. suggests a vertical dancing of
the pendulums, This. t(J<Tether with the dismantling of
the \'ertical seismograph. which is seldom dismantled
('ven 11y strong earthquakes. appears to indicate a high
angle 0 t emergence of the earthCjuake vibrations, conso­
nant with a deep origin nearly beneath Kilauea Caldera.
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Damage to the seismographs and tiltmeters made it
impossihle to determine with certainty the direction of
tilt during the carthquake, but it prohably wa' south­
eastward at the \ Vhitnev station and eastward at Uwe­
kahuna. The direction ~f first motion of the earthquake
was south and east at the Whitney station, and down
at thc vertical seismograph at L\\·ekahuna. It is belic\'cd
that the earthquake accompanied a marked suhside lce
at Kilauea, probably caused by a decrease of \'olcanic
pressure at depth. ubsidence is suggested hy the direc­
tion of fir t motion, the probahle direction of tilt. and
the ohserved generalization that the strongest local
earthquakes generally, if not always, cLccompany suhsi­
dence rather than tumescence. It is interesting that the
suhsidence was inllnediateh- followed hy the heginning
of rapid northward tilting 0 f 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 -+).

At 0-+: S3: S3 H.S.T. on April 22, the major earth­
quake was preceded hy a moderate earthquake which
miginated at a dcpth 0 f about 21 miles on the east ri ft
zone of Kilauea \'okano. 10 miles east of the caldera
(Fi,,·. 1, location 34).

During the 7 days following the major shock, 108

earthquakes were recorded on the Volcano Ohservatory
seismographs. Of these, 71 occurred on pril 22 and
23. l\lore than hal f were tremors, too small to permit
identification of separate phases in the record. Figure
2 is a graph of daily seismicity from pri! 20 to 30, de­
rived by assigning a numerical \'alue to each earthquake,
depending on its intensity, and totaling tlwse values
for each day. The scale of seismicity in use at the Ha­
waiian Volcano Observaton' is an arhitran' one, hased
on the amplitud of the re~ord produced ]jy the earth­
quake n the seismographs. It has prc\'iously been de­
scriber! by . E. Jones. 1 The grades of earthquake in­
tensity and numerical values assigned to them are listed
in the accompanying table.

A. indicated in the table, earthquakes of seismicity
\'alue 1 to 4- correspond approximately to the same nu­
merical grades in the Rossi-Forel and modified lIfercalli
scales of earthquake intensity. Howe\'er, because the
Volcano Obsen'atory scale is hased on instrumental
effects, the correspondence to the other intensity scales
and the de 'criptions of non-instrumental effects in the
tahle are not alwa\'s exact.

11 earthquake; producing a douhle amplitude of os-
----

] JO'\ES, A. E., CHART 01" KILAUEA SEISMICITY. Volcano Letter
3il: 1-3. 1932.
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from relative downward movement of Kilauea along the
Kaoiki faults in response to decrease of volcanic pres­
sure beneath Kilauea.

Many of the 'mall aftershocks, which could not be
definitely located. appear almost certainl~' to ha\'e origi­
nated heneath Kilauea Caldera or along one of the rift
zones in the immediate vicinity of the caldera. Two of
the quakes originated along tl~e Hilina fault zone near
the southern coast of } ilauea.

FIGURE 2. Graph showing seismicity at thc \Vhitncy Labor­
atory, at thc northeast rim of Kilauea Caldera, during late April,
1951.

cillation of more than 60 111111. on the liosch-Omori seis­
mograph are classified a strong, ane! receive the same
seismicity rating. Thu the big earthquake of April 22
received the same 'eismicity value as the much smaller
"strong" earthquakes which took place on April 23 and
26. I f allowance were made for this. the eislnicity on
April 22 woule! he somewhat increased. The high seis­
micity on \pril 22 and 23 results principally fr0111 the
larg numher of very small aftershocks (trcmors and
vcry feeble eal1:hquakes) all those days.

~lost of the aftershocks were too small to be located,
pha'e arrivals not being recoo'nizable on the seismo­
grams. vr recognizable only all the record of one station.
Only J9 could be located with rca 'onable certainty. The
epicenters of these are shown in Figure 1, in which the
I1ul11ber accompanying the cross indicating the epicenter
is the serial number of the earthquake for the uITent
year. The date, time, and intensity of the earthquake
are gi\'en following its serial number in the tahle in the
section all Seismology, page 4- and 5. 11 the located
aftershocks were of comparati\'ely shallow origin. The
deepest was that at 03 :57 on pril 26 (Serial No. 73),
at a depth of ahout 11 miles on the ea t ri Et zone of
Kilauea. ~[ost of the others riginated at depths of 3 to
8 miles.

In general. the aftershocks fall into two groups, one
di tributed along the rift zones of Kilauea volcano, and
the other associated \\·ith the Kaoiki fault zone along
the southeast lope of Mauna Loa and the prolongation
of the Kaoiki zone northeasl\-vardbeyond any recognized
surface fault offsets, It is of interest to note that the
northeastward continuation of the Ka.oiki fault was
suggest cl years ago by H. O. Wood,2 who also found
an apparent clustering of earthquakes along thi· line.
The Kaoiki fault zone lies at, or close to, the surface
contact between Kilauea and Mauna I,oa volcanoes. The
earthquake activity along this zone pas ibly resulted

"NoQ[), H. O. A COKSIDERATlOX OF RE;Cf;NT tARTUQ AKES LO­

CAL TO II WAil, A;-;O OF THE SEISMOI.OGlCAL PJ{OBLE~I THEV I);DI­
CAn~. Hawaiian Volcano Obs. Bul. 3(5) : 56-57. 1915.

CO~IPAIUSON 01" F. R'l'IIQUAKI:: INTBNSITY SALES

Double amplitude of motion
I

eismicity
Designation on Bosch-Omori seismograph* value

-
1J1111.

Tremor < ~~ ~

Very feeble )/,-4 )/,

Feeble -1-11 1

Slight 11-25 2

Moderate 25---00 I 3

trong > 60 4

* Static magl1lficatlon of Bosch-Omon SCI::il1lOgraph IS appruxJnlatdy 11j.

DreSCRIPTION OF NO:\'-IXS1'Rl:.\£E;;-;TAL

F.FnCTS

)Jot felt.

l'\ot felt or only very rarely f It by very few
persons in especially favorablc 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 wing-.

Felt generally. by persuns in or out of doors.
Hanging obj ects swing.

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

APPRoxnlATE

CRADE IN
ROSSI-FOREL

A:\D ~lODIFIED

~rERCALLI

SCALES

II

III

IV-V
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR APRIL-JUNE, 1951

Tobie of Tilt ot Seismograph Vaults on Rim of l(i1auea Coidera

Week
Beginning .\mount Direction .\mount Dir('(,tioll

April 1 OS' •• 45° vV 0.9" S 74° W
8 0.8" S 63° E 0.3" X 45° \V

15 1.3" ~ 85° \V 0.2" 72°W
22 1.4" l'\ 22° E 1.4" S 62° \\
29 0.4" .' 27" \\- 0,6" X 74° \\"

May () 1.0" ~ 7° \\- 1.1" . 81° \V
13 1.2" X II" E
20 1.1" N 18° E 28" S 9° To:
27 1.9" ::\ 15° E 0.4" S 19° E

June 3 1.0" N 60° E 1.4" S II" E
10 1.0" S 86° F, 2.1" X 3° \\-
17 0.4" • - 56 E 1.4" X II" \\'
24 1.4" X 52° To: 0,0" ~ 53° W

April

Thc volcanic quiescence of the fir t quarter of the ycar con­
tinued into pri!. It was shattercd on April 22 by thc heavy
earthqllak and swarm of aft r hock de_cribed on previous
pages. Seismographs of the Hawaiian \' Icano Observatory re­
cordcd 132 earthquakes during the month of .-\pril. Of th sc,
108 \\'cre aftershocks of thc big carthquake of April 22. The
I ilauea origin of most f the hake is -h wn by the fact that
125 of them were recorded on the instrument - at the rim of
1 ilauca Caldera and only 89 of them at the 1launa Loa station.

Thc distinct uneasiness of Kilauea volcan was further shown
I y thc ommencement, 011 J lin' 24, of fairly rapid tumesc nce
of th volcanu, expressed by northward tilting at the \\'hitney
Laboratory at a rate considerably in excess of the normal rate
for that timc of year. It should be noted also that the rcversal
from southward to northward tilting came nearly a month earlicr
than usual.

\\l,ilney Vault
(:"iortlwast rim)

l'\\cka.huna Vault·
(lI'esl rim)

SEISMOLOGY

32, pr. 13,
33. . \pr. 15,
34. pr. 22,

35. Apr. 22,

36. Apr. 22,
37, Apr. 22,
38- pr.22,
39, Apr, 22,

May

The rapid northward tilting- of the ground at the northe~n
rim of Yilauea Caldera, which commenced in April. continued
throughout May. By the end f the m nth a total of 6 seconds
of arc f northerly tilting had accumulated. 'fhi rate is approxi­
mately twice as great a the normal rate of northward tilting
at thi season of the year, and indicate a continued increase of
\-olcanic pressure beneath Kilauea. Some cracks on the fl or of
the caldera and along the hain of rater road opened slightly
during the month, possibly in re-ponse to tume cence of the
mountain.

\-olcano Observatory sei -mograph recorded 41 earthquakes
during :-fay, Of these, 36 were rccorded at the \\-hitney Labor­
atory and 20 at the Mauna Loa station. A fecble earthquakc,
felt by a few persons in the \-olcano district just after noon on
~fay 17, riginated under Kilauea volcano, about 6 miles -outh

f the crater.

June

The marked nort 1\vard tilting of the g-round at the northern
edge of Kilauea Caldera continued into early June. After June
8, however, the ratc f northward tilting dccreased to about
normal for thi_ eason of the year. During late May, the rate
of ea ·tward tilting was approximately normal for that season,
Ho\\' vcr, on J U11e 3, it became appreciably greatcr than 11 rmal
and continued abo\'e normal for the remaindcr of the month, in­
dicating an increase of volcanic pressure bencatb the summit area
of 11au11a Loa,

During- June, 42 earthquakes wcrc r corded on the scismo­
graphs, Of these, 28 wer r cor led at th "-hitncy Laboratory
and 29 at the :-Jauna Loa station. Slight earthquakes wcre felt
hy some per 0115 from the \'olcano di trict to Hilo at 10: 49
P.M, on June 7 and 8: 32 A,~r. on June 11. Both originated on
the east rift zone of Kilau a volcano, the first near Fauahi
crater, and the sccond 6 miles southwest of Pahoa. A series of
mall earthquakes (mostly tremor ) on June 18 and 19, recor ,ed

only on thc 11auna Loa seismograph, indicate some mO\'cment
on the n rthea_ t rift zone of :- lau11a Loa.

The northern end of the crack which cros e the observation
area at the :outheast rim of Halcmaumau crater opened another
3 mm, during June. Other crack in the vicinity also opened
-lightly.

The tempcrature of the st am at the Sulphur Rank well rc­
mained at 205° F, [rom March 31 to July 2,

TELESEISMS

Location. of the epicenters arc from the notice of Preliminary
Determinations of Epicenter- published by the L. S. Coa t and
Geodetic Survey.

April 30, 05: 35, slight. eleb s r gion.
. fay 19, 04: 59, slight.
• fay 19, 06: 45, slight,
June 16, 23: 54, slight. Thr'e hundred miles uff the Oregon

coa t.

. • Recortl prc\'iou~ to ~Iay JJ from a small, emiportahle tilt meter. Dur­
Ing early :May. a paIr of heav). horizontal pendulums W<.b installed, and the
record after 1\-I:l.Y 10 is fr m this new in:,trumcnt. 'rhe record for the week
.larlirl~ :\lay IJ i... considered unreliable hecause of il1lproper operation of
the ea~t-WL" t pendulum.

