
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 
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PHILIPPINE VOLCANOES DURING 1953 AND EARLY 1954

By GORDON A. MACDONALD and ARTURO ALCARAZ

January-March, 1954

The work of the Philippine Commission on Volcanol­
ogy, created in mid- I952, include' continuous watch over
\"()lcanoes that are in eruption or sh IV indications of
po sible impending eruption, periodic examinations of
other acti \'e volcanoes (not in eruption)., and, as time
permits, studies of the dormant and extinct \'olcanoe of
the archipelago. During 1953 and early 1954 continuous
observation: were made at Hibok-Hibok and Taal vol­
canoes and ::ihort il1\'e tigations at Didicas and l1ayon
volcanoes. Canlaon and Bulusan volcanoes were yicwed
f rom a cl i tan e.

Arturo, I-araz has been in charge of th field opera­
tions of the COl11mission on Volcanology since Decem­
IJer, 1952. Gordon J\. Macdonald spent I cember, 1953,
allcl January and early February, 1954. in the Philippines
assi ·ting in the work of the Cot11mi ·sion. \\'e wish to
express our thanks to the members 0 f the C01l1mission
and to the U. S. Geological Survey for making our re­
spective \\'ork possible; and to our co\yorkcrs, Cregorio
A, ndal. Benign!) Yambao, and Eugenio Omahoy, for
much assi::itance and pleasant companionship in the field.

ThroughOllt the known part of geologic time. vol­
canoes have play d an in portant part in the development
of the Philippine Archipelago. Volcanic rocks of un­
certain age appear among the metamorphosed basement
rocks in the Northwestern orcIiIlera, Mountain Prov­
inces, and Si'rra Madre o[ Luzon Island; on Marindu
qne and Masbate islands: nn the islands of the Palawan
group; on Panay, Cebu, Bohol, Samar, amI ~!(indanao

islands: and on islands of the Sulu group (In'ing,
1951). Volcal1lc rocks known or believed t be of Terti­
ary age are exposed at various places from entral Luzon
to Zamboalwa (Irvino', 1953). But it is with the vol­
canoes of PI istocene and Recent age that we are princi-
pally concerned. ,

The new geologic map of the Philippines (Irving,
1953) shnws numerous area. of Quaternary volcanic
ro ks, scattered all the way from the Babuyan I 'lands,
north of I mono to the Sulu Island', south of Mindanao.
Of the major islands in thE' archipelago, only Palawan,
Panay, Cebu. Bohol, ::\Iasbate. and Samar lack Quater­
nary volcanics. Many of the cones. probably of Pleisto­
cene age, are moderately di sected by erosion. Examples

of these include lIariveles Mountain on the Bataan
Peninsula. ;'Iount Arayat in the central plain of Luzon.
),[ount ::\IacolocI at the southeastern edge 0 fLake Taal
in 13atangas Province. :i\Iounts Isarog and Iriaa in Cama­
rine' Sur Province. the small cone at the southern end
of Marinduque Lland, ::\[ount ;'1ambajao on Camiguin
Island, and many others. Jn the vicinity of the city of
San Pablo, in the area between ~ Jount' .I3anahaw and
;'1alepunyo, there are many small depressions, several of
them occupied by crater Jake. These appear to be dia­
trcmes, formed by short-I ived volcanic explosions with
or without accompanying collapse, perforating the pla­
teau of Quaternary tuff.

Eleven Philippine volcanoes ha\'e erupted during his­
toric times. Thirteen other. show solfataric activity.
These acti\'e and sol [ataric yolcanoes are listed in the
a companying table <Uld shown on th map (Fig. 1).
Data concerning historic eruptions have been assembled
by ndal and Yambao (1953).

Nlount Santo Tomas, or Tonglon, near the city of
Baguio. has in the pa't been Ii ·ted as a volcano in sol fa­
taric condition, or even as having erupted in 1641 ( I[US­

per and ::\cumann van Paelang, J937; Andal and Yam­
hao, 1953). These reports must, ho\\'ever, refer to some
other locality, because examination of Mount Santo
Tomas during February, 1954, showcd it to consist of
ancient, interstratifiecl volcanic alld scdim ntary rock.'
(J f probable Tertiary age.

Didicas ,"okano, in the Babuyan Jsland north of
Luzon. resumed eruption in ::\Iarch, 1952, after a period
of quiescence lasting nearly a century. Erupti\'e activity
between 1856 and 1860 had built a mountain that rose
some 700 feet above sea level, but subsequent wave
action hael rcduccd it to thre small rock masses 200 to
270 feet high. Relatively quiet eruption resulted in the
building of a blocky d me, from which escaped large
\'o!umes of stcam and suI furou gases. The new Diclicas
domc covered the former rock masses, and bv late
J953 thc top of the dome \vas about 830 feet abo~'e sea
le\'el C\1caraz, Ahacl, and Tupas, 1953). Milcl vulcanian
explosions at the summit of thc dome were reported
during the early stages of the activity. A h fell on
Calayan Island, 25 miles to the north, but in quantities
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FICl'RI': 2. Didic:'\s volcano from a point 0._5 mile to the east­
nurtheast, on ~farch 30, 1952. The blocky character of the dome
and the banks of crumble breccia on it flanks are clearly vi ible.
One of the old Didica l~ucks can b' seen at the right. Ph to by
Arturo Alcaraz.

too small to cause damage (Andal and Yambao, 1953).
in June, 1953. C. . Andal and L. F. Ahad were able
to land on thc domc and rcported that the activity had
'ubsided apl reciably.

fter its catastrophic eruption in 1911. Taal volcano
remained entir ly quiet until early 1953. During Febru­
ary. 19 -3. report: \I'ere recei \'eel of signs of renewed
acti\'ity. hut examinations of the volcano on February
12 ancl 19 revealec1no ign of change from the conditions
obsen- c! during a sUrI'cy of the yolcano in February.
1949. The temperature of the water of the crater lake
was found to be 32°C. In I\lay, 1953. team ents and
hot springs became acti"e in a zone ah ut 100 ll1eter~

long at and near the southwestcrn shore of the crater
Jake. Some sulfur gas is present in the steam. On May
19 the temperature 0 f the steam was 98°C.. and the
tcmpei:ature of the crater ake had risen to 36 C. By
mic1-] une the temperature of the steam had increased to
101°C.. uut since thcn it has remaincd stable. with oc­
casional decreases to all ut 100°C. During the remainder
of 1953 the volume of steam fluctuated, but generally it
was somewhat I ss than during l\lay and June. There
was a slight northwestward shifting of the acti"e area.
In early 1954 there ha again be n some increase in the
apparent yolumc of steam. which in earh' ::\Iarch \Va'
about twice that ohserved in ?\Iay. ]953. '

The renewal and gradual increase of solfataric a ­
tiyity at Taal volcano seems unquestionably to indicate
a rise of magma at depth or 'ome other changc in sub­
surface conditions resulting in a greater. upply of heat
to the ,'oleanie vent. ;\0 other signs of impending erup­
tion hm'e been obsenecl. and people are still ueing per­
mi tted to reside on \.o!cano rsland. though ome have
left voluntarily. '10. e "'atch is heing k pt for increased
earthquake acti"ity (11' other .ign. of eruption; residents
of Volcano Island have been informed of the pos 'ihility
of erupti n. and a plan for possilJk c"acuation of the

island anc! areas along the shore of Taal Lake has been
prepared.

l\layon yo!cano, in Alba)' PrO\'ince, i· the mo. t fre­
quently active volcano in the Philippines and i be­
Jie,'eel to h,we the 1110st perfectly symmetrical cone in
th world. Since 1800. l\Iayon has had 31 record d
eruption, with an a"erage interval of one each 4. vears.
Th actual intcnal has yariecl howeyer, from Ie 5 than
I to 26 y ·ars. The 1928 anel earli l' eruptions have been
described by Faustino (1929). Since that time, eruptions
ha"e occurred in 1938. 19;)9 (a single brief explosion).
I -+3, and 19-+7. During lale 1953 and early 1 54 M ayon
vol ano was fuming quietly. 1\[ost of the fume ro'e from
fissure' in and aHluncl the _mall, llocky ma of 1947
lava in the small crater.

l\layon vulcano is a composite strata-volcano. com­
posed dominantly of pyroclastics but with numerou in­
terhedded lava flows. The flows are of bJock-la va type,
transitional to\ ard aa. Pyroclastic beels on the northern
lope of the volcano above the N1a)'on re thouse consist

largely of Strombolian cinder. Abundant mudflow have
formed a lmmd apron completely around th hase of the
cone and ha \'e heen re ponsible for most of the damage
to life and property during historic time.

Bulusan volcano, in Sorsogon Province, has not
en!] ted in recent year . The last eruptive period becran
on January 18, 1916, and continuecl intermittently until
192.2. During that period there \yere 17 separate mild
explosions. each lasting only a few minutes. Ash fell on
towns west. southwest. and south 0 [ the volcano. but
not in sufTicient amount t cause damage. Maso (1928:
7(5) descrihes what app aI's to han been a hlock-lava
Row in the crater cluring No"cmher ancl December, 1918.
The flow pu:hed it snout ut through a breach in the
crater rim, anc! from the snout fragments rolled clown
the ra\'ine helow the breach. black by day but exhibiting
dull red incanc1e 'cence at night. He also describes what

FICl'RI': 3. Fumar()le~ at the ~outh\\'estern edge of the crater
lake of Taal vulcano, January 3, 1954. Photo by G. i\. i\1ac­
donald.

Frl;lJRE 1. :'Ifap of the Philippine Tslands. showing' the location of volcanoes active in historic time, those ill solfataric conclition
but not hi~toricalJy acti,·('. and kno\\'n volcanoes of probable Quaternary age that have sho\\'n neither eruptive nor solfataric
activity during hi,toric times. The latter are taken from the nell' geologic map of the Philippine. (Irving, IY 3). The active
and solfataric \'olcanoes are numbered 011 the map as follo\\'s: 1, Smith: 2. Babuyan 'lara; 3, Didica'; 4, Camiguin de Babu­
yanes; 5, Cagua; G, Taal; 7, ill aquiling; 8, Banahaw; 9, 1I1alinao; 10, ~dayon; 11, Bulusan; 12. Biliran; 13, Burauen area: 14,

ilay; 15, Canlaon; 16, Cabal ian ; 17, ~Iaga 0; 18, Catamlan (Hibok-Hibok); 19, Calayo; 20, I<.agang; 21, Apo; 22, Bud Dajo.
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Fn;l'IU; 4. The dome o( Hibok-I-fibok volcano seen from the
top of the 1948 lava flow. Deeemh r 19, 1953. Part of th old
crater wall is visible n th left skyline. The dome is nearly
buried by its long slopes of talus (crumble breccia). Photo by
G. A. )'lacclonald.

appear to have been sl11all, ayalanche-type lIuf:es ar­
denies. In hi own words," ometimes instead of rocks
a ma s not unlike mud detached it -elf f rOI11 the said hot
ba e and sho"ved a great e[[en-esc nce while sliding down
the ra ine and raised a white yellowi h cloud which had
a areat ascensional force. it r the effervescence had
cea 'cd the bottol11 of the ravine and the yegetation on it·
sides was seen cO\'ered with \\·hit du 't.... "

The last known erupti n of anlaon v lcano, on
~egros Island. occurrecl during 1906. The volcano \\'as
\'ie\\,ed frOI11 the air on January 22. 195-1-. The l110untain
ha~ two principal peale. The northern p ak is v getated
to Its top. IS moderately eroded. and doe' not appear to
haye been recently acti \·e. The southern 1eak appears
to be a rounded cinder cone, little y getate I and entirely
unerodec1. sitting on a fore.-tcd and l110derately eroded
base which is probahly a composite cone. r\ promincnt
crater is present in the southern pcak. ~o fumarolic
acti\'ity was yi~ ·ble.

Calayo and Ragang y Icanoes. on 1Lindanao Island.
were not visited during 1 ~3 or early 195-1-. Th la. t re­
corded eruption of the former \"as in 18 7 (.\ndal and
Yambao. 1953; 22). \Vhil the latter was report'd to he
acti ve in 1915 (Smith. 1924: 216). ::\Iakatul'ina yolcano.
also in r,'1 indanao, ha been listed by -everal writers a:
actin'. HOII·ever. there is -eriou' d ubt that it ever \\'a:
acti,' within historic times.• Iasu (1922: 1-1-2) wrote.
"Considering the different actual condition. of the !\fa­
katuring and of the Hagang one is inclined to belie\'e
that all the hi toric eruptions attrihuted to the form r
occurred in the latter. \\'riters gi\'e (he year 183-1-. 18-1-0.
18-8. 1871 and 1873, but nearly aIL the:e dates are
somewhat doubtful becau 'e of the lacl' of reliable partiCll­
lars and of the fact that the writers ar at variance abm!t
the same."

Hibok-Hibok volcano. on the northern end of 'ami­
guin Island. ju t north of -;'IIindanao. \\'as in eruption
from 19-1-8 to early 1953. During that period two hlock­
lava nows were extruded on th eastern nank 0 f tl e
mountain, Illudflows cl vastated an area on the l1orther11
slope, a dome was huilt in th summit crater partly over­
lapping onto the flanl s f the mo l11tain, a,net clestructi,,'

1/1tCeS ardelltes took the live' of about 500 per ons in the
sector Jlorthea t of the sUl11mit (Icaraz, had, and
Quema, 1952). r\ a result of thi , the zone around the
"oleano \ 'as clo-ed to public occupation by Pre-idential
order, until such time as the danger from the volcano
should ubside.

Three vi 'it were made to Hibok-Hibok during De­
cember. 1953, and January, 195-1-. Records from a new,
more sen itive sei moaraph in -tailed in the town of
~lambajao, near the ba e of the volcano. indicated that
very few earthquake were originating b neath the 1'01­

cano. There had been no ash emptions since July 14,
and no large avalanche' from th d me had b en r ­
ported sinc lay. Eug nio Omaha)', the yolcanologica1
obsen'cr stationed in lIalllbajao. had detected no
changes in the size or utline of the dome since J lay.
except for the collapsc of one promin nt spine. In De­
cember the dome was examined from the upper part of
the yalley down which had rU'bed the /lllces ar(/e/lfes o[
December, 1951, and many smaller, later avalanches. In
January the dome itself 'was climbed an I examined at
close hanel. The dome was fum ina quite strongly. hut
there was no ign of 1 rc ent or rec nt aeti ve growth.
Talus banks extended far up the flanks of th dome, in
places nearly to its summit. Except in 'mall local areas,
the rock ribs between the talus banks had been reduced
by crumbling to a 'lope of stability. \ everal 'mall
spines \\'ere pre ent on the dome, and at the u11lmit ther
wa. a narrow spine, about 100 feet high. that appeared
from ome angles to b curved likc the dorsal fin f a
shark. Some of the spines, including the eastern cnd of
the larae spine at the summit, appeared about to collapse.
The:e collapses undoubtedly will cause small avalanche. ,
but it is unlikely that the aI'alanches will tral'eL far
enough to cause damage t inhabited areas. Deposits of
recent aI"a1anche: are all small and e,'tend little bcyond
the edge of the dome iLelf.

Therefore, it appears that, barring renewal of erup­
ti\'e activity, danger from the dome is OI·er. 11 that
basis, it was rccoillmende I that the ban on occupation
of the tOWll of Nlallll ajao and the agricultural lands

FIGLTH£ 5. The summit of the: Hibok-Hibok dome, seen from
the southeast, January 26, 1954. The spine at the top of the domc
is badly lis ured. The n ass in the left foreground ,,'as (ormed in
an early stage of thc dome growth. Later, activity -hiftcd slightly
northeastward and produced the more recently active mao s in
the background. Photo hy G. A. "M acdonald.
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HAWAIIAN VOLCANO OBSERVATORY REPORT FOR JANUARY-MARCH, 1954

By JERRY P. EATON

VOLCANOLOGY
January

January was a quiet month for Hawaiian volcanoes. Only 27
ea;·thquakes were recorded by seismographs of the Hawaiian
Volcano Observatory, Sev n of them originated under Kilauea,
J2 under 11auna Loa, and 8 recorded too weakly to be located.

.'\n earthquake at 9 :39 1'.:'.1. on January 20. issuing from a
focus 10 miles dcep under Red Hill 011 the northeast rift of
Mauna Loa, was felt in the Volcano district, Hilo. Pepeekeo,
Y ukuihaele. and Papaloa. Kona. T\\ 0 smaller earthquakes from
foci under the east rift of Kilauea were felt in !lila: the first at
4 :36,\.;\1. on January 24 and the second at ] 1 :4H .\.:'.1. on January
31. At 2 :27 ,\.:'.[. on January ]7 a slight earthquake was felt at
Ka!ahiki, Kona.

Tilting of the earth's surface measured at the \'o!cano House
on the nurtheast rim uf Kilauea calde'ra was southwestward at
a rate which i normal for this season of the year. :-leasurements
of cracks in the Aoor of Kilauea do not ,how any significant
change in the volcanic pressure under the ,"o!cano.

February

Hawaiian volcanoes remained quiet during February. Only 3
of the 27 earthquakes record d by the Ha\\'aiian \'olcano Ob­
sCI'\'atory eismographs wcrc felt. Fourteen carthquakes origi­
nated on :\fauna Loa, including th()se at 3 :59 P.:'.[. on February
6. 3: 15 A.:'.f. on February 16, and 5 :32 1'.:'.). n February 22,
which \\'ere fclt in Kana. Yilauea wa' shaken by six earthquake,
none of which was felt. Seven of the rcctlrr!l'd earthquakes were
too feeble to be 10 ated.

Tilting of the earth' urfacc at the northeast rim of Eilauea
caldera proceed d in a outhwesterly direction at a rate approxi­
mately normal for this season of the ycar.

Thirty-six earthquakes were recorded by seismographs of th'
Hawaiian \'olcano Observatory during ),1 arch. During most of
the month seismic activity remained at the low level established
during January and February: only J5 earthquakes were re­
corded from :\Iarch J to ~Ial'ch 2. Tine of them originated at
Kilauea. The remaining six, including the earth [uake at 4: 19
P.~J. on 1I1arch 16, which was felt in Captain Cook. is lied from
.\1 auna Loa.

.1\ series of small tremors fclt in Hawi at about 8 :30 P.:'.L on
~I arch 23 was not recor<kd on any of the Obsen'atory' seismo­
graphs.

Two strong earthquakes, which originated at a depth of about
15 miles on the east rift 7. ne of Kilauca or the eastward exten­
siun of the Hilina fault systcm betwcen the rift zone and the
south . hore in til(' \'icinity of Kalapana. rocked the Island of
JIa\\'aii arly on the morning of ~I arch 30. The first sh ck was
recorded 011 the seismugraphs at the \'olcano Observatory at
0:40 :07 A. \f. : the second at 8 :~2 :01 A.:'.f.

Both earthquakes wcrc felt ovcr the entire Island of Hawaii,
and at least the second. which was the larger of the two, was
felt on parts of .\faui. I':xtensi\'e, but mostly moderate, damag
was caused in the Hilo and Puna di tricts. Although the shaking
was most intense in the PlIna district, where water tanks were
thrown down and stone fences wcre damaged. the most pec­
tacular damage occllrred in and near 1-1 ilo, \\'here many window
were brokcn and portion' of a k\\ h0uses wcre deranged or
throwll dOl ·n.

On :\farch 30 and 31 a total ui 1(, aftershocks, se)'cral of whi h
\\'ere fclt in Puna and IIilu, stemmed from the same region as
the t\\·o largc quakes. The largest of these occurred at 6 :"7 A.1\!.

on 11arch 30 and at 3 :O~ I'.~t. and 4 :00 1'.:'.1. on lIfarch 31. The
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SEISMOLOGY

Earthquake Data, January-March, 1954

Table of Tilt at Seismograph Stations on Rim of Kilauea Caldera

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

03: 06,
09: 11,
03: 17,

1. Jan. 3,
2. Jan. 6,
3. Jan. 9,

8. Jan, 13. 22: 48,

9. Jan. 14, 17: 28,

14. Jan 17, 05: 29,
15. Jan. 17, 15:39,
16. Jan. 17, 17: 17,

time. The number preceding each earthquake is the serial num­
ber for Ihe current year. The inten ity rating (Fceble, :-10derate,
etc.) given is that for the \\Ihitney Laboratory. If the intensity
was greater at one of thc other stations. the namc of that sta­
tion and the intensity raling there are given in parentheses
after the rating at the \\'hitney station.

very feeble. Kilauca caldera.
very feeble.
vcry feeble (1Iauna Loa, f eble). Southca·t
flank of Mauna Loa 3 miles west of Halfway
House.

4. Jan. 9, 13: 57, vcry feeble. Southeast flank of Mauna Loa
5 miles southeast of Halfway House.

S. Jan. 10, 00: 19, very feeble.
6. Jan, 12, 08: 01, very feeble (lIIauna Loa, feeblc). Southeast

flank of Mauna Loa.
7. Jan. 13, 04: 30, tremor (Mauna Loa, very feebl·). Southeast

flank of :-1auna Loa near Halfway House.
very feeble.
not recorded at Kilauea (Mauna Loa, very
feeble) .

10. Jan. 14, 03: 04, very feeble.
11. Jan, 15, 13: 17, tremor (Uwekahuna, very feeble). Kilauea

caldera.
12. Jan. 16, 12: 49, not recorded at Kilauea (Kona, very feeble).

Kona.
13. Jan. 17, 02: 27, tremor (Uwekahuna, very feeble). Felt in

Kalihiki, Kana. Kona.
very feeble.
Kilauea.
not recorded at Kilauea (Kona, very feeble).
T ona.

17. Jan. 19, 12: II, tremor (Mauna Loa. very feeble), South ast
flank of Mauna Loa.

18. Jan. 20, 21: 39, trcmor (Uwekahuna, very feeble). Hilina
Pa!i.

19. Jan, 20, 21: 39, feeble (Mauna Loa, slight). Felt in Papa­
loa, Kona; Hawaii National Park; ane! Ku­
kuibaele, ?\ortb Harnakua. Ten mi les deep
under Red Hill on the northeast rift of lI[a-
una Loa.
very feeble.
tremor (Uwckahuna, very fe ble).
slight. Felt in Hilo. Twelve miles deep un­
der Alae crater on thc cast rift of Kilauea.

