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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 (4th quarter 1959, 1st 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 Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’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 (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’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 Kïlauea 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 1st Quarter Report of  1960 and to the 4th 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      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

The Hawaiian Volcano Observatory (HVO) summaries present data gathered
during the year together with a chronological narrative intended to describe in
geologic terms the volcanic activity associated with the seismic events included.
The summaries are issued in two parts. Seismic data appears in Part 1, and
deformation data appears in Part 2. The seismic summaries are offered without
interpretation as a source of preliminary data. The seismic summary is complete
in the sense that all data routinely gathered by the observatory are included.
The emphasis in collection of tilt and deformation data has recently shifted
from quarterly measurements at a few water-tube tilt stations ("wet" tilt) to a
larger number of continuously recording borehole tiltmeters, repeated measure­
ments at numerous spirit-level tilt stations ("dry" tilt). and surveying of
level and trilateration networks. Because of the large quantity of deformation
data now gathered and differing schedules of data reduction, the seismic and
deformation summaries will be published separately.

The HVO summaries have been published in various formats since 1956.
Summaries prior to 1974 were issued quarterly. but cost, convenience of prepa­
ration and distribution, and the large quantities of data dictated an annual
format beginning with summary 74 for the year 1974. Summary 74 includes an
extensive description of the seismic instrumentation. calibration and processing
used in recent years. The present summary includes enough background information
on the seismic network and processing to use the data and understand the
essentials of how it was gathered.

A report tabulating the instrumentation, calibration and recording history
of each seismic station in the network by Klein and Koyanagi is available as a
USGS open file report ("Hawaiian Volcano Observatory Seismic Network History
19Scr79," U.S.G.S. open file report 80-302, 1980). It is designed as a reference
for users of seismograms and phase data. and so includes and goes a bit beyond
the information in the station table in this summary.
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CHRONOLOGICAL SU~fliARY - 1980

by

Robert W. Decker

Yearly summary: 1980 was the year Mount St. Helens did and Hawaiian
volcanoes didn't. There have been no eruptions in Hawaii since the small
outbreak at Pauahi Crater on the upper east rift zone of Kilauea Volcano in
November 1979. Mauna Loa Volcano continued in reposfr with a pattern of slow
inflation and few earthquakes, but Kilauea had five significant intrusive events
during 1980 (March 2, March 10-12, August 27-28. October 22, and November 2).
These intrusive events were characterized by shallow earthquake swarms, volcanic
tremor, rapid deflation of the summit area with simultaneous ground deformation
in the earthquake swarm area, and sometimes volcanic gas emissions. They are
interpreted to be intrusions of magma into shallow dikes beneath the rift zone.
Magma moving into these new fractures is apparently resupplied from the summit
reservoir. Rough estimates of the extent and volume of these inferred dikes
can be made from the observed data. Seismicity provides the key information to
estimate the length, height, depth to top and propagation rates of the dike.
Subsidence of the summit area provides an estimate of the total volume and rate
of supply of magma involved in the intrusions. Gas emissions of C02 and S02
occurred at the surface over the inferred intrusions on three occasions. In
two of these cases, the seismic data also indicated a shallow depth (0.5 km) to
the top of the intrusion. The following table indicates the approximate nature
of the five inferred intrusions during 1980:

Propaga tion EM
Minimum Rate Anom-

Date Location Length Height Depth Volume m/hr Gases alies
Mar. 2 Hiiaka 2km 2 km 1km 0.6 X 10bfnJ no no
Mar. 10-12 Mauna Ulu 5km 3km 0.5 km 5.3 X 106m3 200-500 yes no
Aug. 27-28 Puhimau 4km 3km 0.5 km 2.3 X 106m3 1000 yes yes
Oct. 22 Mauna Ulu 2km 2km 2km 0.6 X 106m3 yes yes
Nov. 2 Kokoolau 2km 2 km 1 km 2.0 X 106m3 700 no no

The occurrence of theSe five intrusions without eruptions further confirms
the major changes in structure and eruption mechanics of Kilauea Volcano caused
by the magnitude 7.2 earthquake in November 1975. From 1959 until the major
earthquake, Kilauea had 24 eruptions and 12 intrusions without eruptions; since
November 1975, Kilauea has had 10 intrusions without eruptions and only two
eruptions. The major seaward displacement of the southeast flank of Kilauea
during that M 7.2 earthquake apparently reduced the accumulated stresses across
the east rift zone, making it easier for small dike intrusions to dilate the
rift zone.

Besides these relatively rapid magma fracturing events, longer periods of
slow deflation of the summit and slow inflation and dilation of the middle east
rift zone from Makaopuhi to the Pahoa-Kaimu highway have continued to occur
during 1980. The volume of magma involved in this slow leakage into the rift
is difficult to estimate. Deformation measurements are not easy in the fern
forests of the middle east rift, and an assumption must be made on the rate of
magma supply into the summit reservoir beneath Kilauea. Using 100 X 106m3 per
year for that assumption, some 250 X 106m3 of magma could have moved (without
magma fracturing) into the middle east rift over a zone 25 km long since October
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1977. An alternative estimate based on the cumulative amounts of slow summit
deflation since October 1977 indicates 140 X 106m 3 of magma may be involved. A
blade-shaped body of magma 25 km long and 3 km high would have to dilate 2 to 3
meters to accommodate these estimates of additional magma. Th.is amount of
displacement seems high but not impossible. Refining these estimates of slow
magma movement into the middle east rift of Kilauea, and determining how both
slow and rapid (magma fracture) intrusion can take place along different segments
of the rift is one of the research challenges of the years ahead.

An experiment in quantitative forecasting of eruptions of Kilauea on a
probabilistic basis was started by Fred Klein in September 1980. It uses summit
earthquake counts, tilt amplitude and rates, and the biweekly tidal cycle to
estimate the eruption probability of Kilauea for the next day. week or month.
It will take several years to evaluate this dynamic approach as compared to the
average probability of eruptions from historic data.

Gas emissions from Halemaumau Crater provided most of the volganic gases
lost from Kilauea during 1980. ~02 emission averaged about 3 X 10 kg per day
and S02 emission about 0.17 X 10 kg per day.

Twelve earthquakes of magnitude 4 or greater occurred beneath or near the
Island of Hawaii in 1980. The largest was M 4.6 at a depth of 27 km beneath
the south flank of Mauna Loa on January 19 at 15:28:49 Hawaii Standard Time.

The observatory staff of 27 people consisted of 10 scientists and 17
support personnel. This group monitored 48 seismic stations. 525 horizontal
distance lines, 275 km of level lines, 123 tilt stations, 3 tide gages, 120
gravity stations, 12 self-potential lines, 3 electro-magnetic induction loop
stations, and 12 gas-sampling sites. Some of these monitors are continuous;
others are occupied at various intervals. Fifteen members of the staff were
involved with studies of the Mount St. Helens eruptions. Individual efforts on
the St. Helens' projects varied from I week to 6 months, and total participation
amounted to 36 person-months. Other temporary research assignments involved
staff investigations in Argentina, Indonesia. South Korea, and the Azores.
Geologic mapping was continued on Hawaii by three USGS geologists closely
associated with the observatory. AVO cooperated with 58 guest investigators on
32 research projects with durations ranging from 2 days to 2 months. nvo
members presented 9 papers at scientific meetings and published or contributed
to 13 papers and 8 open-file reports. HVO also issued weekly, monthly, and
yearly reports.

Hawaii Volcanoes National Park estimated their 1980 visitors in excess of
2 million. About 70% of these visitors (1,400,000) stop at HVO to view Kilauea
Caldera and to peer into the observatory windows. A very small percentage of
these visitors (1,200 in 1980, including the Dalai Lama) sought and gained
entrance to the inner workings of the observatory. Most are truly curious
about how volcanoes work, and we wish that we could satisfy even greater numbers.
It's been a busy year in many ways and I thank everyone at HVO for their full
measure, especially Reg Okamura who so ably took charge while I was often away
at Mount St. Helens.
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SEISHIC INSTRUMENTATION

The network. The Hawaiian Volcano Observatory has installed and maintains
an extensive telemetering seismometer network on the island of Hawaii. In Decem­
ber 1980 the seismometer network consisted of 46 stations; two are low-gain
multicomponent stations (optical), eight are three-component, and 36 are vertical
only. During 1980, three new stations were installed on Kilauea's lower east
rift to supplement the Pahoa station. In addition, the horizontal seismometers
were redeployed, and the two-component stations (vertical plus one horizontal)
were eliminated. The coverage is most complete on and around Kilauea Volcano.
With the exception of HIL, all seismometer signals from the short period
network are telemetered to the observatory for recording.