Earthquake Data, April-June. 1951

(Bascd on Bosch- mori seismograph n northeast rIm of
Kilauea Caldera)

Minutes Local
Week or \'ery ~fod- Sei - Tele-

Beginning Tremor Feehle Peehle Slight emte Strong micHy· sclsms

April 1 3 1 0 0 0 0 1.25 0
8 7 1 1 0 0 0 3.25 0

IS 3 1 0 0 0 0 1.T 0
22 67 26 3 4 I 3 55.75 0
29 11 I 0 0 0 0 3.25 1

:-lay () 0 2 2 0 0 0 3.0 0
13 8 4 1 0 0 0 5.0 1
20 5 3 0 0 0 0 2.75 0
27 1 2 0 0 0 0 1.25 0

June 3 3 0 0 1 0 0 2,75 0
10 ~ 2 0 1 0 0 4,0 1
17 9 2 I 0 0 0 425 0
24 4 1 0 0 0 0 1.5 0

• For definition of local sei~micitYJ see Yolcano Letter 371.

The data for the followin . loeal disturbances were determined
from seismographs operated on the island of Ha\\'aii by the Ha­
waiian \-olcano Ob ervatory. Locations given are cpicenters,
The arri\'al times are given to the closest minute in Hawaiian
Standard time, which is 10 hours lowcr than Greell\ ich time.
The nUlIlber pr ceding each earthquakc is the serial number for
the current year. The intensit), rating (Feeble, 1,loderate, ctc,)
given is that for the \\'hitney Laboratory at the northeast rim
of Kilauea Caldera. If the intensity \\'a greater at one f the
other statio~l , tl~e name of that. tation and the intcn ity rating­
there are gt\'en 111 parenthescs after the rating at the \,\'hitnev
station. -

30. Apr. 4, 10; 43, \'ery feehle,
31. pr. 13, 01: 19, \'ery feeble, felt at \\"aimca. About 8 miles

southwest of \\-aimea, shallow.
14: 53, fecble. East flank of Kilauea.
13: 36, very feeble.
04: 54, moderate, felt at Kapapala and frOlll \-01­

eano di trict to Hilo. East rift of Kilauea
7 milc. S 15° E of Glenwood, 21 miles
dcep,

14: 52, very strong, felt all over Hawaii Island
and n 1faui and Oahu, East rift of :r i­
lauea near the caldera, 25 to 30 mile deep.

1- : 25, \'cry feeble.
15 : 27, vcry feeble,
15: 41, \'ery feeble.
15: 49, vcry feebl ,
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40. Apr. 22,
41. Apr. 22,
42. Apr. 22.
~3. Apr. 22,
44. Apr. 22,
45. pl'. 22.

40. Apr. 22,
47. Apr. 22,

48. Apr. 22,
49. Apr. 22,
50. Apr. 22,
51. Apr. 22,
52. Apr. 23,
53. Apr. 23,
54. Apr. 23,
55. Apr. 23,
50. Apr. 23,
57. Apr. 23,

58. Apr. 23,

59. Apr. 23,

GO. Apr. 23,
61. Apr. 23,

62. pr. 23,
63. pr. 23,

64. Apr. 23,

65. Apr. 23,

66. Apr. 23,
67. Apr. 24,
68. Apr. 24,
69. pr. 24,

70. Apr. 25,
71. pr. 25.
72. Apr. 26,
73. pr. 26,

15: 50, very feeble.
15 : 5I, very feeble.
16: 08, very feeble.
16: 14, very feeble.
16 : 49, very feeble.
17: 19, feeble. East rift of Kilauea 7 miles east

of the caldera, about 8 miles deep.
17: 30, very f ehle.
18: 46, very feeble. Southwest rift of Ki lauea near

::-Iauna 1ki, about 5 miles deep.
20: 30, tremor (very feeble, 1{auna Loa).
21 : 11, tremor (very feeble, Mauna La).
23 : 30, very feeble.
23: 40, very feeble. Kaoiki fault near Ainapo.
00: 17. very feeble.
02: 46, \'ery feeble.
03: 04, very feeble. Kaoiki fault !lear Kapapala.
03: 27, very feeble.
04: 37, very feeble.
04: 40, slight. East rift of Kilauea 2 miles south

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

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

deep.
05 : 24, very feeble.
as: 48, slight. Five miles northwest of Kilauea

Caldera, about 6 miles deep.
06: 13, \'ery feeble.
06: 36, trong, felt in \'olcano district. outhwest

rift of I ilauea 2 miles southwest of Ma­
una 1ki, 5 miles deep.

21 : 53. very feeble. Southwest rift of Kilauea ncar
Puu Koae, about 5 miles deep.

2Z: 16, very fe ble. 1'11'0 miles southwe t of Ku-
lani cone, about 5 miles deep.

22: 18, very feeble.
01: 14, very feeble.
01 : 29, very feeble.
11 : 30, very feeble. 1\ car Bird Park, about 11

miles deep.
11 : 41, very feeble.
22: 38. very feeble.
00: 57, tremor (very feeble, 1Iauna Loa).
03: 58, strong. felt in Volcano district. East rift

of Kilauea ncar 1\1 akaopuhi, about 12 miles
deeI'.

74. pr. 26,

75. pl'. 28,

7o. Apr. 29,

77. .\1 ay 6.

78. 11ay 7,
79. 1Iay 8,
80. May 10,

81. May 13,
82. May 14,

83. May 15,
84. May 17,
85 ~\[ay 18.
86. May 20,
87. May 20,
88. May 25,
89. :May 30,
90. 11ay 31,
91. June3,
92. June 4,

93. June 7,

94. June 11,

95. June 11,
96. June 12,
97. June 14,
98. June 15,

99. June 17,

100. Tunc 19,
101. june 22,
102. June 23.
103. June 27,
104. June 27,

05: 51, feeble. \Vaimea plain about 6 mile cast of
\ \.aimea.

07: 38, slight. Four miles east of Kulani cone,
shallo\I'.

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

08: 53, \'ery feeble, felt by one person in Volcano
di trict. and some in Pahala and 1\aal hu.
[{aoiki fault zone. 3 mil·s southwe t of
Pahala.

12: 36, very feeble.
00: 38. feehle.
15: 24, feeble. East rift of Kilauea near Puu Hu­

luhulu. shalloll·.
00: 24, I'ery feehle.
18: 41, very feebl . Southwest rift of Kilauea ncar

.\f auna 1ki. shallow.
22: to, \'ery feeble.
12: 12, feeble.
03 : 00, very feeble.
13 : 34, very feeble.
16: 16, I'ery feeble.
03: 10, very feeble.
21: 59, very feeble.
09: 13, \'ery feeble.
04 : 45, tremor (very feeble, 11 auna Loa).
14: 3C>, no record at \Vhitney vault (very feeble,

Kona).
22: 50. slight, felt in \Tolcano district and I y a

fell' in Hilo. East rift of Kilauea near Pa­
uahi crater, shalloll·.

08: 33, slight. felt generally from Hilo to Vol­
cano district. East rift of Kilauea 6 miles
\I'(?st of Pahoa, about 7 mile deep.

19: 23, tremor (very feeble, Mauna Loa).
12: 12, tremor (very feeble, ~Iauna Loa).
11 : 12, very feeble,
13: 19, very feeble. Probably beneath Kilauea

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

miles west of ::-lokuaweoweo, about 16
miles deep.

05 : 15, feeble.
08: 11, tremor (very feeble. Mauna Loa).
01 : 14. very feeble.
07: 27, very feeble.
11 : 49, tremor (very feeble, J\laltlla Loa).

VOLCANO NOTES AND NEWS

This new fealure uf the VOCCi\NO LI';Tn;R is intended
to fl1rJ1ish the reader lI'ith notices f reccnt vulcanic ac­
ti\'ity all O\'er the \\·orld. notices of recent puhlications of
SI ecial importance to the field of \·o!cano]ogy. ane! hrief
stal l1lents of Iyhat other v\'orkers in volcanolog-y are cln­
ing. I\o attempt will he made to be exhausti\'c in tl1('
treatment of any of these. Ayailable space necessitates
brcvitv. Accol1nb 0 f volcanic activit\· will be credited
to the person submitting them, or ll; the source from
which the\' are draml. Persons e\'erywher are urged
to send in brief accounts of volcanic activit\· or ·tate­
ments of res arch programs in which they,- or fellow
\yorker.·. are invol\'ecl. COllll11unication' should be ad­
dressed to th Director, I--:lawaiian '"okano Observatory.
lla\\'aii :National Park P.O., I-Lmaii.

ERUPTION OF OSHIMA VOLCANO

Prof. Hisashi Kuno of Tokyo Gniversity writes that the
Oshima volcano became active on July 1o, IY50. Oshima occu­
[lie" an island of the ldzu group, ahout GO r.liles south of Tokyo.
The volcano had been dormant since 1940. The 1950 activity
built a nell' cinder cone on th· rim of the old crater of )'lihara­
yama, a large cone in the caldera of Oshima \'oIcano. The nell'

cinder cone reached a height of lao meters above its base. Lava
issued from the base of the nell' cone and fill d the bottolll of
the old 11ihara crater. On September 13, several tongue" of
lal'a overflowed the rim of ::-lihara crater and reached the floor
of the caldera. The temperature of the lava was 1200°C. in a
Java fountain, 1090° at the origin of one of the flows which
spilled out of the crater, and about 900° at a poitlt where the
flow had nearly ceased moving. The viscosity of the lava was
3 X HI' c.g.s. at a point II'h re the temperature was about 1000 0

•

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. JlIarauchi I.\·atl/ral Science alld JIIISClIl1l 17 (4):
19. 1950 I as 48,000.000 tons.

ERUPTION OF SANTIAGO VOLCANO

Santiago volcano, in sOllthwest 1\icaragua, resullled solfataric
activity early in 1946, after 19 years of dormancy. The fumes,
containing sulfur dioxide and sulfuric acid, have heen causing
great damage to ncar-by coffe plantations. n investigation of
the activity and of the accompanying crop damage lI'as made ill
April, 1Y51, by Ray F. Wilcox of the l·. S. G '01 gical Survey.
Plans are going forward in cooperation I\'ith the U. S. Depart­
Illent of Agriculture for alleviation of injury to the coffee plan­
tations by the volcanic fumes.
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PERSONNEL CHANGES AT HAWAIIAN VOLCANO OBSERVATORY

Ru~' H. Finch, Director of the Hawaiian \'olcano Observatory
since 1940. retirect late in February and I\'as succeeded by Gor­
don A. J\Jacdonald. Mr. Finch first came to the Observatory in
1919, at a time when it was operated by the Cniled Stales
\Veather Bureau. From 1919 to 1926, he served as assistant to
Dr. T. A. Ja 'gar. \Vhen the Observatory \\'as taken over by
the Geological Survey in 1924, Finch transferred to the Survey.
He ,,'as 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. We 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 ohservatory at J\10unt Lassen, in northern California,
From 1926 to 1935, he operated the Lassen Observatory and
studied oth r olcanoes in the Cascade Range. In 193 I and 1932,
he was the leader of expeditions to study I'\kutan and Shishalc1in
volcanoes in the Aleutian I 'lands. Finch left the Lassen Observ­
atory in 1935, when it was taken over by the Kational Park
Service, anel became an apple grower ncar \Vatsonville, Califor­
nia. In 1940. Dr. Jag-gar retired as Director of the I-J,a"'aiian
\'olcano Observatory, and Ruy Finch was recalled as his suc-

cessor. Through the war years. the work of the Ob ervatory
"·a. greatly curtailed by reductions in staff and other restric­
lion.. In spite of these and other difficulties, Finch managed to
keep he operations going on a basis sufficient to insure the all­
important continuity of records. His prediction of the 1942 erup­
tion of :-'launa Loa ,,'as an outstanding success.