23. Jan. 26, 06: 48, trcmor (Mauna Loa, very feeble).
24. Jan. 28, 13: 15, not recorded at Kilauea (Kona, very feeble).

Kona.
25. Jan. 29, 22: 54, very feeble. Kaoiki fault.
26. Jan. 30, 08: 31, very feeble. Southwest rift of Kilauca ncar

the coast.
27. Jan, 31, 11: 48, slight. Felt 111 Hila. East rift of Kilauea

about 6 miles from th Observatory.
28. Feh.6, 15: 59, tremor (Mauna Loa, very feeble), Felt in

Kalihiki, Kana. I ona.
29. Pcb. 6, 20: 41, tremor (1Iauna Loa, very feeble). Southeast

flank of Mauna Loa.
30. Feb. 7, 14: 15, tremor (:-Iauna Loa, very feeble). Deep un­

dcr the summit of Mauna Lea.
31. Feb. 7, 19: 50, tremor (Uwekabuna, very feeble). Kilauea

caldera.
32. Feb. 10, 22: 14, very feeble (Mauna Loa, feeble). Southeast

flank of Mauna Loa.
tremor (Uwekahuna, very fe ble).
very feeble. Kilauea.
not recorded at Kilauea (Kona, very feeble).
Kona.

36. Feb, 12, 15: 30, not re orcled at Kilauea (I-lila, very feeble).
Near Hilo.
tremor ( wekahuna, very feeble),
very feeble. Kilauea.
not recorded at Kilauea (Kona. feeble). Felt
in Caplain Coole f ana.

40. Fcb.l0, 08: 31, nOI recorded at Kilauea (.lIlauna Loa, very
feeble). -:\ortheast rift of M;luna Loa.

41. Feh. 18. 14: 39, not recorded at the Whitney Laboratorv
(1Iauna Loa, very feeble). .

20. Jan, 20, 21: 40,
21. Jan, 22, 03: 13,
22. Jan. 24, 04: 36,

33. Feh. 12, 03: 24.
34. Feb. 12, 03: 51,
35. Feb. 12, 13: 10,

37. Feb. 13, 13: 01,
38. Feb, 13, 23: 44,
39, Feb. 16, 03: 15,

l]" ckllhuna Stnlion
(West rim)

Whitney Station
(Northeast rim)Week

Beginning
Amount Direction Amount Direction

January 3 OS" E 14° S 1.3" S 14° ,,-
10 1.2" S ()c E 1.2" S 34° \V
17 0.1" S 21 ° E 0.5" N 45° \V
24 0,8" S 18° \V 0.6" E
31 1.5" S 29° '\' 1.6" N

February 7 0.8" S 18° \V 13" S 14° E
14 0.2" S 45° \V 1.9" S 9° E
21 0.9" \V 16° S 4.2" -:\ 33° \\'
28 1.4" S 45° \V 1.2" T 34° W

March 7 0,8" S 45° W 1.2" S 34° E
14 1.1" S 13° \V 1.6" Nll°\\'
21 1.2" S 0.3" N
28 0.7" 1\' 9° W 2.9" S 27° \\'

Minutes Local
Week of Very Mod- Scls- Tele-

BeginnIng Tremor Feeble "eeble Slight erate Strong micity· seisms

Jan, 3 2 3 0 0 0 0 2,0 0
10 3 4 0 0 ° ° 2,75 °17 5 3 1 () 0 () 3.75 1
24 4 2 () 1 0 0 4,0 0
31 3 1 0 I D 0 3.75 4

Feb, 7 6 3 0 0 0 0 3,D 0
14 7 0 0 0 0 0 1.75 4
21 6 0 0 0 0 0 1.5 °28 I 2 0 0 0 D l.S 1

1Iar. 7 8 2 0 0 0 0 3,0 0
14 3 1 0 0 0 0 1.25 1
21 1 2 0 0 0 0 1.25 1
28 25 10 2 2 1 4 36,25 4

aftershock sequence extended into April, with small earthquakes
at 3 :57 P.M. on pri! 1 and 2 :05 P.M. on April 8.

Concurrent with the large earthquakes in Puna and the a so­
eiated aftershocks, seismic activity increased near Kilauea cal­
dera. Four quakes originated in this region on March 30 and 31,
and two more occurred Ull f\pril 1. Of these ix earthquakes,
those at 11 :19 A.~L on March 30 and 6:35 A.M. on April 1 were
felt in the Volcano area.

The normal easonal southwestward tilting- at the Volcano
House on the northeast rim of Kilauea caldera reversed for about
1 week at th time of the Puna earthquake. Subsequently, south­
\ estward tilting normal for this season has been re-established,

1\'0 general change in the width of cracks in Kilauea caldera,
which might indicate changing pressure under the volcano, ac­
companied the Puna earthquakes,

• For definition of local seismicity see Volcano Lelter 371 or 512, Each
local earthquake is assigned a seismicity value 'lccording to its strength,
as follows: tremor, 0,25; very feeble, 0,5; feeble, J.O; slight, 2,0; mod.
er?-te,. 3.0; stron!!" 4.0. These values are totaled to give tbe weekly local
selSnllClty. Continuous volcanic tremor is ig ored in the calculation. The
strength. assigned to tbe earthquake depends on the double amplitude of
the maximum oscillatIOn It causes on the Bosch-On-::ori seismograph, as
follows: tremor, less t an D,S mm.; very feeble, 0.5 to 4 mm.; feeble,
4 to 11 mOl.; slight, lIto 25 rom.; moderate, 25 to 60 rum . strong greater
than 60 mm. . , ,

Local Earthquakes

The data for the following local earthquakes were determined
from seismographs on the island' of Hawaii and 1Iaui operated
by. the Hawaiian Volcano Observatory, Locations given are
epicenters. The times given are arrival times at Ihe ,o\rhitney
Laboratory of Seismology, on the northeast rim of Kilauea
caldera. They are stated to the clo est minute in Hawaiian
Standard time, which is 10 hours slower than Grcenwich Civil
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60, Mar. 15, 06: 50,
61. Mar. 16, 16: 19,
62. Mar. 19, 00: 23,

Distant Earthquakes

The following arthquakes of distant origin were recorded on
the seismo raphs of the Hawaiian Volcan Observatory. Loca­
tions of the epicenters and the magnitudes are fr m the notices
of Preliminary Determination of Epicenters published by the

. 8. Coast and Ge detic Survey. The time given is that of the
first detectable emergence of the quake on the Bosch- mori hori­
zontal or Sprengnether vertical seismograms, in Hawaiian
Standard time.

Jan. 19, 18:40:00. Pacific Ocean south f Me'ico, 80°N.,
1030°W., magnitude 6.

Jan. 31, 15: 16: 40. Volc~no Islands, 240°N., 1420°E., magni­
tude 77.4.

Feb. 4, 23:29:31. Off c,oat of New Britain, 40°S., 153°E.,
ma >nltude 67.4-7.

Feb. 6, 14: 28: 01.
Feb,6, 20: 24: 15. Tew Hebrides Islands, 1S° S., 1670°E.,

magnitude 6--Q0.
Feb. 10, 14: 43: 07. Ningsia Province, China, 390° ., 101°E.,

magnitude 7-70.
Feb. 18, 14: 51: 22. Off coast of Ticaragua, 110° N., 870°W.,

magnitude 6:y,(-7.
Feb. 19, 09: 17: 17. Kermadec Islal1ds, 30°8., 178°\-\1., nugni­

tude 7-70.
F·' . 19, 11: 45: 33. Coast of Nicaragua, 120ON., 87;/, oW.,

magnitude 6:y.j-7. Felt at Mal1agua.
Feb. 20, 08: 46: 36. Flores ea, 7° S., 1240°E., magnitude 6Yz­

6K
]\Jar. 2, 20: 13: SO. New Guinea, 50°S., 142;/,°E., magnitude

7-77.4.
Mar. 19, 00: 12: 00. anta Rosa Mountains, California, 33.3°N.,

116.l oW., magnitude 6-67.4. light property
damag.

11ar. 21, 13: 55: 34. Northwestern Burma, 24Yz° ., 95° E., mag­
nitude 7-77.4. Felt in Eastern India.

. lar. 28, 10: 44: 04. Rat Islands, Aleutian Islands, 52°N., 176°
E., magnitude 60.

Mar. 28, 18: 13: 13.• 'ear north coa t of Luzon Island, Philip­
pine I lands, 190°N., 1210°E.

Mar. 28, 20: 34: 45. ·ear outh coast of pain, 37"N., 3Yz°W.,
magnitude 7y,;-70. Extensive property dam­
age at ranada and Malaga.

76. Mar. 30, 10: 17, very feeble. ltershock of No. 73.
77. Mar. 30, 10: 26, very feeble. Ea t rift of Kilauea.
78. 1Iar. 30, II: 19, . trong. Felt in Hawaii National Park. Ki­

lauea caldera.
79. Mar. 30, 12: 13, tremor (Mauna Loa, very feeble). lter-

shock of No. 73.
80. 1ar. 30, 13: 31, tremor ( wekahuna, very feeble). After­

shock of No. 73.
81. Mar. 30, 14: 44, tremor (11auna Loa, very feeble). fter-

. hock of No. 73.
82. Mar. 30, 15: 42, very feeble. Aftershock of No. 73.
83. Mar. 30, 18: 15, very feeble. Aftershock of No. 73.
84. 1far. 31, 00: 30, very feeble. Aftershock of No. 73.
85. Mar. 31, 01: 09, tremor (Uwekahuna, very fe ble). After-

shock of No. 73.
86. Mar. 31, 01: 30 very feeble. Kilauea caldera.
87. Mar. 31, 05: 46, very feeble. Kilauea caldera.
88. Mar. 31, 15: 04, feeble. Aftersh ck of 1\ .73.
89. .1ar.31, 15: 48, very feeble. Aft rshock of No. 73.
90. .ar. 31, 16: 00, moderate. Aftershock of No. 73.

01: 04,
03: 36,

15: 38,

Mar. , 02: 35,
Mar. 6, 21: 49,
Mar. 9, 02: 51,
Mar. 9, 03: 22,
Mar. 12, IS: 32,

47. Feb. 24,
48. Feb. 24,

49. Feb. 25,

55.
56.
57
58.
59.

42. Feb. 19, 06: 31, ·I\ot recorded at the \\Thitney Lab ratory
( \\'ekahuna, very f eblc). Southwest rift
of Kilauea.

43. Feb. 19, 21: 27, not recorded at Kilauea (Mauna J oa, very
feeble). )'launa Loa.

44. Feb. 20, 02: 33, not recorded at the Vv'hitney Laboratory
()'Iauna Loa, v ry feeble). Summit of Ia­
una Loa.

45. Feb. 22, 17: 32, not recorded at the Vlhitney Laboratory
(1Iauua Loa, very feeble). Felt at Kalihiki,
Kona. Kona.

46. Feb. 23, 16: SO, not recorded at the \IIrhitney Laboratory
(Mauna Loa, very feeble). outheast flank
uf fauna Loa.
tremor (Uwekahuna, very feeble).
not recorded at the \iVhitney Laboratory
(Mauna Loa, very feeble).
not recorded at the Whitney Laboratory
(Mauna Loa, very feeble). S utheast flank
of Mauna Loa.

50. Feb. 26, 09: SO, not recorded at Kilauea (Mauna Loa, very
feeble) .

51. Feb. 26, 14: 15, tremor (1fauna Loa, very feeble). Mauna
Loa.

52. Feb. 26, 14: 16, not recorded at Kilauea (M auna Loa, very
feeble). Mauna Loa.

53. Feb. 27. 14: 53, tremor ( wekahuna, very feeble). I ilauea.
54. far. 3, 23: 30, not recorded at the 'Whitney Laboratory

(Uwekahuna, very feeble). Kilauea.
very feeble. East rift of Kilauea.
very feeble. Kilauea.
very feeble. Kilauea caldera.
very fecblc. I ilauea caldera.
not recorded at the vVhitney LaboratOl'Y
(Hilo, very feeble). 'ear Hilo.
very feeble. Kilauea caldera.
tremor (Kona, feeble). Kealak kua fault.
tremor (Mauna Loa, very f eble). outheast
flank of rauna Loa.

63. Mar. 24, 07: 25, very feeble. East rift of Kilauea near lae
Crater.

64. Mar. 26, 00: 28, very feeble. Southwest rift of Kilauea 4
miles southeast of KaJ apala Ranch.

65. Mar. 26, 03: 08, not recorded at the \Vhitney Laboratory
(l\Iauna Loa, very feeble). 'outheast flank
of Mauna Loa.

66. Mar. 26, 15: 02, not recorded at the Whitney Laborat ry
(Uwekahuna, very feeble). Kilauea caldera.

67. Mar. 26, 16: 07, not recorded at the Whitney Laboratory
(Mauna Loa, feeble). Tortheast rift of Ma­
una Loa near the Mauna Loa seismograph.

68. Mar. 29, 19: 31, tremor (Mauna Loa, very feeble). Deep un­
der the northeast rift f 1Iauna Loa.

69. Mar. 30, 06: 40, strong. About 15 miles deep between the cast
rift of Kilauea and the sea ncar Kalapana.

70. Mar. 30, 06: 57, ·Iig-ht. ftershock of o. 69,
71. 1Iar.30, 07: 02, tremor ( wekahuna, very feeble). Kilau a

caldera.
72. rar. 30, 07: 38, very feeble. ftershock of 10. 69.
73. Mar. 30, 08: 42, strong-. About 15 miles deep between the east

rift of Kilauea and the sea near Kalapana.
74. Mar. 30,09: 08, very feeble. Aftershock of No. 73.
75. 1Jar.30, 10: 08, tremor (Uwekahuna, v ry feeble). After­

shock of 1\o. 73.

VOlCANO NOTES AND NEWS

RABAU L OBSERVAlORY

The following notes are abstracted from an account of the
01 anological Ob~ervatory at I abaul and its operations, pre­

par d by Mr. ]. G. Best, volcanologist at the Observatory, and
forwarded through the kindness of Dr. N. H. Fisher, Chief
Geologist of the Bureau of Mineral Re ources, Commonwealth
of Australia.

The Volcanological Obs rvatory at Rabaul is built on the
northern rim of the Blanche Bay caldera, 600 feet above sea

level. The site overlook the township of Rabaul and affords an
excellent view of the variou craters within Blanche Bay.

The Observatory was completed shortly before the capture of
Rabaul by the Japanese in early 1942. Subsequently, however,
the upper portion of the building, together with all record, was
destroyed, and all instruments and fittings removed from the
instrument cellar. In December, 1951, work was commenced on
reconstruction of the Observatory. The uppe,· portion of the
building was restor d and now contains a laboratory, records
room, and office, as well as temporary housing for the staff.
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Upon the ercction o( pcrman\:nt how;ing for the staff, thcs\: liv­
ing quarters ,,\'ill be cunvertcd for use as a museum, photographic
dark rOOI11, and workshop.

The in trUll1ent cellar is heneath the oAice building. It is 25
fect long, 15 fcet "'idc, and 9 feet deep, and is concrete lined.
Four concrete instrumcnt piers are sct 11'\:11 bclo\\' thc floor uf
the cellar and are basecl on the surfacc of a lava flow \\'hich lie.
8 fcct bclow the cellar fluor. A 3-inch gap, loosely filled with
soil and covered with tarrcd paper, is left bet\\'een the piers and
the cellar floor.

Three Benioff seismometers, a Benioff recorder, and (\\'0 tilt­
m tel'S have been installed in the instrument cellar. The start of
recording with thc Bcnioff instruments has been held up through
lack of accl:ssories.

At Rapinclik, 3Y.i milcs southeast of th Observatory, an
Omori-type scismograph with low magnification and ml:chanical
recording was installed in May. 1950. It is so placed to detect
seismic activity of volcanic orig'in at the active centers in Blanche
Bal'.

the two tiltmct rs at the Obscrvatory are normally read daily
and the readings plottcd graphically. Tcmperatures of hot
spring, wells, fumaroles, and solfatara at 51 puints in thc
Blanche Bay area arc taken \\'cekly and recorded graphically.
In the event of an upward trcnd in temperaturc, the frcqucncy
of the readings would bc increased. Analysis uf volcanic exhala­
tions is to become routinc, bcing' donc jointly with thc \\'eekly
temperature readings. Photographic records of sclected fuma­
roles and other thermal points also are to bccome a routine fea­
ture. The Commonwealth Department of Public \\'orks operatcs
a Steven continuous-recording \\'ater gaugc in Simpson Har­
bour and the volcanological staff havc access to this instrument
(or any information re lui red, In addition, tide poles are installed
at selected points around Blanchc Bay and arc read \\'eddy, so
that challgcs in the levcl o( the stralldlinc can bc dctccted.

A systcmatic investigation is to be made of all volcanic arcas
in the Territory of Papua and ;-;e\\' Guinea. and evcntually regu­
lar inspcctions will be made of thc more active areas, Prelimi­
nary investig'ations of several areas ha\'c already bccn mac e.

To keep in touch \\·ith cvellts at othcr cenkrs, a system uf
reportillg seismic and volcauic phenomcna has been introduced.
This involvcs the reportinR by radio of all important earthquakes
and changcs in volcanic activity. )'Iollthly reports o( all relevant
informatiun from outside areas are (orwarded to tilL Observ:!tul'y
hy g vernment stations through thc Territory.

ACTIVITY OF MOUNT ASAMA

By T. Minakami

Asama volcano resumed activity on [)ccember 27, 1953, after
a com[llete quiescence of 38 months. The usual Asama eruptions
are Vulcaniall ill type and o( explosive character, with furious
detonations lasting several minutes throwing- up abundant ejecta
including numerous lava blocks alld bombs. The interval bctween
successive eruptions is usually se\'eral days, even during such
markcdly active periods as 1935-38. Thc prescnt activity differs
from this in that each explosion is Oil an extremcly small scale
comparcd \\"ith the usual OIlCS ane! occur very frequclltly. During
the period from the bcginning of the eruption to thc end of r.'eb­
ruary, 1954, the number u( scparate explosions obscrved has
ranged (rom 0 to 10 per day. and because observation is not
po siblc during hours of darkncss thc total number of explosions
probably is about 30 pCI' cent g-rcater than this. Thc kinctic

cllcrKics of individual explosion' during the present activity arc
estimated to range (rom 10" to la'" crgs, whereas thosc of the
ordinary l:xplo,ions of ,\ ama are estimated to bc nearly lOW
ergs, The explosions have eject d volcanic ash ane! pumice-likc
gravel. ~o serious damage has resulted, although ice skating at
rinks at Karuiza wa, near thc suutheastern fuot of the volcano.
was disturhcd by the fall of fine ash.

Highly sensit~ve seismographs at the Asama \'olcano Observ­
atory indicated an increase in frequency and amplitude of micro­
earthquakes uriginating from Asama volcano during the late
summer and autumn of 1953. On August 2 and 3 a swarm of at
least 200 microcarthquakcs originated in thc neighborhood of
thc summit crater. After that, the emission of vapor (including
volcanic gascs such as SO,) from the crater became very irreg­
ular in quantity. At timcs the gas was very abundant, and at
other times it was very sparse. This is a common occurrencc at
i\sama preceding- and during eruption. On .\'uvcmbet" 5, \\'hcn
thc summit uf the mountain was visitcd by a party including
thc \\Titer and Dr. G. A. ).[acdonald of the Hawaiian \"olcano
Obscrvatory. \'apor \\'as so abundant that the crater floor was
invisihle, Rumblings from the crater were heard at the Volcano
Obsen'atury on December 20, a week before the outbreak.

ACTIVITY OF OTHER JAPANESE VOLCANOES

Early in February ne\\'spapers reported a submarine disturb­
ancc observed by crews of }'l:\TS aircraft in the vicinity of
:-finallli 1wo Jima. about 30 miles south-southeast o( 111'0 Jima
in the \'olcano Islands group, The surface of the occan was re­
portcd to be boiling ane! steaming, presumably as a re-sult of vol­
canic <:t"uption in the occan. ,\ctivity in the samc general area
\I'as reported in ~Iarch, 1953 (Voleano Letter 520: 7).

Charles G. Jol11lson, uf the U. S. Geological Survcy, Pacific
Geological Surveys. reports that volcanic explosions bcgan on
SlI\\'anosc fsland in the northern Ryukyu group at about 12 :30
f'.~r. on Februarv 22. Ash fell as (ar as 20 nautical miles suuth­
sout!1\\'est of the i,;lancl,

;\[r. Johnson also reports that the activity of O-shima volcano,
which hegan on Decemher 29,1953 (\'olcan Letter 522: 6),
ceased. at least temporarily, about Fcbruary 15. Thc last strong
activity \\as Oil January 27, when bombs wcre reported hurled
LOOO feet into the air. and a small lava flow covered part of the
crater floor. This \"iolent activity subsid~d about 4 :30 l',~l. on
January 27. Small explosions occurred for about 6 minutes on
January 31 and intermittently for about 2 hours 011 February I.
follu\\'ed by intermittent small-scale activity until l~cbruary 15.

ERUPTION OF MERAPI VOlCANO

)'Ierapi volcano, in east-ccntral J ava, probably is the most
dangerous vulcano in Indonesia, partly bccause uf the typc of its
activity, and partly becausc of thc concentration of a dense agri­
cultural population of somc 3 million persons in the arca close
around its base. For 'everal months the \'olcanological Survey
of Indonesia had been calling attention to the restlessness of the
volcano, and waming that it might erupt. The eruption came on
January 18. Scant ncwspaper reports state that the outbreak
camc in the form of a \"iolent explosion, and that it was preccded
hy two pcrceptible carthquakes. The pn;ss descriptions suggest
that IIII,;CS ardelll!'s may ha\'c (ormed on thc flanks of the moun­
tain. On January 20 the reportcd casualties \\'erc 68 known dead
and 145 injured. ~lany thousands uf pcople werc being evacuated
from danger area,. 1
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THE ERUPTION OF KILAUEA VOLCANO IN MAY, 1954

By GORDON A. MACDONALD and JERRY P. EATON

INTRODUCTION

Kilauea Volcano erupted early on the morning of
May 31. 1954. after a dormancy of 180 months. A.I­
though it could not be specifically predicted, the eruption
was not unexpected. The termination of acti ity at Ki­
lauea in ....ovember, 1952, was neither accompanied nor
followed by any abnormal tilting that would suggest re­
duction of volcanic pressure beneath the volcano. On the
contrary. during 1953 there wa' an acrumulati n of ap­
proximately 12 seconds of northward tilting at the \rVhit­
ney Caboratory of Seismology on th northeastern rilll
of Kilauea caldera. in excess of the usual seasonal tilt­
ing. 'fhi . slwgested an actual increase of volcanic pres­
sure heneath the caldera, resulting in a tumescence of
Kilauea Volcano. Short periods of volcanic tremor dur­
ing February and :\Iarch, 1953, indicated 'ubsurface
movement of lav~, at } ilauea. II indications were that
molten lava continued to stand at a high 1 vel within the
'onduit. In the report on acti vity of Fl awai ian volcanoes
during 1953 (Macdonald and Eaton, in preparation).
submitted to the U. . Ceolo<Yical Survey in mid-May,
195..J., it \\'as 'tated:" nc1er such conditions. eruption
might come with very little forewarning."