Figure 1 is a map of selected geographic and geologic features. and Figure
2 shows the seismic stations which were operated during the year. Table 1
lists all seismic stations operated by the U.S. Geological Survey in Hawaii
during 1980. A few stations were only operated for part of the year. Listed
are station name, three and four letter codes, coordinates in degrees and
minutes, elevation in meters, and other data described below. In addition to
seismometers listed in table I, a horizontal seismometer of type 3 or HI and a
long-period, three-component set of Press-Ewing seismometers are operated in
the Uwekahuna vault, all recorded on photographic paper.

Instrumentation and recording. Each telemetering station has a voltage
controlled oscillator (veo) for FM multiplex transmission to HVO via either
hardwire or radio. These telemetering stations are now all of Type I, the NCER
standard system used in USGS seismic networks (see Table 2 for details). After
discrimination, the analog signals from 36 stations are recorded on two Develo­
corders using 16rnm microfilm. FM signals from the telemetering network are
also recorded directly on one-inch magnetic tape. Selected larger events are
copied onto condensed FM library tapes which are currently archived in Menlo
Park and archived in digital form at HVO as part of the routine location process­
ing. The type of recording used for each station (in addition to magnetic tape
for the telemetered stations) is coded in table 1 as follows: D - Develocorder
film, S - smoked paper drum, P - photographic paper, H - Helicorder paper.

In addition to the standard stations, optical seismographs are maintained
at Uwekahuna (HVO), Hilo, Maui. and on Oahu (Kipapa station operated by the
Pacific Tsunami Warning Center). The less sensitive optical records are used
primarily for amplitude measurements for magnitude calculations to supplement
readings from the high-gain stations. The paper (optical) records as well as
the 16mm Develocorder microfilm are archived at HVO.

Seismograph response and calibration. Displacement response curves for
the four short-period seismograph types in use are given in Figure 3. Types
three and four are electro-mechanical systems recorded on paper records. The
Type 1 curve gives the displacement magnification of the standard NCER system
from ground motion at the seismometer to the seismic trace as seen on a 20x
Develocorder film viewer. The curves plot the unit response which should be
multiplied by a constant but known factor (CAL, table 1) to get the response
for an individual station. Individual CAL factors for Type 1 seismographs are
equal to the peak-to-peak amplitude measured in rom on the 20x Develocorder
viewer of a 10 microvolt 5 Hz signal introduced to the preamp/VCO in place of
the geophone. Calibration is normally done each time a station is visited.
CAL factors range from about 1 to 8, averaging about 4. A detailed history of
Cal factors and other data is given in F.W. Klein and R.Y. Koyanagi, Hawaiian
Volcano Observatory Seismic Network History 1950-79, u.S. Geological Survey
Open File Report 80-302, 1980.
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Table 1. Seismometer stations in Hawaii operated by the U.S. Geological Survey, 1980.

STATION NAME COnE ··LAT--· - ... ·LON·-- ELE V OFL" DELAV CAL sus OPTIC
0 " 0 M ( "', } 1 2 TYPE PECORD-.----- ... _------.-_._--------_ ... _---------------_.-._--.-.--_ ..-._ ....._-------

AHUA AHU Z 19 22."0 155 15.90 107n - • 1 () •• 13 2.7 E" 50
AHUA. AHUE E 19 22."0 155 15.90 1070 -. I Q - .13 .0 E"
AHUA AHUN N 19 22."0 155 15.90 1070 - • 1f'1 - • 13 .0 E"
AINAPO AIN Z 19 22.50 155 27.&2 152" • 1~ .17 3.3 E 0
AINAPO AINE E 19 22.50 155 27. &2 152" • 13 • 17 .0 L
AINAPO AINN N 19 22.50 155 27.&2 152~ .13 • 17 .0 L
CAPTAIN COO~ CAC Z 19 29.29 155 55.09 323 • (H' -.1& 3.& L" 0
CONE PEA~ CP~ Z 19 23.70 155 19.70 103A -.a~ -.07 &.0 L" 0
DANDELION DAN Z 19 21."2 155 tlO.04 3003 -.27 .03 6.0 L 0
DESERT DES Z 19 20.20 155 23.30 A15 ·.2 Q -.13 3.5 E SO
ESCAPE ROAD ESP Z 19 2".68 155 1".33 1177 - • 1 7 -.19 2. I L 0
HAWAIIAN 8EACHES HAS Z 19 31.89 15" 53.89 92 -.o~ -.2t1 .0 L"
HALEAKALA., MAUl HAE E 20 "6.0n 156 15.00 2090 .OQ .00 I .0 W P
HALEAKALA, MAUl HAL Z 20 t16.00 156 15.00 2090 .QO .00 .1 HI P
HALEAKALA, MAUl HAN N 20 46.00 156 15.00 2090 .00 .00 I .0 W P
HILO HIE E 19 "3.20 155 ~.30 20 .sa .30 1.0 W P
HILO HIL Z 19 "3.20 155 5.30 20 • I:j II .30 1.0 HI P
HILO HIN N 19 "3.20 155 5.30 20 .5" .30 1• 0 W P
HIL INA PAll , HLP Z 19 17.9b 155 lA.63 107 .O? .07 2." E n
HALE POHA~U HPU Z 19 "'.85 155 27. 50 3H6 • 31 • I 7 3.7 E 0
HUMUULA SHEEP ST HSS Z 19 3&.31 155 29.13 2""5 .2° .35 2.7 L" 0
HUALALAI HUA Z 19 "1.25 155 50.32 2189 .eT .38 3.0 E 0
HEIHEIAHULU HUL Z 19 25.13 15" 58.72 3&9 - .17 ... • 16 2.2 E DS
~AAPUNA KAA Z 19 15.98 155 52.28 S2~ ·.1;J -.01 ".2 E 0
KAENA POINT ~AE Z 19 17.35 155 1.q5 37 -.01 .06 I .3 E 0
KAOIKI FAULTS KFA Z 19 25.2& 155 25.1 " lS79 • I ~ • 17 .0 E H
KAOI~I FAULTS ~F8 Z 19 25.26 155 25.1" 1579 • 1~ • 17 .0 TE S
KAHU~U ~HU Z 19 1".90 155 37.10 1939 • QI ·.03 ".0 E 0
KANEKII ~II Z 19 30.56 155 "5.90 1M" 1 • 1" .37 " • 1 E 0
KANEKII KIIE E 19 30.56 155 "5.90 1Aln • 15 .37 .0 l
~ANE~II KIlN N 19 30.50 155 t15.90 18Ul

• 1" .37 .0 L
KIPAPA, OAHU KIP Z 21 25."0 158 .90 " 6 .on .00 .6 HI P
KEANAKOLU ~~U Z 19 53.39 155 20.58 1863 .6A .2" 1.1 L 0
PUU ~ALlU ~LU Z 19 27."8 15" 55.26 271 -.17 -.30 .0 L. 0
KOHALA ~OH Z 20 7.69 155 46.11 11&" -.O~ - .11 2.2 L D
KOHALA KOHE E 20 7. 69 155 "&.77 1166 -.0' -.17 2.2 L"
~OHALA KOHN N 20 7. 69 155 "6.77 1166 -.O~ -.17 2.2 L"
KIPU~A NENE KPN Z 19 20.10 155 17."0 92" - • 1 1 -.08 ".3 E 0
~APOHO ~PO Z 19 30.02 15" 50.51 13" ... oc -.2" .0 L"
~ALALUA LUA Z 19 2".55 155 ".25 622 ".25 -.30 3.9 L OH
MAUNA LOA "LE E 19 29.80 155 23.30 20lQ .0' .08 .0 55
MAUNA LOA "LN N 19 29.80 155 23.30 Z010 .03 .08 .0 55
MAUNA LOA MLO Z 19 29.80 155 23.30 2010 .Q' .08 5.8 L" SO
MAUNA LOA MLOH 5 19 29.80 155 23.30 2Ul0 .03 .08 .0 E
MAUNA LOA "LON N 19 29.80 155 23.30 2010 .03 .08 1.5 L"
"AUNA LOA MLV Z 19 29.80 155 23.30 2010 .Q' .OA .0 55
MAUNA LOA X I;LX Z 19 27. 60 155 20.70 1"7<; .oe • 15 2. 1 E
MAUNA LOA X MLXH E 19 27.60 155 20.70 1"75 .0' • 15 .0 E
MO~UAWEOWEO "OK Z 19 ZQ.28 155 35.98 "10" • 1<; • 16 ".0 l" OH
MAKAOPUHI MPR Z 19 22.07 155 9.85 881 - • 1 7 -.20 I • " L 0
';OUNTAIN VIEW MTV Z 19 30.25 155 3.75 ,09 -.0> .01 ".8 E 0
NATIONAL GUARD NAG Z 19 "2.12 155 1.72 18 .5" .30 ".5 E 0
NORTH PIT NPT Z 19 2".90 155 17.00 1115 -.3 0 - • 18 ".5 E" so
OUTLET OTL Z 19 23.38 155 16.9" 1038 - .19 -.18 ".9 L"
PAUAHI PAU Z 19 22.&2 155 13. I 0 99" -.21 -.2" 2.M E SO
PAUAHI PAUE E 19 22.62 155 13.10 99" -.?1 -.24 .0 L"
PAUAHI PAUN N 19 22.62 155 13.10 99" -.21 -.2" .0 L"
PUU HONUAULA PHD Z 19 28.90 15" 53."0 215 -.Oq -.2" 3.2 E 0
PUU HONUAULA PHOE E 19 28.90 15"753. "0 215 -.OQ -.2" .0 L"



