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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly
Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-
ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports.
The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to
the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-
eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation
data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are
published separately, due to differing schedules of data reduction.

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published.
Two of these (4™ quarter 1959, 1t quarter 1960) have now been published, using handwritten notes of Jerry Eaton
(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to
California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-
pared.

Chronology

The following Kilauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kilauea Iki crater (Kilauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes
Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages
Halemaumau (Kilauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during

uninterrupted inflation fol-
lowing the 1960 eruption

Halemaumau (Kilauea's summit) 3/22/1961 3/25/1961 Same as above.
Halemaumau (Kilauea’s summit) 7/10/1961 7/17/1961 Same as above.
Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kilauea eruptions. The HVO staff was kept busy
with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which
were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-
quence in 1961, the staff never caught up, and the seismic records were set aside for later study.

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of HVO's cataloged database. The annual
listings have been appended to the 1* Quarter Report of 1960 and to the 4™ Quarter Report for 1961. The number of
earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961,
is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

Thomas L. Wright and Jennifer S. Nakata
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T quarter consisted of inflation of the volcano, and a

ing of lava at the summit from November 14 to December

joregaéﬁ¥s took place in the first quarter of 1960, the

n along the East rift zone of Kilauea, the rapid deflation
, and finally the collapse of the summit caldera. Two

s of seismic activity which began in the fourth quarter
nued into the first dﬂﬁﬁgg} of 1960; weak harmonic tremor
the North-Pit seismometer, and the swarm of small

hich began the last week of December was recorded in
ngnumber on the Pahoa seismographs.

ry 2, the Pahoa station was improved by the addition of a
high-gain, optically-recording unit to the set of

chanical instsuments already in the vault. This change
|

resulted in more accurate daily earthquakes counts from the Péhoa

station.
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along the SW rift decreased from 208 events per week
per week. AT the same time, activity along the east
o decreased as compared to the last week in December.
e second week in January earthquakes activity sharply
ng the east rift zone. The number of earthquakesrecorded
seismometer rose from 100 on January 8 to more than a
ry 12. The sources of the east rift zone events were
e use of a sensitive portable seismograph. At the
the second week in January, the epicenter migrated down the
ard the sea. On January 12, the source was Traceé to a
situated abrest the east rift zone just north offThe
pohoa and ten km east of Pahoa. |
ry 13, at approximately 05h45m earthquakes from the
apoho sharply increased in both size and frequen%e
ocenter of these events moved upward to a very shallow
the afternoon, however, seismic activity along the
The Kapoho graben began‘

e gradually diminished.

morning of January 13 and continued to drop unTii mid-

ong the south side of the graben movement occured along




1.7 miles of tthe Kopoho fault, while on the north side of The;graben
( Kéae fault ) movement occured along a pre-existing fault scarp.
Maxipum vertical displacement was respectively : Kapoho faulf‘B%
fee#& Koae fatlf 4 feet. Movement along both faults was confinéd

|
1

to vertical dfsplacemenf and no lateral slippage was either meésured
or observed. The cessation of subsidence was accompanied by a marked
decrease in séismic activity, and after I5h00m only an occasional
earthquake wag recorded along the rift.

At 19h30m on January 13, harmonié tremor began recording 5n the
Paho; seismoméfer and the flank eruption broke out along a fissure
one km in Iengfh which split the center of the graben. This eruptive
fissﬁre confiWued to expand toward the east with the nearly continous
line of fountains attaining a maximum length of 3500 feet. Inifial
fountains were between 50 andl00 feet high while fountain heights
reaé%d a maximum of 300 feet from the newer eruptive vents to %he
easTJ. In 3 hour after the eruption began, fountaining abated AOTiceable.
On the west end of the initial outbreak fountaining became fee&le and
at 22h00m fountaining from the eastern vents of the fissure ce;sed abruptly.
Although many féunfains had nearly ceased, the rate of lava extrusion
continued to rfse. Lava from the western most vents flowed southward
while lava fro% the eastern vents flowed indnortherly direcTion}

When the lava from the eastern ventgreached the north edge of the

graben and its|high fault scarp (20 to30 feet) it turned and
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flowed in a nprth eastward direction along the fault scarp. Thus,

on the north side of the graben, the lava was confined in a narrow

Trough between
floor. In this

rapidly foward

At 23h15m

access the the
exp losions and

Activity

the Koae fault scarp and the northward tilted graben
trough, the lava formed a narrow flow and advanced
the sea.

large quantites of brackish ground water gaineq
eruptive conduits with resulting loud roaring '

spewing of dark clouds from the vents.

along the eruptive fissures continued into January 4.