Kilauea continued restl ss through the early t1lonths
of 1954. but although eruption remained a p ssibility at
any time. there was no evidence that appeared adequate
for the basis of a prediction of an outbreak at any ']Jecific
ti me.

NARRATIVE OF THE ERUPTION

:\ umerOllS small earthquakes occurred during the
night of {,,[ay 30-31. Sl ight earthquakes were recorded
at 3:42 and 3 :..J.7 A,:Vf. These wakened many persons,
including the writers, in th region near Kilau a caldera.
Shortly afterward ~ifacdonald hecame consciou of a
faint. persistent low-pitch d roaring, aIm st a felt vibra­
tion rath r than a recognizahle sound. somewhat resem­
bling the vibration caus d by a heavy truck in low gear
climbing a distant hill. The sensation continued as long

as the ob 'eryer remained motionless, moderate earth­
quake occurred at ., :~ 1 A. ~f., followed by a strong CJuake
at 3 :54 A. ~r. The latter \o\'as violent enough to dismantle
the Bosch-Omori sei 'mograph, and immediately both of
us went t? the \ \'hitney Laboratory of Seisl11ology to re­
store the lI1strument to operation.

Halemaumall hact been vi ited at approximately 3 :30
.:'-f. by G, H. Ruhle. "'aturaJist of Hawaii ~ational

Park, \~'ho report· that complete darkness reigne I and
everythll1g appeared as usual. \\'hen we reached the
seisl110graph vault, at approximately 4 :03 A,~I., ther
still was no sign of glow at H alemaul11au. The seismo­
graph WCl' restored to operation. and a c1rLlIl1 bearing a
new record sheet placed on the instrtllJlent at 4 :08 1\ ..\1.

!\t ..J. :09 '\.:'-f. we observed the beginning of registration
of volcanic tremor 011 the seisl11ograph. H.ushing from
the vault, we observed (at approximately 4:10 J\.~J.) a
bl~Jght O'low at Halemaumau. reflected on a rising cloue!
of gas that already had reached a height of about 2,000
feet above the crater rim. The fume cloud continued to
expand upward, About daylight tbe pilot of Cl plane in­
bound to Hilo reported it to have reached a height of
30,000 feet, where it was spreading out like a great
l11ushroom,

\\'e reached the \" lcano Observatory at ahout 4 :20
.\.~f. Half a mile away. a dense column of fume was ris­
ing from the northeastern part of HalemClul11a 1 Crater,
nearly hidinO' the t p of a O'iant lava fountain that ap­
pared from tim to time. with its top about 100 feet
above the rilll of the crater. This fountain rose from the
crater floor. 470 feet below the rilll. Thus. it total height
\\'as between 550 and 600 feet, Thin fume rose frolll the
entire area of the crat r. and a second principal fUl11e
column rose near the southwestern edge, These columns
of fume rose nearly vertically above the crat r. There
was little low-lying fume. such as made approach to the
I e side of the crater almost impossible in June, 1952.

At 4 :27 A.:\I. the eruptive activity wa entirely con­
tlned to Ha1cm<lumau Crater. Between 4 :30 and 4 :35
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1\. r. lava i sued from a fi sure on the floor of Kilauea
caldera northeast of I--:lalemaul11au. Hanger D. J. Tobin.
fr" of Hawaii Xational Park, viewed thi· cyent fromapoint near .Kilauea lki, n arly in line with the openin rr
fi'sure. He states that at first the incandescent lava
welled out gently, with little or no fountaining. followed
by a gradual waxing of the fOllntains to a height of 50 to
lOa feet. Because of the cloud of fume rising from Ilale­
maumau immediately behind the new outbreak, he was
unable to tell whether the arrival of lava at the urface
wa preceded by an outburst of fume from the fi sure
out 'ide Halel11aul11au.

..\t 4 :35 .\.;\1. the line of fountains on the caldera floor
northeast of Halelllaumau \Va' e:timated t be 300 feet
long. with its we'tern end about 300 feet from the rim
of ] lalemaumau. Durin" thc next few minutes the foun­
tain chain spread rapi lIy, mostly eastward but also
slightly toward the west. By 4 :50 A.M. the principal
chain was 1.400 feet lorl". Three other shorter chains
\\'ere active farther east-northeast (Figs. 1 & 2). V ry
active flows of pahoeh e were preading from the base
of the fountains, and had al r ady reached lengths as
rrreat a' 1,000 feet.

\\'e reached the rim of HaJemaumau Crater at ap­
proximately 4 :55 \.~1. The entire crater floor wa' cov­
ered with a pond of incandescent la\'a. \cross the 1100r
diagonally from east-north ast to west-sou hwest. ap­
pr xilllately along the line of the eruptive fissur of 1952,
stretched a row of lava fountain fr0111 a few feet to mar
than 100 feet high Fig. 1). The fissnre bisected the
cone' left by the 1952 eruption, and lava po lrecl from
th cones into the surrounding pool. A[ the southwe tern
end of the line, approximately in the position occupied
by the I rincipal f untain during the early day' of th
1952 eruption C;\lacclonald. 1952). \I'as a fountain 250
to 300 feet high (Fig. 3). :\t the northeastern nd the
huge fountain visible arlier fr0111 the Volcano 01 se va­
tory continued to play to a height at least 100 feet above
th ob 'ervers' heads (Fig. 4). Between these two nd
fountains the row of smaller fountains was nearly con­
tinuous.

Torthwest of the prin -ipal row of fountains lay an­
other horter row, parallel to the fir t, and extending
just northwest of the 1952 cone. Between these two
r \\'s of fountains was a third hort row of three foun­
tai11', j 11 t northeast of the 1952 cones (Fig. 1). II of
the fountains of the second and third rOI\'S II'ere small.
Few of them exceeded 10 feet, and none exceeded 25
feet ill height.

Pos ibly the 1110st :pectacular feature of the eruption
was the cascade of brilliant, orange-yellow la\'a that
poured from the eruptive lis ure 300 feet above the floor.
on the northeastern wall of the crater (Fig. 4). Plung­
inrr down the I.vall, this "fire-fall" of incandescent liquid
joined the turbulent pool around the base of the north­
ea'tern fountain. The lava issued at the head of the
ca 'cade quietly, with little spattering and no fountaininO',
as th ugh it \-vere poor in gas.. t the ba e of the cascade
a row of small fountains issued from the eruptive fissure,
merging southward with the big northeast fountain.

'prcading out fr0111 the rows of source fountains, the
lava wa quickly covered with a thin black crust that was
rifted apart by movement to reveal in a network of
cracks the bright orange liquid beneath. Di tinct wave',

set up by urging at the fountains, swept outward across
the 'urface of the lake. t the foot of the crater wall ,
the surging liquid alternately covered and revealed a
bright band 5 to 10 feet in height. Locally, found ring of
fragment of the cru t resulted in small secondary foun­
tain -, apparently cau ed by release of air and other O'as 's
carried down by the sinking crusts. Many of the secon­
dary fountain were evane cent, and shifting in po:ition.
Other -, however, occurred persistently along certain
Jines, apparently determined by the boundaries of flow
unit.. The 1110 t prominent line of that sort extended
fr m the 'outheast to northwe't edges of the lake, pa'is­
ing ju't northea-t of the 1952 cones, and apparently
marked the boundary bet ween two principal convectiv
cells surrounding the southwest and northeast fountains
r 'spcctivcJy.

gap of 200 feet separated the westernmost fountains
all the caldera floor from the rim of HaJemaumau Crater
(Fig. 1). By 5:40 .111., Java liberation had nearly
-:eased along the westernmost 100 feet of the fountain
chain, and activity at thos vents consisted largely of
roaring gas release, accompanied by sl owers of incan­
descent ejecta. The pr pond ranee of gas at these \'ent',
together with the gas-poor character of the lava forming
the cascade on the adja ent wall of Halemaumau, sug­
ge ·ts that in the 'ection of the fissur . near Halemal1mal1
there was a partial separation of the gas and liquid
phases, the gas-rich portion rising nearly vertically to
feed th western lost vent of the fountain chain on the
caldera floor, and the liquid largely draining into Hale­
maumau, forming the cascade.

1 - 0 con picuou crack was \ isi ble on the wall of Hale­
maumau above the head of the cascade, or between the
rim of Halemaumau and the end of the fountain chain to
the east. In the latter gap there were many cracks in a
zone about 50 feet wide along the projected course of the
eruptive fissure farther east, but none of them were
continuous for more than a few feet, or were more than
2 or 3 111m. wide.

Eastward, the principal Jine of fountains was approxi­
mately 1,400 feet long, and essentially continuous. The
fountain' forming thi "curtain of fire" were a f w feet
to about 100 feet high, and the accumulation of ejecta
from them \Va rapidly building a spatter rampart. Frag­
ments of ejected pumice were drifted southwestward by
the trade wind, partly mantling the southern slope of
the spatter rampart and the adjacent lava. Along its
'outhwestern part the rampart was breached, and sev­
eral flow units were escaping northwestward. merging
into a 'ingle. yery activ flow of pahoehoe.. smaller
flo\\' mo\'ecl southeastlyard on the southern side of the
rampart. A. large river is ued from the fountain pit at
the ea'tern end of the spatter rampart and moved south­
ea ·tward, preading out to form a broad flow that
merged with the lava flowin rr eastward north of the
spatter rampart and with ther lava from vents farther
ea:t.

Three other short ro\\'s of small fountains. les' than
20 feet high, lay re pectively 200, 400, and 900 feet ea't
of the principal fountain chain. The:e also built small
ramparts and cone of spatter. and liberated small flows.
i\ some'what more conspicuo\ls row of fountains, 300 feet
long, lay 1, 00 feet east of the principal fountain chain.
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All of these short rows of fountains were essential1y
parallel to the principal chain, but were offset en echelon
from it. v\'est of the easternmost row, a zone of nano\\',
diagonal cracks extends across an embayment in the
new flow toward the next group of vents. A nother zone
of naITO\\' cracks extends eastward for about SlOO feet
beyond th nel·\' lava. as a prolongation of the line of the
principal fountain-chain (Fig. 1).

By 6:45 A.CoL new lava had accumulated to a depth of
more than 50 feet in H;l,!emaumau Crater, nearly bury­
ing the cones of the 1952 ruptio!1, Dense, hluish-white
fume filled the crater, nearly ohscuring the floor. Two
principal fume columns rose fr0111 the northeast and
southwest fountains. Strong wincts, which were directed
centripetally entirely around the crater, blew these fume
columns inward, causing them to meet a few hundred
feet above the crater rim. Above that level the fume cloud
rose nearly vertically. No doubt the violent centripetal
winds were cau ed by the strong convective rise of warm
air and fume above the crater. Small, violent whirlvvinds
caused dust-devils around the edge of the crater, and
swept across the crater floor, carrying off whirling frag­
ments of the thin crust of the lava lake.

At 7 :10 A,M. a good view of the northeastern portion
of the crater floor was obtained hy Eaton from the north­
ern rim. The northeast fountain consisted of a surging,
dense. domical core rising ahout 200 feet above the
crater floor, with frequent bursts of scattered incandes­
cent ejecta as high as the crater rim. The main outward
flowage from the base of the fountain vl'as southward.
Concentric lobe-shaped markings n the crust of the
new lava developed around the base of the fountain.
These were stretched outward as the current spread
fr0111 the fountain source at a veJocitv of 5 to 10 miles
per hour. 'fhe circulation appeared t~ move in a circle
and return toward the northwest base of the fountain,
hut dense fUllle cau: d poor visibility of that part of the
floor,

t 7 :30 A.CoL fountain activitv. hath in Halemaumau
and on the caldera floor to the northeast. \I'as deer asing.
The largest fountains northeast of Ha1emaumau were
only about 75 feet high, and the westernl110st 200 feet
of the eruptive fissure wa almost dead. The southwest
fountain in ]-Ialemaulllall was about 150 feet high. with
occasional bursts reaching 200 feet. The northeast foun­
tain was ab ut 450 feet high, Oth r small fountains, 10
to 50 feet high. were active in the central part of the
floor. The cascade had dwindled to a mere trickle, allJ
by 8 :00 A.M. it was entirely inactive.

Between 8 :00 and 9 :00 A. Cor. the flow 011 the caldera
floor was still advancing slowly, but had reached n arly
its full extent. The three segments of eruptive fissure
east of the principal cone chain were nearly inactive, and
at the fourth (eastern1110 't) segment activity was very
w alc .-\t the latter the repetiti\'e pattern of behavior
consisted of a few seconds of quiet followed by loud
hissing. culminating in a dull. hissing e, 'plosion that
threw fragments of pasty Java 15 feet in the air. Along
the main section of the active fissure lava fountains still
played to heights of 50 to 75 feet.

Between 10 :00 and 11 :00 A.:'r. activity within Hale­
ll1aumau was re'tricted largely to the' northea t and
southwest fountains, prominent sinkhole was active
from time to time near the northeastern end of the 1952

cones. ,rany small avalanches were occurring on the
crater walls. Striking the fluid la V(\ of the lake. these
caused violent splashing and sank quickly out of sight.
to be followed for several minutes by a group of small,
secon Jarv fountains. The lava fountains northeast of
Hale1l1al;mall continued to decrease in size. and bv 11 :00
1\.\1. were essentially inactive, By 1 :00 P,M. thC's uth­
west fountain in H alemaumau had decreased to a height
of only 50 feet. and the northeast fountain was throw­
ing only occasional showers of spatter to heights of less
than 25 feet. :\ slump scarp \I'as starting to form around
the edge of the crater floor.

r\t 1 :30 p.cof. fountains along the central part of the
chain northeast of HalemauJ1lau again b came weakly
active. thro\l'ing sporadic showers of incandescent ejecta
to heights as great as 25 feet. This revival was brief. By
4 :00 1'.\1., the fonntain activity outside Halemaul1lau
was completely end d except for occasional very weak
flinas and weak, whistling gas release, A little sluggish
movement continued in the flow until evening. and glow
was visible in the throats of the cOlles until the night of
June 1.

By 3 :00 P. \r. the northeast fountain in Hal maut11au
was completely inactive, and the southwest fountain was
throwing weak, sporadic bur ts of ejecta to heights up to

Frc RE 2. Lava fountains along the ftssure northeast of Hale­
mallmau and f10\\' spreading from them. At the right, fume rises
from the northeastcrtl edge of Halemaulllall. Photo from 'we­
kahllna about 6 A.~I., by Ralph T. Kanemori, J\1odern Camera
Center, Hila.

25 fe t. Similar, but mailer fountains \\'ere active in the
pit of the principal 1952 cone and just northeast o( the
1952 cone group. 'J'he slump scarp around the edge of
the floor c mtinued to grow in height. By 4:00 P.M. it
averaged abo lIt 25 feet high, and by the morning- of
June 1 its height was e. tilllated at 40 feet.

During the evening of May 31 occasional sl11all show­
ers of reel-hot cinders \I'cTe being thrown from the
throat of the 1952 cone. hut the principal activity \\'a at
a vent about 500 feet northeast of the 1952 cones (Fig.
1). _~t intervals of a fe\\' minutes noisy, semi-explosive
bursts froill that vent threw showers of incandescent
ejecta to heiuhts of about 100 feet. The ejecta falling
and accumulating around the vent were building a small
cone. The vent continued in similar activity until the

•
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afternoon of June 3. During daylight hours each bla t
was seen to he accompanied by a puff of bluish-white
iume.

On the morning of June 1 two small flows \\'ere active
near the northeast and east-northeast edges of the floor
of Halemal1l11<lu, and occasional weak lava movement
\I'as visible near the southwestern edge, This condition
continued throughout the day, During the afternoon a
tin)' lava fountain, about two feet high, was visible at
the head of the east-northeast flow. On June 2 the south­
\rest and east-northeast flows had 'eased. but the north­
east flow continued active and was developing into a
small lava lake, This lake was approximately 300 feet
long and 100 feet wide. and \\'as situated on the conrse
of the eruptive fissure. Slow circulation in it. from east
to west, IVas accompanied by occasional disintegration
and foundering of the crust and small secondary foun­
tains. No primary fountaining was visihle. The lake be­
came inactive about 3 :00 j\.~r. on June 3. The last weak
blasts from the semi-explosive central vent were ob­
served at about 6 :00 P.M., June 3, Thus, the duration of
the eruption was approximately three and one-half days.

Gradual shrinkage of the new lava fill in l-Iale111aumau
continued through the eruption and for several days
thereafter. Old featmes, such as the 1952 cones and the
promin<·nt fault scarp running northwestward from
them, temporarily buried hy the new lava, reappeared.
The slump scarp around the edge of the crater floor
eventualJy reached a height of approximately 45 feet.

THE LAVA

The lava poured out onto the caldera floor northeast
of IIalemaumau is basalt containing only 1 to 2 per cent
olivine. The olivine is present hoth as scattered pheno­
crysts up to about 2 mill, across. and as lllicrolites visible
oIlly under the microscope.

The flow consists almost entirely of pahoehoe, Aa is
present in small patches only locally. lXlrticularly in­
teresting feature is the development of typical clinkery aa
in narrow bands, generally less than a foot wide, along
the lines of principal shear near and parallel to the mar­
gins of la\'a streams, Part of the pahoehoe, especially
that liberated late in the eruption. is dense, but much of
it is very vesicular and shelly. 1\Iany t es near the edge
o[ the flow are ho IIa\\' . consisting of a thin crust 2 to 6
inches thick, covering a central opening as much as 2
feet in diameter. These toes appear to have been inflated
by gas, like balloons.

An upper layer of vesicular pahoehoe crust. generally
1 to 3 inches thick, appears to have been essentially iso­
lated from the underlying flo\\' by a layer of gas bubbles.
This crust hehaved semi-independently from the flow
heneath it. heing dragged along by movement of the
underlying liquid. folded and rolled into ropy forms,
and locally fractured and tilted. At the edges of the flow
this crust \\'as in places thru t out as much as 3 or 4 feet
over the adjacent rocks.

The area covered b\' the flo\\' northeast of H alemLlu­
mau is approximatel),.' 139 acres. and the volu111e of the
flow i' appro:-;imately 1.5 million cubic yards,

The rapid gush of liquid lava into Halemaumatt dm­
ing the fi rst eight homs of the eruption produced a fill
averaging 63 feet in thickness, with a volume of approxi-

FIGt.:RE 3. Southwest fountain in Halemal1l11all, seen from the
east rim about 6 :.'\0 A.:ll., ~Iay 31. To the right slllall fountains
arc playing along fissures that cross the 1952 cones. The bright
lines on the crater Aoor are cracks in the dark la \'a crust. reveal­
ing the incandescent material beneath, Photo by Ralph T. Kane­
mori, lIIodern am ra Center, Hila.

mately ] 5 million cubic yards. Most of the lava was ex­
truded during the first two hours. ,\bout noon on May
31, there began a apid sinking of the lava level over
th' entire floor of }-Jalem<lL1maU, leaving a narrow band
of congealed 1<11'a clinging to the crater walls. By the
evening of 1\Jay 31 the slump scarp thus produced
around the edge of the floor was about 25 feet in height,
anc! by the end fA the eruption the scarp had increased
to an average of 32 feet. Thus the permanent fill of new
lava in Halcll1aUlllaU bad an average thickne:s of 31
feet. and a volume o[ approximately 7 million cuhic
yards. .

In Hawaii. shrinkage of ponded lavas on coolin~ and
loss of gas comll1only produces slump scarps. indicating
a decrease of volume of as much as 20 per cent (l\lac­
donald. ]~54 ). I-Iowever. the decrease of volume of the
new fill in ITalemaumau was approximately 52 per cent.
This proportion appears to be far too great to have re­
sulted from hrinkage due to loss of gas and cooling.
Furthermore. the major part of the sinking of the nevI'
lava surface was too rapid to have re 'ulted from those
cau 'es. The conclusion appears inescapable that some
of the new lava disappeared downward. presumably
draining hack into the fis "mes through which it had
previously risen. The slower sinking. of al)proximately
7 feet, after the evening of May 31. may have resulted
partly from addition.a] draining a\l'ay of the liquid. ,but
unquestionably also 111 part from loss of gas and coollllg.

RADIOACTIVITY

_.'\ J1 attempt to determine the degree of radioactivity
of the fume was only partly successful. An hour after
the outbreak of the emption ;"Iacdonald took a Cciger­
l\Iuller counter into the fume cloud at the southwestern
edge of Halemaumau. The fume was r.ising almost di,
reetly upward. however. and only occaslOnally uldm d­
erately dense clouds blow momentarily over the ground
<\t the r.im..\t no time \\'as it possible to keep the counter
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tuhe in dense fume for long periods. Two counts for
period~ of only one minute each were obtained. third
count was made in fume rising frorn a crack several feet
away frol11 the crater rim.. l! of these counts were
within the range normal! obtained in the Kilauea area
at times of no surface volcanic acti vity, and counts made
on the caldera floor away from the crater rim on the
morning of 1'" ay 31. 'rhus, the counts obtained give no
evidence of any concentration of radioactive material in
the fume cloud, jll"t as earlier counts have revealed 110

concentration in active flows or pumice ej cted by the
lava fountains (J\Iacdona1cl and Orr. 1950, p. 24; Finch
and Iacdonald, 1953, p. 76).

EARTHQUAKES ASSOCIATED WITH THE ERUPTION

Following the cessation of the last eruption of Kilauea
in 1\ove1111 er 1952, seismic activity remained at a low
level for ahout five months. On April 29, 1953, three
moderate earthquakes orio'inating on the southwest rift
of Kilauea initiated a mild resurgence of seismic activity
which continued through May, June, and July. August,
September, and most of October were extremely quiet
months at Kilauea.

A sequence of moderate to strong earthquakes on
October 26 and 27 stemming from the ul per part of
Kilauea's east rift was the first major sei 'l11ic event at
the volcano following the 1952 eruption.. fter another
three week~ of quiet there began a series of frequent,
small earthquakes originating at Kilauea caldera which
continued until the end of the year.

The first three months of 1954 were very quiet. Co­
incldent with the occurrence of two large earthquakes

FIGURE 4. Northeast fountain in I-Ialemaumau, een from the
east riIll about 6 :30 .I.M., :-fay 31. The cascade on the crater wall
is visihle jLlst to the right of the fountain. The crater wall to the
right is approximately 400 feet high. Photo by Ralph T. Kane­
mori, "YIod rn amera Center, Hilo.

along the east rift of Kilauea between Pahoa and Ka­
lapana 011 ~Iarch 30, the ~eries of frequent, small to
moderate quakes stemming from Kilauea caldera began
again. This series continued until the outbreak of the
eruption on lay 31.