Table 1 (continued)

PUU HONUAUlA PHON N 19 28.90 IS- 53 •• 0 215 -.OQ -.24 .0 l-
PUU ULAULA Pl' Z 19 32.00 155 27. &7 2992 - • 0 , • I 3 5._ L D
PQHOIKI POI Z 19 21._2 IS_ 51.22 1" _.n'=! ".24 • 0 l_
POLIOKEA>'E P'LI POL Z 19 17.02 155 13.41 tb9 -.O~ .03 3.5 E 0
PUU PILI PPL Z 19 •• 50 155 21.67 3' ".1~ - • I 5 1 .1 E 0
PUU KAI-1QAMOA PUK Z 19 23.00 155 &.25 70_ -.~~ -.30 • U L 0
RIM ,;0 1 r~ 7 1. 23.90 ISS 1&.bO 1128 ... ~ 1 -.13 .0 L_
SOUTH POINT SPT Z 18 58.91 ISS 39.92 2-4 - • 17 -.22 2.1 E 0
SOUTH POINT SPTE E 18 S~.91 155 3•• 92 ?t.lLJ - • 11 -.22 • 0 l_
SOUTH POINT SPTN N 18 58.91 155 39.92 :?lJlJ -.11 -.22 .0 L4
SOUTHt;EST RIFT SwR Z 19 21.26 155 36.30 LlV'u~ .01 .0_ b._ L 0
UWEKAHUNA US~ E 19 25.40 155 17.&0 12"0 ... 2 1 .00 1 • 0 S P
UWEKAHUNA USZ Z 19 25.-0 ISS 17. bO 12UQ -.21 .00 I .0 S P
\~AHAULA \AJHA Z 19 19.90 1~~ 2.Q2 29 - • t ('l -.0_ lob E 0
iVIlKES CAMP WIL Z 19 28.15 I~S 35.02 _031 .2' • 1 7 2.& L 0
l'JOOO VALLEY WOU Z 19 15.06 ISS 30.12 ·09 - • 1 c; -.0& -.& E 0

Table 2. Seismic Instrumentation Types

The codes in parentheses refer to the seismometer types litsted in Table 1.

b) Preamp/VCO-

Type 1. (Codes E, L,
a) Geophone-

and 4) Consists of:
Electrotech EV-17 (E) or Mark Products L4C (L) 1.0 sec.
period moving magnet vertical component seismometer or
horizontal component adjusted for an output of 0.5 volts/
em/sec. and 0.8 critically damped.
USGS/NCER Model J302 or J402 (4) voltage controlled oscil­
lator. Three db points for bandpass filter at 0.1 Hz and
30 Hz. Signals are transmitted on audio FM carrier over
cable or FM radio link to HVO.

Type 3. (Code H1) Consists of:
Electrotech EV-17 or observatory-built 0.8 sec. period moving coil
seismometer with HVO-built solid state seismic preamplifier, galvanometer
driver, and 2 Hz galvanometer. Peak magnification approximately 40,000 at
4 Hz.

Type 4. (Code S) Consists of:
Sprengnether short period vertical and horizontal seismometers (E-W) with
1.5 sec. galvanometers, coupling factor" 0.25, 2X critically damped. Peak
magnification approximately 1500X at 2 Hz.

Type 2 instruments have been discontinued.

Code (W) is a Wood-Anderson torsion seismograph.

Codes (TE) and (55) are experimental seismometers.
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Figure 3. System response curves for the Wood-Anderson torsion seismograph and
for the 3 different types of seismometers in use by the Hawaiian
Volcano Observatory. Types 3 and 4 are electro-mechanical seismographs
recorded optically on photographic paper. Type 1 is the standard
NCER seismometer recorded on Develocorder film and magnetic tape.
The curve for Type 1 includes response of the geophone, all electronics
including telemetry, Develocorder galvanometer, and projection of
film by a 20X viewer. The curves plot the unit response which should
be multiplied by a constant but known factor (CAL), to get the response
for an individual station.
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SEISMIC DATA PROCESSING

Develocorder films are scanned for earthquakes. and coda durations are
measured for magnitude determination. Events are digitized, timed, and located
on the Eclipse computer at HVO. Computer locations are made using the program
HYPOINVERSE (Klein, F.W., Hypocenter location program HYPOINVERSE. U.S.G.S.
Open file report 78-694, 1978). and problem events are reread and rerun.
Magnetic tape copies of all arrival time and output summary data are kept in
Menlo Park and HVO.

The crustal model used is specified by velocities at 4 depth points.
Velocity at any depth is given by linear interpolation between points and uses
a homogeneous half-space below.

VELOCITY
(km/sec)

1.9
6.5
6.9
8.3

DEPTH (km)
0.0
4.6

15.0
16.5

Two empirical sets of station delays or corrections were used in the
locations, and are given in Table 1. Delay model 1 is used for events on
Kilauea and its south flank, and delay model 2 applies to the rest of the island
and offshore earthquakes. The delay models are in fact separated by a circle
of radius 34 km centered at 19°22 1 N and 155°10'W.

Magnitudes for most events were computed using both recorded amplitudes on
low gain or Wood-Anderson stations and signal or coda duration on short-period
vertical stations. Amplitudes read from other than Wood-Anderson instruments
are corrected to an equivalent Wood-Anderson amplitude using the curves of
Figure 3 and CAL factors. Amplitude magnitudes larger than 2.5 are generally
based on the Wood-Anderson instruments in Hilo or Type 4 seismographs at Uweka­
huna. Smaller events may occasionally include amplitude readings from stations
AHU, KAA. OTL. PPL, KHU, PHD, or WIL.

Duration magnitudes are determined from the length of Signal in seconds
read from the Develocorder viewer. This time. also called the "F-P time" is
measured from the first P arrival to the point where the earthquake signal has
decayed nearly to the noise level. A bilinear relation is an appropriate fit
to the data sample and is used to compute all duration magnitudes. Duration
times are only read from Type 1 seismographs. Because duration magnitudes are
relatively insensitive to station response and can be detenmined using the
high-gain short-period stations, it is felt that duration magnitudes are more
accurate and complete at the lower magnitudes (below 2).

The equations used in magnitude determination are:

duration <210 sec
duration >210 sec

M - -5.2 + 3.89 log (F-P) + .013 ~ + .0037 D
M • -.905 + 2.026 log (F-P) + .013 • + .0037 D

where ~ and D are the depth and epicentral distance in km.

10



SEISMIC SUMMARY

The emphasis in both station coverage and detailed data analysis is on the
highly active south half of the island of Hawaii. Hundreds of earthquakes too
small to locate are counted daily. and the set of located earthquakes in the
Kilauea region is nearly complete above magnitude about 2.0. Many smaller
events are located also. Substantial effort 1s made to locate earthquakes else­
where on the island and within about 150 km of the island. Such coverage cannot
be as complete as on the south flank. but nearly all events above magnitude 3.0
to 3.5 are located.

Data presented in the seismic summary is in four parts. Table 3 gives
duration of harmonic tremor and numbers of earthquakes (most too small to
locate) from several source regions around Kilauea. The source region is
determined visually from signal character and pattern of arrival times at key
stations. Maps showing computer located epicenters are given in Figures 8-13.
The epicenter maps are on different scales, and show both all located earth­
quakes and large events only.