Ruy •inch's retirement culminates a lifetime of service and
important contributions to the science of volcanology. Following
his retirement, Finch returned with his family to \\'atsonville,
where he is again an orchardist. His long experience and inti­
mate knowledge of Hawaiian volcanoes, as well as his pleasant
personality and keen "'it, ",ill 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 contrihutions by him to the science of volcanology.

Early in ~I'lay the staff of the Hawaiian Volcano Observatory
was augmented by the appointment of Dr. C. K. Wentworth as
full-time geologi t. From 1935 until his retirement in early May,
1951. Wentworth served as geologist for the Honolulu Board of
\Vater Supply. Since 1949. he has held a part-time appointment
at the "olcano Observatory. During the next few months his
principal scientific activity is expected to lie in the Ob ervatory's
geomagnetic program. in field studies of volcanic features, and
in instrumentation.

U. S. Geological Survey:

STAFF OF HAWAIIAN VOLCANO OBSERVATORY

University of Hawaii:

G rdon A. Macdonald, Volcanologist, Director

Chester K, 'Wentworth. Geologi t

John C. Forbes, Laboratory Mechanic

LaVieve G, Forbe., SecI' tary, part-time

HAWAIIAN VOLCANO

I n cooperation with the

The Hawaiian Volcano Research Association was found­
ed in 1911 for the re ording and ~tudy of voleano~s in the
Hawaiian Islands and around the P,,-cific Ocean. Its
l·quipm~nt at Kilauea Vol ano. Hawaii Island, has been
transferred to the niled States Geological SUl'\·ey.

Thp, University of Hawaii cooperates in T11aintaining a
r "ear'h laborator at Kilauea. The Association and th
Uni\' "sily supplement the worl< of the government with

T. A. Jaggar, Geophysicist

Seismograph Station Operators:
Hila Station:

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

Kealakekua Station:

Howard 1\1. Tatsul1<J, Konawaena School

RESEARCH ASSOCIATION

UNIVERSITY OF HAWAII

research associates. instrumental equipment. and special
i11\' ·tigations. Dr. T, A. Jaggar is their geophysi i. t I' si­
dent at Kilauea.

The Volcano Letter, a quarterly recQl-d of I~Ia\vaiian

.volc<:LnlJ obsel'\-ationB, i~ published by the University o(
IIawaii and supplied to members of the Research Asso­
ciation and to exchange lists of the above stablishm nts,
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THE KONA EARTHQUAKE OF AUGUST 21, 1951

By GORDON A. MACDONALD and CHESTER K. WENTWORTH

FrC:L'RE 1. Map of th cntral I ona district showing' the loca­
tion of places mentioned in the text, thc approximate locatiollS
of the epicenters of the major earthquake of ugust 21, 1951.
and the aftershocks for which reasonally g od locations were
obtained. The inset map of the island of Hawaii shows the loca­
tion of the area ('haded) covered by the other map and the
approximate positinn of the i.oseislllal line for the major earth­
quake.

Kapu 0 K oua. at [ calakekua Hay. \Vithin moments
sel'era] hClu:es. chur 'hes. and a school huilding were
de ·troyed or badly damaqe l. Illany other hues slightly
damaged. about 200 water tanks destroyed r damaged.
many miles of stone wall thrown down, roads partly
blocked hy rock slides, road pal' 'Illcnts and 'houlders
hadly crackeel, h a(!:;!ones in cemeteries shi fteel or over-
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NARRATIVE

At 57 minutes past midnight On ugust 21, re idents
of the island of Hawaii wer awakencd by a violent
earthquake. The violence was greatest in central Kana.
from Kealakekua to Hookena (Fig. 1). In the vicinity
of Napoopoo the initial movement appears to have been
largely up ane! clown, with some sll'aying in an east­
west eli rection, changing as the quake continued to what
appeared to ob ervers to he a sumewhat circular motiun.
Noise wa' intense a' cloors ane! windows rattled, <khes
and furnitur crashed to the floor. water tanks col­
lapsed, anc! rucks rulled from hanks and stone walls.
I ,anc! 'lides rushed down the famous burial cli rf. Pali

INTRODUCTION

The earthquake which shook the island of Hawaii
arly on Augu,t 21 probably was the trang-est since

1868, when a series of violent earthquakes die! great
damage in Kau. special study of the quake has been
made by the staff of the Hawaiian \'o1cano Obsen'atory,
and a detailed report will be published elsewhere. T.ack
of spac limits us to a summary here.

A great many persons have aid d us in the il1\'estiga­
tion. It is impossible to mention individually all who
have given u information. Special mention sh ukl he
made of I 'oward M. Tatsuno and Sister Man' Thecla.
seismograph operators at Kealakekua and Hil', respec­
tively; :Miss Nancy R. Wallace, l\frs. Alfred E. Hansen,
ane! Alla.n P. Johl ston. who report d on many 0 f the
aftershocks; Homer A. Hayes, who furnished informa­
tion on damage and on other suhjects; Mark Suther­
land, John I wane, and Ma 'uoka Nan-ai, who supplied
in formation on damage, e 'pecially to tanks; oml11ander

. Ge rge and Roland \Vhite, of the U. S. eoa ·t ane!
Geodetic Survey, who upplied copies of the ei'mo­
grams of the major quake at Barbers' Point, Oahu, and
of the tide gauge records frOIJl Honolulu ancl Hilo har­
h rs. Dr. T. A. Jaggar has read and approved the
manuscript. 'fa the e ancl all other persons who aidee!
the investigation, \ye extend our sincere thanks.
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turned, and telephone and electric power lin, broken.
Fortunately. only two small fires broke out, ane! only
two lers n' recei\'ed minor injuries.

The ocean was obserl'cd withclral\'ing- (rom sh re at
i\apoopoo, and most u f the inhabitants a f the \'illa~e

were quickly evacuated to higher ground in fear of a
large tsullami, or "tidal \\'a\'e," A small tsunami actually
did occur, but it was LOll small to do allY damage, . t
,'apoopoo the I\'ater ~urface fell about -I- fc:et. thell ros'
:lgain about :2 feet aho\'c its normal le\'el. .\t :-lilolii
the water level dropped about,) f et. then ruse 3 or 4
fed above its normal position, f1oatin~ a canoe ofT the
beach, The tide gaug's at [Ionolulu and I Tilo showed a
distinct disturbance of the water in the harbors,

The arthquake was felt fairly strongly by per on on
the most di ·tant parts of the island of I-lawaii and
weakly by many person' on the island of :-faui, and even
in Honolulu more than 180 mile: from its ori;in,
Damage extended for 1110re than 50 mile along th
hio-lJ\.vay, frU11I Holualoa to Honuapo (Fig, 1). It wa'
greatest in the 12-mile interval [rolD Kealakekua to
Hookena: but ~ far away as :\'aalehu, 37 mile from
the epicenter of the earthCjuake. di:hes, grocerie', and
bottles were thrown fr011l sh I\'es, stone walls ollaps d,
and s me damage was rl ne to 'tructure:. .\t Kilauea
Caldera, -1-5 mile' fr 111 th epic nter, a fell' ohjects were
overturned. pavement was cracked, and numcrou land-
lides 'vvere started on the walls of Halemaul11au crater

and the main caldera.
The int nsity of the earthq take on the modifi 1

i\[ercalli :cale 0 f 1931, ha:ed on damage and other
effects of the qual-e, was about 7 in the ar a near the
epicenter, decreasing to -I- at the 1110 t distant parts f
the island, and :2 at 1Jonolulu. Th approximate di-­
tributiOI1 of the intensit\- is shOlI'11 by the i -0 'eismal
lin' all th insert in Fig'ure 1. -

DAMAGE BY THE EARTHQUAKE

i\lany builcl'ngs in the Kona area were in s me de­
gree damaged by the earthquake_ :-Iost Stly tural
damage was minor, howe\- r. Some houses hltted a'
l11uch a' 3 or -I- inches on their f unclation., and many
II' re so t\\'isted that it was elifricult or impossible t

[.'rcORI:; 2. Church at lTookcna Bcach, thc front (western)
wall destroycd by th earthquake of .\ ug-ust 21, 1951. Th walls
are of lava rock and coral-limc mortar. The dcbris uf the fallcn
wall has been cleared away.

FIGllR" 3, Honaunau School. Note the badly deformed win­
dow asings, re ulting from the earthquake. In th foreground
are the fragment- of a la,-ge water tank.

open or clo c1 or' and window. In nearly all hou 'es
dishes and other objects were throwIl to the floor, and
in stores frOI11 IIolualoa to Pahala canned goods a.nd
bottles were thrown from ·hel\'es.

.\s a cla", ma 'Otlr\' structures 'uffererl the 1110 t
damage, ..\t Hookena the western wall a [ the )'Iis'ion
church, constructed of stone and coral-lime mortar, was
thrown to th gr und (Fig. 2), The upper parts of
both the eastern and we 'tern \\-alb of the Catholic
hurch. half a mile north of Hookena. were thrown

down. These walls, hower, \I'ere v n- wC'aklv con­
structecl. The wall, of St. Paul's Church:near K~inaliu.
were hadly cracked, and there was minor cracking of
th lintel: and int rior plaster f Kahikolu hurch at
i\apoopoo. The tower of Central Kona Church at
Kealakekua 'eparatecl ,lightly from the main building,
ami it: plaster was crael ed.

Only a few frame structures were badly damaged. At
Hook na the und 'rpinning of two old houses O'ave
way and the houses dropped to the ground_ 1\ear Kealia
tll"O the I' hous s were similarly damaged. . \t Kai­
malino. O. mile south of Kealia, a shop building slul11ped
downslope when high p sts supportillO' it at the back
gaIT II-ay..\. rvice station at Keokea was damag d in
the same manner, "\11 thesc instances of damage to
fram huildinO's can b traced to the failure of uneJer­
pinnin;r which \I'a' unsound becau e f ao-e, poor ma­
tcrial. or inadequate bracin<T, The m st triking e -ample
uf all was the Honaunau . hool, where failure of the
nnderpinning allowed th I uilding to collapse partly and
SIUIllP to the o-rollnd, deforming it 0 badly that it is
considel-ed a total 10. (Fig. 3). The failur there
app aI's to ha\'e resulted from \'ery inadequate hracing
in all east-we -t direction, approximatel. parallel to the
direction of sway during the earthquake,

.\5 in hig earthquctk , e]se\\'here, a large proportion
() f the damaae to buildin rr re ulted from inf rior or
inappropriate mat rial', or poor can tnt ti n, nrein­
for 'cd stone or brick masonry structures are esp cially
subject to damagc by str ng earthquakes, though even
ill them the u. of go d mortar and adequate bracing
u[ til· structure greatly reduce the risk f damage. ]n
[raIlle structures footing should 1Jc firm, n at rials
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FIGURe 4, Stone \\"all partly destroyed at the City of Refuge,
Honaunau, The wall is approximately 10 feet high, The dam­
aged purtion is part of that rebui It in recent years,

sound. and cross hracing. particularly of the under­
pinning. should he adequate in all directions, The hest
insurance against earthquake damage i~ good construc­
ti on,

'J'he most serious damage was that to \\'ater tanks,
Kona's water SUPl)ly comes frOI11 rain caught Illl roofs
and stored ill tuh-type wooden tanks, Of a total of
more than 1.000 such tanks in the hea\'ih' shaken area,
ahout 200 \\'ere destroyed or hadly damaged. Thc loss
(If water supply seriously endangered the health and
com fort of the community, 'I'ank damage extended
frOI11 Keauhou to l\Tilolii. lmt \\'as most severe from
Captain Cook to Hookena, Tanks shcl\\'ed all degrees
of failure, from the development of slight leaks tll COI11­
plete collapse (Fig, 3).