The majority of these earthquakes were of shallow
origin, not 1110re than three to five miles deep, although

hetween May 13 and 18 four quakes originated under
the caldera region at depths of 15 to 25 miles. Predomi­
nantly, the'e quakes were small, only eio-ht being felt
in spite of the shallow focal depths. Fr0111 March 30
through May 31 about 90 luakes were large enough to
be identified as being of Kilauean origin, while almost
900 quakes, too small to locate but apparently from
Kilauea, \ ere recorded at the Uwekahuna station. Like
the larger members of the same group these small
quakes appear to have been predominant'ly of shallow
origin. Two characteristic types occurred. One han very
sharp preliminary phases and an S-P interval of be­
tween 0.2 and 1.5 sec nd·. The other had no identifiable
phases; it consisted only of a train of very irregular
waves. Both types were recorded only by instruments
around Kilauea caldera and, undoubtedly, were of local
ongll1.

At 3 :26 A.1\1. on May 31 intermittent. high-frequency
~pasmoclic tremor hegan recording on the Sprengnether
vertical seismograph at U wekahuna. About 3 :37 A.lIf.

a series of small, sharp quakes began recording at a rate
of about one per minute, the records of the luakes super­
imposed on the now continuous spa~l11odic tremor.

fter 3 :42 A. L these frequent quakes and the continu­
ous spa 1110dic tremor became so large that the Spreng­
nether r cord was unreadable.

Betvveen 3 :37 A.M. and the beginning of harmonic
tremor at 4 :09 A.:lr., 33 quakes, several of which were
felt. were recorded on seismographs around Kilauea
caldera. The large quake at 3 :54 A.:lL, which originated
at a shallow depth just east of Halemaul11au, awakened
people generally in the vicinity of the caldera.

It appear~ probable that the spasmodic tremor and
earthqllake sequence immediately precedi ng the erup­
tion wer cau 'ed by the splitting open of the eruptive
fissure and the intrusive rise of the fluid lava through
the opening fls~ure at moderate to shallow depths in the
volcano. \Vhen the lava reached the surface and the spo­
radic ri~e through the opening fissure gave way to a free
and volul11inou~ outfluw of lava at the surface, harmonic
tremor \-vith approximately 10 times the amplitude of the
preceding spasmodic tremor suddenly appcared on the
sei~mograph~.

Less than one minute after the sharp beginning of
strong harmonic tremor on the Ho~ch-Omori seismo­
graph, th authors rush d from the seismograph vault
and found Kilauea alt-'ady in eruption. Thi~ sharp be­
ginning of harmonic tremor and its coim:idence in time
with the I eginning of the eruption i' a further check on
the long--tancling belief that harmonic trcl110r is gene­
rated by the movement of magma through fissures feed­
ing the eruption. The iuten-ity of harmonic tremor re­
corded by instruments around the caldera correlated
closely with the rate of outpoming of lava by the vol­
cano. Continuou harmonic tremor ceasc I whell lava
fountaining died out alout 2 :00 P.:\.f. on May 31. fol­
lowing the essation of lava fountaining in H alemaumau
and along the rift 011 the calclera floor, several small
vents on the floor of }-hlemaul11all continued in mild
gas and cincler activity. One of the'e continued to throw
up occasional ~howel- of cinders until the afternoon of
J line 3. ssociated \\·ith the mild explosions fr0111 these
vents frequent packets of harmoni wave, each abollt 15
second' in duration and cia' Iy re~emblillg harmonic
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FICliRE 5. Graph howing weekly strain relea e index (vertical bars) amI cumulative strain release inde.x (con­
tinuous curve) for the Kilauea caldera region from January 1953 to mid-July 1954. An increase in steepness of rise
of the cumulative curve represents an increase in rate of strain release through earthquakes.

tremor. were recorded by the 'prengnether vertical
seismograph. These packets, about 3,700 in all, increased
and decreased in frequency of occurrence in rather close
correspondence to the frequency of explosions at the
cinder vents although no coincidence in time between
vent explosion and recorded packet could be demon­
strated.

STRAIN-RELEASE INDEX

Benioff (1954) has pointed out that. under certain
simplifying assumptions, if a uniformly strained body
be relea ed suddenly from its strained state 1y faulting,
a fraction of the energy so released radiating outward
as seismic waves, the amount of strain released is pro­
portional to the sfluare root of the energy released. If
magnitudes of the earthquakes considered are available
this energy can be obtained from the Gutenberg-Richter
(1942) magnitude-energy formula. To date, determina­
tion of magnitudes of local Hawaiian earthquakes has
been impeded by proximity of recording stations to the
epicenters and variable focal depths. Pending a solution
of this problem an approach somewhat different from
Benioff's will be followed.

SUPlosing that we are dealing with regular, sinusoi­
dal, body \. 'aves in a humogeneous medium. at any dis­
tance from the focu . the S-P interval multiplied by the
amplitude of the largest Ivave is constant and i· pro­
portional to th' s juare root of the energy in the earth­
quake. Par earthquakes of moderate range in size re­
corded at small epicentral distances the above relation­
ship permits us to calculate a quantity proportional to
the strain release without knowing th earthquake's
magnitude.

Dealing only with local earthquakes, we can adopt one
instrument as standard and avoid the reduction of r ­
corded amplitudes to earth amplitudes. TIm ., the prod­
uct (S-P) x , where S-r and A are, respectively, the
S-p interval and the maximum amplitude of a given
earthquake recorded on the Sprengnether vertical seis­
mograph at Uwekahuna, is a measure of the strain re­
lease or the faulting or fracturing which generated the
earthquake.

Because of the extreme difference between the energy
released by a large earthquake and that released by a
small one. (S-P) x A shows a great variation from
large to 'small earthquakes. Since the many small earth-
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quakes which precede eruptions of Hawaiian volcanoes
and which appear to be a significant premonitory symp­
tom of eruption are dwarfed relative to the infrequent,
much larger earthql1akes occurring at times remote from
eruptions. an additional weighting device is employed.
The strain. release index of a given earthql1ake is defined
as: S-R Index = V (S-1-') A, vvhere S-P and A are as
defined above.

To obtain geologic units smalI enough that its rocks
may be considered to be acted uJlon by a single system
of forces it is necessarv to divide the volcanoes into
units. guided insofar as "possible by the kn \\'n geology.
For the present purpose the Kilauean unit is taken as the
volcano Kilauea minus the eastern half of its long east
rift zone. S-R Indices for earthquakes larger than
tremors originating in this unit were computed for 1953
and the first half of 1954. \!\lhen records fr01l1 the stand­
ard instrument. the Spreng-nether vertical seis1l1ograph
at Uwekahuna, were not available records from other
instruments located around Kilauea caldera were used.
In such cases. empirically determined amplitude cor­
rection factors were applied to obtain S-R Indices cor­
responding to those from the Sprengnether seismograph.

In Figure 5 are plotted weekly S-R Indices (the SU111

of the S-R Indices of earthquakes occurring riuring a
given \\'eek) and cU1l1ulative weekly S-R Indice . The
slope. not the height. of the latter curve is significant:
it is a measure of the rate of strain release in the volcano.

CONCLUSION

The 195-+ eruption of Kilauea is one of the shortest on
record, being exceeded in brevity during recent years
only by that of February, 1929, which lasted two days.
The total final volume of lava left in Halemaumau and
on the caldera floor \\'as only about one-twelfth that
extruded during 19-2, but the rate of lava output during
the fi rst few hours of the eruption was very high, ap­
proximately equal to that during the corresponding
part of the 1952 eruption.

The fissure er'lptiol1 on the caldera Aoor east-north­
east of I-hlcmaumau appears to have been unique in the
recent history of Kilauea caldera. search of the litera­
ture reveals no record of similar activity at least since
1877. Before that. the records are too incomplete to con­
stitute any good basis for comparison. The eruptive fis­
sure extends almost directly toward the vents of the
eruptions of 1832 and 1868. K either of these erupti ItS

was on the caldera floor. The eruption of Il'32 occurred
on the Byron Ledge, spilling Java both into the caldera
and into Kilauea Tki Crater. That of 1868 occurred 011
the wall of Kilauea Iki and sent no lava into the caldera
proper. Both. however, \\'ere intimately associated with
caldera activity, and the alignment of the 1954 fissure
with these earlier vents suggests that this is an important
zone of weakness across the caldera Aoor.

On or about May 4, 1877, an emption occurred along
a fissure at the southeastern edge of Kilauea caldera. n
entry hy Thomas E. Cook in the Volcano House record
book. uncler the date of May 21. 1877, states that the
fissure from which the flow of Java took place com­
menced at the caldera wall and extended up to within
20 or 30 feet of the top of the wall (Brigham, 1909, p.
132). Under the date of May 6, 1877, Sanfore). B. Dole

states. also iu the Volc:ano House record book. that the
lava spouted frolll the fissure to heights of 50 to 150
feet (Brigham. 1909. p. 131) ..\cti\·ity appears to have
lasted onlv a few hours. hut lava covered several acres
of the cal~lera floor. The eruption wa - accompanied by
draining of Halemaumau. lel\'ing a fuming pit about 250
feet deep. The large size of the fountains and the location
of the fissure indicate quite certainly that the eruptiou
came from a primary. deep-seated vent, and was not
merely an overflow from H ale1l1au1l1au.

Eruption may have occurred in Keanakakoi Crater at
about the same time. There appears, however. to be
considerable doubt regarding the date of the lava that
forms the Aoor of Keanakakoi (Stearns and Clark, 1930.
p. 79).

The location of the eruptive fissure of 1877 is Ilot
known with certainty. H. A. Powers suggests (personal
communication) that the slllall spatter cone at the
southeast edge of Kilauea caldera just north of Keana­
kakoi (Fig. 1) may have been formed at that time. The
suggestion is highly plausilJle. but cannot be confirmed.
Both the spatter cone and a 2-foot bed of cinder on the
calclera \\'all south of it, 150 feet ahove the caldera Aoor,
may have heen formecl during the 1877 erul tion.

None of the lava outpourings on the caldera floor
hetween 1877 and 1954 appear to have been fron)
primary, deep-seated vents. In 1884 and 18t\5 lava
Aowed northeastward from Halemaumau to the caldera
wall near Kilauea Iki, building a small cone, known as
Little Beggar, near its point of emergence. Little Beggar
was a weli-known landmark on the Aoor of Kilauea cal­
dera until it was buried by the 1954- eruption. It was a
.. rootless" dri blet cone (\Ventworth and Macdonald,
1953, p. 52) built by spatter from an opening in the roof
of a lava tube. L. A. Thurston bclieved that overflows
during 1894 destroyed the original Little Beggar cone,
and built another in its place (Stearns and Clark. 1930,
p. 79). H O\\'ever, comparison of a photograph of Little
Beg-gar in 1889 published by Brigham (1909, p. 157),
with others taken during recent years indicate that it
probably was the 'ame cone. If there were two Little
Beggars they were very closely similar in form and
identical in origin. It appears probable that the 188+-85
flow was simply a drainage from the Halel11<lull1au lake,
through fissures in the edge of the broad. shield-shaped
H alemaul11au cone. Certainly no strong 1ava fountaining
occurred at the 1884 vent. The 1894 lava flooding in the
same general area undoubtedly \l'<lS mcrely an overAolV
from the Halemaul11au lake.

Tbe outpourings of 1918 and 1919 also \\'ere olJViously
merely overAows from the Halemaul11au lake, even
though th latter sent a big strcam of lava all the way to
the northern wall of the caldera. The 1921 flow, over the
southern portion of the caldera, issued from cracks
south west of IIalemaumau formed at the time of the
1919-20 outbreak in the Kau Desert. '1'\\'0 prominent
conelets were formed at the points of issue of the lava.
Ho\\·ever. the fountains at these vents \\'ere low and
poor in gas. anc! photograph of the conelcts show them
to have been driblet cones. Almost surely, the eruption
of 1921, like those of 1884, 1. 94, 1918. and 1919, wa
merely an overAow from the Halemaumau lake.

Per ons familiar with the behavior of Kilauea previous
to the great collapse in 1924 have remarked on the dis-
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tinct change in character of its behavior during the 1952
and 1954 eruptions (Isabel P. Jaggar, personal COlll­

munication). Unquestionably, these last two eruptions
have resembled 111uch more closely the eruptive habit of
lVlauna Loa than that of Kilauea during the 19th, and
early part of the 20th centuries. Probably. however. the
chang does not represent any fundamental alteration in
the eruptive habit of Kilauea, but rather merely reflects
the absence of an open vent b tween eruptions (or lava
overflows). The op n conduit, marked by the presence
of the active lava Jake most )f the time from 1823 to
1924, p,'evented the accumulation of any large "head"
of gas on the magma coln111n, aml consequently the for­
mation of large gas-rich fountains such as have charac­
terized the activity of 1\Iauna Loa and the 1952 and 1954
eruptions of Kilauea. There is no good I'eason to be­
lieve, however, that the "permanent" lava lake and open
conduit have been characteristic of Kilauea volcano
throughout its period of growth. Its geologic structure
~lnd the formations at prehistoric vents indicale, on the
contrary, that thronghout most of its growth it has
closely resembled IvIauna Loa. The century of nearly
constant la\'a lake activity, which ushered in our know1-

edge of I ilauea. may well have been an unusual p riod
in the long-term hislory of the volcano.
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REPORT OF THE HAWAIIAN VOLCANO OBSERVATORY FOR APRIL-JUNE, 1954

By GORDON A. MACDONALD

A,prd

Sei:mic activity on the isbnd f Hawaii was appreciably
g-rcater than normal during the month of A pri!. A total of 69
earthquakes larger than tremors "'as recorded 011 seismugraphs
opcrated by the Volcano Observatory on the island of Hawaii.
Of these, 44 ori"'inated in .Kilauea \'o!cano, 19 of them in or near
the crater area, and most of the rest along the east rift zone,
\\,hid, extends frol1l the crater eastward through Puna to ape
KUl1lukahi. Three of these earthquake. \yere felt in the Yolcano
district n pl'il 15, and one each on pril I and 22. The quake
felt in Hila on April 8 was an aftershock of the large quakes
that originated in Puna on :'I'larch 30. Another, felt in Hilo on
April 26, had its fucus on the east ri ft zone of Kilauea near
l\apau Crater.

Only six earthquakes "'ere definitely related to 1\launa Loa.
although the origins of 14 others could not be located with cer­
tainty. On April 23 and 24, three small quakes originated beneath
the western slope of Hualalai \'olcano.

Tilting of the ground surface at thc northeastern rim of Ki­
lauea caldera was south,,'est\\'ard, but at a rate some"'hat less
than normal. This apparEiltly represented a slight increase of
volcanic pressure beneath 1'ilauea.

Although Kilau a \'o!cano \\'as definitely restle", there "'as
as yet no indicat ion of imminent eruption.

A new seismograph station at Pahoa, in eastern Puna, was
put into operation on April I. The station is situated on the
grounds of the Pahoa school, through a cooperative agreement
with the Sehool Department of the Countv of Ha,,·aii. The sta­
tion is equipped with a Loucks-Omori twc;-component horiz ntal
seismograph, with static magnificatiun of 250, recording on

smoked paper "'ith a recorder speed of 60 Dlm, per minut'. Time
marks on the record originate from an LB.:-l. master clock in
the station. The cluck time is corrected by means of the Bureau
of Standards time signal, broad<:ast over station \V\\'\' and
marked directly on the record by means of a device const~ucted
by Jerry P. Eaton. The station operator is Kongo Kimura.

Moy

The outstanding C\'ent uf the 11101lth \\as the outbreak of Ki­
lauea on i\lay 31, described in preceding pages.

Earth luake activity at Kilauea remained "'reater than usual
throughout 11 ay. Both the total HUl11ber of Cjuakes recorded and
the weekly "eismicity index. ranged from two to four times the
normal. Thus the volcano was obviously uneasy, but no singlc
event or pattern of e\'ents was recognized that would make pos­
sible a definite prediction of coming eruption. A large number
of very 1;mal1 earthqtlakes recorded on the Sprengnether vertical
seismograph at the Uwekahuna station may, on further analysis,
prove to have characteristics that would aid prediction if similar
swarms occur in the future. This is the first pre-eruption seismic
acti\'ity recorded on seism graphs of high sensitivity in Hawaii.

Gr unci tilting at the northeastern rim of Kilauea caldera was
approximately normal during i\fay. The seasonal re\'ersal from
southward to north,,'arcJ tilting took place a little earlier than
usual, and as a result there 'was a slightly larger than usual accu­
mulation of north"'ard tilting during the month. It "'as, however,
well "'ithin the limits of variation of non-eruption years. Thus
there was little or no evidence of change of magmatic pressure
bcneath 1 iJauea during the months just prececlillg the eruption.
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Local Earthquakes

The data for the follOI\'ing local earthquakes were determined
from seismograph. on the islanJs of Hawaii and ~Iaui operated
by the Hawaiian Volcano Observatory. The number preceding
each quake is the. erial number for the current year. Only earth­
quakes classed as feeble or larger arc included in the list. :Ylanv
very feeble quake, to II hich serial numbers are assigned also
are omitted. Locations gil'en arc epicenters. Except where other~
wi e indicated, the times gil'en are arril'al time at the uII'eka­
huna station, on the western rim of Kilauea caldera. They are
stated in Hall'aiian tandard time, which is 10 hours behind

reellwich civil time. The inten:,ity rating (Feeble, A[oderate,
etc.) gwen IS based on the Bo: h-Omori eismograph at the
\Vhitney Laboratory of . ei;;mology. If th" intensity was greater
at one of the other stations, the name of that station and the
inten ity rating here are gil'en in parendleses after the rating
at the ""hitney station,

Table of Tilt at Seismograph Stations an Rim of Kilauea Caldera

\\11itney Station U\\ekahuna Station
Week (Northeast rim) (West rim)

Beginning
Amount Direction Amount Direction

April 4 1.03" \\' 36°
,

1.32" N 14° W
11 0,36" I': 2.58" S l"1<:
18 0.60" \V 37° S 0.32" S
25 0.61" \\'11°;': 2.74" ~\J 21 ° \\'

),[ay 2 0.60" X 37" E 1.72" S 22° E
9 0.42" \\' 34° S 2.58" ~ 30° \\'

16 0.61" K II ° \\. 1.43" X 2l" \\'
23 1.18" X 24° E 0.96"
30 1.03" W 24° 5.30" l' 25° \10,:

June 6 1.08" N' n.72" 'N 2l" W
13 0.24" E 1,60" S
20 1.23" N' 29° \V 1.43" S 2l" E
27 0.72" 1.36" SE

June

The eruption of Kilauea that hegan at 4 :09 A.M., ),1 ay 31.
ended late in the afternoon of J line 1 No eruptive activity
occurred dnring the remainder of the month.

Seismic activity at Kilauea remained 50mell'hat greater than
normal through the month of J line. The seismograph at the
\,"hitney Laboratory f Sei'mology recorded a total of 65 earth­
Quake'. ),fost of the'e came from a depth of several miles beneath
the Kilau a crater area, and represented continued uneasiness
of Kilauea volcano. Ground tilting IVa normal for this season
of the year, indicating no marked change of volcanic pres ure
during or following the erul tion.

From June 16 to 20 a sll'arm of small qua es originated ap­
parently at a depth of about 25 miles in the vicinity of the
1launa Loa seismograph tation. l1any of these were felt at

'mik <t, and some at other localities on the north and east
Aanks of Mauna Kca.

Several small quakes were f It in Kona during Jun. Two of
these, on June 1 and 16, dismantled the seismograph at Kona­
waena school. The quakes originated in central Kana, probably

n the I ealakekua fault.
StartinA' early on the morning of May 31, and continuing

throughout June, a very large number of landslides occurred on
the walls of Halcmaunl::lU Crater. 'More broken rock accumulat d
at the foot of the wall during the month of June than during
the entIre mterval between the 1952 and 1954 eruptions. Several
segments of the crate" rim collapsed. One of the e was almost
directly in front of the visitor' overlook, but the greatest insta­
bility I\'a on the northern IVall. There, an average width of about
10 feet of the rim collapsed ov I' a distance of several hundred
feet! taking with it one ,benchmark and several other surveying
statIon used by the \ olcano Observatory. Cracks near the
northern rim shOll' an aggregat opening of about one foot. I.e s­
pron unced cracking occurred on the caldera Aoor southeast,
south, and west of Halemaumau. The crack at station 40 lI'e<t
of the we t tilt cellar, opened 9 mill. during June. ,.

The summit region and northeast rift zone of 11auna Loa
were examined on June 24 to 27. X 0 sign of any unusual condi­
tions were detected. There have been 110 apparen t changes in
lIokuall'eolVeo caldera since the end of the 1949 eruption.

A new seismograph tation at Kamuela, Oll the northern part
.f the islalld of Hawaii, was put into operation on June 9. It is

sItuated on the grounds of the \Vaimea school, and is quipped
111 the ame l1lan~l~r as the Pahoa statioll (see above), The sta­
tion operator IS I homa C. Mills.

SEISMOLOGY

Earthquake Data, April-June, 1954

(Da ed on Eo ch-Omori seismograph on northeast rim of
Kilauea caldera)

~lInules Local
Week or Very ~ll}d, Seis- Tele-

Beginning Tremor Feeble J?eeble Slight crate Strong micily· Se1sms

April 4 0 3 0 0 0 0 I.S0 0
II 6 9 0 2 0 1 14.00 1
18 3 I I 1 0 0 4.25 0
25 4 5 0 0 0 0 3.50 3

May 2 7 9 0 0 0 0 6.25 1
9 7 S 1 0 0 0 4.25 2

16 12 10 2 1 0 0 12.00 0
23 13 9 2 0 0 0 9T 0
30 984 22 2 1 1 1 268.00 1

June 6 20 8 0 0 0 0 9.00 3
13 815 16 0 0 0 0 212.00 2
20 5 12 1 0 0 0 8.25 1
27 5 11 3 0 0 1 13.75 1

• For definition. of local seismicity see Volcano Letter 371 or 512. Each
local earthquake IS assigned a seismicity value according to its strength
as follows: tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight. 2.0; mod:
erate,. 3.0; stron~, 4.0. These. values are t!ltaled to give the weekly local
seismicity. . ontlOUQUS volcaniC tremor 18 tg-nored In the calculation. The
strength aSSigned to the e.artbquake depend on tbe double amplitude of
the maXlnlUm oscillatIOn It cause on the B sch·OIl':ori seismograph. :IS
follows: tremor, less tban 0.5 0101.; very feeble, 0.5 to 4 0101.; feeble,
4 to II mm.; slight, I I to 25 mm.; moderate, 25 to 60 mm.; strong greater
than 60 mOl. '

92. ,\pr. I, 06: 34: 49,

93. Apr. 1. 15: 56: 42,
94. :\ pr. 1. 17: S2: 30,

101. Apr. 11, 02: 20,

116. Apr. 15. 06: 27: 11,

117 Apr. 15, 06: 27: 50.

118. Apr. IS, 06: 43: 03,

119. Apr. IS, 07: 01 : 11,

120. Apr. 15, 07: 15 : 00,

123. Apr. 15, 19: 19: 53,

131. Apr. 17, 17: 25: 34,

138. Apr. 22, 14: 31 : 54,

141. Apr. 23. 16: 13: 23.
143, pI'. 23, 23: 14,

149. Apr. r, 11: 22: 17,

177. )'lay 6, 20: 31: 41,

190. May 14, 07: -3: 19.

192. ~fay 1-, 01: 45: 36.