The list of computer locations constitutes the bulk of this summary, and
is given in Table 5. Each earthquake in the list is assigned a three-letter
code based on its location and depth. Figures 4-7 are maps of the regions used
to assign the location codes. The latitude and longitude limits of rectangular
regions are listed in Table 4. When the listed coordinates imply an overlap,
precedence is given according to Figures 4-7. Table 6 relists the events in
Table 5 for which either duration or amplitude magnitude is 3.0 or larger. It
is felt that this list 1s a more objective measure of large earthquakes than a
list of felt earthquakes.

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

Earthquake categories are:
1) Kilauea summit. short period caldera: shallow earthquakes beneath

the caldera.
2) Kilauea summit. long period caldera: earthquakes characterized

by low frequency signatures, often originating 5-10 km below
the caldera.

3) Kilauea summit 30 km: from about 30 km depth.
4) Kaoiki and southwest rift: southwest rift of Kilauea, western

parts of the Koae faults and adjacent Kaoiki fault system.
S) Upper east rift zone of Kilauea including the eastern parts of

the Koae faults.
6) Lower east rift zone of Kilauea.
7) Offshore PPL: earthquakes from offshore areas south of the Puu

Pili station, including Loihi seamount.
8) Mauna Loa long period: low frequency events near Mauna Loa

summit.
9) Mauna Loa short period: shallow earthquakes in the Mauna Loa

caldera region.

Tremor is separated into four categories: shallow, intermediate and
deep Kilauea. and Mauna Loa. Depth is inferred on the basis of
relative amplitudes on seismographs.

11



KILAUEA SUMMIT KILAUEA FLANK ""AI)N4 LO' TREMOR (' INUTES)
_._.---.-.---.-.-----------------------------------------------------.-.-.
I ISHORT LONG I KAO. UP. LOW. OFF- I I KILAUEA MAUNA!
I DATE I PER. PER. 30 I & SW EAST EAST SHQREILOl"!; SMOPTt INT. LOA I
I 1980 I CALDERA KM I RIFT RIF T RIFT PPL IPEQ. PF"Q. • SHAL. OEEP I
I------J--------------!---------------------l----------T-----------------I
IJ.N 1 I 121 21 I 33 200 )8 I 5 - , I
1 2 1 137 8 1 31 182 12 I , , I
1 3 I 108 4 I IR 1&7 22 1 1 T 1
1 4 I 123 31 I 30 I _7 Ib I 3 r 7 1
1 5 1 158 18 I 1 34 203 29 I ? r I
I------I--------------I---------------------!----------1-----------------1
I & 1 191 2 r 31 211 17 I I I I
I 7 I 193 2 1 I 38 272 2_ 1 I 1
I 8 I 35 2 I - 10& ?4 1 T 1
[ 9 I _8 & I 10 91 & I I 1
I 10 I 13& 1 I 1 23 85 8 I T 1
1------1--------------1---------------------1·---------1-----------------1
I II I 339 1 1 I I 1&& 7 1 9 , 2 1
I 12 I 383 2 T 20 221 13 I 9 T I
[ 13 I 29& - I 38 21 1 24 I T I
I I_ I 39_ 3 3 I 2_ 205 32 I 3 n , 9 I
1 15 1 295 7 1 I 32 1&_ 7 I T I
1------1--------------1---------------------1----------T-----------------l
1 1& [ 21_ \- I 25 571 9 I -

, 1
1 17 1 107 7 I 29 23b I 3 1 T 1
I 18 1 17 1 & I 31 156 11. 1 1 , r 2 I
[ 19 1 288 20 1 22 185 b8 I 2 T I
I 20 1 358 32 1 37 192 29 1 , 1
1------1--------------1----------------·----1----------I--------·--------!
I 21 I 579 3_ 1 32 303 22 I I I 2 1
1 22 I &3& 39 1 28 _75 1& 1 2 , I
1 23 I 211 B 1 30 335 ?8 1 I ~ • - I
1 2_ I 2&3 21 1 I. 327 13 I 2 ?O I 3 I
I 25 I 231 32 I 33 2&_ ?5 I • • 1
1------1--------------1---------------------1----------r-----------------I
1 2& 1 11 & 19 1 33 1.5 3& 1 3 2 T 1
1 27 1 157 1& 1 .& 195 37 1 & I 1
1 28 1 223 15 1 50 32& 10 I - 9 , 5 1
I 29 1 222 13 I 37 209 3 1 10 r 7 1
I 30 1 I 1& 8 1 37 175 20 1 I I

1------1--------------1---------------------1----------J-·---------------l
[ 31 I 281 33 1 39 228 7 1 3 I 1
IFE8 I I 33_ 18 I 3_ 232 9 I 9 [ 1
1 2 I 3&5 • I 27 2_2 12 I ~

, I
I 3 I 373 25 1 2& 219 9 1 3 I - I
I 4 I 359 13 I 55 219 12 1 ?5 T 1
1------1--------------1-------.·..-·----·---1----------T--------·--------l
1 5 I 229 .2 1 I 31 182 29 I 7 , 32 1
1 & I 19_ 13 I , 2" 179 15 I - I 1
1 7 1 212 7 1 31 201 20 1 7 1 1
I 8 1 51_ 8 1 3. 215 12 1 1& I 10 1
1 9 I 270 8 1 I 35 23- 21 I 7 I &9 1
1------1--.-----------1-·-------------------1----------T-------··--------l
I 10 1 289 7 1 19 212 15 1 2 T 1
I II 1

3__
B 1 3- 292 10 I 1 7 1 • I

1 12 1 38_ 30 1 .7 28 1I I 5 I 1
1 13 1 252 10 1 19 185 20 I 3 I 1
1 14 I 219 10 I 23 180 22 1 - I I
---------------------------------------_._----------------_._---------.-.-
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KILAUEA SUMMIT KILAUEA FLANK MAUN6 LO.&; TREMOR (MINUTES)._----_...-----.-._._---_.-------------_.---------------------------------
I ISHORT LONG I K~O. UP. LOW. OFF- I T KILAUEA MAUNAI
I DATE I PER. PER. 30 I & SW EAST EAST SHORE I L0',G SHnJ:P T INT. LOA I
I 1980 I CALDERA KM I RIFT RIFT RIFT PPL IPl:.~. Pf.q. T SHAL. OFE~ I
1------1--------------1---------------------1----------T-----------------l
IFE815 I 138 2 1 I 2h 119 _8 I I T I
I Ib I 122 1 I 10 135 2b I a I I
I 17 I 18a 1 I 32 Ib3 lb I 'I I I
I 18 I 2.b 23 I 20 273 17 I I 9 I
I 19 I 22_ 18 I aD 291 I \ , T I
1------1----·-------··1----------------··---1----------T-----------------l
I 20 I 207 1a I 35 193 20 I 2 7 T 4 I
I 21 I 197 7 I 28 179 19 I I , T I
I 22 I 219 10 I a2 Ib5 II I 1 30 I
I 23 I 200 3 I I 19 142 23 I I 1 I
I 2_ I 181 - I 2b 179 12 I 5 ! 22 I
1------1--------------1---------------------1----------t-----------------I
I 25 I 177 - I 19 200 19 I 5 T I
I 2b I 188 8 I 29 170 8 I 5 t 15 I
I 27 I 145 2 I 3b 155 12 I ? b 1 7 I
I 28 I 109 2 I 22 Ib9 28 I \ I 1 40 I
I 29 I b4 2 3 I 32 122 12 I 1 I
1------!--------------1---------·-----------1----------T-----------------1
I~AR 1 I b9 4 I 24 209 28 I T I
I 2 I 52 10 I 20 Ib34 10 I I T 8_