. \ mtJr cletai led reI ort on the damage to tanks will
appear in the next \'olcano Letter, Tn summary. it may
he said here that the commonest features contrihuting
to tank failure appear to have been poor footings and
inadequate cross bracing of the underpinning,

Loose stone \\'alls were greatly damaged by the earth­
quake. Ithough the principal damage occurred in the
area from Keauhou to 3 milt·s south of ITookena.
isolated instances (If wall cbn1i\ge were ohse1"\"ed all the
\\"av [rol11 ~aalehu to Iionokahau. 5 miles north of
H(~I ualoa, 1t is estimated that a (l(al 'lf many miles 0 f
wall \\"ill have to he rehuilt.

As \"ith other typc:s of structures. well-lmilt \\'alb
proved surprisingly resistant to earthquake, In the ClJn­
structiol1 of man\' of the older \\·alls. ()cca:ional slahs (l[
rock \\"ere laid largely or entireh' through the \\"all. to
help hind the wall together, These walls sho\\"ed much
less damage than those in \\hich the loose rocks wert:
stacked up "",'ith fe\\" or no hinding slahs, 1t is interest­
ing to nNe that the remaining portions of the well-built
ancient walls of the City of IZefuge. at Honaunau, \I'ere
undamaged. whereas the recently reconstructed portions
of the wcL1ls partly collapsed (Fig. .f).

Damage in cemeteries included the shifting. rotation.
or overturning of headstones (Fig, .;) and the bl'eaking
of some grave caps, In cemeteries from Kealakekua to
Honaunau most of the O\'erturned headstones fell \vest-

\vard. though iu a fe\\' cemeteries nearly as mall\' fell
east\\"ard, This resulted parth' from lesser stabilltv of
the stones in that direction h~cause of the north-s~uth
orientation uf the longer dimension of their base' and
the general \\'estll'anl slope of the terrain. and partly
f rO!l1 the cast-west direction or shaking.

Damage to ruads included crackiug of pavement.
cracking and sluillping of shoulders. and Gl\"iug of road
lJanks. partly ohstructino- the roads, Cracking and slu111p­
Ing of the pa\'ement alld shoulders took place on1\' on
fills (Fig. 6), Some settling and cracking of the pave­
ment appears to have Iwen caused merely lw compaction
uf thc underlying fill during the jos ling 1)\' the earth­
Cjuake. , \t other places fills across small gullies ,vere
uustahle hecause the hatter (departure from vertical)
of the edges of the fill \Vere t,)O steep. callsing the
downslope face of the fill to GI\'e a\\'ay, At many 1~laces
the western shoulder moved slightl.v Sca\\·ard. away [rom
the pavement. producing cracks along the edge of the
pavement or a few inches heyond the edge of the pave­
ment and parallel to it.

1\ few hank cayings and pavement cracks were round
as far away as Kilauea Caldera. 4S miles from the
epicenter. Hrm'ever. most road damage is concentrated
in the area near the epicenter, The distrilltltion 0-[

cbmage caused hy cayi ng of ba nks. cracki n,[; 0 [ pave­
ment. and collapse of stone \I'alls along the main hio'h-
\va,\ is shlJwn graphically in Fig'me 7. Co

INSTRUMENTAL DATA

The time of occurrence of the emthquake is given b\'
the . S, Coast and Cemktic SUr\'e\"s notice of Prelimi­
nary Determination () r Epiccnter <.~t 00: 50: 57 H,S.T.
The prel imi nary \\''1 \'es sta rtecl record ing on the 13osch­
()mllri seismograph in the \\'hitne\" LalJoraton' at the
northeast rim or l(ilauea Caldera ~t 00: 57: 09',5. The
duration of the preliminan' wa\'es at the \Vhitney Laho­
ratory \I'as () ..l seconds. corresponding with a distance of
origin of approximateh' 47 miles. The Bosch-Omori seis­
n1.ograph was dislllantied shurtly after the arrival of th
secondary wa\'cs, .\11 other seismographs 011 the island
of Hawaii were dismantled hy the preliminary waves.

FJGt'RE 5, ()\'ertllrned head,tones in the cemetery of the Cen­
trrtl Kona Church at Kealakekua were thrO\\"ll westward from
their foundations. but the base plate beneath the headstone in
the furegrollnd was shifted :2 inches eastward.
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The directiun of the first mOl'ement of the ground at
Kil:1uea 'aldera was east- outh 'ast and up. that at the
[V[auna 1,0:1 and Kana :t;ltions was ast-northeast. At
the KOllCl station the suspen ion: a f the east-we. t CO!11­

ponelll 0 f the sei 1110o-raph wer broken, and th weight
d rapped on the floor 2 feet west of the pier. Thu" the
only usable instrumental data we have on the 10 alion
() f the origin of the earthquake ar a di 'tance 0 f ap­
proximately 47 mile' f ro!11 the \\'hitnc)' lAhoratory.
and rough hearings of west-northwest from Kilauea
Caldera and II'e:t-soulhwe:t from the Mauna I.oa and
Kona stations. These. together with the distrihution of
damage. are suffici nt lo dem nstrate that th ongln
lay otTshore west a f the <Yeneral N apoopoo-J-1 naun:1U
area.

AFTERSHOCKS

The major earthqual-e was folloll' d by a I' ry large
numb r of aftershocks. rancring in. i%:e fr Jll tiny tremors
barely detectahle by the sei 1110graph. to tr 110', gen­
erally felt earthquakes of an intensity a CTreat a' -\- near
their epi enters. 1rs, H. r.rasuhar~, at Keei. counted
109 felt earthquake. between 00: 57 and 09: 00 'clock
on Augu:t 21. The repair of dama cr s to the Kona
seisl11( graph was not completed until 15: 1- o'clock on

ugust _.1. so the total numb r f aftersh ks during
the first 2 days is not known. During lh first 2-\- h urs
after il I\'as restored to operation the Kona eismograph
recorded 90 earthquakes. By midnight n .\utou t 31
it had record d 49-\- quakes and hy , 'ptellli r 0 ncarly
a thousand_ Most 0 f the larg r f the e after. hocks
produced g-ooel record' at four or Illore of the fi I' seis­
mograph :tations and could be 10 ated \\,ith fair cer­
tainty. Epicenter' of 36 uf the'e aftershocks are sho\\-n
in Figur I.

ORIGIN OF THE EARTHQUAKE

The northe' ·tern edge () f l<eahkekuCl Hay is a scarp
fmlll d by a fault along- which th loll' 'I' sl()Jl' ( f L launa
Loa has heen moving d()\I'nl\,arrl in relation to the re,t

Fn;uR£ 6, era king of pavem nt and slumping f filt at the
western edge of the highway near Hookena,

Kealakekua
I ""----r Road crocks ~

'0
Bank covino [J '00

00

~
Stone wall down II

00
:r
E '"i:
'0 60 ~h South I 60

~ !
:: 4 '" 40

FH;UR£ 7. Diagram showing the frequency distribution of
thr e of the principal type of arthquake dama ye along the
malll, hIghway. The arrow indicate the position on the highway
of tllages and other f atures. Note the centering of damage
close to Kealakekua Fault.

of the mountain_ 'fhi' fault ha' been nall1 d the K ala­
kekua Fault.* Th total displacement on the Kealakekua
Fault i not known, but it is at least 500 feet, ?llo t of
th fault carp has been mantI d with later lava flow'
hom Mauna Loa. \\'est-northwestward th fault dis­
appear. under the ocean (Fig. 1). Southeastward the
scarp run~ inland and bends southward. Beyond Llpp r
Keel the tau t carp loses its definite id ntit y but for
SCI' ral miles farth r south the abnormally ·teel~ western
slope of Mauna I,oa is SLI peet d. at lea. t in part, to be
a reflection of this fault scarp. deCI I)' buried.

Most of the epicenter of the located aftershocks
(Fig, 1) lie cl e to the known portion of the Keala­
k kua Fault. ,\ few lie close to the uspected outhward
continuation of th fault. In view of the orilyin of the

. . b

gr at maJont· 0 f the aftershocks on the Kealakekua
Fault. it i highly probable that the major earthquake
abo was caLI. el by mOl"ell1ent on this fault. This is
confirmed by the distributi n f damage cau. eel by the
carthqua!{e. Tn Figure 6 the p ak of the bell-shaped
dlstnbutl n curl"e corre ponds closely with th location
of the r ealakekua 1, mtlt. Taking into can ideration the
distance of prigin of the arthquak fl"OIll Kilauea
Caldera. the pr haille pic nter has been placed approxi­
mately 3 miles we "t-northll'e t f" T apoopoo, at north
latitude 190 29'. II' st lono-itude 1-50 58'. Thi, location
i:-- abo cnn -i."t I1t with the prel'alent directions of over­
turning and rotation of head tone in cel11eterie .

In a sense. four:. all earthquakes originattno- on
the island of ITall'aii are v !canic. The movemcnt~ on
tl:e Kealak kua Fault which gal'e rise to the earthquakes

t . ugust and September mal' b relat d in some wav
to ~ither an incr ase of pre 'su~"e under ::\<fauna Loa an~1
re:ulting rise of the central part of the volcano. or a
:eadJu tme~lt resulting from the great outpourilJO" of lal'a
111 J~lI1e. 19 O. " \ny ~~Ich relationship is, however. purely
'onJectural. 1 here I'; as yet no direct evidence thal
th~ earthquakes I~'ere related to any pecific eruptive
epIsode. pa.,t or tuture.

* STE.IRXS. H.IRUl.lt T .. and GORDO:'; . MACDONALD. (a:ol.OGY
A),'D GRO :XD-II·ATF.R RLOVRCF. at' 'I'1lP' ISLAND 01" l-J WAlr. Terr.
7~:awal1, Dept. uf Publi Lands, Div. f Hydrog., But. 9: 37.
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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 arthquakes were recorded at the \Vhitney
Laboratory beneath the Volcano House, and 15 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.

orthward tilting of the ground surface at the northeastern
edge of Kilauea Caldera continued throughout th" 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 ast-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 ubservation area at the southeast rim of Halemaumau crater
opened another 3 millimeters, making a total opening of 46.5
millimeters, or nearly 2 inches, durin 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 Kana. 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 thc 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 re tared to service at 3: 15 P.M. on August
23. and midnight on August 31.

The strongest of the earlier aftershocks took place at I: 29,
4: 00,8: 03,9: 57, 10: 12, 18: 32, and 22: 48 on August 21: at
6: 38 and 17: 15 on Augu t 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 jut 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 \Vhitney
Laboratory were at a rate approximately normal for that season
of the year.

On August 14, Chief Ranger E. K. Field and Ranger Elruy
Bohlin, of Hawaii 1 ational 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 seismu­
graph at the \Vhitney 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 apoopoo, 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 ummit A few had

their origins beneath the crater and rift zones of Kilauea, and a
small shake felt in Hilo at II : 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 I: 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
"Vhitney Laboratory. The direction and rate of tilting were nor­
mal for that sea on 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 ulltil
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 un Bosch-Omori seismograph on northeast rim of
Kilauea Caldera)

Minutes Local
Week of Very Morl· Seis- Tele·

Beginning Tremor Feeble Feeble Slight crate Strong micity· se1sms

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

IS 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 I 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 I 0 I 0 11.0 a

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

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

TobIe of Tilt at Seismograph Vaul1s on Rim of Kilouea Caldera

\\11itney Vault wckahuna. Vault
(Northeast rim) (West rim)

Wee~

Beginning Amount Direction Amonnt Direction

July 1 0.7" N 9° W 0.2" N 45° E
8 0.8" N 16° E 1.1 " S 9° E

IS 2.2" N 6° E 3.9" S
22 1.1 " 1\ 26° \-v 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" 1\ 32° \V
12 0.9" 67° E 2.4" S 4° W
19 1.3" 126° W 5.0"

,
9° W

26 0.9" N 40° E 1.8" S 5° W
September 2 0.3" N 27° E 2.6" 7"E

9 0.3" S 34° E 0.8" S 68° \1'/
16 0.6" N 6/"E 5.0"
23 1.7" N 10° E 2.3" S 16° W
30 0.7" ::\I 10° E 2.0" S 20° E
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The data for the following local disturbances wer 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, 1'1oderate, 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 aft r the rating at the \,yhitney station.