197. ),[ay IR, 03: 34: 34.
J98. ),fay 18, 10: 36: 40.

199. ~fay 18, 16: 56: 48,

strong. Felt in Hall'aii Kational Park.
Kilauea caldera.
slight. Felt in Puna. East Puna.
feehle. Kilauea caldera.
not recorded at th \Vhitney Laboratory
( Pahoa, slight). East Puna.
very feeble (Uwckahuna, feeble). Ki­
lauea caldera.
'Iight (Uw kahuna, moderate). F'lt in
Hall'aii National Park. Kilauea caldera.
very feeble ( wckahuna, feeble). Ki­
lauea caldera,
slight (UII'ekahuna, moderate). Felt ill
Hawaii National Park. Kilauea caldera.
strong, Felt in Hall'aii :t'\ati nal Parle
Kilauea aldera.
not recorded at the \"'hitney Laboratory
(Pahoa, feeble). East una.
very feeble ( 'lI'ekahuna, feeble). Ki­
lauea caldera.
slight. Felt in Hall'aii ::-.!ati nal Park,
Kilauea caldera,
feeble, Kaoiki fault.
not recorded at the \\'hitney Laboratory
(Kolla, fe ble). Kona.
1I0t recorded at the \\'hitney Laboratory
(Pahoa, feeble). East Puna.
very f eble Olaulla Loa, feeble).
, 'orthea t ri ft of ),[auna Loa near Puu
Claula.
not recorded at th \\'hitney Laboratory
(Pahoa, feeble). Ea-t Pun:l.
f cble. Three mile south of t:weka­
huna at a depth of IS miles.
feeble. Kilauea caldera.
feeble, Six miles south of Cwekahuna
at a depth of 20 miles.
very feeble (rona. -trong). felt in Ke­
alakekua and Capt. Cook, I olla. Kona.



No. 524, April-June, 1954 Page 11

233. 1\lay 31,

236. i\lay 31,

237. ?llay 31,

238. May 31,

239. . lay3!,
246. May 31,

247. 1\lay 31,

253. 1\1ay31,

203. 1\1ay 20, 20: 40 : 03, slight. Kilauea caldera.
212. }j ay 24, 09: 11: -6, feeble ( 'wekahuna, slight). Yilauea

caldera.
218. i\Iay26, 16:39:42, f ehle (.fauna Loa, stl·ong). Kaoiki

fault near Halfway House at a depth
of 6 mile.

03: 42: 32, light (' \\'ekahuna, moderate). Ki­
lauea caldera.

03: 46: 57, "cry feeble (uwekahuna, feeble). Ki­
lauea caldera.

03 : 47 : 3 , "ery feel Ie ( wekahuna, feeble). Ki­
lauea caldera.

03: 4 : 06, 'ery fceblc ( 'wekahuna, feeble). Ki­
lauea caldera.

03: 48: 16, feehle. Kilauea caldera.
03: 50: 44, moderate ('wekahuna, trong. Felt

in Ha\\'aii Nati nal Park. Kilauea cal­
dera.

03: 50: 59, v ry feel Ie (U \\'ekahuna, feeble). Ki­
lauea cald ra.

03: 54: OS, strong. F It in IJawaii Nati nal I ark.
Kilau a caldera just east of I-Ialemau­
mau.

258.• Jay 31, 14: 45 : 40, vcry feebl' C wekahuna, feeble). Ki­
lauea caldera.

266. June 1, 20: 42: 53, very feeble (Kona, strong). Felt in
Kona. Kona.

267. june 2, 00: 03: 03. feeble. Kilauea caldera.
289. June 16, 09: 42: 28, very feeble (Pahoa, feeble). East rift

of I ilauca.
299. June 18, 03: 00: 03, very feeble (Mauna Loa, feeble). p-

proximately under the i\[auna Loa seis­
mograph . tation at a depth of about 2­
miles. This i. one of the large t of a
series o[ more tha.n 100 very feeble
quake and innumerable tremors origi­
nating from this fo us on June 18. 19,
20, and 21. i\lany of these Quakes were
felt at G mikoa on the northea t flank
of i\launa Kea, a.nd several were felt at
Kamuela and H ilo.

429. June 23, 02: 03: 09. feeble. Kilauea caldera.
445. June 29, 02: 35: 27, very feeble (1\launa Loa, light). ame

cpi enter as No. 299.
456 June 30, 17: 20 : II, feeble. Kilauea caldera.

Distant Earthquakes

The following earthquakes of distant origin were recorded on
the eismographs of the Hawaiian ,"olcano Obsen'at ry. Loca­
tions of the epicenters and the magnitudes are from the notice
of Preliminary Determination. of Epicenters published by the
"L. S. oast and eo(~ctic, urvey. The time given i that of the
fir. t detectable emergence I the quake on the Sprengnether ver­
tical eismograms, in Hawaiian standard time.

Apr. 2, c 0-: 07: 35. 280 .. 1770 W. Kermadec 1. lands.
pr.17, iP10:17:.:;1.4, 510 0 :\., 1790 Vi. Andreanof blando,

.\Ieutian blands_ Felt n dak. i\lag-
nitude 6.)4-7.

Apr. 26, ePI0:33:29A, 51° N., 1580 0 E. Off southeast coast
of Kamchatka. ~[agnitude 60-6¥.4.

'r.29, eP 00: 57: 15.3, 290 N .. 1120 0 W. Gulf of Califurnia.
J\lag-nilude 7y.j-70

Apr. 29, eP 01 : 42: 11.2, 290 0 N., 1120 0 W. Gul f of California.
1\., inor damage in \iVestern M xico.
ragn i tl1lle 70-7¥.4.

May 5, iP23: 10: 59.4,270 0 1';.,1120 0 \iV. Gulf of alifornia.
1\1 agnitude 6¥.4.

May 9, eP 20 : 53: 03.4
1\lay 13, iP04: 56: 12.6,17 0 :-.i., 95)/,0 W., Oaxaca, Mexico.

::--linor damage. Magnitude 6-60-
1\lay 14, iP 12: 49: 13.7, 36° _'., 137° E. X ear coast of Hon hu,

Japan. Felt in Eastern Honshu. Mag­
nitude 7.

june 3, eP 21: 01: 29.0. )/,0 ,., 91)/,0 \', Galapagos Islands.
~Iagnitude 6)4-6¥.4.

June6, eP07:02:04, 30
0

S., 1360
0

E. "-e-tern New Gui­
nea. ~lagnitude 7.

June 7, eP 00: 24: 37.5, 30° S., 152
0

E. p'ew Britain Region.
Depth 450 km. i\1agnitude G¥.4.

June 11, iP 19: 42: 34.4, 1. 0 S., 179 0 \Y. Fiji Islanc\s. Depth 550
I<m. l\lagnitude 6y".

June 15, eP 03: 41 : 02.6, 50 S., 77
0

W. 1 - orthern Peru. 1agni­
tude 60-7.

June 16, iP 15: 49: 31.5, 56° X., 1590° \\I, Off outh coast of
Kodiak Island. ~lagnitude 6)/,.

June 23, eP 22: 07: 28.2, 1 0 0 N., 1450 0 E. :-1arianas Islands.

VOLCANO NOTES AND NEWS

TANGIWAI RAILWAY DISASTER

Chri tmas Eve of 1953, and the vi it of Queen Elizabeth to
New Zealand, were marred by disaster.. hortly after 10 :20 P.~1.

on December 24, the ,,-ellington- uckland express train plunged
into the Torge of the \Vhangaehu Hiver near Tangiwai station.
Casualties numbered 151. of which 13J arc known dead, and 20
arc missing, The immediate cause of the catastrophe \I a' the
destruction of the railway bridge by a large mudAow (lahar)
originating on Rnapehu volcano and rushing do\\'n the \JYhan­
gaehu hi\·er. The follo\\'ing acc unt of the causes of the
catastrophe is c1eri\'ed largely Irom a report hy James I fealy,
Sup 'rvising Geologist of the ecological ,Liney J3 ranch. New
Zealand Department of Scientific anel Industrial Re. earch. The
report is contained in a longer report of the Goard of Inquiry
into the Tangi \Vai Rail\\"ay Disaster (Co\'ernment Printer, \\'ell­
ington, 31 pp" 1954).

Ruapehu i a composite volcanic cone south of Lake Taupo,
in the central part of the North Island of :"\T e\V Zealand, .A tits
summit is a broacl crater, a mile long and haif a mile wide,

within which i an inner cone with a crater containing a small
lake. The central cone is surrounded on three sides by fields of
now and ice, occupying the larger crater. On the east, however,

the central cone slopes directly down to the \Yhangaehu Glacier,
on the outer Aank of the mountain. The crater lake is generally
unfrozen, being \\'armec\ by risil g volcanic steam, The water of
the lake may rise until it spill out through the lowest notch in
the crater rim. melts a channel beneath the adjacent ice field,
and finally emerges to form a branch of the \,yhangaehu River.
Recent a tivity of Ruapehu has been re tricted larg Iy to the
inner cone. During the last eruption a dome of la\'a grew in the
crater during :-Jarch ami April, 1945, followed by explo~iolls

that continucc\ until early 1946. The explosions left a crater 1,000
feet deep, and covered the summit of the mountain with loose
ash and larger ejecta.

In prehistoric times large ll1uclAo\\'s buried much of the region
around the base of Ruap htl. ::--ludHo\\'s d0\\"1 1 the \"'hallgaehu
River occurred on four previous occa~ion~ during the pa t cen­
tury. Those of 1889 and 11)9.'i resulted from eruptions in the
crater lal.,e; those of J861 and 1925 were cold J11L1l1Ao\\"s rcsult-
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ing from rcleas of the water o( the lake beloll' the glacier. ~one
appears to have equaled in size that of 195:1.

After the end of explosive activity in 1946, thc crater began
to refill with water, and by ugust 1953 the lake level had again
stahilized allCl tl1(' outlet tunnel under the glacier had been r ­
established. The new la <e level was 20 to 25 (eet higher than
before 1945, \\'ater apP<'ars to have been seeping through a bar­
rier of ash and scoria along- 'ide the outlet tunnel, to form another
channel beneath the icc at a lower level.

. '0 new volcanic activity appears to have contributed to the
origin of the 19:3 mudAOII'. The cause of the, udden release of
lI'ater from the crater la ,e, whi h resulted in the disastrous
mudRo\\', appears to have been fissuring, and collap e o( the bar­
rier of ash at one side o( the entrance of the outlet tunn l. Col­
lap -e o( the barrier may have resulted partly from erosion by
the stream of water in the hidden channel beneath the ice, and
partly from wcakening of the barrier by seepage of water
through it (Ilealy, 1954). The lake level dropped 26 feet, and
the rate of discharg-e is believed to have reach d 30,000 cubic
fe t per second..\s the flooclmoved c1oll'u the \Vhangaehu Valley
it brought with it huge quantities of loose ash and boulders,
tog-ether with bl cks of icc from the glacier. At the JOII'cr end
of the \Vhaugachu Gorge the flood, at its maximum, rliled a
chanucl 105 feet wide to a depth of 22 feet (as compared to the

ril' r f1o~I' on Decemb~r 28, which o:cupieJ a channel only 20
feet II ide and 1.5 feet deep l.

~ludAows, both hot and cold, arc a cOllllllon cause of di, a ter
in volcanic regions. and methods for lI'arning and control of
mudflows are one of the most prC'ing problems in practical
volcanology. During the pa't fell month' two person' Il'ere
killed by mudRoII', on the slopes of Hibok-Hibok volcano in the
Philippines. These llludRows result d from torrential typhoon
rains falling on the loose delHis left on the upper slopes of the
volcano by the recent eruptions, On Janua:-y 23. 19:4... ,\lcaraz
and G, A. :\[acuonald warned the municipal council of :\Iambajao

[ the possibility o( sudl mudfloll's, and advised that local people
should not live within a fell' feet of stream courses,

UNITED NATIONS TRAINEE IN VOLCANOLOGY

Cregorio :\. :'..ndal, assi. tant g'eologist o( tile Philippine COI11­
mission ou \'olcanology, arril'cd at the Hawaiian \'o!cano 011­
sen'atory on June 7 for a stay o( uearly two months, ll'lr. Andal's
visiL is under the auspires of the United Nations Technical
Training Program. He' lI'i11 spend his time in Hawaii studying­
Hawaiian volcanoes alld volcano observalory methods. On his
departurc from Hawaii, early ill August. he plans to spend an
additional two months n similar study in Japan,

STAFF OF HAWAIIAN VOLCANO OBSERVATORY

U. s. Geologicol Survey:

Gordon , ':'Ifacdonald, Volcanologist, Director
Jerry P. Eat n, Seismologi,t
Chester K. Wentworth, Geologist, part-time
Burton]. Loucks, Instru ent ':'Ifaker
John C. F rbe, ssistant Instrument 1faker
Elizat ,th G, Eklund, Secrctary, part-time

Seismograph Station Operators:

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

Kana Stalion:

Howard M, Tat'uno, Konawaena ,'chool

Pahoa Stotion:

Kongo Kimura, Pah a School

Kamuela Stotion:

Thomas C. :Odill , Waimea School

Haleokala Station:

Hawaii National Park Staff
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VOLCANIC ERUPTIONS OF 1953 AND 1948 ON ISABELA ISLAND, GALAPAGOS ISLANDS, ECUADORl

By ADRIAN F. RICHARDS'

1953 flANK ERUPTION OF SIERRA NEGRA (Volcon Grande)

On ugu t 27, 1953, th northern flank of 'ierra
egra (Volcan Grande), situated on southern bab la

( lbcmarle) I land, the largest of the Galapagos Is­
lands, was reported in a state of erup ion. The reports
were contained in ra Ii messao-es ent by the captain of
several tuna clippers to the Scripp 1n titution of cea­
n graphy, niversity of California, and the U. S. Hy­
droCtraphic Office (1 'otice to shipmaster, volcanic a ­
tivity, Pacific Ocean: U. S. Hydrog. Office, Hydro­
graphic Bu!. No. 36, Sept. 5, 1953) . Joe !I'[arques,
Master, and R bert Rol bins, Javigator and Radio

perator, of the "1\ormand ie," and Captain George
Zeluff of the "Param unt" have fllrni hed the writer
with their observation of the b ginning of this eruption.

DlIrinCt the afternoon of UCTust 27 a presumedly new
lat ral fissure. believed to trend northeast-southwe t and
estimated to be two miles long, opened about thn ,­
fourths of the way up the northern side of Si ua Negra.
at an approximate altitud of 3,700 feet. Th beginning
of the eruption II'as witnessed frol11 the "Paramount,"
located in Bolivar Canal nearl\' 30 nautical miles north
of the fissure 'ite. A very lar;;'e. light-colored eruption
colul11n was observed to ascen I to a height of more than

0.000 feet. and voluminous flo\\'s of lava started to is­
'ue from the ends of the fi . 'ure and floll' north to\I'ard
Elizabeth Bay.

I Contribution from Scripps Tnstitution of Oceanography, ~ "ew '""eries,
,'0. i41.

.:J Scripp, In. tilution of ()c~:tn(Jgrarhy. La Jolla. C:t1if(,rnia. Tht..' writer
whhe", to ('Xpft' ...... hi' :lPPT't>ciatiotl til :dl rJf 111(.· 111(:11 of Ih<: ~tllna fishing flc...cl
whn ha\'t: ctJ1llrihuled the information which Ita ... 1llade this rt:pw-t p(,-.!;ildL.
'1'11<' a:->..;i~taTlcc of Profc ...~ors F, I'. Shepard :lnd ha.', I r. Ikhn~, Jr.. who
have critically read the manu~cripl. i~ also apl)J-eciated. Profe ... s r l1ehrc
ha~ :tlsf"l aidetl the writer with the nomenclature of the Jsahela Island
volcano 8.

During the night of 1'\ ugust 28 a bright red reflection
in the s1.:y was ob erved from the " ..ormandie," which
" as then off the west end of San Cri tobal (Chatham)
Island. approximately 90 miles east of the volcano. On
the 29th the eruption wa view d from the "~ormandie"

in Elizabeth Bay, about 20 mile frol1l the fissure. n­
fortunately much" moke"-slightly darker than the fog
-and haze obscured the site of the eruption. However,
at night visibility iml roved, and cherry-red lava could
be seen flowing down the northern side of Sierra 1 egra.
Lava from the north end of the fi 'sure appeared to flo""
clue north, to the shore of Elizabeth Bay, about 5 miles
from the fis ure. It i not known whether or not the lava
flowed into the oay. From the sOLlthern end of the fissllre
th lava stream apparently divided and flowed toward
both sicles of Point Moreno. which is located appro, 'i­
mately 10 miles northwe·t f the fissure. "Red rup­
tion ," probably lava fountains or showers of incall­
lescent cinder, ascended an stimated 400 f@et (as seen

from 20 miles away) abo e the fissure at intervals of
'even to eight minut s, rost of the visible activity ap­
pear d at the northern extremity of the fissure.

On . ugust 31 a bright reddi h glow, reflected frol11
lo\\' clouds, was een from James Bay on the we 'tern
'ide oE San Salvador or 'antiago (Jame') Island. nearly

-1-0 mile' north-northea t of the volcano. On eptemoer
10 the ". ·onnandie" \\'as near \-\'ebb ove, about 15
mile' we t of the fi'sure, \ 'oleanic activity. if present,
was not observed, du to h av)' fog. mist, and clouds
which obscured th island from view.

Ra; 1Iaderi , Navigator of the "Equator," has in­
formed the writer that on ,tober 7 volcanic acti it)' on
southern Tsaheh Tsland II'as ollsern'd rrOIll TIaltra fs­
bnd, al)()ut )0 miles to lh n rthea·t.

.\t the nd of January. 195-1-, the "r)aralllount" again
isited lsabela Island. \ 'isibility fr0111 Elizabeth Bay wa'
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excellent and Captain Zeluff reported that he ob erved
the lava flow - to be locat d apI roximately a shown in
Figure ], J0 con wa -een at the ite of the fi ure,
where fumarolic activity \\'as observed. The violent
phase of the emption ceased bet\\'een October 7 and the
end of January, 1954. The exact date is unknown.

1948 FLANK ERUPTION OF YOLeAN WOLF

• cconling to notations made in the log book of the
"Paramount." and information obtained from Jo eph
l'vladruga, Master of the "Paramount" at that time, an
eruption occurred on January 2-1-. 19-1- , from a new
peripheral vent near the east summit of Yolean \\ 01£ on
northern Isabela Island, To the \\Titer' know] dge this
eruption has not been pI' yiously recorded in the litera­
ture,

At the beginning of th eruption Yolean \Yolf , as
observed from Banks Bay, about 11 nautical miles s uth­
west of the volcano, light-colored eruption column
originating from the new ..ent was ob-eryed to a c nd
more than 10,000 feet aboye ea le\'eJ. Throuo-hout the
time that the "Paramount" was in the vicinity of the
volcano, an intermittent rumbling n ise wa hard, At
night I' d incandescent bombs were een ejected an e-ti­
mated 200 to 300 feet aboye th y nt. <md Banks Bay
was illuminated by the volcanic actiyity a- brightly as
during a night with a full moon,

On the 25th Madruga \\'a floml near the eruption
site in the fish-spotting Piper Cub belonging to the
"Paramount." A small cone, e timated to be about 100

feet high, was seen forming on the southea tern side
of the volcano near the peak, at an altitude of approxi­
mately 4,000 feet. The crater of the cone glowed cherry­
r d, and lava appeared to be flowing over th rim. How­
ever, the base of the cone could not be clearly seen, and
consequently it is possible that the lava could have been
emerging from a fissure in the one in tead of flowing
over the rim, Large bombs or blocks of lava were also
seen hooting -kyward.

single stream of lava from the crater of the parasitic
cone was observed flowing very slowly down the flank of
the volcano. Several days later, according to Madruga,
other fishermen noticed that steam was rising from the
shore, and it appears probable that the lava had reached
thp sea, about 3.5 miles from the cone. On the day of
the flight a slllall second tream of lava was observed
flowing a short distance south from the cone. 'I'he ap­
proximate po ition of the cone and two flows, based
on the data given by Madruga, are shown in Figure 1.

The violent phase of the activity continued for at least
four or five days before the "Paramount" left Isabela Is­
land. At the end of. January, or early 111 February, the
ship was at Wolf (Wenman) Island, 85 miles north of
the volcano, anc! a red glow from the eml tion was
clearly vi ible at night. The date of the end of the erup­
tive activity is not known to the writer.

REFERENCE

Report of the lIf. v. lOYAL PACIFIC: U. S. Hydrographic Office,
BuJ. 36, Sept. 5, 1953.

A METHOD FOR RECORDING RADIO TIME SIGNALS ON SEISMOGRAMS

By JERRY P. EATON

One of the most exacting requirements in seismology
is the accurate timing of seismic events. For earth­
quake 'work the precision in timing currently sought is
one-tenth of a second. To attain this precision an ac­
curate time base must be provided on the seismogram.
The usual procedure is to maintain a , tation clock, capa­
ble of running at a very uniform rate, which is equipp d
with contacts for markino- minutes and hours on the
seismogram. Time indicated 1y this clock is then checked
periodically against the accurate radio time signals
hroadcast hv the Xational Bureau of Standards Stations
\V\\,Y or \\"\\'VH: by one of the U. S. Naval Radio
Stations :\'SS. ::\PG, ~JPlVI, or NBA; or by imilar
institution." abroad.