~O
I

I 3 I 70 I I 17 115 10 I 5 \ T 1
I 4 I 3_ I I 19 12_ 25 I 2 3 1 I
I 5 I 39 2 2 I 34 103 22 I I \0 1 5 I
1···---1--------------1---------------------1----------T-----------------1
I b I 84 4 I 28 122 II I I b ! I
I 7 I 34 3 I I- 84 22 I 2 I I
I 8 I 45 I I 18 80 I- I 3 T I
I 9 I 5b I I 2b 85 20 I ~ T b I
I 10 I bb 12 I 18 1253 25 I I T bl2 4 I
l-·-···t·····----···--!·-----·--··---·------I----------1-----------------1
I II I bO 18 I 18 1532 30 I I 11 a_o I
I 12 I 30 27 I 18 233 33 I 2 !t 440 I
I 13 I 34 Ib I 19 159 33 I ~ I I
I 14 I 3. 5 I 19 I3b 21 I T . 4 I
I 15 I 33 5 I 29 117 23 I ~ T I1------1--------------1---------------------1---------·T-.---------------I
I Ib I 34 2 I lb 82 7 I I I
I 17 I 104 I 23 89 5 I 1 I I
I 18 I 175 I I I 8 70 I 2 I 5 1 I
I 19 I 77 3 I Ib 82 3b I 2 5 I I
I 20 I 50 3 I 11 75 Ib I 1 5 I a8 I
1-·----1---------·-···1----·----·---·---·---1-·----··--T------···--------I
I 21 I bl 3 I Ib 92 14 I 8 1 I
I 22 I b8 b I 23 110 20 I 1 T I
I 23 I 72 3 I Ib 71 13 I I I 5 I
I 24 I 5_ 3 I 10 88 18 I r I
I 25 I 5_ 2 I 17 79 la I I I I I
1····-·1-·----·-----·-1--------·-----·--·---1-·--------1---------·---·---1
I 2b I 112 2 I 23 99 13 I I 2 I I
I 27 I 49 12 I I 8 103 Ib I \0 T I
I 28 I 79 I I I 19 74 30 I 3 I 28 I
I 29 I 51 I I 17 bb 15 I 4 1 I
I 30 I b9 b I 28 b9 Ib I 5 I I-_......__ . __.._...._...•......-..----------.._--.....-----_..._._-_._ ....
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KILAUEA SU;"MI T KILAUEA FLANK '1 AL,f\,A Ln. TOEMOR OIH!UTES)
---------.----------------------------------------------------------------
I IS"OOT LOI~G I KAO. Up. LOW. OFF- I r KILAUEA MAUNA!
I OATE I PER. PER. 30 I & Sw EAST fAST SHORE ILlJl. G SI-lORTt INTo lOA I
I 1980 I CAlOERA K. I RIFT RIFT RIFT PPl IPE~. P~~. T SHAL. OEEP I
1------1--------------1---------------------1----------T-----------------!
I'·U.R3t I 88 \ I I 20 lOR 15 I 71 1 I
IAPR 1 I 80 21 I 27 80 15 I \5 r 2 3 I
I 2 I 7S 19 I 20 9b 2? I 7 T [

I 3 I 57 31 I [ 2\ 72 21 I I ~ T 8 0 I
I 0 I 75 \2 [ 27 80 I B I lit T 1 3 I
1------1--------------1---------------------1----------t-----------------I
I 5 1 80 0 I 3b 76 27 I I , I 2 I
I 6 I 128 3 I J 26 109 30 I 1 7 J I
I 7 I 80 \5 1 2. 70 13 I I 1, 1 I
I 8 I 165 2 I 37 119 6 I I , T \6 I
I 9 I \8A 2 I 27 1 I 1 I 19 T 3 I
I------1--------·_·_--!---------------------!----------T-----------------l
I 10 I 75 \7 I 33 16A I 7 T 3 I
I 11 I A3 6 I 20 153 22 I I S I I
I 12 I 31 I I 19 75 31 I 2 , r A I
I 13 I 35 7 I 32 82 35 I 0 I • 8 I
I \A I 5\ 2 I 20 106 2' I ? I 29 22 I
1------1--------------1---------------------1----------T-----------------!
I \5 I 33 6 I 20 106 28 I 3 I , I 25 I
I 16 I AO 7 I 23 91 A6 I ~ I 52 I
I 17 I 38 4 I 31 81 9 I 6 6 1 I
I 18 I 00 I I 22 A2 20 I 1 7 T I
I 19 I 04 \ I 10 8\ 15 I 2 9 1 I
l--·---I-·------------!---------------------I----------T-----------------I
I 20 I 37 A \ I 3\ 96 11 I 5 I I
I 21 I 62 3 I 2A 7. 12 I 2. , I
I 22 I 88 12 I 28 12\ 12 I \ 16 I I
I 23 I lAO 7 I 31 132 I 2 I~ I I
I 24 I \06 13 2 I 35 \07 \0 I A 7 , I1------1-·------------1-----------·-·-------1---------_T _____ ·__ ·________ I
I 25 I 87 26 I 3\ 101 2\ I 3 5 , I
I 26 I 121 34 I 27 90 \. I 2 \5 I I
I 27 I 132 29 3 I 36 lOA \5 I 3 3 1 I
I 28 I 125 29 \ I 36 \\ 9 \5 I I 3 , 7 I
I 29 I \A2 A I 35 \06 \3 I 1 2 I 16 I
t------I--------·-·--·I--·------------------I----------J-----------------I
I 30 I 1 \1 21 I 52 \23 10 I 0 3 , 1 31 I
I~AY \ I 65 20 I 29 \77 12 I 3 I I
I 2 I 34 7 I 30 122 9 I 3 I I
I 3 I 25 4 2 I 13 159 15 I 2 I I I
I A I 30 10 I 31 378 19 I \ \ , I
I------t----···-···--·I-·-·····-···---·-····I··------··T-··----·-·-·----·I
I 5 I 52 8 I Al \91 17 I 2 T I
1 6 1 32 12 I 26 \60 12 I 2 1 I IA 2 I
I 1 1 55 3 I 27 \3. 10 I 0 I 8 I
1 8 I 8\ 6 I 3\ IA2 20 1 I 25 I
I 9 1 H 2 1 30 161 12 I I I I 3 I
I·-··--t··---··-··-··-l-·-----··--····--····I·······-··T-················l
I \0 I 123 \\ I 21 133 \5 I 5 I I
I \1 I 1&6 7 \ I 37 112 \9 1 r 2 I
I \2 I 156 \3 5 I 33 137 \A I I 1
I 13 I \2\ \5 1 I 30 120 8 I 1 I 5 1
I IA I 209 \7 I 29 \17 \6 1 2 , I....._._ .••.....•__...-............._.._......-......._...--_ ....•.•.•.•..
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KILAUEA SUMMIT KILAUEA FLANK MALINA LOA TREMOR (MINUTES)
-----------.-------._--------.-----.---------._.----- ...-.---------------.
I ISHORT LONG I KAO. UP. LOW. OFF- I T KILAUEA MAUNAI
I DATE I PER. PER. 30 I & SW EAST EAST SHOREILnNG SHORTl INT. LOA I
I 1960 I CALDERA KM I RIFT RIFT RIFT PPL IPER. PFR. T SHAL. DEEP r
1----·-!--------------1---------------------1···-·-----t-----_···_·------1
I'HY15 I 77 7 r 31 114 11 I 1 1 I
I 1b I 114 b r 20 145 1 b I 4 2 T 4 r
I 17 r 72 2 I 20 142 41 I 1 I 9 I
r 16 I 23 4 1 I 2b 1H 77 I 1 I I
I 19 I 31 4 I 28 402 52 I 2 1 35 I1------1--------------1··-----_·_·-·----···-1·-·_·_·-·-f-----------.-_·_.!
r 20 I b8 2 I 2& 174 52 r 2 3 I r
I 21 I 57 14 I 20 147 28 I 4 1 J I
I 22 r 98 11 1 I 30 122 28 I 1 1 J I
I 23 I 133 & r 13 99 21 I 10 5 I 1 0 I
I 24 r \&2 7 2 I 20 119 49 I 5 4 I II------t--····-·-·····J---------·--···----·-1--·-·---.-r-------..---_._--I
1 25 r 21& 4 I 22 10& 17 I 3 4 I I
I 2& I 220 32 I 34 132 30 I 4 2 J 2 I
I 27 r 267 30 I 3& 117 7 1 I 2 ~ T r
I 28 I lb9 19 I 35 257 19 I & 3 J I
I 29 I 54 14 2 I 33 178 30 I 5 ! 4 II------r--------------I----------_·_·_------l------·_·-J ..--------....---l
I 30 I 41 25 I 3& 192 20 I & I 12 I
r 31 I 4b 7 I 2& 250 53 I 5 1 I 10 3 I
IJUN 1 I 47 5 I 42 285 59 I 2 ? I 2 I
I 2 I 47 12 1 I 27 250 50 r 5 2 T 2 I
r 3 r 48 23 I 52 283 124 I 5 I 3 14 II--···-r··-----·-·----t-------·-·-----------1-----_·... T-- .. -- ......----.1
I 4 I b2 14 I 11 121 25 I 1 I I
I 5 I 123 19 I 22 138 34 I 4 J I
I & I 77 10 1 I 13 109 24 I 2 7 I r
I 7 I 113 3 1 I 23 125 13 I I I
I 8 I 173 28 1 I 3& 143 53 I & 1 7 II------t----------·_·-1·-·-·-·-···----······1·········-t.- ... -..•.......• l
I 9 I 134 24 I 22 1&4 h4 I 3 I I
I 1 0 I 41 5 I 23 117 47 I 2 I I
I 11 I &0 4 I 29 152 48 I 1 J r
I 12 I 78 17 1 I 29 131 &7 r 1 2 1 I
I 13 I 92 7 I 24 133 3& I 5 J I1······1·-··-·········1·····················1·······..•T.•.....•.••••••.. l
1 14 I 205 13 I 31 145 2 I 2 J 3 13 I
I 15 I 228 34 1 I 35 17 1 44 I 1 3 J I
I 1& I 200 31 1 I 37 135 223 I 4 J 2 I
I 17 r 152 30 I 31 159 101 I 2 7 I 11 2 I
I 18 I 72 1& 1 I 3& 197 81 I ? 2 I 3 I1-·····1···--·········1····-···············-1·····_•... t ••••••••••••••••• l
I 19 I 42 25 1 I 45 180 145 I 2 1 I I
1 20 I &1 32 1 I 31 14& 55 I 4 3 I 30 I
I 21 I 57 42 I 41 1&2 59 I 1 7 I I
I 22 I &4 10 I 24 187 &3 I 17 I 7 I
I 23 I 57 1& I 29 42 814 I 5 4 I 10 I1·····-1···--··_-·····1··············-·····-1··---···.-t.--.--•••.....•..1
I 24 I &3 53 I 2& 813 33 I & a I I
I 25 r 95 27 1 r 34 17 1 &0 I 23 I I
I 2& I 104 28 I 39 129 &1 I 3 9 I I
1 27 I 85 5 1 I 18 85 33 r 4 I I r
I 28 I 125 11 I 13 111 44 r 3 3 I r......-............._................_........•...........................
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KILAUEA SUMMIT KILAUEA FLANK MAU"''' LOA TREMOR (MINUTES)
--------._----------------_.--------------._------------------------------, 'SHORT LONG I t( ... o. UP. lOW. OFF- 1 1 KILAUEA MAUNA I
I DATE I PER, PER, 30 , & SW EAST EAST SHORE ILOtJG SHORT I INT. LOA I
I 1960 I CALDERA KM I RIFT RIF T RIFT PPL IPEQ. Pl=.:R. I SHAL. DEEP I
I------I--------------!-------------------_·!·-·_-----·,·_---------------1
IJUN~9 I ~56 ~1 I ~3 1~5 44 I I 1 I 3 I
I 30 I 2~5 11 , 3b 93 31 I ~ 3 I 4 I
IJUL 1 I 183 6 I 26 116 ~~2 I I 1
1 ~ 1 305 6 1 30 1~4 ~6 I 8 T 1
I 3 I 303 6 1 21 I bb 21 1 ~ 1 ~ I
I------I--------------I-------------··----··!----------1---··----········1
1 4 I ~~9 ~5 I 31 141 ~9 I 1 1 I ~ I
1 5 I 166 11 1 21 150 41 1 I 5 I I
1 6 I 183 3 I ~4 169 55 1 1 , I, 1 1 ~oo I I ~1 161 56 I 6 , I, 8 I 117 I ,