205. Aug. 28, 18: 04,

113. Aug. 21, 00: 57,

114. ug.21, 01: 29,

115-135. ug.21,

136. Aug. 21, 03: SO,

137. Aug. 21, 04: 00,

138-148. Aug.21,

149. Aug. 21, 06: 03,
150-154. Aug. 21,
155. Aug. 21, 08: 03,
156-161. Aug. 21,
162. Aug. 21, 09: 38,
163. Aug.21. 09: 57.

164. Aug.21, 10: 12,
165-167. Aug. 21,
168. Aug.21, 18: 32.
169. Aug. 21, 21: 07,
170. Aug. 21, 22: 48,

171. Aug. 22, 02: 14,
172-174. Aug. 22,
175. Aug. 22, 06: 38,

176-180. Aug. 22.
181. Aug. 22, 16: 04,
182. Aug. 22, 16: 38.
183. Aug. 22, 17: 15,

184 Aug. 22, 17: 28,
185-187. Aug. 22,
188-190. Aug. 23,
191. Aug. 24, 00: 25,
192. Aug. 24, 23: 59,
193. Aug. 25. 10: 22,
194. Aug. 25, 11: 14,

195. Aug. 26, 03: 29,
196. Aug. 26, 08: 04,
197. Aug. 26, 08: 11,

198. Aug. 26, 19: 40,

199. ug.27, 04: 31,

200. Aug. 27, 16: 01,
201. ug.27, 21: 58,
202. Aug. 28, 11: 44,
203. Aug. 28, 14: 24,
204. Aug. 28, 17: 48,

very feeble (J ona feebl ). Kealakekua
Fault.
very feeble (Kona feeble). Kealakekua
Fa~lt.
very feeble (Kona slight). Kona.
very feeble (Kona feeble). Kealakekua
Fault. Felt in Kona.
very feeble (Kana moderate). Kealake­
kua Fault. Felt strongly in Kana.
very feeble. Kona.
very feeble (Kona strong. intensity 5).
Kealakekua Fault. Felt strongly in
Kana.
very feeble (Kona feeble). Kona, about
3.5 miles west of Hookena.
feeble (Kana slight). Yealakekua Fault.
very feeble (l ona feeble). About 0.8 mile
north of Kealia.
very feeble (Kona feeble).
very feeble. Kona.
very feeble. Kona.
very feeble (Kona moderate).
very feeble (Kona strong, intensity 4).
Felt strongly in Kona.
very feeble. Kilauea Caldera.
very feeble (Kana strong, intensity 3).
Felt as far as Naalehu.
very feeble (Kona slight).
very feeble. Kilauea Caldera.
tremor (Kona fecble).
trcmor (IZona moderate).
very feeble. Kilauea.
very feeble. Kona.
feeble. East rift of Kilauea ncar Puu
Huluhulu.
very feeble. Kona.
very feeble (Kona slight).
very feeble (Kona feeble). Felt at
Kaalehu.
moderate. Southwest rift of Kilauea near
Pi t Craters.
very feeble. Kona.
very feeble.
very feeble.
tremor (IZona, very feeble).
very feeble. Southwest rift of }.fauna Loa
nca'- 9,000 feet altitude.
\'ery fceble. Felt at Kapapala.
strong, intensity 5. Kaoiki fault abo\lt 3
miles northeast of Kapapala. Felt from
Kona to Hila.
very feeble. Kaoiki fault.
tremor (Kana feeble). Kona.
very feeble.
very feeble (Kona moderate). "',lest slope
of lIauna Loa near summit.
trcmor (Mauna Loa very feeble).
very feeble (Kona feeble). Southwest rift
of Mauna Loa near 11,000 feet altitud
very feeble.
very feeble (IZona slight).
tremor (Mauna Loa very feeble).
tremor (Kana slight).
very feeble (Kona slight).
tremor (Kona very feeble).
very feeble.
tre~lor (Kona feeble).
very feeble (Kona strong). Felt strongly
in Kona.
very feeble. Kaoiki fault 2 miles northeast
of Ainapo.
very feeble (Kona slight). Near summit
of Hualalai. Felt in Kana.
tremor (Kona feeble).
very feeble. Ea t rift of Kilauea 10 miles
east of Kapoho (?). Felt in Hilo.
very feeble (Kona feeble). Northwest ri ft
of Hualalai near 5,000 feet altitude. Felt
in north Kana.
slight (Kona moderate). Xear ).To. 269.
Generally felt in I ona.

12: 29,
23: 21,

18: 35,
00: 37,
00: 48,
05: 10.
14: 13,

16: 16,
22: 28,

01: 29,
14: 50,
23: 27,
13: 58,
01: SO.
12: 55,
00: 26,

270. Sept. 25, 01: 23.

241-250. Sept. 16,
251. Sept. 16, 21: 50,
252. Sept. 16, 23: 19.
253. Sept. 17, 10: 17,

254. Sept. 17, 15: 19,
255. Sept. 17, 18: 17,

256. Sept. 18, 08: 47,
257. Sept. 19, 19: IS,
258. Sept. 20. 00: 11,
259. Sept. 20, 00: 25,
260. Sept. 20. 00: 42,
261. Sept. 20, 03:21,
262. Sept. 21. 07: 46,
263. Sept. 21, 12: 30,
264. Sept. 23, 19: 01,

265. Sept. 24. 03: 01,

266. Sept. 24. 03: 13,

267. Sept. 24, 03: 30,
268. Sept. 24, 23: 47,

269. Sept. 25, 00: 56,

230. Sept. II, 12: 44,
231. Sept. 12, 01: 12,
232. Sept. 12, 01: 27,

233. Sept. 12, 03: 26,

234. Sept. 12, 18: 55,
235. Sept. 12, 18: 56,
236. Sept. 14, 16: 49,
237. Sept. IS, 10: 45.
238. Sept. 15, 21: 33,

239. Sept. 15, 23: 48,
240. Sept. 16, 01: 43,

214. Sept. 1,
215. Sept. 1,

216. Sept. 2,
217. Sept. 3,
218. Sept. 4,
219. Sept. 4.
220. Sept. 4,

221. Sept. 4,
222. Sept. 4,

223. Sept. 6,
224. Sept. 8,
225. Sept. 8,
226. Sept. 9,
227. ept. 10,
228. Sept. 10,
m. Sept. II,

206. Aug. 28, 20: 28,

207. Aug. 29, 06: 02,

208. Aug. 29, 19: 43,
209.. ug.29, 21: 25,

210. Aug. 30, 07: 23,

211. Aug. 30, 14:23,
212. Aug. 31, 16: 08,

213. Aug. 31, 18: 51,
very feeble. Southwest rift of Mauna Loa
near Sulphur Cone.
feeble. Beneath Kilauea Caldera, shallow.
very feeble.
very feeble.
very feeble.
very feeble.
very feeble.
fe ble. East rift of Kilauea near Napau
Crater.
strong, intensity 7, much damage in KOlla.
About 3 miles west-northwest of Napoo­
poo, probably on Kealakekua Fault.
strong. Felt strongly in Kona. Origin
near No. 113.
very feeble and feeble earthquakes, with
origin in Kona.
slight. Kona. Felt from Kona to Volcano
district.
moderate. Kona. Felt from Kona to Vol­
cano district.
feeble and very feeble earthquakes, with
origin in Kona.
slight. Kona.
very feeble. Kona.
moderate. Kona.
feeble and very feeble. Kona.
slight. Kona.
stron~. Felt from •ona to \ olcano dis­
trict. Kona.
strung-. Kana.
very feeble.
strong. lana.
very feeble. Kana.
strong. Kona. Felt from Kana to the Vol­
cano district.
slight. Kana.
feeble and very feeble. Kana.
moderate. Kona. Felt from Kona to Ka­
papala.
feehle and very feeble. Kona.
slight. Kona.
very feeble. Kana.
strong. Kana. Felt from Kona to Volcano
district.
slight. Kona. Felt as far as Naalehu.
feeble and very feeble. Kona.
feeble and verv feeble. Kona.
very feeble. Kana. Kealakekua Fault.
very feeble. Kona.
feeble. Kilauea.
very fe bIe (Kona feeble). Kealakekua
Fault.
very feeble. Kealak kua Fault.
very feeble. Kona. Kaholo Pali.
very fe ble (Kona slio·ht). Kealakekua
Fault.
very feeble. Kona. 2.3 miles S 75° E of

apoopoo.
very feeble (Kona feeble). Kealakekua
Fault.
verv feeble. V.ealakekua Fault.
very feeble (Kana slight). Near Keokea.
verv feeble. Kealakekua Fault.
very feeble. Kealak kua Fault.
feeble. bout 3 miles east-southeast of
Mountain View. Felt in Mountain View
and Volcano district.
very feeble. Southw ·t rift of Kilauea
near Kilauea Iki.

04: 07.

23: 20,
09: 52,
19: L,
19: 24,
01: 40,
23: 07,
04: 31,

105. Julyl,

106. July 5,
107. July 17,
108. July 19,
109. ug.2,
110. Aug.3,
Ill. Aug. 6,
112. Aug. 10,
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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.

TElESEISMS

Locations of the epicenters are from the notices of Preliminarv
Determinations of Epicenter 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 Oshimo Volcono

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

The eruption started on February 4, 1951. Pyroclastic activity
built a new cinder cone overlapping the n rthwest side of the
1950 cinder cone, n the rim of Mihara crater. On February 27
lava is ued 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

trombolian pyr clastic activity continued at the cone.
On ~Iarch 1 another flow spread over the caldera floor, and

barely passed the wcstern margin of the caldera. At about this
time the inoabitants of the village of Nomashi erected a wall
10 feet high acros 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, s 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 il1ihara crater had been completely
filled. Just bef re 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. Th 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, reI arts
observing volcanic activity on the island of Fonualei, in the
Tonga group, n August 21. He writes, "The volcanic activity
seemed to b located in the north-central portion of the island.
with considerable moke 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 wa carried to the northwest
by a southeasterly wind."

Eruption of Mt. Etna

A brief di patch by Associated Press states that an eruption
uf Mt. Etna commenced on the night of September 28, 1951, at
a vent about 9.300 feet above sea level. However, on eptember
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 cruption of j\ t. Lamington, in
Nell' Guinea, have thus far been vaguc and incomplete. The
greatest amount of information on it yet seen by the writer is
contained in an al·tic!e in the June, 1951, number of Walkabout
magazine by ] r. . H. Fisher, chief geologist of the Australian
Dominion Geol gical Survey and formerly in charge of the vol­
canological observatory at Habaul. Accompanying the article
is a series of photographs of Mt. Lamington and its vicinity,
taken by the Royal Australian Air Force.

Mt. Lamington is ituated near the northeast coast of Papua
about N 75° E of Port Moresby. It is about 7 mile west of
th west end of the Hydrographer's Range, which also is of
volcanic origin. The volcanic chain extends on s utheastward
to Normanby and Ferguson islands. Tn 1943 and 1944 explosive
erupti ns occurred in the Gorol u !\fountain, 80 miles southeast
of Mt. Lamington. but Lamington itself had not previously been
active in hi toric time.

On .I anuary 21. 1951, the volcano burst into viol nt explosive
activity. The writer has been informed that some earthquake
activity preceded the outburst. Editorial comment accompany­
ing the aerial photographs in vVallwballt magazine . tates that
2,000 feet of the mountain disappeared during the eruption. It
is estimated that about 4.000 per ons lost their lives. Dr. Fisher
briefly characterizes the eruption as a clas ic 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 hows the
fuming crater of Mt. Lamington and the dome which apparently
roo e in it during the eruption. ~r r. Taylor, the resident volcan­
ologist, is keeping a continuous photographic and seismic record
of the eruption.