Fountains gradual ly dimished and brackish water continued to enter

the lava conduits. This ground water provided the fuelfor the erratic
/

series of steam explosions which took place on January 14. The

s oo 3% (267

folﬁowing brigfly-the steam and ash eruptions from different vents

i

along the fissure for one period of observation.

01:00 -- Stepm and ash emission lasting 50 minutes §
02:00 -- Minpr steam emission

04:15 -- Dense black cliouds of steam and ash lasting for 2 mfnufes
05:50 -- Steam blast lasting for 2 minutes 3
06:00 -- Violet steam emission lasting more than an hour |
07:40 -- Stemm and ash emission lasting for 35 minutes

08:50 -- Stepm and ash emission lasting for 2 hours

09:45 -- Stepm emission lasting approximately | minute

09:50 -- Sfeém blast lasting approximately | minute

By 10:30 steam
|

and ash emission had essentially stopped.
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By 10h30m on January 14, fountaining was restricted to al700
| \

foot segment bf the original fissure. Lava had advanced to within

0.3 miles of {the sea by mid-afternoon. At 20h00Om fountain hei§h+s had

increased to 250-300 feet. |
(1(During the second week of January, seismic activity a*jfhe

summit was rellatively quiet with the exception of January 13.% Twice

N : |
as many events were recorded on this 4 compared to either the

previous day or the following day.j} .
i During The early hours of January 15, there was very |i+¥le
chaﬁge in The;founfaining. Lava continued to advance toward the sea

and at 08h08m| the main lava front reached the sea a few hundpqed
fee{ south ofiKaoko Point. Fountain activity slowly increasedgduring
The‘day. By %OhOOm fountaining was restricted to a vent at +Qe east
end of the ergpfive fissure. This fountain reached a maximum ﬂeighf
of 400 feet. éecause of the increased fountain height, pumice and
cinder accumuhafions which began in the afternoon were acceléra+ed

amd py 23h45ml+he pumice and cinder cone was estimated to be @O

feet heigh near the fountain base.

|
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Fountain height continued to increase at the eastern vent
through Janu&ry 7. The following list indicates fountain heights
i ; |
and%The time of their observation:

02:15 - 550-600 feet

03:45 - 600-7b0 feet with an occasional burst to 900 feet
21:30 - 800 feet
22:50 - Occaslional burst to 1050 feet

During the day pahoehoe flows spread southward across fhé

graben while an aa flow moved southward along the coast from the
maiﬁ front. Léva began filling Higashi pond at about 19h45m. Higashi
pond is a long shallow inlet marking the seaward side of the Kapoho
graQen. I+ apbeared during the 1924 collapse of this graben%add was
filﬂed during the present eruption. Thus it appears neither on the
old (1921) mpps of Puna, nor in modern post-eruption mappingj The
U.S.G.S. Professional Paper on the 1959-60 Eruption of Kilaueq now

\
in print does! include accurate maps of this short-lived feature.

[On Januarg I7 the summit of Kilauea began to subside. Thi;
subsidence wa§ not however accompanied by an unusual number Qf
earthuakes. Daily counts from the summit area indicated |i+f”e
change from the previous day, Although tilt readings clearly

tracked the collapse.7



&

, |
| |
AIThough!founfain heights bad decreased during the night, lava

and pumice ourpuf remained large. The cinder cone had attained a
i

heidhf of 100, feet by early morning, and by 17hI5m the cone}was
i :
|70 feet highL An increase in activity began at 06h35m and fountain

' P
heights of IZPO feet were measured with average heights remaining high
1 :

| !
( 700-1000) throughout the day.