~1 143 3" I ~ I I
(------1-------·------1·_·------------------1--------·-T-·---------------1, 9 I 81 ~ ~ I 25 166 26 I I ~ I I
I I 0 I 56 5 I 42 164 33 I 3 3 I ,
1 I I I 45 4 I I 32 230 60 I 5 , 9 I
1 I~ I 46 2 I 31 116 106 I 6 I I
I 13 I 6~ 146 I I 25 155 65 I I I 40 5 I
1--·---r---···---·----I---···_--------------1--···-----t--··----·····----I
1 14 I 49 6 I 41 135 61 I 3 T I
1 15 I 50 7 I 26 1~8 54 1 I 7 I I
I 16 I 52 6 I 24 166 59 I ? I I, 11 I 54 5 I 41 190 11 I 4 I 40 I
I 16 I 50 4 I ~3 92 ~34 1 3 , II-----.r-.--.--.•..•--1 •...---- ... --.--.•• --I ••......•_T··_· ______ ·_···__ I
I 19 I 86 8 I 20 84 4~ I I I
1 ~o I 186 10 ~ I 19 151 55 I 1 6 I I
I 21 I 185 6 I 15 117 39 I , 15 I
I 2~ I 171 10 I Ib 124 180 I 1 3 , I
I ~3 I 198 54 I I 18 123 41 I 12 , ,
l----·-I--------·-----l-·········~··--······l·········-1-·············-··1
I 24 I 333 36 I ~8 88 41 I 5 , I, 25 I 342 13 I 31 118 34 I ~ I I
I 26 I 14~ 2 1 I 13 139 165 I ~ 4 I I
I ~1 I 14 1 2 I 17 15~ 126 I 2 , 1
1 28 I 111 10 1 I 21 163 83 I 4 I I
1-····-1······-······-1-··-·-·····----·-·---1-··---··--1-·--·····-·--·-·-1
I ~9 I ~oo 5 I ~o 334 105 I 1 , 8 I
I 30 I 193 ~ I ~7 167 47 I ~ I I
I 31 I ~18 4 I 23 ~59 63 1 3 3 I I
lAUG I I 135 13 I 32 132 6~ I I ~

, I
I 2 I 190 16 I 23 1~8 24 I 1 3 J 9 I
1--.···1·-··-··-··--·-1---·--·········-··-··1-··-----··y···-·········-···l
I 3 I 106 3 I ~8 186 18 I 4 I , I
I 4 I 8~ 19 , ~4 159 5& , 5 , 9 I
I 5 I 50 7 I ~8 ~66 48 I 2 I I
I 6 I 33 8 1 17 495 73 I I 1 1
I 7 I 141 3 2 I 19 28~ 10 I T 9 I
1......1-.----.•---.-.1 ..... ----.-··-- •• -·--1-.-· .. -... t--··---·······---1
I 8 I ~5 3 I ~5 14~ 39 I I 2 . I 10 I
I 9 I 32 1 I 18 101 38 I ~ 1 I
I 10 I 51 I 1 I 12 114 43 I 3 4 J I
I II I &3 I I 22 337 46 I 1 1 I 1
I I~ I &5 I I 28 31~ 5& I 2 I I I-_._......._-_....._..-.---_.._-- ....._---.--- ..-.........................
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KILAUEA SUMMIT KILAUEA FLAf\IK MA, I IJoJA LOA TREMOR (MINUTESl.._...-.---.-.---_..~_.--------------_.--- ..-.-----_.----.---.---- .. ---.-.
I ISHORT LONG I 1<.,6,0. UP. LOW. OFF- I I KILAUEA MAUNA I
I DATE I PER. PER. 30 I & sw EAST EAST SHOREILONG SHOIHT INT. LOA I
I 1980 I CALDERA KM I RIFT RIFT RIFT PPL IP€k. PEQ. I SHA.L. DEEP I
1------!------------_·!---------------------1----------l-----------------I
I AUG 13 I 78 7 I 95 208 38 I I T 35 I
I I" I 99 b 2 I 52 189 37 I 2 r 11 I
I 15 I 133 I 27 1"9 39 I ? T 8 I