U. S. Geological Survey:

STAFF OF HAWAIIAN VOLCANO OBSERVATORY

University of Hawaii:

Gordon A. Macdonald, Volcanologist, Director

Chester K. Wentworth. Geologist

John C. Forbes, Laboratory Mechanic

l,aVie\'e G. Forbe ,Secretary, part-time

T. A. Jaggar, Geophysicist

Seismograph Station Operators:
Hilo Station:

Sister 1. Thecla, St. Joseph's chool

Kealakekua Station:

Howard M. Tatsunu, Konawaena School



HAWAIIAN VOLCANO
In cooperation with the

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
Un!versity supplement the work of the government with

RESEARCH ASSOCIATION
UNIVERSITY OF HAWAII

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 niversity of
Hawaii and supplied to members of the Research Asso­
ciation and to exchange lists of the above establishmen ts.
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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 ugust 21, 1951, is
based partly on field examination of the re ults 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 repair proceed. The
writer wi 'hes to thank all tho e who ha\'e aided the
study by submitting their report· or contributing in­
formation on tank damage. Special mention should be
made of John I wane, Extension Service, Uni ver 'ity Q f
Hawaii; 1V1ark Sutherland, Principal of Konawaena
School; George T. Imai, Hawaii Road Department; and
M. Naaai, Captain Cook Coffee Company, each of whom
furnish d information on a large gr up of tank', The
present report is only a summary statement of th 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

iTO accurate count of "vater tanks in Kona i known.
From th' recorded population 0 f 1 orth and outh Kona,
which approaches 10,000. and from the total dependence
on tan k torage, it is a fair assumption that the number
of tanks may be nearly 2,000. Many dwelling ha\'e two

r more tanks. In addition to these, tanks at . choob
and other 'uch buildings and tanks supplying range
cattle must total several hundred.

Reliance on roof catchment and water tanks for water
supply in the Kona district ha b en general since the
building of frame structures and the replacement 0 f
native Polynesian living patterns, The native economy
was supplied by a few sources of brackish water along
the coast at a very mall per C<1.pita 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

heigbt and mass of i\Iauna Loa, the dryne s of the
lee\\'arcl (kona) slope is ameliorated by rain' due to the
daytime ea-to-land breeze, which produce an annual
amount of aroun I 100 inches in a narrow helt at the
3,000 foot contour. Howe\·er. the porosity of the ur­
face rock, and the seasonality of rains are such that there
are no perennial tream which reach to low alti­
tudes. and geologic studie' have indicated that adequate
ground-water hodies do not exist \\'ithin depths acces­
sihle under present economic conditions.

Small tanks might suffice for the few dwellings in
the hiah-rain fall belt. but in the chief populated area.
family storage of 8.000 or 10,000 gallons is usual, and
many dwellings have more. Use of \'ari us urban
facilities plus requirements of home gardens and at­
tendant processing, without r ference to general agri­
culture or tock-raising. rai 'es the per capita consump­
tion to 50 or more O'allons per day, or perhal s 8,000
gallons per month, for a family f five. Large tanks are
required to support such usage over periods when rain­
fall can supply only part of the required amount. Occa­
'ional water hOI'tage. starting with laro"er and Ie s
foresighted familie . is an almost chrOllic state of affairs,

DAMAGE TO TANKS

From data not J el completely gathered. it appears
that about 200 tanks were seriously damaged by the
earthquake. ::\Iany of these were either demoli ·!ted or
so displaced and distorted that they cannot be re 'tored
to use. In many ca s. failure of the bottom or develop­
ment of large side leaks resulted in total 10 s of water.
Unles prompt action ha been tak n to repair and refill
these tank '. a large proporti II of them will be lost
through dryina and further deterioration.

The principal direct cau'e of damage \vas failure of
footings, It is quite e\'id nt that the footing'. while
adequate to support tl e direct static load, were in most
cases not ufficiently fixed in po ·ition. nor were the
column' 0 f the understructure adequately tied to the
footiugs. The usual f oting block is likely to mo\'e
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 yieldin cy

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 groQ\'e of
the lower end of the staves. Thi mode of construction
provides at best a very effective watertight container
in continuous tension. supported directly on the joist
under its floor planking. It does not provide, and would
be seriou ly 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 com1110n household tank is erected with it upper
edge just under the le\'el of the cave of the 1uilding
who e roof provides the catchment. In a one-story
house. the sink and \-\lash-basin taps are often no more
than 5 feet below this le\'el, and the water of a tank
more than 5 feet deep is only partly a\'ailable for gravity
flow to stich fixtures and is not able to upply a show r
bath on the same floor. Not uncommonly, small hou. es
are built with an upper, main dwelling floor and a
paved, open basement. in which laundry fixtures <md 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 a' much as 15 feet
or more above ground.

This placement means that tanks carrying from 8
tons (2,000 gallon ) to 20 tons (5,000 gallon ), or even
50 ton (10,000 gallons), of water are often supported
with their center of gravity 10 or 12 feet above the
ground and on a hase 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,OOO-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,OOO-gallon capctcity have loads on individual foot­
ings of 4, 5, or even 6 tons! Such loads are several
time that commonly carried by the columns und " a
small frame house, and the height of the tank is much
greater in compari!>on to the bt'eaclth of the whole base.
Ta.nks that are close enough to the ground to require
no legs or COllU11t1S may have no ystematic arrangement
of footings under the sills, and, in 'ome instances, the
bottom planks of the tank rest on joi-ts (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 po ition if there is any
differential movement of the footings and i' 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
-ix- or eight-side I, and the outer columns are six, ei~:;ht,

or 111 re in number. The e columns are lI:'ually braced
from n ar the bottoms to the tops of adjacent columns
and may 01" may not have uracing toward the center
of the tank. Most c0111monly the 1racing is spiked or
bolted to either the outside or inside of the columns.
l' ulting in em off-centel' effect \\'hich tend' to develop
a torque in the column

CAUSES Of DAMAGE

Of 90 tanks for which complete data have been re­
cei\'ed, 43 are reported demolished or totally destroyed.
Of the others, a number of bottoms collapsed, other
tanks de\'eloped general leakage which caused total loss
of water, and many v;ere sufficiently dislodged and
deformed to necessitate complete and expensive rebuild­
ing. In some in tance", breaking of pipe fittings relea ed
all the water but c lIld be repaired without great
expense.

Ther is very litt! eye-witnes account of the progres­
si\'e destruction of indi\'idual tank, but it is clear that
the interrelated failure of bracino- 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. 1 To marked correlation could
be shown betwe n age of the tanl and damage, and only
in a few instances was it clear that pre-existing impair­
ment was responsible. So many neady new tanks (all
in ood condition) \\'ere destroyed that it appears that
th stresses developed by general shaking, with lateral
component up to 0.2 or 0.3 of the value of gravity,
could n t be met by the existing bracing, and that.
likewise. the footings became progre si\'ely displaced
and hastened the c1e. truction. Such stresses are com­
parable to tilting the tank and understructure to an
angle of abollt 16 degrees and submitting them to re­
peated vertical loading and unloading. Under such
conditions, it is not surprising that many of the
·tructures failed.

The possibility of failure was further indicated by
the general load carried by the footings. Tn some small
tanks the load per footing was as little as 1 ton. hut
the usual load, a. in a 5.000-gallon tank on 9 footings,
wa' 2 tons or more. Tn some of the larger tan ks, as,
for exam pi , one at Honaunau School (I'ig. 1), the load
per footin o' \\,a' more than 12.000 pounds, or 6 tons.
Lateral 'haking of a mass imposing such heavy unit
loads was too mllch for the bracing, and, after initial
displacement of critical bracing or footings. the whole
.-trtlcture was quickly thrown down, a.nd the tank was
clem lish d.

RECOMMENDED CONSTRUCTION

As it is planned to present else\\·here a more detailed
statement on damage to tanks and possible improvement
in the clesiPll of tanks and foundation. onll' a few com­
ments are inc1ud d here. It is not likely tha-t any feasible
modes of can truction will entirely liminate damacye
from earthquake which may occur in the Kona distri~t.
It is believed. hO\\·ever. that marke I improvement is
pos 'ible without an e 'penditure disproportionate to the
value of the tank. if earthquake rd< j kept in mind.

(I) \ Vhenever possible. water- torage tanks should
be uased on the ground on a le\ eled. preferablv con­
creted, surface. Founding wholly or partly on fill ~hould
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FIe Rf. 1. \Vreckage of 23,500-gallon water tank at Honaunau
School. The tank, approximately 20 years old, stood at the
south we. t corner of the main school building. The concrete
fo tings seen in the background each bore a load of more than
6 ton. The tank appears to have ollap cd becau e of failure of
the upp rting tructure, probably due t inadequate bracing.
Photo by G. . :'Iacdonald.

be avoided unless the entire filled area i-enclosed in
carefully de ·igned. solid retaining walls and i prepared
for unit load of two or three times th 'e {rom the tank.
Lacking 'uch preparation. the tank 'hould be carried
on an oyer-all timber crih or mat of adequate size
an I pacing. Increa ed m'ailability of electricity and
dome tic-sen'ice pre sure installation make po 'sible
the ba ing of more large tank. on th ound.

(2) If the understructure consists of sills on c lumns,

the lower ends of the columns should be completely tied
tocrether for compre ion and ten ion up to at least half
the unit load. In the ca e of a imple -quare deek on
four column'. the columns should be tied a their feet and
each of the fur-ide braced diagonally from column
bottom' to top' and throuf!h the center bet\\'een oppo:ite
column' . ..-\ far a' pO' 'ible, bracing and cro s tyin rr

should be kept in the two plane parallel to the sill and
j ists, respectiyeiy. \\'ith 'econdary truncatin o' ills to ap­
proximate the form of a circle under large tanks. \\'ith­
out adequate internal bracing in the two rectangular
directions. the bracing of a six- or eight-sided array of
columns around the periphery re ults in off-center re­
actions and i likeh' to au ·tructural failure and
c1estru tion of the ta;lk.

(3) Footing of concrete or large flat stones should
he anchored in the ground or to the rock by imhedding
them to a depth equal to their area or by rods and
grouting which cle\'elop h aring resistance against lateral
stres 'es of half the unit vertical load. Concrete pier'
should be tied pier to pier unl ss they are deeply
imbedded.

(4-) \\'h rever possible. the footing surface should be
le\·el. If thi i not pos:ibl , the long columns should be
tied at the leye1 of the footing of the short column, and
the bracing 'hould be compl ted at thi level.

(5) :ills should be fixed at the top by drift pins, and
holts and timber fasteners hould be used in the framing
of 'upports for all b It the malle't tank', \\'henever
po ible, brace hould I e paired or framed into the
plan of the column to a\'oid introducing torque into
th ·tre es,

(6) Frequent in pection. painting or creo oting. and
repair of defecti\'e parts will provide longer a surance
of reasonable safety, a with any other structures.

HAWAIIAN VOLCANO OBSERVATORY REPORT FOR OCTOBER-DECEMBER, 1951

VOLCANOlOGY
October

neasiness, which 'as manife t at Mauna Loa during Sep­
tember, continued throughout Octob r. Earthquakes orig-inated
beneath the ,ummit area of the mountain and along both the
northeast and southwest rift zones. as well a on the Kealakekua
fault ncar _Tapoopoo and the Kaoiki fault from Honuapo to

haikea. Starting at 22 :03 n Octob'r 8, olcano Ob. en'atory
sci Illograph recorded 16 minutes of continuous volcanic trcmor
pr bably caused by mo ement of molten lava underground. Thi
was followed at 4: 45 on October 9 by a moderate earthquake
which appear- to ha"e originated at a depth of 25 to 30 mile
beneath the summit area f :'[auna Loa. Thi earthquake ,'a'
felt by some person in all part of the outhern portion of the
island of Hawaii. from Kealakekua to Hila. smaller earth­
quake at 5: 23 on the ame morning originated deep beneath th
upper end of the outhwe t rift of ),tfauna Loa.