I |
|

f Alfhoughisomefimes erratic, fountain heights con+inued?fd reach

high levels bf*ween January 18 and January 21, with a spefacu%ar

|
burst on Janu%ry I8 when the main fountain reached 1700 feet. During

The;morning or January 18, lava broke out of the graben on thﬁ north
1
{

side and moveb northward. By January 21, lava had nearly reached the

vil liage of Koae.
|

~ |

| l [
' Cinder cone growth continued through the period and by 20h40m

|
on January 20| the cone was 235 feet high. .
. P

(i>[2( Earthquake activity at Kilauea caldera decreased sfe;dly
from 50 events on January 18 to |9 events on January 21. Kiladea
caldera activity remained nearly the same during the next day, but
on fanuary 23| a notable increase in seismic activity from this
reg{on occured. This day marked the beginning of the shallow Kilauea

-~ i
ol ) ‘=

caldera swarm which accompanied the collapse of the summif.l_lpe

number of evehts recorded from the caldera increased by a factor of

over 10 beTwé,n January 23 (90 events) and January 28 (IOSOieVenTs). )




From Janyary 22 to+Febuary |, lava continued to pour ouT in
great quantitfes. The following are estimates on the volume of
lava!exfruded}and the area of coverage.

January 24: 60,000,000 cubic yards 1080 acrés

January 28 85,000,000 cubic yards 1280 acres
Two eruptTion features were noted during the above period.
A lava lake which Was larger and higher than the earlier Iake Was

still distinguishable in the middle of the lava field. This Jake

provided lava|for a flow which curved eastward past Koae. The Iake

also fed Iavalfubes which radiated from the center of the Iake} These
I | :
tubes fed sev%ral small aa tongues and pahoehoe oozes and a la&a
}
stream which flowed around the west side of Kuhii. This flow‘breached

o
the easf end of the first Kuhii-Kapahoa barrier. ‘
\
The sfeep sided parasitic cone which began January 2| conTnnued

To grow and bv Janaary 22 was as high as the main cone. On JanLary

24, the paras itic cone rose 65 feet above the main cone. AIThoygh
the main cone‘did not grow in height between January 20 and Jahuary

24, its mass was greatly increased by compactiona and laferaf épreading
of pbmice. |

On Januany 27, the heaviest pumice fall of the entire eru%fion
occufed in a f hour period. A broad pumice loaf, nearly as hfgk as

the main cone, accumulated 3000 feet northeast of the founfainL This loaf

|
was later dissected by a lava river.
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At 21h45m on January 27, the eruption abruptly ceased anq this

f \
cessation of activity lasted until 21h%m when the spatter vent

roared back to like. This phenomenon was recorded on the seismic
' |
net. At Pahod, harmonic ftremor completed stopped for the 5 miAuTe

period and at the summit stations absolute quite prevailed during

the period. | ‘
!

. . Pl
Activity along the eruption fissure remained unchanged‘uTTII
!

Febuary 6. OH Febuary 6, lava extrusion essentialy ceased. Af%er
this date, agd until activity ceased entirely on Febuary 19, there
were only minor changes in activity. A lava flow which pouréd%ouf
of the splatter cone on Febuary I8 marked the end of the flank
eru¢+ion. Miqor interméttet gas and cinder emissios confinu?dion
FebLary 19, guf by 14h00m this had ceased. j
By the énd of the eruption, approximately 160,000,000 cubic
yards of lav; covered an. area of 2510 acres, 500 acres of wh%ch

|

were added béyond the old coastline. Lava covered the Village\of
af’Ql«o . . ‘
p, the Village of Koae, a U.S.Coast Guard station and several
homes along the beach. Pumic covered 2750 acres to a depth of}O.l feet
| |

or more. 820 |acres had | foot of pumice overlay and 55 acres had &
i |

or more feet |of pumice.
|
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During f e last few days in January, subsidence of Kilaue
which began January 17 continued as lava from the summit moved

the rift zone.

showed rapid
as brittle su
caused by the
eruption of K
summit inténs
shallow Kilau
and hundredsj
In the T
caldera conf}
caldera event
cracks develo
Many landslid
The coll
drained the i

to drop 150 f

LAPSE

ilauea |ki increased as the movement of

ea caldera earthquakes were recorded at the summ

of these earthquakes were felt.

nued fo increase and on Febuary 6 nearly 5000 Ki

es were recorded from Halemaumau.

ava from beneath the floor of Halemaumau causing
i

Pit in Figure

I. after (Richter and others, The 196! Eruption

Tilt measuments made between January 19 and Jan
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the floor
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of Kilauea
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Volcano, Hawa
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the center oﬂ the floor dropped an additional 200 feet. This ¢avity




partially re

the subsideﬁ

collapse (Southwest Collapse Pit ) occured in the floor. This

col lapse was| not accompied by refilling of lava.
Daily Kilauea caldera counts from the summit station rer
high ( generally over 1000 a day ) for the entire month of Fe
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Took place.