'1 Ib I 1"5 12 I 58 179 2b I 5 T 10 I
I 11 I 111 9 2 I oS 20" 29 I I 1 J b I
t--·---I--------------l----·_·_-------------!·_--------J-·-------------·-1
I 18 I 13b 2 I 32 128 29 I 2 r I
I 19 I 119 2 I 35 135 11 I 2 " T I
I 20 I 13" 3 1 I 28 10" bl I 1 " 1 I
I 21 I 1"1 b I 28 122 25 I 2 1 I
I 22 I 191 I 1 I 28 13b 12 I 1 3 T I
I-·_···l····--_·------!---------------------I·---------T-----------------1
I 23 I 119 I 21 1 18 I" I 3 3 I I
I 2" I 290 1 I 2b 138 28 I 3 1 I " I
I 25 I 22b 3 1 I 11 15" 19 I 1 3 r 2 I
I 2b I 89 3 I 32 191 3b I 15 ? 1 I
I 27 I 139 lb 1 I 21 22"1 b" I 2 r ?"O I
t------r-----------·--1------------------··-1-·--------T-----------------1
I 28 I 123 23 3 I 20 281 31 I 5 r I
I 29 I 02 9 I II 9b 1" I 3 1 I
I 30 I 51 I 0 2 I 10 89 28 I 1 5 1 I
I 31 I 89 5 I I" 91 22 I 9 1 r 10 I
ISEP I I 235 5 1 I 32 lb3 123 I 2 I I 39 I
1----·-I·_···---------!---------------------J·_------_-y-------..--------1
I 2 I 28b 13 1 I 2b 108 82 I 0 1 1 I
I 3 I 197 b I 21 128 50 I I I I
I " I 209 b I 21 158 109 I 2 r I
I 5 I 222 20 I 23 l"q "15 I 2 , I I
I b I 15b 9 2 I 3" 98 83 I 2 r b I
1--··--1---·------·---1----·------------·---1-·--------I---------------.-!
I 7 I 111 2 I "1 125 132 I , I
I 8 I 139 Ib I 21 1"1 80 I I I I
I 9 I 513 8 2 I 2b 155 1"9 I 1 1 I
I 1 0 I 120 5 I 3b Ibb 11 " I 3 1 13 I
I 11 I "90 4 I 31 lb3 bl I 1 r I1---·--1----·---------1--·--------------·---1------___ -t-----------.- .. --1
I 12 I 202 1 I 33 289 112 I , I
I 13 I 151 1 I ~2 390 90 I J ~ I
I I" I 101 1 I 37 19~ "35 I , I
I 15 I 81 I 3b I1b 130 I I 1 J I
I Ib I 103 0 1 I 17 153 bb I I " I I
1·-·--·1-····-·····-··1-··---·--------------1--------_-I-----------------1
I 17 I 55 b I Ib 12b 59 I 3 1 r I
I 18 I III 7 I 28 322 289 I 3 I 3 I
r 19 I 72 2 I Ib 89 52 I 3 I 1
I 20 I ~3 8 0 I 2b 113 b5 I 2 I I
I 2\ I 90 11 I 17 112 227 I 2 I I
1·-·---1-····--···--··1·····---·--------·---1-·----·-·-1----------------.1
I 22 I 180 33 I 25 lOb 340 I 0 J " I
I 23 I 201 I I I 28 152 99 I ? , I
I 20 I Ibb 7 I 2b 102 88 I r I
I 25 I 102 I I 20 18~ 15b I 2 1 I
I 26 I b8 II 1 I 31 158 2b\ I 2 " I I-_....-.......-....-...-•••...•..._._-- ..-.....--....--.-......••.._......
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KILAUEA SUMM IT KILAUE' FLANK MAIJ";" LO' TREMOR ("INUTES)••••• e __________________ • ____ • ___________________ ._. ______________________

I ISHORT LONG I 1<40. Up. LOW. OFF- I T KILAUEA MAUNA I
I OATE I PER. PER. 30 I & sw EAST E.S! SHOREILO"G SHORTt INT. LOA I
I 19aO I CALOER' KM I RIFT RIFT RIFT PPL IPFR. PER. I SHl.L. DEEP I1··----1-·------------1------------··-----·-1···_·---_-1-----------------1
ISEP2T I &0 & 2 I 42 195 30& I 4 T I
I 28 I &0 2 I I 30 1&3 283 I 3 ? ! I
I 29 I 70 10 I 2& 155 14T I 4 T I
I 30 I 78 3 I 31 ) 52 119 I Q 1 I
IOCT I I 11 0 3 I 24 202 93 I 1 3 T 5 I
1------1--------------1---------------------1-------_·-T-----------------1
I 2 I 89 8 I 24 144 328 I I I I
I 3 I 99 4 2 I 24 1&& 9& I 2 T I
I 4 I 80 1 I 33 177 93 I T I
I 5 I 104 I I 1& 184 &7 1 I I
I & I 92 4 I 19 19& 153 I T I
t------I---····--····-1---------------------1----·-----T-----------------I
I 7 I 74 3 I 25 155 272 I 2 J I
I 8 I && 2 I 21 139 115 I 3 ! I
I 9 I 90 12 I 32 144 54 I I 3 T I
I 10 I 35 8 I 18 98 &2 I 9 II J I
I II I 47 4 2 I 8 90 39 I 19 1 T I
I···---t-·--------·-·-I-··---··-------------1----------T-----------------l
I 12 I && 8 I 20 130 222 I 3 5 ! I
I 13 I 90 2 I 27 130 174 I 7 I I
I 14 I 130 2 I 34 14& 50 I ~ T 50 I
I 15 I 180 1& 1 I 38 153 135 I • I 27 I
I 1& I 2&7 4 I 37 134 47 I 1 2 ! 25 I
I--·-·-r-·-----·-··---l------------···------I----------T-----------------!
I 17 I 299 7 I 3~ 113 39 I I 4 T I
I 18 I 51& I 4 I 29 145 91 I 4 I I I
I 19 I 251 4 I 44 311 91 I 7 T I
I 20 I 7 1 23 I 24 284 113 I 9 1 I
I 21 I 75 2 I 33 1354 201 I 2 • , I
l·---··J·············-l·····················l-········-t··-············-·x
I 22 I &5 7 I 21 1029 4&7 I 5 II T &2 I
I 23 I 51 I 24 239 91 I 14 r I
I 24 I 87 23 I 25 13& 30 I 1 & T 5 I
I 25 I 151 1202 I 3& 110 30 I 13 T 51 I
I 2& I 25& 1353 I 33 14& 33 I 7 I 3 I
1••····1······-·······1···········---··--·--1····--···-t-·-···-····-···-·l
I 27 I 307 502 I 33 140 31 I I & I
I 28 I 219 890 I I 25 127 44 I \ ! 3 I
I 29 I 225 330 I 24 107 I 0 I 1 I I
I 30 I 415 79 2 I 37 132 25 I • I 7\ I
I 31 I 240 18 I IS 115 I 1 3 J 71 I
X.·.···J·····--··-····l··-············-·····J~·-····-·-1··-···--·······-·1
INOV I I 195 19 I 1& 92 22 3 I 1 1 J I
I 2 I 137 30 I 31 1383 37 I 4 T 9 I
I 3 I 104 9 I 2& 244 35 I 4 I 12 35 I
I 4 I 7& 21 I I 21 114 1& I 3 T 5 I
I 5 I 202 &2 I I 30 212 2& I 1 3 I 23 I
1····-·1··············1-·················-··1········--1-···-·········--·1
I & I 158 28 I I 24 182 32 I 3 T 32 I
I 7 I 171 23 I I 28 150 28 I I 4 T I
I 8 I 181 3& I 32 11& 17 I 7 17 ! II I
I 9 I 72 4 I 37 7& 11 I 14 I I
I 10 I 250 18 I 39 140 3 I I 2 I I 0 I..•...••.....•-...........-...•.....•..•..•. _- ..-.._-•...•.......•.....•.•
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KILAUEA SUr--,M! T KILAUEA flANK MAUf~A lO' TREMOR (MI'ilJTES)

._---------_._-----~-------------------------_..------ --------------------
I ISHORT lO"G I KAO. UP. LOw. OFF- I T KILAUEA MAUNAI

I nATE I PER. PER. 30 I & S," EAST EAST SHOREILOI~G SHORT! INT. LOA I

I 1980 I Cl\LDERA KM I RIFT RIFT RIFT PPl IPF..k. PF"R. T SHAL. DE~1ol I

I------t--------------l---------------------1----------T-----------------!
INOVII I 392 36 I 42 \38 14 I 7 T I

I 12 I 430 75 I 24 I 3? 7 I 2 T 44 5 I

I 13 I 629 .9 I 28 154 20 I , T 5 I

I I. I 187 24 I I 18 189 11 I • I T I

I 15 I 55 20 1 I 1. 102 1· I 1 'i T I

1------1--------------1---------------------1----------T-----------------l
I 16 I 42 34 I 2\ 18. 6 I 12 r I
I 17 I 51 3 I 18 187 .3 I 7 T 7 I
I 18 I 60 4 2 I 15 134 .2 I 2 3 T I
I 19 I 7 1 29 I I 21 1'6 1 8 I 2 • r I
I 20 I 61 ,2 1 I 15 30. 59 I 1 q 1 I

1------1--------------1---------------------1----------1-----------------1
I 21 I 54 10 I 35 381 63 I 3 b T I
I 22 I 68 b I 26 25a 25 I 2 I 1 I
I 23 I 100 \6 I 22 217 12 I \ 0 T I
I 24 I 97 5 I 32 192 20 I 3 3 T I
I 25 I 11 1 III I 12 I 90 16 I 1 " T I
I------I--------------l--------------·_-----!----------T-·---------------l
I 2b I 121 8 I 29 181 22 I 4 • T r
I 27 I 142 17 I 30 Ib7 8 I 1 2 T 29 I
I 28 I 126 3 I 21 1.0 21 I 2 • 1 2 I
I 29 I 121 20 I 24 135 23 I \ 10 T I
I 30 I 131 35 I 27 Ibb 9 I I 5 T I