During- mo t of the month, ea -twanI tilting at the \\'hitney
Laborat ry of ei.mology at the • I ana Houe ~'a at a rate.
about normal for that season of the y ar. However, from
October 2 to 30 it wa much more rapi than u'ual. The rapid
tilt may have been cau ed b)' a hea\'y rainfall ju t preceding it,
or it may have resulted from an increase of volcanic pres ure
beneath :'Iauna Loa. bnormally rapid nortll\\ard ti ting- during
the ame period may have been au ed by an increase of pre. 'ure
beneath I ilauea.

On October 24, 1. C. _fanu , Superintendent of Construction
and 1[aintenance for the Kulani project, l'I::ported a long period
of continu u' trembling of the ground at the summit of :'fauna
Loa. Thi' appeared on the seismographs as a series of clo ely
sp3.ced, but separate, small earthqu3.kes. ~dr. 1fanus also reporter!
an apparent increase in the amount f steam being liberated

at vent within Mokuaweoweo aldera. On Octobe,' 31, aircraft
r p rted a large cloud of team ri ing from the southw st rift
of Mauna Loa between 8,000 and 12,000 feet altitude. This is
the area in whi h the vents of the 1950 eruption are situated.
[cume liberation at the vents has been continuous since the end
f the eruption. On 0 tober 20, Acting Superintendent 1. ].
'astro and Ranger Elroy Bohlin, of Hawaii National Park,

oberveu from the air steam and fume rising at eight localities
along the rift between 9,000 and 12.000 feet altitude. The re­
ported increa e of the steam cloud on October 31 probably
resulted from the heavy rain of October 26 to 28 coming in
contact with still-hot lava near the vent. coupled with better
than usual visibility of the steam becau e of the unusually high
humidity.

Durin October, the eismograph at ilauea Caldera recorded
a total of 73 earthquakes. That at Konawaena School recorded
139 e rthquakes, mo t of thcm after hoc' of the big earthquakc
of August 21.

November

Hawaiian \'olcanoe continued unea y through the month of
_'o\'embcr. During the m nth. 73 earthquake were recorded at
the stations on the rim of Kilauea 'aldera. \\'hich is more than
twice the average number recorded during time of quiet. The
seismograph at the :'fauna Loa tation recorded 53 earthquakes.

round tilting during the mvnth was. at an average rate,
approximately normal for that season of the year. However,
moderately strong 0 cillations of tilt in the cast-west direction
'uggest Auctuations in pres 'ure beneath _rauna Loa.

An earthquake of about intensity 6 in the modified ~\'rercalli

scale occurred on the morning of November 8. The time of
arrival of the first waves at the \Vhitney Laboratory was
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The data for the following local disturbances were determined
from seismographs operated on the island of Hawaii by the
Hawaiian \'o!cano Obsen'atory. Locations given are epicenters.
The arrival times are given to the closest minute in Hal aiian
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, Mod rate, etc.)
given is that for the Whitney Laboratory at the northeast rim
of Kilauea Caldera. If the intensity lI'as 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 \Vhitney station,
except that where the earthquake lI'as not recol'ded at the
\\'hitney station the parentheses are omitted.

December 25, 15: 03,
December 27, 23' 34
December 30, 12: 50:

303. Oct. 19, 01: 00,

284. Oct. 6, 08: 35,

slio·ht. Formosa.
slight. Formosa.
slight. Kurile Islands.
moderate. Aleutian Islands.
slight. Indian Oceall. about 900 miles
suutheast of ~Iadagascar.

slight. 0 ff coast of southern California.
slig-ht. Guerrero. 1J exico.
moderate. Pacific Ocean, west of Easter
Island.

tremor (Kona very feeble). Central Kona.
trel110r OZona very feeble). Central Kona.
very feeble (Kona feeble). Central Kana.
trcmor (Kona ,"ery feeble). Central Kona.
tremor (Kona very feeble). C ntral Kana.
,"cry feeblc, fclt at Kapapala and t\'aalehu.
Kaoiki fault Ileal' Hilea.
very feeble (Kona feeble). East cdge of
I<:calakekua Bay.
feeble, felt at Kapapala and Naalchu.
I,aoiki fault. about 4 miles northeast of
Kapapala.
,'ery feeble (~rauna Loa slight). Kaoiki
fault. about 3 miles northeast of Kapapala.
tremor (Kona very feeble). Central Kona.
"ery feeble, felt at K aalehu. Near Hilea.
tremor (Kona very feeble). elltral Kona.
K na. feeble. no record on other instru­
ments.
Kana, feeble, no record on other instru­
ments.
slight, felt from I ona to Hilo. Centra!
Kona.
feeble (Kana moderate), felt at Keala­
kekua. Central I ona.
tremor (Kona very feeble).
,. ry feeble. Kilauea (0).
"ery feeble (Yona moderate). felt at
Kealakekua. entral Kona.
very feeble (Kona slight). entral Kona.
tremor (Kana very feeble).
"ery feeble. T ilauea.
very feeble, fclt at Naalehu.
very feeble. Central Kona.
very feeble.
tremor OZona very feeble). Central Kana.
light (Mauna Loa moderate), fel t at

\'olcano and Hilo. Northeast rift f
:,!auna Loa, near the 3.000-foot contour.
very feeble. felt at Volcano. Northeast
rift of Mauna Loa (().
verv feeble.
tre';10r OZona very feeble).
very feehle (K na feeble). Central Kona.
tremor (Kona slight), felt at I ealakekua.
Central Kona.
"ery feeble (I ona feeble). entral Kana.
very fe ble. felt at summit of Mauna Loa.
very feeble.
very feeble.
verI' feeble.
tren1 I' (Kona \'Cry feeble). Central Kona.
very feeble. Central Kona.
very feeble. Kaoiki fault, about 3 miles
northea t of Hilea.

11 : 46,
17: 41,
06: 53,
04: 02,
18: 35,

09: 17,
22: 56,
06: 01.
19: 03.
02: 09,
08: 42,

13: 34.
01: 28,
05: 14.
07: 16,

10: 12.
16: 06,
16: 37,
19: 52,
02: 43,
19: 47,
08: 49.
21: 12,

11: 58,
19: 10,
21: 01,
10: 42,

13: 14,
13: IS,
02: 42,
05: 22.
21: OS,
06: 53.
02: 07,
23: 49,

October 21,
October 21.
t\'ovember 6,
~ovember 8,
December 7.

276. Oct. 1.
277. Oct. 3,
278. Oct. 4,
279. Oct. 4,
280. Oct. 5,
281. Oct. 5,

285. Oct. 6,
286. Oct. 7,
287, Oct. 7,
288. Oct. 8,

289. Oct. 9, 01 : 40,

290. Oct. 9, 04: 45,

291. Oct. 9, 05: 23,

292. Oct. 10. 02: 31.
293. Oct. 11, 15: OS,
294. Oct. 11, 21: 30,

282. Oct. 6, 02: 44,

283. Oct. 6, 04 : 36,

295. Oct. 12,
29. ct. 12,
297. Oct.14.
298. ct. 14,
299. Oct. 15.
300. Oct. 15.
301. Oct. 17,
302. Oct. 17,

304. Oct. 20,
305. Oct. 20,
306. Oct. 20.
307. 0 t. 23,

308. Oct. 24,
309. Oct. 24,
310. Oct. 25,
311. Oct. 25,
312. Oct. 27,
313. Oct. 28.
314. Oct. 29.
315. Oct. 29,

TELESEISMS

09 : 34: 24, and the time of origin of the quake was approxi­
mately 09: 34: 12. All of thl: ,eismographs operating on the
island of Hawaii were dismantled by the quake, the I11auna Loa
instrument being dismantled by the preliminary lVa,·es. The
earthquake was felt over all of the island. strongly over the
southwest part. t Kahul.::Ll Raneh headquarters. 9.5 miles
north of South Point, dishes were thrown from shelves and
stone walls were extensively damaged. The intellsity decreased
very rapidly away from the epicenter. . t South Point and at
Kaalualu. 10 miles southeast of Kahuku Ranch headquarters.
there was no damage to t ne walls. and, even in the homestead
area 4 miles southeast of rallch headquarters, the damage was
very small. The decrease was even more rapid westward. Two
and a half miles we t of the ranch headquarters, stone "'alls
along th highway were undama ed. Instrumental data and
field investigations plaee the epicenter of the earthquake on the
southwest rift zone of IIlauna 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 ,,'est of the rallch
headquarters. The area of damage to stone walls was distinctly
elono-ated parallel to the I ahuku fault. suggesting that the
earthquake was caused by movement on that fault. The rapiJ
decrease of damage at increasing distance from the epicenter
suggests a very shallow origin of the quake, hut no surface fault
displacement has been found.

During November. thc seismo rraph at Konawaena School in
Kealakekua recorded a total of 110 earthquakes. i\lost 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 \\ aimea
Plain a few miles west of Kamuela. K early all th the I' local
earthquakes recorded during the month had th ir origins ill
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 Hauna
Loa. E. K. Field, Chief Ranger. and R. L. Jeffery, Superin­
tend nt of Construction and Maintenanc , of Hawaii National
Park, were at the summit of Mauna Loa at the time and reported
condi tions at and near the summi t to be Ilormal. The "smoke"
ouserved from Kona appears to have b en steam rising in the
vicinity of the vents of the 1950 lava Rows, probably caused
by heavy rain on I Tovember 20 to 22.

December

The uneasiness of Mauna Loa and Kilauea durillg October
and ovember persisted into early December. During the latter
part of the month, the volcanoes were relatively quiet although
oscillation in ea"t-west tilting at the \\'hitney T~aboratory till
suggested some Auctuation in pressure beneath 'Mauna Loa.

Between December 3 and 7, the gr und surface at the \Vhitney
Laboratory tilted rapidly southward by an amount of 4.4 seconds
of arc, and by December 16 all additional tilting of 0.6 seconds
bad taken place. This was followed. however. by a rapid partial
recovery of 2.6 seconds by December 25. The net southward
tilt during the 1l1Onth was 2.2 seconds of arc. This 5ug~"ests

a decrease of pressure beneath Kilauea.
Durin' December, Illost of the earthquake activity originate I

at Kilauea volcano. The seismograph at the \Vhitney Labora­
tory. 011 the northeast rim of Kilauea aldera. recorded 37
earthquake. This number only slightly exceeds the average
during quiet periods. The Mauna Loa eismograph recorded
only 21 earthquakes. The K na 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 earth luake 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 T ilauea volcano. about
14 miles east of the caldera and 7 miles outhwest of Pahoa.