formed at th

(Northeast C

approxiamfe(

Seismic
Kilauea cald

into April w

the summer

O

filled with highly viscous lava. During the affer

ce gradual ly ceased, but on Febuary 9 another sma
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; northeast corner of the remaining 1954 lava led
ol lapse Pit).Total volume of the Halemaumau coﬂla
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pra earthquakes associated with the collapse cénf
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Tilting of the ground around Kilauea caldera.-- Tilti

ground a

intervals
of field
of the gr
north-sou

base water-tube tiltmeter in Uwekahuna Vault, and at irre?ular

correspon
direction

an of the

und the summit of Kilauea is monitored daily by|a short-

it is measured on a regional scale by means of
ilt-bases and a portable water fube tiltmeter. The attitude
und surface at each tilt base is reported in terms of

h and east-west tilt coordinates. Both coordinates at each
re arbitrarily set equal to 500 when measurements at that

re begun. Increasing tilt coordiantes correspond(fo north-
astward tilting of the earth's surface;i.e.,to frelative
toward the north and east. A one-unit change in coordinates
s to a tilting of | microradian ( Imm per km ) in the

network

indicated.
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6 RADIANS/MONTH

TILTING RATE 25 x 10

DEC 30, 1959 — JAN 21, 1960

Figure |.-- Tilting of the ground around Kilauea caldera, December 30, 1959
to January 21, 1960. The vector depciting tilting at a given tilt base
$oints in the direction of maximum relative subsidence and has a length.
proportional to the rate of tilting during the measurement interval.

Closed circles represent field tTilt bases; open circles, short-base
water-tube tiltmeters.
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Figure 2.=-Tilting of the ground around Kilauea caldera, January 2!, 1960 to

-

Febuary 5, 1960. The vector depciting tilting at a given tilt base points
in the direction of maximum relative subsidence and has a length pro-
portional to the rate of tilting during the measurement interval. Closed
circles represent field tilt bases; open circles, short-base water-tube

tiltmeters.
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TILTING RATE 25x 10 ° RADIANS/MONTH ‘
\

FEB 5, 1960 — APR |, 1960

Figure 3:—— Tilting of the ground around Kilauea caldera, Febuary 5, 1960 to
Aprol I,.I960. The vector depciting tilting at a given tilt ba;e points
in The direction of maximum relative subsidence and has a length pro-
pqrf;onal to the rate of tilting during the measurement inTerQaI Closed
circles represent field tilt bases; open circl - :

i lmes reF p es, short-base wa+e7—+ube
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Seismic summary. --Events
selsmograph network in Hawaii
and tremor originating in the
within 100 km of at least one

CoThTTmEETRR e v s tves -

recorded by the U.S. Geological Survey $
fall into two categories: local earthquakes
region of the Hawaiian Islands, usually
seismograph, and distant earthquakes

originating more than 3,000 km from Hawaii. As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and minute$

of tremor recorded by seismographs in Hawaii are listed in table 3. The
earthquakes are separated into groups on the basis of region of origln

as determined by analysis of records obtained daily at the Observatory

(u, M, A, D, N Aﬁn. Earthquakes of magnitude 2.5 or greater are
generally suffic1ently well recorded to be located with greater prec1sion,
they are listed individually in table L. Data on identifiable phases from

distant earthquakes are listed in table 5.

|
i
I
i |
i

Locations of the seismograph stations are shown on figure 1, and
essential data on the stations were given in Ssrm—=a®. 72 |, 4.




October 13, 1965
|

Dear Jerry:

Here is the data. | hope it is in a form which will be usefull. | have
been trying to gather my thoughts for the chronological summary. |t looks
like soom of TheidaTa would lend itself nicely to graphing. | have in
. mind the Pahoa quake count and Pahoa tremor. Table 3 points out the
' dramatic change in counts and | thought it might be worthwhile to|graph
it. | could also do this with the Kilauea summit count. Let me know how
you feel about fnese brain storms.

| |
Things are progressing at a rapid pace on the Alaskan adventure.