Cranted that a reliable station clock is available, the
accuracy of the seismogram time ba 'e is limited by the
accuracy of the radio time signal and the accuracy of the
comparison of clock and radio tim, Of the American
station', \V\VV. \\'\\TVI-I, and NSS broadcast time sig­
nals accurate at least to ~ few hundredths of a s -one!.
Signals broadcast ]Jy 1\ I) r a.nd I'PC appear to be ac­
curate to within about one-tenth of a second. Thus, any

of these stations provides time precise enough for the
needs of earthquake seismology.

The most satisfactory method for comparing radio
and clock time is to record the radio time signal directly
on the seismogram, permitting a clock correction to be
measured with at least as great a precision as that at­
tainable in measuring individual seismic events on the
s ismogram. Special receiver' built to close a relay in
the seismograph timing circuit in response to the make­
break continuous wave signals sent out by the Naval
Radio Stations are usually employed for this purpose.

At the Hawaiian Volcano Ob -ervatory the need arose
to adapt a small commercial comm11l1ications receiver
(J:-J allicrafters S-38C) to the task of c1osin o' a relay in
response either to the l\Pl'd (Oahu) continuous wave
'ignal or to the \VWVH (l\faui) modulated signal. A
diagram of the rather simple and inexpensive solution
to this problem i_ given in Figure 2. The audio frequenc)'
emf appearing aero. s the speaker transformer primary.
1', is rectifie I in a voltage-doubling circuit employing
two O'ermaniul11 diodes. n. Th J Olltput of thi~ system i~

applied to the coil of a plate circtlit relay, Hel. With the
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FIGUR),2. Radio adapter for recording time signals. T-Speaker transformer, J-Phone jack, P-Phone plug, C,­
2/LF capacitor, C--liLF capacitor, C-0.2S/LF capacitor, D-Germanium diode (G.E.1J 91 or 1 '34A), R I.-Plate
circuit rclay (Potlcr-Rrul1llleld LS-S. SOOOn coil), R,-20 to son I walt carbon rc~istl)r. The l/LF and 2/LF capacitur~

preferably should bc pyranol, hut elcctrolytic capacitor~ an: ~atisfactory if polarization is maintained.

L,

FI ,'HE 3. Radio timc-sig-nal marking- pen for mechanical
recorder. J,,-Pell Ii ft magnet, T,,,---Pen defkctor mao-net, Fe­
Iron c re and armature, A- mplitude adjustment sere,,·,
Flcxihle pell arm.

"ticks" The timing event most clearly recordahle is the
return of the auelio frequency after thc one minute of
au lio frequency silence.

If photographic recording is cmployed the adapter re­
lay contacts can be placed in parallel with the clock: re­
Jay contacts to permit the radio time signal to be re-

circuit component· used the relay closes on about 10
volts. whereas a good, strong signal develops up to 60
volts across the relay. Since this recording device re­
quires no operating power supply. the relay, two diodes.
four condensers, and one resistor required in its con­
strtlction are simply mounted on a 1 X 4 X 10 inch
wooden block. The device is attached to the radio cir­
cuit by means of a phone plug and jack so that it need
not interfere wi h other use of the receiver.

Signals broadcast on any frequency which can be
tuned by the receiver can he used provided the structure
of the signal is suitable for recording..\t the \ olcano

bservatory the signal from vVVi\-H has proved to 1e
1110·t useful. Beginning on the hom, VI/\\' broadcasts
a 600 cps audio frequency and a one cps modulat i 11

consisting of fi v 1000 cps pulses at the beginning of
each second. This ne cps modulation. or "tick," as it
sounds on the receiver. is omitted on the 59th second of
each minute. During the fourth minute of the hour the
audio frequency is omitted: code. voice announcements,
and the one cps modulation are broadcast during this
minute. At exactly nve minutes after the hour a 440 cps
audio frequency comes on. This frequency and the one
cps modulation continue for f ur minutes, then the 440
cps tone goes off and another minute of code, voice an­
nouncements, and "ticks" fall \\·s. The foregoing 10­
minute cycle is repeated six times per hour and continues
day and night. Except for minor periodic interruption "
the W\VV8 signal is the sallie as that of \1\ WV. Thc
adapter descrih d ahove closes the relay during pcri( d
of au lio frequency. co Ie, voice announcements, and.
\\·ith moderat signal strength, at cach of the one cps

1=

1=
To radio
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corded by the minut -mark deflector system. 1£ mechani­
cal recording is used and the 'vlTiting points are lifted to
record time marks, it i' convenient to record the radio
time signal by a separate writing point which is deflected
horizontally by the radio signal and is lifted from the
paper by the clock signa1. In practice the clock correction
is obtained once a day when the record is changed. The
operator drops the timing needle onto the drum and
tunes the radio to record the signa1. After the signal has
been recorded he lifts the timing pen to avoid inter­
ference with the sei mograph pens during th registra­
tion of earthquakes.

Figure 3 is a diagram of the time marker used with
the mechanically recording Loucks-Omori ei 'mographs
built at the Observatory. The pen is lifted by the regu­
lar pen-lift magnet used to record clock time. fn addi­
tion the pen is carried on a flexible arm which is de­
fl cteel horizontally by another electromagnet controlled
by the radio.

One difficulty encountered in the use of this time­
marking system originated in the "feedback" through

FJGUIlE 4. vVvVVH time signals recorded on an optical (A)
a.nd mechanical (B) seismograph.

the receiver of the static generated at the relay conta ts.
This difficulty \Va overcome by employing a half-wave
doublet antenna with a twin-line lead-in to the receiver;
b.' placing a simple capacity-resistance filter acros: the
relay contacts and near each heavy incluctance in the
time-signal marking ci rcuit: and by using shielded con­
ductor' in this circuit.

Figure 4 illustrates \iVWVH time signals recorded on
the photographic recorcl of the Sprengnether and on the
smoked-paper record of the Loucks-Omori.

HAWAIIAN VOlCANO OBSERVATORY REPORT FOR JULY-SEPTEMBER, 1954

By GORDON A. MACDONALD and JERRY P. EATON

II •

VOLCANOLOGY

July

Earthquake activity on thc island of Ha\\'aii continued somc­
\\'hat reater than usual throughout July. The scismograph at thc
\'Vhitney Laboratory of Seismology. on the northeast rim of
Kilauea caldera, l-ecorded 58 quakes during the month. This is
approximately twice the number usual during times of volcanic
quiet. The more sensitive Spren,gnether scismograph at Uwe­
kahuna rccorded a much larger nnmber of vcr~' small carth­
quakes.

?I·lost of the quakes originated within a few miles of the
\Vhitney and Uwckahuna stations, probably bencath Kilauea
caldera and the east rift zonc near the caldera. On July 3, at
II :53 .'L\l., a strong earthquake was widely felt over the southern
part of the island. and did minor damage in Hilo, Its cpicenter
was about a mile north of Alac Crater, five miles southeast of
the caldera. J- B. \-\10 ky, Superintendent of Hawaii National
Park, reported that during and after the quakc numerous heavy
rock falls occurred on thc sea\\'ard face of Puu Kapukapu, in
tlte ykinity of Halape, at the coast south of Kilauea caldera.
Uthcr small shocks of this group \\'ere felt lightly in the ,"okano
district on July 25 and 26.

• everal small earthquakes, originating farther east on the
Kilauea rift zonc, werc recorded at the Pahoa station.. \ light
!I11akc. probably of local origin, was felt ill central Kona on
July 29.

Tilting of the ground surface at the nurtheastern edge uf

Kilauea caldera was north\\'ard at a rate only. lightly greater
than usual at that time of year. Therc did not aPJ)ear to bc any
marked change in volcanic pressure, indicated by ground tilting.

Occasional rock falls continucd on thc walls of Ha!cmaul11au
Crater, but their frequency during the laltel- half of July was
somewhat less than during) une. Fr sh cracking of tlte ground
surface was observed neal- the west, south cast, and north rims
of Halcmaumau.

August

Kilauca Volcano continued s mew hat uneasy during August.
The seismograph at the \lVhitney Laboratory of Sei molog_v
recorde 46 earthquakes during the month. This is somewhat
more than the number nonnally recorded in times of volcanic
quiet. ),J ost of the quakes originated beneath Ot- near Kilauea
caldera, Tilting of the ground at the northeastcrn rim of the
caldera was northward at a rate slightly greater than usual at
that season. There was no indication of any decrease of volcanic
pressure beneath Kilauea.

A sharp earthquake was felt in Kona at I I :27 l'.~\l. on August
I. Its origin \\'as within a fc\\" miles of the seismograph station
at Konawaena school, prohably on the Kealakekua fault ncar the
northcrn edge of T ealakekua Bay. At 2 :27 1'.:-'1. on August 7 a
,trong quake originated beneath Kilauea caldera. ft wa. felt by
many persolls ill the Volcano at-ca, and hy some in IIilo and
Kona. _\ moderatc quake at 11 :16 1',~1. on Aug-ust 30. felt hy
rcsidents of the Volcano area, also 0 "igillated beneath Kilau a
caldera.
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lL..2+7-l-----f11-f-f25-fL...,1-1-2+-2-+--l-S-l-----f19-f,---r----J 1400
4 18 IS 29 12 26

July Aug. Sept.

F1Gl'RE 5. Graph showing I\'eekly strain relea. e index (vertical
bar.) and cumulative strain relca -e index (continuous cune)
for the Kilauea callera region from late June through ep­
tember, 1954. An increase in steepness of rise of the cumulative
curve represents an increase in rate of strain release thr ugh
earthquakes,

Local Earthquakes

The data for the following local earthquak - were determined
from seismographs on the islands of Hawaii and ~faui operated
hy the Hawaiian Volcano Obser atory. The Illunber preceding
ach qual< is the serial number f r the current year. Only earth­

quak s classed as feehle or larger are includeu in the Ii t. llany
very feeble quakes, to which serial numbers are a 'signe I al 0,
are omitted. Locations given are picenter-. EXCel!t where other­
lI'ise indicated, the times giv n are arrival times at the 1.:we­
kahuna station, on the western rim of Kilauea caldera. Th yare
stated in Hawaiian standard time, \\'hich is 10 hours h hind
Greenl\'ich civil time. The intensity rating (Feeble, Moderate,
etc.) gi,- n is hased on the Bo ch-Omori seisnlograph at the
\-\"hitney Laboratory of Seismology. If the inten ity was greater
at one of the other stations, the name of that station and the
intensity rating there are gi \-en in parentheses after the rating
at the \Vhitney tation.

1900

09: 06. f eble (~launa I.oa, moderate). Felt in
Hawaii Kational Park. _ bout 10 kill
deep under Kilauea caldera,

06: 00, feel Ie. Kilauea caldera.
11 : 52: 35, :trong. Felt quite generally over south­

ern half of Hawaii. About 12 km deep
under Alae rater on the east ri ft of
Kilauea.

12: 07: 26, feeble. East rift of I ilauea near _"apau
Crater.

17: 10: 07, feehle. Kilauea caldera.
13: 35 ( Pahoa), not re orded at Kilauea (Pa­

hoa, feeble). East rift of Kilau a near
Pahoa.
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~62. July 2,
~65, July 3,

461. July I,

~76. July 11,

486. July 15,
500. July 22,

Whilner ~Iat iolt I rwekaJ1UTLil Station
(Xorthe:lSl rim) (West rim).

Week - --
n~ginnin~ .\muunt rlir('ctiou .\mOUlll fHrl'ction

July 4 0.-1" S56 \V 1.8" 31 ° E
11 1.0" ;.< 1.3" S
18 1.3" ~ 30° E 2.7" S 21° E
25 04" :\ 1 ° \V 3.0" ::--; 19° \\'

,-\ug. 1 08" ~I \\' 2.2" ~ 26° \\.
8 1.0" :\21°\\' 1.7" :\ 22° \\"

15 0.<)" :\ 56° I~ 0.3" :\
22 0.4" ~

33° \ \. o.~" 1.\ 45° E
29 1.3" :\ 21 ° E 2.9" S 12° E

Sept. J 0.4" :\ 18° E 2.1" S 26° E
12 Ul" ~ 53° I~ 1.0" S 18° \\.
19 0.2" _f 45° Vol 2.3" K 17° \
26 0.6" 37"E 1.0" N

Table of Tilt at Seismograph Stations or. Rim of Kilauea Caldera

Local Earthquake Data. July.September, 1954

(Ba,cd 011 Bosch-Omori seismograph 011 northeast rim of
Kilauea caldera)

SEISMOLOGY

.. For definition of local seismicity sec Volcano [,('tter ~71 or 512. I~ach

local t::.:1.rlhquake is assigned n ~eismicity value according- to its streng-lit,
as £0110w5: treOlor, 0.25; yery feeble. 0.5; feeble. 1.0; slight, 2.0; mod­
'ralc, J.O; ~lrol1g. 4.0. These values arc tOL.1.lecJ to give tbe weekly local
seismicity. Cuntinuous volcanic trcmor i:-. i~nored in the calculation. The
strength as~iKned to the earthquake c1cp(~nds on the douolc amplituue uf
the maximum Ql)ciJlation it causes un the flasch-Omori seismograph. as
follow:;: tremor, less than 0.5 111m.; vcry feehle, 0.5 to 4 mm.; feeble.
4 to 11 111111.; slight. 11 to 25 mm. i moderate, 25 to 60 mOl.; 5t nJ.{.
grec:1.tcr than 60 mm.

September

The sei. mograph at the \Vhitney Laboratory of Seismology
recorded 94 earthquakes during the month, approximately thr e
times the lIumber recorded during normal times of volcanic
quiet. During the week starting September 12 alone, 56 quakes
were recorded. ~Iost of the earthquakes appear to have origi­
nated beneath the Kilauea caldera area or the adjacent part of
the cast rift zone. everal during mid- ejltember appeared to
originate at depths of 25 to 30 mile. beneath the caldera or the
nearby slope of ~.Jauna Loa. One at 2:43 t\.~l. on eptember 13
was fclt in Hilo.

Several quakes were felt in Kona during early September.
These originated on the western slope of ~launa Loa, probably
on the 1 ealakekua fault. :\0 other igns of uneaslne s of ~fauna
Loa were noted.

Tilting of the ground at the northea. t rim of Kilauea aldera
was approximately normal ill diredion .md amount for that
seaSOll of the year. Thus no marked change in volcanic pr'ssur
belleath Kilauea \yas indicated.

Neither during the May-June eruption of Kilauea, nor ill the
four months following the eruption, has there been any illdica­
ti 11 of reduction of volcanic pressure bell ath Kilauea \' olcano.
lIagma appears probably to be still tanding at a high level in
the conduit. Under such cOllditi liS, eruptioll may occur lI'ith
little or no warning other than the numerous earthquakes that
indicate continued uneasilless of the volcano.

:Hinulcs Locat
Week of Very ~lod- Seis-

Beginmng 1'r<'nlor l··cdJle FC'eIJle :lighl {'rille Strong 'rut:> I micit)-·
-----

July 4 2 4 0 0 0 0 6 2.50
II 10 15 2 0 0 0 27 12.00
18 6 6 I 0 U 0 13 5.50
2.1 I 9 0 2 0 0 12 8,75

}·\ug. I 1 9 0 I 0 0 II 6.75
8 6 6 0 0 0 2 14 12.50

15 1 4 0 0 () 0 5 2.25
22 3 5 2 2 0 U 12 9.25
29 7 7 0 0 1 0 15 8.25

Sept. 5 ,1 4 1 0 0 0 8 3.75
12 32 19 3 2 0 0 56 2100
19 9 9 0 1 0 0 19 8.75
26 5 8 I 0 0 0 14 6.25
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SOl. July 22,

502. .Iuly 22,
506. .I uly 25,

508. july 26,

520. Aug. I,

521. ug. 2,

523. I\ug. 7,

536. Aug. 16,

540. ug. I ,
542. Aug. 20,

559 Aug. 30,

564. Sept 1,

570. Sept 7,

576. Sept.8,
588 Sept. 12,

15 : 3 (Pahoa), not r ord d at Kilauea (Pa­
hoa, feeble). East J'ift of Kilauea near
Pahoa.

20: ,6: 50, feeble. Kilauea caldera .
1 : 17: 55, slight Felt in Hawaii National I ark.

Kear iI,launa Loa seismograph station
about 10 km deep.

00: 51 : 44, slight. Felt ill ]-Ia\\'aii Kational-Park
and in central Kona. Along the Kaoiki
fault ,,'est of the Observatory at a
depth of 10 km.

23: 27: 48, not recorded at the \Vhitney Labora­
tory (Kona, feeble), Felt in central
Kona. Central Ina.

13: 40: 33, strong. Felt in Vol ano area.. bout
15 km deep under 'Iae Crater on the
east rift of Kilau a.

14: 26: 17, strong, Felt generally over central Ha­
\\·aii. 25 km deep under Kilauea caldera.

04: 45 : 33 (Pahoa), not recorded at Kilauea (Pa­
hoa, feeble). East rift of Kilauea near
Pahoa.

117: 13,56, slight Kilauea caldera,
III : 58: 54, feeble. East rift of Kilauea near :\h­

kaopuhi Crater.
23: 17: 04, moderate, Felt in \'olcano area, 20 km

deep under Makaopuhi Crater.
15: 17: 49, not recorded at the \ \'hitney Labora­

tory (Kana, slight). Felt in central
Kona. Central Kona.

14,48: 36, not recorded at the vVhitney Labora­
tory (Pahoa, feeble). East rift of Ki­
lauea near Pahoa.

23, 03: 52, feeble. Kilauea caldera.
21: 5, : 59, slight 'nder Kilau a caldera at a

depth of 20 km.
590. Sept, 12, 23: 0 : 26, tremor (illauna Loa, very feeble). This

very feeble earthquake is included in
the list because it is typical of about
250 earthquakes (tremor and very
feeble in strength) whi h originated on
Sept, 12 and Sept. 13 at a depth of
about 45 kill helow the southeast Aank
of Mauna Loa between the Mauna Loa
seismograph station and the \'okano
Observatory.

595, Sept 13, 02: 42: 53, feeble, Felt in Hilo. 5 km east of Puu
Kapukapu along south coast of Kilauea
at a depth of ab ut 15 k~"

598, Sept. 13, 18: 22: OS, feeble, 20 km deep under east rift of
Kilauea near lIakaopuhi rater.

602. Sept, 15, 01 : 2J : 06, feeble, Kilauea caldera,
604. Sept. 16. IIi-:: 15: 04, slight. Kilauea caldera.
622, Sept. 22, 00: 19: 35, slight. Kilauea caldera, 15 km deep.
630. Sept. 25, 21 : 12: 07, not recorded at the vVhitney Labora-

tory (Pahoa, feeble). East rift of Ki­
lauea near Pahoa.

Distant Earthquakes

The following earthquakes of distant origin were recorded on
the seismographs of the Hawaiian Volcano bservatory. Loca­
tions of the epicenters amI the magnitudes are from the n tices
of Preliminary Determinations of Epicenters published by the
U. S. Coast and eodetic Survey. The time given is that of the
fir t detectable emergence of the quake on the Sprengnether
vertical sei mo'rams, in I-Tawaiian standard time,

]uly 1, eP 16: 51, 13y,° 1., 123y,° E. Southeastern
Luzon, P. 1. Many casual tie and ex­
tensive property damage. 1Ilag, 6·}:4-7;;,1.

July 5, eP 22: 13: 27.6,460 0 N., 153y,° E, KuriJe Islands.
Mag.6Y,-7.

] uly 6, eP 01 : 20: 35.3. 390 ° N" 118Y, 0 W. Near Fallon,
Tevada, Several injured and moderate

property damage. Mag. 6¥i-7.
] .. ,y 6, eP 12: 14: 58.6, Fallon, .evada, aftershock, i'vlag, 6Y.i­

6K
July 17, eP 23: 17: 39.4, 35y,° :\., 140)/,° E. Near east coast of

Honshu, Japan. Felt. Mag. 6Y,.
July JO, ~P IS : 12: 46,3, 39° K, 1400 E. Ningsia province,

China. Mag. 6)/,.
] uly 31, eP 17: 33 : 41.0, 3° ., 1400 '. Northern New Guinea.
Aug. 4, eP 22: 57: 26.1,520 N., 1760 E. Rat Islan I., Aleutian

Islands. Mag. 6-6Y.i. Depth 60 km,
Aug'. (l, P 09: 25: 26.7, 53 0

~., 161 0 E. Off east coa. t of Kam-
chatka. Mag. 6Y,-6:y,(. Depth 60 km.

,\\lg.17, iP 18: 50: 26.9, 21)/,0 S" 1760 \\T. Tong,i Islands. Mag.
7-7;;,1. Depth about ISO km,

Aug. 23, ePI9:58:52.1,39Y,° N., 118}~0 \\T. Near Fallon,
Nevada. Minor pr perty damage at

. Fall~n and Lo~elock. :.\11a'. 6Y,-6y,j.
Aug, 27, eP 01: 04: 41.5, 24Y, N" 143 E.' Volcano Islands.

Mag. 6}~. Depth about 100 km.
Aug. 31, eL 12: 30, Fallon, Nevada, aftershock. Mag. 5)/,-

6Y,. .
Sept. 2, eP 09: 00: 08.4, 10° S., 166 0 E. Santa Cruz Islands.

. Depth about 100 km,
Sept. 3, eP 17: 39: 32.9, 30 S., 139)/,0 E. Northern New Guinea,

, 'lag. 6;;,1. Depth about 60 km.
Sept. 4, eP 21: 54: 18.5, 19° S., 1760 E. Fiji Islands region.

Mag.6Y,.
Sept. 6, eP 08 : 39: 35.0, 51 0 N., 1580 E. ).Tear southeast coast

of Kamchatka. .Mag, 6Y" Depth about
60 km.

Sept. 12, eP 16: 18: 01.7, 21 0 S., 175y,° V", Tonga. Islands, l\Iag.
6:y,(. Depth about 150 km.

Sept. 15, iP08:03:27.2, 18° S., 178)/,0 W. Fiji Islands. Mag. 7,
Depth about 600 km,

Sept. 17, iP 01: 11: 18.3, 20y,° S., 177)/,° \ . Fiji Islands re­
gion, Mag, 7-7Y.i. Depth about 250 km.

Sept. 19, eP 14: 52: 10.8, I Y, ° S., 1200 0 E. Celebes. Mag. 5}4­
6.

Sept. 30, eP 17: 03: 21.0, II ° S., 166° E. Santa Cruz Islands,
Mag. 60-7.

VOLCANO NOTES AND NEWS

ERUPTION OF NGAURUHOE

S gauruhoe Volcano. on the X orth Island of )J ell' Zealand.
broke into violent eruption on ] unc 4. The volcano is a conical
mountain 7,515 feet in altitudl" 175 mil s southeast of ..\uckland,
The following information \\'as furnished by ]amcs Healy, '-:C\\·

Zealand Government volcanologist, and Brenda Bishop, Secre­
tary of the Pacific Science Council.