1------1--------------1---------------------1----------T-----------------l
IflEC 1 I 31b 20 I 28 1.8 6 1 3 2 r 3 I
1 2 I 618 30 I 25 155 8 I 3 5 T I
J 3 I 5.b 19 I 2. 158 ~ I 2 T I
I • I 523 I. I 1. 133 3 I 5 T I
I 5 I 257 15 I 9 102 1 1 I \ 1 1 I

I------I--------------!---------------------I----------1-----------------1
I b I 252 15 I 1. 92 5 I I 1 T I
I 7 I 379 14 I 2b Ibb 12 I 2 1 I
I 8 I Ib3 7 I 37 15. 11 I 2 10 ! I
I 9 I 150 23 2 I 2. 135 R I 5 7 T I
I 1 0 I 1.2 25 I 39 1.5 15 2 I • 3 I 7 I
1------1--------------1-------·-------------1----------T-----------------l
I 11 I 229 19 I 32 lb7 10 I b I I
I 12 I I •• 8 I 29 157 19 I 5 1 0 T I
I 13 I 108 8 I 22 127 • I 11 J I
I 14 I 15b 3 I 21 IbO 6 I 2 I I
I 15 I 17b lb I 25 1.2 22 I T I

1------1--------------1---------------------1----·--·--1-----------------1
I 16 I 118 8 I 26 120 13 I I I
I 17 I 117 5 I 21 123 4 I I 1. I
I 18 I 201 12 I 15 172 3 I I I
I 19 I 99 6 I 22 102 5 I I I
I 20 I 139 11 1 I 15 11 • 13 I I I I

1·-----1---··---------1----------------··---1--------··r--··-------------I
I 21 I 198 4 I 18 177 • I 1 T 31 I
I 22 I 178 20 I 19 145 8 I T I
I 23 I 162 15 I 32 137 3 I \ T I
I 24 I 212 3 I 37 142 9 I 4 I IS I
I 25 I 306 9 I 25 125 I I 1 I 14 I_._----._--------_...•...... _........•..••.. _-_..••....•_.- ....._...._----
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KILAUEA SUt~MIT KILAUEA FLANK MAUN' LOA TREMOR (MINUTES)
....---------------------------------------------------------.-.---.-.-._.
I ISHORT LONG I I<AO. UP. LOv-. OFF- I T KILAUEA MAUNA!
I DATE I PER. PER. 30 I ~ SW EAST EAST St-lORE lL Of\IG SHORTT. INT. LOA I
I 1980 I CALDERA "M I RIFT RIFT RIFT PPL IPI:R. PF.R. T S~A,L. DEEP I
1------1--------------1---------------------1----------T-·---------------!
IDEC2b I 193 8 I 30 153 18 I 1 T I
I 27 I 21" 22 I 19 13" I" I T 9 I
I 28 I 237 "9 J 22 Ib4 8 I T I
I 29 I 145 Ib I 20 130 8 I 1 I
I 3D I 159 5 I 19 I" I 12 I >. T 1
1------1-------------·1---------------------1----------T-----------------I
I 1 I 1b 137 7 I I T I
---------------.----------_.-._------------------.------------------------

Table 4. Coordinates of named earthquake regions.

--All earthquakes are in one of the following groups.
--Identified by a numerical class or 3-1etter code:

--Shallow:
1 SNC - Shallow north caldera (0-5 km)
2 SSC - Shallow south caldera (0-5 km)
3 SEC - Shallow east caldera (0-5 km)
4 SER - Shallow east rift (0-5 km)
5 SME - Shallow middle east rift (0-5 km)
6 KOA - Koae fault zone (0-5 km)
7 SSF - Shallow south flank (0-5 km)
8 SLF - Shallow lower east rift (0-5 km)

--Intermediate depth:
9 SF1 - Kilauea south flank (5-13 km) (west end)

10 SF2 - Kilauea south flank (5-13 km)
11 SF3 - Kilauea south flank (5-13 km)
12 SF4 - Kilauea south flank (5-13 km)
13 SF5 - Kilauea south flank (5-13 km) (east end)
14 LER - Lower east rift (5-99 km)
15 MLO - Mauna Loa (0-13 km)
16 LSW - Lower SW rifts of Kilauea & Mauna Loa (0-13 km)
17 GLN - Glenwood (0-13 km)
18 SWR - SW rift (0-J3 km)
19 tNT - Intermediate caldera (5-13 km)
2D KAO - Kao1k1 (0-13 km)

--Deep:
21 DEP - Deep Kilauea ()13 km) (below regions 1-13, 17-19)
22 DLS - Deep lower SW rift ()13 km) (below region 14)
23 DML - Deep Mauna Loa ()13 km) (below regions 15. 20)

--Outer regions. all depths:
24 LOI - Loihi (all depths)
25 KON - South Kona (all depths)
26 HUA - Hualalai (all depths)
27 KOH - Kohala (all depths)
28 KEA - Mauna Kea (all depths)
29 HIL - Hilo (all depths)
30 DIS - Distant, everywhere else

20



Table 4 (continued)

----------------------------------------------------------
--The latitude and longitude limits of the regions are given below.
--When the coordinates imply an overlap, precedence is given as in the maps.

No. Code N.Lat. S. Lat. W.Lon. E.Lon.
1 SNe 19 28 19 24.5 155 19 155 14
2 sse 19 24.5 19 22 155 19 155 16.5
3 SEe 19 24.5 19 22 155 16.5 155 14
4 SER 19 26 19 20.5 155 14 155 07.2
5 SME 19 26 155 07.2 155 00
6 KOA 19 22 19 20.5 155 17 155 14
7 SSF 19 10 155 17 155 00
8 SLE 19 32 19 16 155 00 154 40
9 SF! 19 22 19 10 155 17 155 14.5

10 SF2 19 26 19 10 155 14.5 155 12.3
11 SF) 19 26 19 10 155 12.3 155 09.1
12 SF4 19 26 19 10 155 09.1 155 05.3
13 SF5 19 26 19 10 155 05.3 155 00
14 LER 19 32 19 16 155 00 154 40
15 MLO 19 43 19 19 155 35 155 19
16 LSW 19 19 18 40 155 43 155 25
17 eLN 19 43 19 26 155 19 155 00
18 SWR 19 22 19 10 155 25 155 17
19 INT 19 28 19 22 155 19 155 14
20 KAO 19 30 19 19 155 32 155 19
21 DEP 19 43 19 10 155 25 155 00
22 DLS 19 19 18 40 155 43 155 25
23 llML 19 43 19 19 155 35 155 19
24 L01 19 10 18 40 155 25 155 00
25 KON 19 39 19 00 156 20 155 43
26 HUA 19 55 19 39 156 20 155 43
27 KOH 20 25 19 55 156 20 155 34
28 KEA 20 25 19 43 155 43 154 40
29 HI1 19 47 19 32 155 09 154 40

----------------------------------------------------------
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Figure 4. Earthquake classification, shallow 0-5 km deep
Kilauea and east flank Mauna Loa.
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Figure 5. Earthquake classification. intermediate 5-13 km
Kilauea and east flank Mauna Loa.
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Figure 6. Earthquake classification, crustal 0-13 km deep
island of Hawaii.
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Figure 7. Earthquake classification mantle >13 km deep
island of Hawaii.
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M%NITUofS Figure 10 1980 EP1CDTERS. 0-13 KM
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Table 5 is a chronological listing of successfully located earthquakes. For
each event the following data are presented:

Origin time in Hawaiian Standard Time: date. hour (HR), minute (MN). and
second (SEC).

Epicenter in degrees and minutes of north latitude (LAT N) and west longitude
(LON W).

DEPTH - Depth of focus in km.

AMP MAG - Amplitude magnitude, if determined.

DUR HAG Duration magnitude. if determined.

NR - Number of arrivals (P or S) used for solution.

NS - Number of S arrivals used for solution.

GAP DEG - Largest azimuthal separation in degrees between stations.

RMS SEC Root mean square error of time residuals in sec.

MIN DIS - Epicentral distance in km to the third nearest station.

ERH km - Standard error of the epicenter in km.

ERZ km - Standard error of depth of focus in km.

REMK - Remarks, three letter code
2 for location of mnemonic
following meanings:

F felt

L - long period character

for geographic location of event.
code. Additional one letter codes

See Figure
have the

T - associated with harmonic tremor

B - quarry or other blast

* - the location program had a convergence problem, which usually means
that the depth may be unreliable.

Table 5 lists all events located during 1979. Table 6 lists only events of
magnitude 3.0 or larger.
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