I+ looks like we‘will leave Denver sometime around the 25th, and
probably will not have the chronological summary completed by then.
Sincerely

y 2




Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs

o - ) N U, M, A, D,jN,/as® around Kilauea caldera ' o -

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative
amplitudes on seismographs in the summit region. Unless otherwise stated, tremor is presumed to
‘be"associated with movement of magma within-the central complex-of-Kilauea.- -

Earthquake categories are: Halemaumau rock slides, which are detected by the characteristic record
they produce on the North Pit seismograph; shallow earthquakes in the Kilauea caldera region;
.. . shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portion of the Kaoiki fault
sfayem, earthquakes along the eastern half of Kilauea's east rift zone (from the Pahoa” seismograph);
. - Z S Smr=lrorreat e B LG RO earthquakes from the upper east rift zone
//’ and —he eaJacent fault systems of Kllauea s south flank and earthquakes from other regions: Kona,
/ Mauna Yea, ete. ’ : :

-——7 /a/d,%/wwﬂbw. 5/-4»« M/WLJ/ a@/e—ZL (15 230 MM} /é_w,_,ﬁ., [L tﬁ_.

A/MMM'L 7 JCilireeba
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Table 3.-- Numbers of earthquakes and minutes of tremor on seismoaraphs U,M, A, D,
s N sl around Kilauea caldera
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Table 3.-- Numbers of earthquakes and minutes of tremor on seismoaraphs U,M,
N, WP, and MP around Kilauea caldera
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Table 3.-- Numbers of earthquakes and minutes of tremor on seismoaraphs U,M, A D,
N, WP, and MP around Kilauea caldera
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Table 3.-- Numbers of earthquakes and minutes of tremor on seismoaraphs U,M, A, D,

N, WP, and MP around Kilauea caldera
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Table L. --Local earthquakes recorded by seismographs of the U.S. Geological Survey,

April, May, and June 1963

[Entriez for a given quake are:

date, origin time (Hawaiian Standard Time), magn:-
and fe’t reports.

7w, epicente:
icecated

All earthquakes of magnitude 2.5 and larger, as well as mary R ;r’L'
smaller ones, occurring on or near the island of Hawaii are included in the list.

In the following some orlgln tlmes are followed only by "KM 3Q. and a statement of mezgnitude.
Th re all members of a C P—reRes noted also in other Sumr"” g Tr= best

Lal 4o . 4L
mesax =.s for this eneath Halemaumau at &
w.f?gyﬁﬂ

0 kilometers (19°zL.." &., 155°17.1
In Sun*ary 29, a persistent earthquake seg ence/was codified by the initjals KT which *efe*“ﬂd to
a "peoor cation along the Kalapana Trail)X This designation is re

ned for tre purn c#c of this
Summe r discontinued in theAfuturd unless Kalapana Tr duakes resume. approx1ma e
epicefiter for these quakes ig 19°20' N., and 155°05' W., and shallow depbh. is azsumed”

In Sq "Kaoiki" was roduced as a symbol for listing any of a family pf quakes with mean
focu 2#' N., 155 25' <3_to 8 km. This symbg used in the folléﬁgig list]




Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey

January, February, and March 1960.
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey

January, February, and March 1960.
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Table 4.--Local

earthquakes recorded by seismographs of the U.S.Geological Survey

January, February, and March 1960.
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey
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Local earthquakes recorded by seismographs of the U.S.Geological Survey

January, February, and March 1960.
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Table 4.--Local

earthquakes recorded by seismographs of the U.S. Geologlcal Survey

January, February, and March 1960.
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Table 5.--Distant earthquakes

[Times are reported in Greenwich Civil Time which is 10 hours faster than
Hawaiian Standard Time. A "c" following the time of P indicates
compressional first motion; a "d" indicates dilatational first motion.

ﬁﬂﬂk% ‘symbols, locations, and instrumentation wese presented in
Magnitudes calculated from the Hawaii seismograms are
followed by (HVO). Location of epicenters, origin times, focal
depths, and magnitudes reported by other institutions are taken from

"Preliminary Determination of Fpicerters" published by the U.S. Coast
and Geodetic Survey]
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Tamle 5--Distant ear*hnurkes
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Table 5.-- Distant earthquakes
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Table 5.-- Distant earthquakes
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Figure l.--Maﬁ of the island of Hawall showing selsmograph stations
operated by the Geological Survey and localities mentioned‘in the
text. Epicenters of earthquakes are given in terms of geographic

coordinatés, which are indicated at the edges of the map.




Table 6.--U.§. Geologgcal Survey seismqggaph stations in Hawaii

Location Altitude Equipment
) 4 m) (Z, vertical; N, north-south;
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