The volcano had been in activitv for some time, sending big'
ash clouds high into the air. Oil the morning of June 4 the
entire top of the mountain \Vas reported to be agio\\' even in
daylight. Flying over the volcano. Healy found the uaLe,' full
of lava, with sJlurts of orange-red lava going some 500 feet into
the air, and two la"a Aows moving dO\\'n the slopes f the
mountain: One Aow came Jo\\n directly on top of the lava AOII'
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of 1949, ancl the other a little farlher south, \'ery little ash \\'a
being liberated, The lava flo\\' lVere visited all June 5, They
had nearly come to rest, hut large blocks \\'ere rolling clown the
mountainside following numerous cxplosions at the crater. On
June 6 activity \\'as more explosivc and 1Il0re ash was h ing
liherated, The explosive pha, e continued for several days. but
on a Ie' er scale than ill 1949,

An thel' increase of activity occurred on the night of J unc 9,
Spectacular flows of lava \\'cre visiblc frolll Chateau Tongariro
during- the evening, but by 3 ,\,~r. on June 10 the spurt of activity
\\'as nearly over. The la\'a Aow is reported to b of aa type,
and in places to exceed 70 f et in thickne's, A cinder cone buill
in till' crater of the volcano was reported to have reached a

height of 200 feet on June 9, anrl to be breached toward the
lI'cst where the lava f1oll's scaped,

[n September ~gauruhoe \\'as still acti \' , Strong explosions
took place on the night of , eptember 2, everal lava A II'S have
been reported on the f1an 's of the cone during J uile, July, and
,\ugust. One of the largest occurred on Augu. t 18,

Ruapehu \'olcano, 12 miles southll'e-t of )ojgauruhoe, was re­
ported steaming in early October. Healy flc\\' over the crater 011

( ctober 8, and reported that the stealll was thick enough to
obscure part of the crater lake, Ruapehu Volcano erupted in
1895, Another eruption in 1945 caused the temporary drying up
of the crater lake, During that eruption a small lava dome was
built in the crater.

STAFF OF HAWAIIAN VOLCANO OBSERVATORY
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Chester K, \Ventworth, Geologi t. part-time
Burton]. loucks, In trument :'laker
John C, Forbes, ssi tant Tllstrumcnt :'laker
Elizabeth G, Eklund, ecretary

Seismograph Station Operators:
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Sister 11. Thecla, t. Juscph's chool
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Howard :'1, Tat UllU, KOll<lWaCna 'chool
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KAUAI, AN ANCIENT HAWAIIAN VOLCANO

By G. A. MACDONALD', D. A. DAVIS', and D. C. COX"

October-December, 1954

Kauai is one of the oldest. and structurall\' the most
conlplicated of the Ha\\":liianl slancls, [,ike the others,
it consists principally of a huge dome-shaped shield 1"01­
cano, built up from the sea floor by 111any thousands of
thin flows of Ilasaltic lava. The volume of this great
shield was on the order of 7.000 cubic miles. Through
mllch of its growth it must havc resembled rather closel,\'
th presently active shield volcano :"Iauna I,oa. 0n the
island of Ha\\'aii, ''''"hen thekauai volcano started its
growth is not known with certainty. It is believed that
activity started late in the Tcrtiary period of geologic
time. possibly in he early or l1lidd! part of the I'liocene
epoch. ol11e 1) to 10 Inillion years ago. Cnm·th of the
shield was rapid in tile geological sen ·e. and prolmbly
was completed before the end of the !)Iiocene epoch,

Toward th end of the gro\vth of the shield. its sum­
mit collapsed to form a broad caldera, the largest that
has heen found in the Ha\\'aiian Islands. I,ike the Gu­

deras of Kilauea and ?I rauna I.oa. that of I(auai had
boundaries which were rather indefinite in part, The
priucipal central depression was hordered hy less de­
pressed fault blocks. some of which merged impercep­
tibly with the outer slopes of the volean . Elsewhere the
caldera rim \o\'as 10\\'. and Rows spilled over it onto the
outer slopes, The well-defined central depressi n of the
major Kauai caldera \\'a~ appro.\:imately 10 tu 12 miles
across.

.\t about the same time as the formation of the major
caldera, another sl11aller caldera \\'as formed by collapse
around a lllinor er Iptive center on the southeastern sick
of the Kauai shield. I,a vas accul11ulated in the calderas.
rrradually filling th nl, and burying talus that formed

1 U. S. Ceolog-ical SU1·vey.
:'! Experiment Statiull, Ilawaiian Sllg-ar PJ.:tllllTS· .\:-; ..ociation.

along the foot of the houndary cJifrs. These lava flows
differed from those that built the major portion of the
shield in being 111uch thicker and nlOre massive. as a
result of panding in the depres 'ion' Tile petrographic
types are {or the most part the same throughout. 13otl1
the flank flows that built l110st of the ·hield. and th flo\\'~

that filled the calderas. are predominantly olivine hasalt.
f'icrite-basalt (oceanite) _ with very abundant large
phenocrysts of olivine. and hasalt containing little or no
olivine are present. but together comprise less than 10
percent of the whole. r,ate in the period of filling of the
major caldera a small amount of basaltic andesine an­
desi te \\'as extruded.

l'\ear the end of the period of filling of the major cal­
dera furth l' collapse occurred, f nning a large triangu­
lar graben (down-faulted trough) on the southwestern
side of the shield. Lava flows erupted within the caldera
poured southwestward over the cliff bounding the
graben and spread over the g ntly sloping graben Aoor.
Other flows were erupted along the fault forming the
northeast edu'e of the graben . .:\ear the present vVail11ea
Canyon their advance was obstructed by the fault scarp
at the western edge of the graben, The clilT along the
northeastern dge of the graben eventually was buried
hy lava fl ws from within the caldera. but that along
the western edge continued to stand above the level of
the flow' in the graben, The flows accumulated in the
graben are of the same types as those that filled the cal­
dera, audlike them are mostl v thick and massive because
of paneling and the gentle sloi)cs over which they spread.

The rocks of the major Kauai shield volcano are
known as the \Vailllea Cal1\-on \'olcanic series. The thin
flows that accllllntlated on 'the flanks of the shield. and
that comprise the major portion of the volcanic edifice,
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de p, The course of the most magnificent of th ,\\'ai­
mea Canyon, was gO\'erned 1>y the partly buried erod(-d
fault scarp alon)' the \\') 'tern edge of the [aka\\'eli
graben, The massive aldera-fiIling la as were mOl"
re'i 'tant to erosion than the thinner flank flows, and th>
caldera hIls stand in r lief above the eroded flank of
the volcano. The Haupu ma s is a prominent lanclmarl
fr III both the Lihu and Koloa areas, and along the
northern si Ie of the i 'land the roded edge of the caldera
ti.Il f nn - an itnI -ing escarpment culminating in Puu
lIiahi, i\Iamalahoa, and Hihimanu p ak .

During thi' I riod of rosi n ea level wa everal
hundred feet be! w the I resent level. Te tholes ha\
passed throuO'h y uno' I' 1'0 k to more than 200 fe t
hel \\' sea level on the south sid of the i -land, an I more
than 300 feet bel \\' :ea I \'el n the ea't ide of the i-­
land. \\'ith ut ent ring rocks of the \\ ailllea anyon
\'01 anic serie ' PI' hah!y this early "ea Jeve on Kauai
was a' far below th pr 'ent sea level as the minu ­
1200-foot 'horeline I' co nized n ahu, The later 1'0 k
of the Koloa volcanic -eri ' probably re t in part on a
platform formed by wav era ion during this early low
stan I of the ea.

.\fter a p riod f qui nce long enourrh for d p
oil to form over lllU h f the mountain and 1'0 ion to

carve the shield nearly t its present degree of di c­
tion, volcani '111 was r newecI. Eruption occurred from a
"erie' of minor vents arran rr cl in nearly north-south aJ1(!

~
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are named the Olokele forma ion,
that filled the small caldera -::.....-------
are named the Xapali formation, The 1'0 k, that a cu­
mulated in til birr sut11mit caldera n the southeastern
sl pe of the 'hield arc nat11 'd the rlaupu fonnati n. The
volcanic rocks accumulated in the graben on th 'outh­
western side of the shield are named th )'Iakaweli
formation, and sedimentary I' cks interbedded with them
ar' known as th<.: l\Iokuone formation. Til se formation
are formallv defined and described in detail in the forth-
omino' 13ul1etin 13 of the Hawaii Division f IIydr ­

graphy, The r Jationship' of the rock unit - are, hown in
generalize I fashion in (Fig, 1),

About th end of eruption of the \i\!aimea Canyon
volcanic serie , or short y afterwar 1, another great cul­
lap c took plac on the ea -tern flank of th volcan , A
:ub ircular graben 6 or 7 miles across sank ev ral
thousand f ·('t, forming a br ad depre 'ion betw' n the
\ \'aialeale ma, sif on the west and Kalepa and 1\onou
ridges n the east. This collapsed structure cann t be
demonstrated a clearly as the )'fakaweli graben, on the
south\\'e -t ide of the shi Id, hecause it wall- have been
greatly erode I and its fl or is deelly buried by lavas
of the later Koloa volcanic 'erie, Tt appears, however,
to h the mo. t rea' nable e. -llanation of the phy 'io ra­
phy f the eastern side of the island (Fig, 2).

FoIl wing the building of the great Kauai hield came
a long period of v lcanic quie 'cence in which erosion
arved Ie ply into the isIan l. \\'aves cut high sea c1ifTs,

and streams cut grand canyon, as l11uch as 3,000 feet
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northcast-southw st lines across the eastern two-thirds
of the island. The lavas, cindcr con s. and ash hcd of
this period of volcanism are known as the Koloa vol­
canic series. The Koloa la\'as include olivine basalt.
I icrite-basalt of mimosite type with fell' phenocrysts of
olivine, basanite, nepheline basalt. melilite-nepheline
basalt. and ankaratrit (nepheline hasalt very rich in
pyroxene and olivin ). Inc1usiolls of dunitc, compo'ed
almost entirelyof olivine, are c ll1mon in the Koloa floll·s.
Ju·t before and during the eruption of the Koloa vol­
canics, voluminous land lide and mudflows hrought
down a large amount of rock dehris ;'Ind soil from the
steep Japes of the mountainous centntl upland and de­
posited it as breccias at the foot of the steep slopes in
vall )' heads and along the bord r of the marginal low­
land. Streams distributed part of t he material across the
lowland. The breccias and conglumerates thus formed,
and later buried hy Koloa lm'as, ar named the Palikea
formation.

'1'he tructures formed at Kol ;'I vrnts include cinder
cone., one tufr cone, and la\'a cones. The latter are
Illiniatme shields rc embling the major Kauai shield
,"okano, and like it formed by repeated outpourings of
fluid lava. The tuff cone, at Lae 0 Kilauea. \\'3' formed
by phreatomagmatic explosions caused hy rising magma
c ming in contact \\·ith v\'ater-saturated rocks. 1t re­
semhles Diamond Head and Punchbowl cones on the
island of Oahu.

Koloa volcanism continued for a long period. Tt \\'as
not, however. ontinuous oyer the entire ea'tern part of
the island. Locally I ng periods of Cjuiet occurred, allow­
ing .'treams to re-excavate some of the canyons filled
by earlier Koloa lavas, and weathering to form deep
soils later buried by new Koloa flows. Some f the
cany ns formed by erosion between Koloa eruptions

Mono . ~~~~.-;-~coastal '~~

plain

w re several hundred feet deep. Koloa eruptions proba­
bly continued through the Plei tocene and into the l~e­

cent epoch. The latest Koloa flow appears very recent.
The lava is essentially unweathered and the surface
features of the flow m'e well preserved. It overli s lithi­
ned calcal'eolL sand dunes forme I during a low stand of
the sea. probably at the time of the 1a t advan e of the
Pleistocene glaciers.

t times during the Pleistoc ne epoch lo\n:red 'ea
levels permitted erosion of stream valleys and sea cli ITs
to more than 200 feet below present :ea level. Coral
reefs were formed during some of these low stands of
tl1(" sea and calcareous beaches accumulated. 1\ test
boring about 1.5 miles north of l"::apaa penetrated a
calcareous heach huried 240 feet below presenl 'ea I vel
beneath K loa lavas. a1careous sand dunes also were
formed, and now stand with their ha es suhmerg d in
the ocean. The tuff cone at Lae 0 Kilauea was formed
by phr atomagmatic explosions caused by ri ing hot
magma fncoilIltering water-saturated rocks. The x­
plosions thre\\' up fragments of reef limestone. 1\1 uch of
the apI'on of Koloa lavas around the northeast sid of
the island probably rests on a platform formed below
present sea level by wave erosion and the growth of
coral reef.

;\t othcr time luring the Plcisto ne the sea stood
higher than at present. ,'ome stream terraces may be
graded to a stand of the sea as high as 260 feet above
present sea leyel. hut no positive evidence for stands
higher than 40 feet have heen found. \Yell-pre. ervecl
shoreline are recognized approximately 40, 25, and 5
feet allove sea level. Some of the present coral reef
prohably \\'as fonned when the sea stood about 5 feet
higher than now, and has been plan cl do\\'n to its pres­
ent level by solution and \\'ave erosion.

FIG lIE 2. Photograph of a topographic modcl of Kauai, at the: University of lIa\\aii. The model is vie\\'ed fr Il1 th south, and sholl'S
at the right the Lihue basin, Oil the ea,tcrn side of the island. In t he left center. i. the illaka\\ eli graben, with Waimea Canyon at its
",estern edge.
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By GORDON A. MACDONALD pnd JERRY P. EATON

October 2300

Kilauea volcano remained in a rest1e~s condition during Oc­
tober. .J\hout t\\"a-thirds of the 70 earthquakes recorded on the
seismograph at the \Vhitney Laboratory of Seismology stemm d
from th reg-ion of Kilauea caldera and the adjacent portion of
the east rift zone. None of these earthquakes was reported felt.

Approximately one-third of the earthquakes recorded during
the month originated beneath Mauna Loa. Among these were
the four earthquakes reported felt on Hawaii during October.
At 8 :50 1' ..\1. on Uctober 7 the :iouthern part of the island \\'as
shaken by an earthquake from an epicenter ahout 10 miles north
of 1'\aalehu. The largest quake of the month, \\'hieh occurred
near Hookena at 6 :26 A."l. on Octob r II, \\'as felt over most f
the island. 1'\1'0 aftershocks, the first at 6 :39 A.)[, and the sec­
ond at 6 :52 11.:\1. on October 11, were felt in South Kona.

Tilting of the ground at the northea t rim of Kilauea caldera
was approximately normal in direction and amount for this
ea on of the year.

November

Kilauea volcano continued moderately uneasy through _'0­
vember. The sei mograph at the \\'hitney Laboratory of Seis­
mology recorded 72 earthquakes during the month. The more
sensitive seismograph at the L'\\'ekahuna station recorded ap­
proximately 385 quakes. 80th the total numb r of earthquakes
and the amount of energy rei a.ed in arthquakes, which is repre­
sented in a general way uy the sei,micity index, were approxi­
mately three times as great as during perio of volcanic quiet.

:.\lost of the earthquakes that could be located came from
points of origin ncar Kilauea caldera. Two of these, at 11 :09
P.M. on l\ovember 23 and 11 :34 '\ ..\1. on ),,'ovemher 26. wer
felt in Hawaii 1\ational Park. Two other quakes, felt at Kamuela
at 10 :56 A.M. 011 Kovember 19 and 3 :02 1'."1. on :\ovemb~r 20,
appear to have come from a depth of about 20 miles beneath
the northwest flank of 'Mauna Kea, 10 miles southeast of Ka­
muela. On Novemher 21, a small quake' came from a shallo\\'
f eus .3 miles south-southeast of the summit of ./o.1!l.una Loa.

Tilting of the grolllill at the northeastern rim of Kibuea cal­
dera was approximately normal during most of the month. HOII'­

ever, from November 27 to 30 it \Va. northeast\\'ard at a rate de­
cidedly greater than normal. This may have been related to heavy
rains rather than to changes of volcanic pressure.

December

Kilauea volcano continued ulleasy through the month of lJe­
cember. The seismograph at the \"hitney Lahoratory recorded
91 earthquakes during the month, mNe than t\\·icc the number
normally recorded during times of volranic quiet. The local
eismicity, II hieh is a rough indication of the amount of energy

released hy the earthquakes, wa, more than three times as great
as that normally experienced luring quiet period. The more
ensiti\'e seismograph at the t:\\'ekahuna station recorded 353

earthquakes during December. Most of the luakes originated at
or close to Kilauea caldera. ~e\'eral interesting quakes came
fr m foci approximately 28 miles deep beneath the caldera.
Others were of exceedingly shallo\\' origin.

:.\Jany earthquakes originated also along- the east rift zone of
Kilauea volcano both in the vicinity of the Chain of Crater,
Road in Hawaii :\ational Park, and 'in east Puna. A larg-e num­
ber of small quakes, and a fell' fairly large ones, came from
foci only about 5 miles from the Pahoa seismograph tation.
The Pahoa seismograph was dismantled hy these l[uakes se\'eral
times during the month. Two of th quakes, at II :00 A.)r. and
4 :02 P.~L on December 14, wer felt quite strongly 4.5 miles
east-southeast of Pahoa.
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FlliL-I{io 3. Graph showing \\'eekly strain release index (verti­
cal hars) and cumulative strain release index (continuous curve)
for the Kilauea caldera region from October through December,
1954. j\n increase in steepness of rise of the cumulative cun'e
represents an increase in rate of strain release through earth­
quakes. Earthquakes on th Kilauea rift zone cast of Kalalua
Crater and on the HilinCl and Kaoiki fault zones are not included.

.\n earthquake at 2 :30 P.~l. II Dec mber 4, felt by some per­
sons frOIll Hilo to Pahala, originated at a depth of about 10 miles
beneath the south flank of Kilauea just south of the caldera.. \
quake felt slightly at Captain Cook and Pahala at 8 :59 I'.~l. on
Ikcemher 5, and another felt ill the \'okano district at 10 :26
I'.~l. 011 December 14, originated heneath the Kilauea caldera
area. ~\nother, felt in the \'olcano district at 8 :49 .\.~r. on the
28th, appear to have stemmed from th Kaoiki fault, which
separates Kilauea and ~Iauna Loa.

Quakes telt in Kona at 7 :15 P.)r. all December 6, 6 :00 r.~l.

Oil December 11. ancl 9: 10 I'.~r. on December 24, probably came
frolll foci beneath the \\estern flank of ~'rauna Loa..\ quake
felt in Kamuela and Lfawi at 12 :46 f'.~r. on December 23, orig­
inated near Kamuela.

Particularly note\\'orthy voicanologically, although they werc
felt by no one, \\'\.:re several p riocls f almost continuous
small earthquakes recorded at the :.\launa Loa and C\\'ckahuna
stations. The long'est of these peri()"s extended from 2 :00 1'. ~l.
on December 3 to C) :45 A.)r. on December 4. Other shorter
periods of this continuous spa moclic tremor, from 10 minutes
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locol Eorthquokes

The data for the following' loral earthquake. were determined
fr m seismographs on the islands of Hawaii and ·J\·laui operated
by the Hawaiian \' olcano Observatory. The nun;ber preceding­
each quake 1 the senal number for tllf' current veal'. Onl" earth­
qua 'es classed as feeble r larger are included "in the list . .\-1 any
very feeble quakes, to which erial numbers are as:igned al. o.
are omitted. Locations given are epicenters. Ex,ept where other­
wi. e indicated, the times given are arrival times at the Uwe­
kahuna station. on the west rn rim of Kilauea caldera. They are
·tated in Hawaiian tandard time, which is 10 hours behind
Greenwich civil time. The intensity rating (Feeble, Moderate,
etc.) gIven IS based on th Rosch-Omori seismograph at the
\\'hilney Lahoratory of > eismolog)'. If tbe intensity was greater
at one of the other stations. th name of that station and the
int('nsit)'. rating th ~e are given in parenthese. aft r the rating
at the \\' hltney Statl n.

641. Oct. 1, 14: 49: 57,

648. Oct. 2. 22: 22: 54,

649. Oct. 3, 11 : 09: 02.

653. Oct. 5, 12:23: 54,

658. Oct. 6. 13: 42: 46.
661. Oct. 7, 18: 43: 22,

662. Oct. 7, 20: 56 25,

664. Oct. 8, 11 : 56: 39,

665. )ct. 9. 04: 20,

666. Oct. 11. OJ: 18: 41,
667 Oct. 11, 06: 26: 33,

677 Oct. 15, 23: 16: 50.
679. Oct. 16, 06: 16: 32,

684. Oct. 18, 23: 07: OS.

686. Oct. 19, 01:25:41,
698. Oct. 27, 13: 30: 14,
708. \:ov.4, 04: 49: 21,

714. "Tov.6, 16: 04: 36,

723. ;\0\'. II, 01 : 53: 43,

737. :\ov. 17, 04: 30: 48,
738. ~0\·"18. 19: 30: 39,

743. :\ov.19, 10 : -- : 34,

745. Nov. 20, 15: 02: 51,

748. ~uv. 21, 19: 32: 55,

!

to more than one-half hour in duration, occurred at interval'
from ~ovember 30 to December 5. and on Decenlber 21. These
quakes appear to ha\'e come from a depth of 25 to 30 miles be­
neath the Kilauea caldera area.

Tilting of the ground surface at the northeastern edge of Ki­
lauea caldera wa. slightly southwestward during the month.
Because the 110rmal tilting at this season is slightly northeast­
ward. this sugge ts the possibility of a . light decrease in volcanic
pressure beneath Kilauea. H wever. the re\'ersal to southwest­
ward tilting normally take_ place in January, and exceptionally
heavy rain: during December may have had enough eff ct on
the temperature of the ro ks near the eismograph station to
cause the reversal to outhwestward tilting to occur a little
earlier than usual. independently of any volcanic effect. Tilt­
meters at Uwekahuna and n the caldera Aoor . howed no marked
centripetal tilting.

Although Kilauea yolcano sholl'S d finite signs of uneasiness,
there is at the end of De emher n definite evid n'e that erup­
tion is immincnt. HOII'ever. conditions somcwhat resemble those
preceding the eruption on May 31, and there i. little or no evi­
dence of any reduction in pr .. ure since b fore the ;"Iay eruption.
:'Iolten la\'a may still he standing at high levels in the conduit
of the volcano, and it is not unlikely that eruption might again
ocew' with little or no additional forewarning.