The following earthquakes of distant origin were recorded 011
the seismographs of the Hawaiian Volcano Observatorv. Loca­
tions of the epicenters are from the notices of Preliminary
Determinations of Epicenters published bv the . S. oast and
Geodetic Survey. The time given is Hawaiian Standard time.
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330. Tal'. 10, 14: 16,

.j31. :\nv. 11, 0:;: 52,
332. '\ nv. 11, OJ: 08,

348. Tov.25, 06: 17,
349. Nov. 25, 21:41,
350. Nov. 26, 12: 35,

341. Tal'. 19, 18:58,
342.. ov.20, 17:43,
343. Nov. 21, 06: 22,
344. Nov.2l, 10: 00,
345. Nov.2l, 22: 23,
340. NOI'.22, 17: 37,

347. Tal'. 23, 08: 22,

o
o
2
o
2
o
o
o
1
o
o
2
1

Direction

SWE
N 18 0 V.,r
N 22 0 VV
N 100 W

S
S 18 0 E
N8° W
S 13 0 E
N 10 0 W

110 0 W
S 50 E
S 34 0 E

Local
Seis- Tele­

micity· se'i.sms

6.5
5.75
5.0
7.0

11.75
6.5
8.0
4.75
675
5.2.1
3,23
2.75

o
o
o
o
1
o
o
(l

I
Ii
II
o

Uwekahuna Vault
(West rim)

0.4"
1.0"
5.1"
5.2"
4.8"
3.0"
2.3"
3.0"
2.0"
2.0"
4,2"
1.2"

Amount

o
o
o
o
o
o
o
u
o
o
o
o

1
1
o
o
o
1
I
o
o
o
o
o

Direction

N 45 0 E
N

N 6 0 E
S 31 0 E
N 22 0 E
S 45 0 W

74 0 E
r 25 0 W
S 50 W
S 23 0 E
N 23 0 E
S 720 E

1
o
o
I
o
o
o
o
o
1
o
o

\\11itney Vault
(Northeast rim)

0.3"
0.7"
1.2"
0.7"
0.6"
0.2"
0.9"
1.4"
4.2"
0.9"
2.8"
0.4"

4
6
5
4

10
J

7
4
3
6
2
4

.\mOlint

6
3

10
16
11
8

10
11
5
J

9
3

Minutes
Week of Very ~Iod·

Beginning Tremor I?eeble Feeble Slight craie Strong

Oct. 7
14
21
28

Nov. 4
II
18
25

Dec. 2
9

16
23
30

* For definition o£ local sci'micitL see Volcano Letter 371.

364. Dec. 13, 21: 54, very feeble. Kilauea Caldera.
365. Dec. 14, 19: 22, tremor (Kana very feeble). entral Kana.
366. Dec. IS, 01: 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 feehle. Kilauea Caldera.
371. Dec. 25, 09: 50, very feeble.
372. Dec. 2o, 23: 06. very feeble.
373. Dec. 28, 16: 17, tremor (Kana very feeble). Central Kana.
374. Dec. 29, 08: 45, Kana feeble, no record on other instru­

m nts. Central Kana.
375. Dec. 29, 17: 32, very feeble, felt at aalehu and Kapapala.

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

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

Week
Beginning

Table of 'ilt at Seismograpl1 Vaults on Rim of Kilauea Caldera

Earthquake Data, October-December, 1951

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

SEISMOLOGY

October 7
14
21
28

i'\ovember 4
11
18
25

December 2
9

16
23
30

verI' feeble.
very feeble.
very feeble. Northeast rift of Mauna Loa.
very feeble. Kilauea.
very feeble. Kilauea.
very feeble. Near summit of Hualalai.
very feeble.
strong. Intensity 6 at Kahuku. Felt all
over southern part of island. Epicenter on
so lthwest rift of Mauna Loa at about
4,500 feet altitude.
very feeble.
tremor (Kana slight). Central Kana.
very feeble, felt at Kealakekua.
very feeble. Ki lauea.
tremor (Kana verI' feeble). Central Kona.
very feeble. Hilina fault, near Puu K.apu­
kapu.
very feeble. South west rift of "Mauna Loa
at about 11,000 feet altitude.
very feeble .
slight, felt in Hila. East rift of Kilauea,
near Pauahi Crater.
very feeble. Kaoiki fault near Ainapo.
very feeble. Kilauea.
very feeble. Kilauea.
very feeble.
Kana feeble, n record on other instru­
ments: felt in 1: ealakekua.
tremor (Kana very feeble), felt at Keala­
kekua.
tremor (Kana slight), felt at Kealakekua.
Central Kana.
very feeble. 1: ilauea Caldera. near Uwe­
kahuna.
very feeble.
tremor (Kana very feeble.) Central Kana.
very feeble.
very feeble. \'Vaimea Plain, near Kamuela.
very feeble.
very feeble. East slopl' of Mauna Loa,
about 3 miles east of Kulani Cone.
slight (IZona moderate), felt from central
Kana to Kahuku. Kealakekua fault, about
5 miles west of ::--rapoopoo.
tremor (IZona very feeble).
tremor (Kana very feehle). Central Kana.
very feeble. East rift of Kilauea, near
l1akaopuhi Crater.
tremor (Kana very feeble). Central Kana.
very feeble.
very feeble.
very feeble. Central Kana.
very feeble.
very feeble.
very feeble. Kilauea Caldera.
strong, felt from Kapapala to Hila and
east Puna. East rift of Kilauea, about 7
miles southwest of Pahoa.
feeble. Near Kilauea Caldera.
verI' feeble.
ver)' feeble.
very feeble.
tremor (Kana feeble). Central Kana.

20: 48,
06: 21i,
19: 24,
10: 44,
11: 08,
20: II,
22: 46,
09: 34,

10: 16,
14: 10,
14: 22,
16: 33,
23: 27,
00: 55,

21: 25,
09: 36,
11 : 41,
06: 09,
12: 00,
08: 33,
05: 20,
20: 19,

16: 37,
02: 12,
13: 58,
16: 51,
03: 06,

Dec. 9,
Dec.U,
Dec. 11,
Dec. 12,
D c.13,

Nov. 26,
01'.28,

1'.28,
Dec.l,
Dec. 2,
Dec. 3,
Dec. 5,
Dec. 6,

316. 1 OV. I,
317. Nov. 3,
318. Nov. 4,
319. Nov. 6,
320. Nov. 6,
321. Nov. 7,
322. Nov. 7,
323. Nov. 8,

324. 01'.8,
325. Nov 8
326. Nov' ,
327. Nov 8:
328. ::--rov.8,
329. Nov. 9,

333. Nov 12 07:01,
334. Nov: 13: 00: 41,
335. ov. 16, 02: 57,
336 Nov. 16, 20: 54,
337. Nov. 17, 14: 50,

338. Nov. 18, 01: 31,

339. ::--rov. 18, 02: 47,

340. Tov.18, 11: 18,

359.
360.
361.
362.
363.

351.
352.
353.
354
355.
356
357.
358.

VOLCANO NOTES AND NEWS

ACTIVITY OF PARI CUTIN VOLCANO

Paricutin volcano began its spectacular life on February 20,
1943, in the state of Michoacan, we tern 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 thell the upward

growth of the cone has been slow, and on February 21, 1950,
the summit of the cone stood approximately 1,3 0 feet abol'e its
original base. Lava Ao\\'s 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 \\'as
about 24.2 square kilometers.*

* CARl. FRl£S, JR.• AKD CF:r.EDONIO GUTIERREZ, ACTIVITY OF PARI CUTIN
VOI,CANO FROM JANlj:\RY 1 TO JU~'E 30, 1950. ,Amer. Ceovhy~. Union
Trans. 32: 22i-230. 1951.
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Brief summaries of the activity of Paricutin voleano appear
at approximately 6-month interval,; in the merican Geophysical
Union Transactions. Carl Fries, Jr., of the U. S. Geological
Survey, has kindly supplied a statement on the current state of
activity of Parieutin. The Mexican Institute of Scientific In­
vestigation and the . S. Geological Surv yare maintaining
a watch over Paricutin on a cooperative basis. Two Mexican
ob ervers are constantly at the observatory, gathering data on
eruptive activity, lava mo ement, weather, and any other perti­
nent occurrences. M r. Fries visits the vole no every 2 months
to g'ather the data sheet·, make special measurements, and collect
lava samples. His la·t visit wa in mid- ' ovember, 1951.

In May, 1951, a new pyroclastic eruptive vent formed low on
the northea t flank of the main cone. Thi ne,,' vent was very
active and formed a separate crater on that flank of the cone.
During the f Iiowing months, the vent graduaIiy moved up the
Rank, and its crater coalesccd with thc main crater. By
Xovember the depre sion on the northeast flank had been filled
by deposition of pyro lastic fragments, and the profile was
once again that of a simple cone.

Lava has continued to issue from the Nuevo J uatita vent at
the northeast base of the cone, flowing northeastward around
th Equijuata and Capatzun cinder cones. By October it had
reached a point about zY;; miles fr m the vent, near the site of
the former town of an Juan Parangaricutiro, when the flow of
la va wa interrupted at the vent, and the flow fr nt ceased
advancing. Solidification at th vent caused the f rmation of
a new lava cascade jut \I'est of the former one, and during'
Kovember two prong of Lava were invading the base of
Equijuata cinder cone near Tourist Lookout.

ctivity of the eruptive vents in the crater of the main cone
has, for the past 6 months, been of such an intermittently e.·­
pI ive natur that it has not been possible to climb the cune
with any probability of safety. It has been dangerous even
to approach the base of the cone.

ALEUTlAN,ALASKAN VOLCANO STUDIES

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

urvey's volcanological program in the Aleutian Islands, reports
Lhat the field team from the General Geology Branch, which i:'
studying and mapping the volcanoes of the Aleutian Islands and

laska Peninsula, completed th rec nnai. sanc mapping of the
Rat Group during the summer of 1951. This complete the
mapping of all the Am >rican Icutians \I'est of the 180th meri­
dian. Eastward, work has becn completed n northern Kanaga.
northern :\dak. Great Sitkin, mnak, and the Pavlof Group.
Thc investigation will be continued until all the young volcani-;
areas ha\'c be n studied.

ALEUTIAN VOLCAN IC ACTIVITY

Great Sitkin volcano, in the,. ntlreanof Group of the leutian
Islands, has continued to steam throughout the past year, accord'
ing to observations by ustin E. Jones, seismologist in charge
of th sei molugical observatory maintained on ,\dak I land by
the Geophy ics Branch of th' C. . G oloo-ical urvey. The
steam cloud is vi'ible intermittently from Adak. It is not ap­
parcnt whether this represents fluctuation in volumc of steam
output or fluctuation in meteorological conditions that condcnse
the team.

. '0 fume or ash clouds have appeared from Great Sitkin since
the series of eruptions" hieh ended about Kovemb r 29, 1950.
I)UI-ing this eruptive period. "'hich hegan ~ovember 5, 1950.
several ash showers and fum "'ere produced. Jones e ·timated
that one ash eruption pro luced )0 sibly a much as 20.000 cubic
met rs of a h. Flashe' of light were observed several times at
night by military personnel on Great Sitkin 1. land, but they were
not seen from Adak. Pri r to this activity, the la,t small a h
falls and fume clouds wcre seen on lkcember .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 ,'cry random because the cloud and fog screen is
so persistent. ~[inor ash showers and [ume emission are known
to have occurred during 1951 from ,areloi, Kanaga, Great
Sitkin, Akutan, and Shishaldin. Others may have shown minor
activity which has not been r ported. It is certain, however,
that no major eruptions have escaped notice,

STAFF Of HAWAIIAN VOlCANO OBSERVATORY

U. S. Geologicol Survey:

Gordon . Macdonald, Volcanologist, Director
Che ter K. \Nentworth, Geologist, part-time
John C. Forbes, Laboratory iv1echanic
LaVievc G. Forbes, Secretary, part-time

University of Hawaii:

Seismograph Station Operators:
Hilo Station:

,'ister ~f. Thecla, t. Jo eph's School

Kana Station:

Howard M. Tatsun , Konall'aena School

T. A. Jaggar, Geophysicist

HAWAIIAN VOLCANO
In cooperation with the

Tile Hawaiian Volcano Research Association was found­
ed in 1911 for tile recording and study of volean !!s in the
Hawaiian Islands and al" und the Pacific Oc an. Its
equipment at Kilauea Volcano. Hawaii Island, has been
transferred to the nited Stat s Ge logical urvey.

The University of Hawaii cooperates in maintaining a
rE>search laboratory at Kilauea. The A sociation and the
Univel'sity supplement the work 0( the governm nt with

RESEARCH ASSOCIATION
UNIVERSITY OF HAWAII

research assoeiat s. instrumental equipment, and special
im·estigat!ons. Dr. T. A. Jaggar is their geophysicist resi­
dent at Kilauea.

The Volcano Letter, a Quarterly record of Hawaiian
"olcano ob~el'\'ations, is published b~' the Unil'el'sity of
Hawaii and supplied to members of th Research Asso­
ciation and to exchange Ii ts of the abo\'e establishments.
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