SEISMOLOGY
local Earthquake Data, October-December, 1954

(Ba ed on Bosch-Omori eismograph on northeast rim of
K ilau a caldera)

~fjnllle:i 1.o(·al
Week of Very ~1"c1- Seis-

lkghming Tn'mor )i'cl'llie I'celJle Slight ('rat· Hlrong Tolal miril)'*

Oct. 3 J 9 2 0 I I 18 14.75
10 7 I 0 1 0 14 8.75
17 .1 6 I 0 0 0 10 4.75
24 6 C) 1 0 0 0 16 7.0
31 4 9 0 0 2 0 I: 6..;

0\'. 7 4 5 0 1 0 0 10 55
14 I 6 .1 0 0 0 10 4.75
21 7 19 2 1 0 0 29 15.25
28 11 14 1 1 0 0 27 12.75

Dec. S 10 B 1 0 0 0 24 100
12 4 8 1 1 0 0 14 8.0
19 6 7 1 0 0 0 14 6.0
26 6 14 3 2 0 0 25 15.5

Table of Tilt at Seismograph Stations on Rim of Kilauea Caldera

lI'I,iln,'Y ~l;,lion I I'Irekahllna Sialion
(Northeast rim) (West rim)

Week
Beginning Amount Direction .\muunt Dirl'(·tion

Oct. 3 0.3" ." 45° E 2.9" S 12' .E
10 0.9" "" 40° r·: 3.0" S 32° E
17 0.1" I,: n.7" S 27° E
24 1.0" ~ 76' E 0.7" .12l"\\·
.11 0.3" S 63° F. 0.6" F

:\ov. 7 0.3" 63° E 1.3" S 1l" E
14 06" . ' 22° E OA" ?\ 45° E
21 1.2" ~ 29° \\" 1.1" 33° \\"
28 22" "- 61 ° I': 2.3" ::-J34°W

Dec. .1 OS" :\ 26° I': 0.6" S
12 07" S 59° 10: 1.4" :"J 63° 'IV
19 1.8" 42° 'v\' 2.6" ?\i 7° \/',1
26 0.8" S 1.6" • T 36° W

... Fot, definition of local ... (.'ismicity sec "'okanu I.e-tter 371 or 512. R:~ch

local earthquake is :]'$::-igncd a SCi':;lllicity valu according to its !"trength,
as folio ..... ::.: tremor. 0.25; \(·ry feeblc~ 0.5; fee-hit:, 1.0: ~liJ(ht. 2.0: modenlle.
3.0; ~trong...LO. Tlte~c valuc ... :uc tOI:lled to ~ivc the- w('ekly local ~t'i~micity,

Continuous. volcanic tremor is ignored in tlw calculaliol\, The strength as..
~igncd to the earthquake dcpcllcf:.;. 011 the duuhlc amplitude of the maximum
o~cillation it cau~cs on the Ho~ch·Omori ~ci~ll1ogral'h, a ... foJ1o\\'~: trcmor,
less than 0.5 J11m.; very feeble, 0.5 to 4 111111.; feeble. 4 to 1} mm.: slight.
] 1 to 25 ITIm.; moderate, 25 to 60 mOl.; strong', greater than 60 mm.

feehle. Fast rift of Kilauea ncar Ki-
lauea cald Ta. .
not ree flled at the \Vhitney Lab­
oratory (Pahoa. feeblc). East rift of
Kilauea near Pahoa. .
feehle. ". ear Kilaue;.. caldera at a depth
of 20 km.
very feeble (Mauna Loa. feeble). Felt
in Hawaii, Tational Park. :\orthea t
rift of 1\launa L a near Puu Glaula.
feeble. );car I\: il uca caldera.
moderate. Fa t rift of Kilauea near
Pauahi Crater at a depth of about
10 km.
moderate ('!\aalehu. strong). Felt Ka­
lahiki. Capt. Cook. and Hawaii ::\fa­
tional ark. Southeast Aank of Mauna
Loa ab ut 20 kill. north of Kaalehu.
'cry feeble DI auna Loa. feeble).
'::outheast Aank of i\launa Loa near the
1\rauna Loa seismograph . tation.
not rec rd d at the \\Ihitney Lab­
oratory (Pahoa, feeble). East rift of
r ilauea near Pahoa.
Fe ble. Near Kilauea caldera.
strong. Felt in Kalahiki. Capt. Cool<.
Kamuela, Hawaii 1'\ational Park, JIilo,
and B onoko.lau. \iI' est shore of 111 auna
Loa Ilear H okena.
feeble. Ncar T ilauea caldera.
n t rec ,rded at the \Vhitnev Labora-
tory (Pahoa, feeble). "
trcmor (Kalllucla, feeblc). \Vest Aank
of ;..rauna K 'a.
f ehle. Near Kilauea caldera.
feeble. );ear Kilauca caldera.
modC'rate. ~ear ); arau Crater on the
ea"t rift of Kilauea at a depth of al out
10 kill.
moderate. Felt in Ha\\'aii . ational
Parle);car Kilauea caldera at a depth
of ahout 20 kill.
slight. Near I ilauea caldera at a depth
of about 15 kill.
feehle. :-I'ear Kilauea caldera.
not recorded at the \'Vhitney Labora­
tory (:-I' aalehu, feeble). 1'\ear the Stllll­
mit of ::I!auna Loa.
feeble (Kal1lll la. strong). Felt in 1 a­
muela. Fifteen km. 'outll\;ast of Ka­
muela at a depth of ahout 35 km .
very feeble (:'fauna Loa, slight). Felt
in Kamuela. Ten kill. west of Pohaku­
loa at a deplh of about 30 1<m.
ycry feeble (Maulla Loa. feeble). Ten
kl11. southeast of l\fokuaweo\\'eo at a
depth of 10 kill.
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753. ):ov.23, 07: 47· 54,

756. Nov.23. 08: 21: 25,

763. ,'ov.23. 23: 08: 35,
771. ,IOV, 26, 02: 20: 19,

773. • ov.26, 02: 30,

776. ~uv. 26, 05: 50: 24,

779. ~ov. 26, 11: 34: OS,

786. Nov.26, 15: 37: 59,
789. •ov. 27, 08: 04: 58,

797 Dec. l. 17: 27: 34,
811. lkc. 4. 06: 35 : 56,

815. Dec. 4. 08: 49,

818. I) 'c. 4, 14:29:36,

833. Dec. -, 10: 46: 42,

37. ]),(.5. ~I): 59: IS,

840. I >O:c. 6, 08: 55: 07,

841. Dec. 6. 19: 1-,

848. Dec. 9, 16: 02: 18,

863. Dec. 14, 11 : 01 : 04,

866. Dec. 14. 17: 35: 26,

867. Dec. 14. 22: 25: 5 ,

86" Dec. 15, 11 : 21 : 30,
887. Dec. 22, 02: 50: 52,

889. Dec. 23, 12: 45: 54,

not recorded at th vVhitney Labora­
tory (Pahoa, moderate}. East rift of
Kilauea near Pahoa.
Ilot recorded at the \Vhitney Labora­
tory (Pahoa, feeble l. East ri ft f
Kilau a near Pahoa.
slig-ht. Kilauea aldera.
not recorded at the \Vhitney Lab­
oratory (Pahoa, feeble). East ri ft of
Kilauea ncar Pahoa.
not recorded at the \Vhitney Lab­
oratory (Pahoa, feehle). East rift of
Kilau a ncar Pahoa.
not record d at the \Vhitney Lab­
oratory (Pahoa, feeble). East ri ft of
h:ilauea near Pahoa.
feehle. Felt in Hawaii Xational Park.
East rift of Kilauea 'near Kilauea
caldera.
feeble. Near Kilau a caldera.
not recorded at the Whitney Lah­
oratory (Pahoa, feehle). East rift of
Kilauea ncar Pahoa.
feehle. Ncar Kilauea caldera.
not record d at the \ hitney Labora­
tory (::'Jauna Loa. feeble). Ahout 45
kill. df'ep in the "icinity of Kilauea
cald ra.
not recordef[ at the \ \'hitney Labora­
tory (Mauna Loa, feeble) ..\bout 45
kill. deep in the vicinity of Kilauea
caldera.
slight. Felt in Hilo and Pahala. Hilina
Pali.
feeble. Ea. t rift f Kilauea ncar :-';apau
Crater. '
tremor (Pahoa, feeble: K ona anel
).[auna Loa. "ery feeble l. Felt in apt.
Cook and Pahala. \bout 45 km. deep in
the icinitv of Kilauea caldera. This is
the larg 't of a ., 'arm' f more than
200 small earthquake. orig-inating' at
ahout the same place on Dec. 4 and 5.
!lot recorded at the \\'hitne" LalJora­
torv (,' ona, feeble). 0 ffshore we. t of
Hu'alalai. .
!lot recorded at the \\'hitnev Labora­
tory (I'ona, feeble). Felt'in Capt.
Cook.
not recorded at the \ Vhitnev Lab­
oratory (Pah a, feeble). Ea t' ri ft of
J'ilauea ncar Pah a. "
not recorded at the \\'hitney Lab­
oratory (Pahoa, moderate). East rift
of Kilauea n ar Pahoa.
very feeble ("'U11Uela, £Celli ). Po­
t\\ cen ::'fauna Loa and IT ualalai at a
depth of about 15 km.
moderate. Felt in the \'okano area.
Kilauea caldera.
feeble. ::\ ear Kilauea caldera.
not recorded at the \\'hitncv Lab­
oratory (Pahoa, feeble). East' rift of
Kilauc:a near Pahoa.
not I' c rded at th \Yhitn y Lab­
orato\'y (Kamuela. moderate). Felt at
Kamuela anrl I ra\\'i. :\bout 25 k1l1. deep
ncar Kamuela.

899. Dec. 27, 03: 19: 30, tremor (Pahoa, feeble Ea t rift of
Kilauea near Pahoa.

904. Dec. 28. 03: 06: .6, moderate. Just south of Kilauea cal-
dera. Shallo\\'.

90-. LJ c. 28, 03: 31 : 26, slight. Just "outh of Kilauea caldera.
, hallo\\'.

906. Dec. 28, 07: 26: 22, slight. Just south of Kilauea caldera.
, hallow.

907. Dee.28. 08: 49: 17, feeble (1fauna Loa, slight). Felt in the
\'okano area. Kaoiki fault near Half-
\\ ay House at a dcpth of 15 km.

Distant Earthquakes

The follo\\'ing earthquakcs f di tant rigin "'ere re orded on
the seismographs at the Ha\\'aiian \'olcano Observatory (19 0

25.4' :-\. latitude, 155 0 17.7' W. longitude). Beginnings of "hases
arc given in Ha\\'aiian standard tim, \\'hich is 10 h urs slower
than Greenwich civil time. Location of epicenters, magnitud's,
and depths of focus are from the notices of Preliminary Deter­
minations of Epi enters published hy the U. S. Coast and Geo­
dcti Survey.

Oct. 2, eP 16: 56: 10.9, 100 S., 1660 E. Santa Cruz Islands.
).[agnitudc 6·Y.;-7.

Oct. 3, iP 01: 26: 28.2, 60 X., 1:1 0 W. Kenai renin.ula,
Alaska. }'finor damage at ,\nchorage,
Se\\'ard, Yaldez and Homer. :\Iagni­
turle 6)1,-7. Depth about' 100 km.

Oct. :I. eP 13: 33: .-3A,)I, S.. 1270 E. ::'folucca Islands.
Oct. 17. eL 13: 13, 1.1)1,0 X .. 116)1,0 W. LO\"er alifornia.

Felt in , an Dieg-o and Imperial \'alley,
alifornia. ::'fagllitude 6.

Uct. 20. eP 21 : 02: 0:, 14 :-\.. 00 0 \'. Guatemala. :\[agni­
tude 6)1,.

-:\ov.l. eP 18:l.l:42
~ov. 1. cJ:' 22: 36: 16.7. 7Y.t° ... IIQo E. ,umba\\'a I land re­

gion. ~fab'1litude (j\/,---{):Y.l.
:-\0\'.12, eP 02:34:06, 31'~0 l\ .. 1160 W. Lo\\'er Califofilia.

Felt in San Diego and £1 entro, ali­
fornia. 1faRnitud 6--60..

::\uv.12, eP 11:56: 15, 1500 S., 174 0 \\'. Tonga Islands.
).10\'.15, iP 06:36:01.5, J9Y.;° N .. 145~;'0 K ::'farianas Tslands.

~Iagnitude 6Yz-6Y.1. Derth 200 k1l1.
Nov. IS. cP 20:05:49.1, 41 0

::\., I:lIYz° E.. eaof Japan. Mag-­
nituc 60-6Y.1. Depth about 600 km.

::\0 .2", iP 01: 23: 12.9, 400 0 l\., 1260 \\'. Off ape 1'!'end ­
cino. alifornia.

eT OJ: 55: 40, F It in . 'orthern California. fagnitude
6Y.i-6Y;.

:\ov.25, iP 11:41:20.5, 21~~0 S., 1790 E. Fiji Island, I' gion.
::'fagnitude 60. Depth about 650 km.

Dec. 16, iP 01: 14: .12.0. .19Y; . ' .. 11. 0 \\'.. 'ear Fall n, ~e­

\'ada. ::'1 oderate property damage. ::'fag-­
nitlHle 6·1~-7Y.i.

Dec. 21, iP 10:03: 14.7,41 0 l'., [240 \\'. Humboldt County,
Calif rnia.

eT 10: .18: 26. ,'e,"eral injured and e"ten:iiv ropert)'
damage. ::'[agniturle 6Y.i---{).\~.

])ec.26, eP 19:-t0: 1:.2. 19 S.. 1780 \ '. Fiji Tslands. Depth
about ':00 kill. .

Dec. 26, eP 20: :9: 26.2, -tl.,o S .. 1300 E. Banda Sea.
Dec. 27, eP 15: 10: 28.8. So , .. 1523/,° E. Xc,,, Britain region.
Dec. 30. eP 01: 39: 10.1, 5.1° ,'., 1680 \\'. Fox Island., leutian

Islands. Felt on 'nalaska. ~1agllitude

6)1,---{)}~. D pth about 60 kill.
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By Helen l. Foster
(I'i'rnm l>l'rsulIal Oh.,tTv:,\lion!; and t1:'lta "illppli tl !Iv C(Onlral l\r<:l('(lroltJ~ir:tl

Oh"crvalory, Toky .) -

Mihara-yama, O-shima.-1f ihara-yama on 0- hima has
been quie. cent ince February, 1954, althot;gh .team and 'other
gas s have been emitted continuously from "arious parts of the
crater in varying amounts. A t time' team and gas emi ion has
h 'en quit heavy with iJillowing cloud ri ing 1 0 to 3 0 mct rs
II1to the air.

\'olcanic tremors were record d at intcrval in. pril, Jun ,
and on September 25. At 4 :25 P .. I. on 'cpt mber 24 an carth­
~uake.originatcd bcneath -shima \lhich, on the island, had an
IlItenslty of II on the cale of \'II u cd by Central lIeteorologi­
cal Ob en'atory, Japan.

On • 'o"CJnber 2, 19-4 at 5 :45 .\ .. f. yolcanic tremor were
recorded for periods of about 12 minute' at 30-minute intervals.

n X yember 6 and 7 when the rater \va yi ited volcanic
tr mor wer continuing, and team and gas CJTIj ion had in­
~rea cd considerably. At time, stca':l loud rose to a height of
:>00 meter'. Ground temperatur III the crater areaeCJTIed
~li~her than in previou months. ublimate were !?cing depoited
III IlIcrea cd amount m many place in the crater. •Tumerou new
fi -sure, particularly in the remnant. of the 1951 cinder cone,
were obsen·ed. Some old fi ures had opened wider and were
emitting steam. small cone formed in January, 1954, wa
con Iderably broken, partly by fiures which opened in August
and partly by new collapses.

On • -ovcmber 9 the volcanic tremors again ceased and. team
and a mission decrea cd.

1954 Eruptions of Asama-yama.-Thc 1953 and January
and F bruary, 1954, activity of Asama-yama was reported in
,\1 os. 522 and 523 of thc t'olcullo I.e It('/'. Since then small explo­
sions havc ntinued. The Karuizalla \\' eather Stati n recor led
about 50 small explosions in January, about 70 in February, 31 in
1larch, 17 in April, 19 in 1lay, 4 in June, 6 in th~ latter part f
J uly, ~ 1II ugust, and 2 on ;:,cpteml er 6 including quite a large
cxpl 51 n at 5 :58 P.lII".

\fter an inactive p riod in cptcmber and ctober a mall
expl ion occurred at 1 :45 P.:-l. on .' vember 2 and another at
I :50 L'.~I. on -ovember -t. A mall amount of a -h lIa· ej cted
on .'ovember 4_

\. olcanic a..,h ha been ejected during many of the e.;·plo ion.,
but no ,eriou damage has becn reported. II of the explosion.
ha"e be It comparatively mall.

Submarine Eruption of Myojin-sho.-;'Iyojin- ho i a rock
bank in the Beyonei u-retsugan (Bayonnai. e Rocks), about 50
kilometers south of .\oga-shima, Izu I land. It was the ite of
vi lCl1t volcanic eruptions in 1952 and 19-3 and became pecially
w II known because of the 10 of th Kaiyo-maru, a patrol
.hip of the Japanese Hydrographic Office. in an eruption on
" ptember 24, 19-2. ( ee I'olcallo Leller • o. 518.)

Renewed eruption at ;,[yoj in- ho ha been reported by a fi h­
ing boat, the Eikichi-maru. ;\[ember. of the crew \I-itne d two
explo ions between 2 :00 and 3: 0 P. I. on i TovCl11ber 4, 1954.
Th eruption \"ere not recorded on th eismograph or wave­
r corded at oga- hima and no steam cloud was seen fr 111 therc.

The Tori-shima \\'eather Stati n, about 160 ilometers. outh
of My j in-sh , reported several cean wclls during a 3-hour
period on Jovember 5 \\'hi h might have h en caused hy erup­
tions at ryoj in-sh .

CATALOGUE OF PHILIPPINE VOLCANOES

Late in 1953 appearc~ Part II of the Calologlle of Ihe octh'e
v?lcanoes of the world, mcllldillg solfatara fields. Port 11 Philip­
pme Islands alld Cocln"ll hino, by M. Neumann van 'Padang
c10 ~IY fol10\\'s the plan of J art 1. ( 'ee Voleollo }.e/!er. '0.516.)'
In 49 pages, It h,ts and 1neAy describes 41 volcanoes and sol fa­
tara fields in the Philippine Archipelag , and 2 in o-hin hina.
9f the Phlhppll1e volca.noe~, 16 ha"e had historic activity, 12 ar
111 a solfatanc and fumaroltc late, and 3 are. Ifatara and fuma­
r Ie fields not belonging to any well-defined volcano. Both the
'ochin I~ina volcano hay be n active in historic time. Like

Part I, thl new section of the Catalogue will be of great value
a a reference work.

The Catalogu i bing publi h d by he International Y 1_
canolog-ical A ociation, part f the co t of printing of I art. I
and II bell1g borne by a grant-in-aid from i TE C. limited
number of copie of Part II are available from Profe or Fran­
ceco Sign. re, General Secretary of the . sociation, ia Ta. 0
199, :-.lapoh, Italy, I r 3.60 (U.S.). -

ERUPTION IN THE GALAPAGOS ISLANDS

Alc do Volcano, in th central part ~f Isabela (Albermarle)
I land, eruptf'd on )Jovember 9. c ordll1g to drian Ri hard
of the Scripp Institution f Oceanography, fume roo e from th'
crat r and from n~mcrous fissure on the east flank of the ne.
The eru!!t!ve actIvIty fled .on th first day ":a rcported t
be less 1I1t nse than that of. lerra 1 Tegra (Volcan Crande)

n theouth rnd of Isabela Island. during 1953 (see Volcnll~
Le/!er X o. 52"). Later (exact date unknown) a small /low of
lava was reported higlt on the north-northwest side of the cone
ami shimmering heat waves II' 're ob erved ab. vc th cratel~
during daylight and a bright glow from the crater at night.

Richards states that th 'ruption f Aleedo was preceded in
latc 1953 ; early 1954 by upheav~1 of the shore -in the vicinity

f Bahia rVll1a and f r thr e mIles southward. The upheaval
r.ai ed the. reef surface a mu h as J5 feet, and caused the shor ­
Ime to 111lgrate about 2,400 feet seaward. The raised area is Olt

th western Rank of the Aleed c ne.
This appear_to be th first rec rded eruption of Icedo vol­

cano, although eruption elsellhcre on the iland oc un-ed in
1797. 1800, 1 1~, and .1847. n eruption in the n rthem part of
I abela Island III pnl, 1925, was recorded by \\'illiam Beebe­
and eruption occurred at \\'01£ yolcano in 194 ami at "ierr~
• -egra volcano in 19"3. The latter t\\" eruptions, in the northern
and southern parts of I abela L land, re pecti"ely, ar de cribed
by Ri hards in T'o/callo Leller Xo. 525.

FRENCH BIBLIOGRAPHICAL DIGEST

Jut received i the third i ue of the econd series of the
French Bibliographical Dig-e-t. dc\'oted to Geology. This erie.
i. intended to make French. cientific work better known in the
"Cnited tates, and number are sent free of harg~ up n reque-l.
C r~cspondents are asked to . pecify the subjects in which they
are JIlt I' sted. ReQue. ts should b addressed to the Cultural Divi­
sion f the French Embassy, 72 Fifth A venue N cw York 21
.'. Y. The !!r sent numb. r of the Dig-e t contain~ 102 page. and

!lsts api roxlmately 500 tltle., most of them acc l11J?anied by brief
ab"tract·. Onc of the several sections deals with volcanology
and paleovolcanology. noth r volume in preparation will in­
clude papers on geophysics.
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STAFF OF HAWAIIAN VOLCANO OBSERVATORY

U. S. Geologicol Survey:

CordOIl A. :'facdonald, \'olcanologist, Director
.I erry P. 1:;a(OIl, Seismolugist
Chester K. \Vent\\orth, Geologist, part-time
Burton J. Loucks, Instrument Maker
.Iohll C. Forbes, Assistant Instrument :,[akcr
Eli7.abcth C, Eklunr!, Secretary

Seismograph Starion Operators:

Hila Station:

Si:;ter ~r. Thecla, St. Jo:;eph's School

Kana Station:

Howard :'f. Tatsuno, Konall'aena School
Pohoo Station:

Kongo Kimura, Pahoa School
Kamuela Station:

Thomas C. :,lills, \Vaill1ea School
Holeokola Station:

Hall'aii Xational Park Staff
Naalehu Station:

Alfr d K. Kahakua, :\aalehu Sch",,1
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