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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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INTROOUCTION

The Hawaiian Volcano Observatory (HVO) summary presents data gathered
durinq the year together with a chronological narrative describing the volcanic
events and significant observatory related activities. The seismic summary is
offered without interoretation as a source of preliminary data. The seismic
summary is complete in the sense that all data routinely gathered by the obser­
vatory are included. The emphasis in collection of tilt and defamation data
has shifted from quarterly measurements at a few water-tube tilt stations
("wet" tilt) to a larqer number of continuously recorc1inQ borehole tiltmeters,
repeated measurements at numerous spirit-level tilt stations ("dry" tilt),
and surveying of level and trilateration networks. Because of the large Quan­
tity 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
fOnrlat beginninq with summary 74 for the year 1974. Summary 74 includes an
extensive description of the seismic instrumentation, calibration and processinq
used in recent years. The present summary includes enough backgrounri informa­
tion on the seismic network and processing to use the data and understand the
essentials of how it was ~athererl.

A report tahulatinq the instrumentation, calibration and recordinq history
of each seismic station in the network by Klein and Koyanagi is available as a
USGS open file report (lOHawaiian Volcano Observatory Seismic Network History
1950-79," U.S.G.S. open file report 80-302, 1980). It is desi9ned as a refer­
ence for users of seismograms and phase data, and so includes and expands the
information in the station table in this summary.
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CHROflOl OG ICAl SUMMARY - 1983

by

Robert W. Decker

1983 was a busy year for both Hawaiian volcanic and seismic activity. The
middle-east-rift eruption of Kilauea which began on January 3 continued inter­
mittently throughout the year with 12 major phases of high-volume lava emission.
Mauna loa showed signs of unrest in tenns of increased seismic activity and
changing patterns of surface defamation, and the Observatory was rocked and
damaged by intensity VIII to IX shaking from the magnitude 6.6 Kaoiki earth­
quake 12 kilometers beneath the southeast flank of t~auna loa on November 16.

The middle-east-rift eruption of Kilauea was preceded by 24 hours of high
seismicity, harmonic tremor and rapid summit deflation as the feeding dik.e of
the eventual eruption was emplaced beneath a 10 km segment of the east rift
zone from about 1 km west of Makaopuhi Crater to the vicinity of Pu 1 u Kamoamoa.
Over the next 4 to 5 days the dik.e extended another 6 km downrift to about 2 km
east of Kalal ua. The eruptive outbreak occurred on the north rim of Napau
Crater and moved eastward alon~ a line of fissures for 8 kilometers. The volume
of lava erupted in the first phase was approximately 11 million m3 , but the
amount of summit deflation (60 to 70 million m3 from leveling data) indicates
that at least 50 million m3 of magma moved from the swnmit into the newly formed
di ke system.

Subsequent phases of the eruption occurred from the same dike system with­
out new seismic swanns, indicating that the continuing eruption was using
portions of the same conduit system established during the first phase. Phases
2 through 12 were remarkably similar in period, volume and summit tilt changes,
suggesting a repetitive process controlled by some interaction of SUfTlmit ma~ma

reservoir pressure and the gas content and pressure head of the lava column in
the erupting dike. The major lava emission of phases 2 through 12 ocurred on
the followin9 dates: (2) February 25-March 4; (3) March 28-ADril 9; (4) June
13-17; (5) June 29-Ju1y 3; (6) July 22-25; (7) Auqust 15-17; (8) September 6-7;
(9) September 15-17; (10) October 5-7; (11) November 6-7; and (12) November 30­
December 1. The averaQe time period between the main onsets of the major
phases was 30 days; the shortest was 9 days, and the longest was 77 days. In
general, the phases were of shorter duration as the eruption progressed. How­
ever, the volumes of the pha~es, with one exception, were remarkably similar;
the average was 11.9 x l06mJ, the largest (phase 3) was 25.6 x 106m3 , and
the smallest (phase 8) was 7.6 x 106m3 . This combination of shorter eruption
duration but similar eruption volume indicates that later phases (excluding
phase 1) were erupted at higher eruption rates. This conclusion is supported
by field estimates of eruption rates, and by the general increase in the rate
of summit subsidence and harmonic tremor measured during each subsequent phase.
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Table I. The middle-east-rift eruption of Kilauea. 1983 (Ed Wolfe).

Total Area Total Volume
Covered of lava Duration and Average Production Rate

Phase (x 106 m2) (x 106m3) (total volume/duration)

1 4.8 11 .0 96 hours; 104,000 m3/hour

2 2.7 11 .5 1ava shield: 360 hrs; 1400 m3/hour
cone: 181 hrs; 60,000 m3/hr

3 7.9 25.6 288 ho urs; 90,000 m3/hour

4 2.2 10.9 100 hours; 110,000 m3/hour

5 3.4 12.9 90 hours; 143,000 m3/hour

6 2.8 9.4 73 hours; 120,000 m3/hour

7 3.7 10.3 57 hours; 180,000 fTl3/hour

8 2.0 7.6 24 hours; 315,000 m3/hour

9 2.1 8.6 50 hours; 173,000 m3/hour

10 2.7 14.0 60 hours; 232,000 m3/hour

11 4.3 12.1 43 hours; 281,000 m3/hour

12 3.0 8.1 35 hours; 231,000 m3/hour

TOTAL 5-1983 26.0 141 .8 1457 hours = 61 days

All 12 phases of the 1983 eruption have a total voltnne of about 140 x 106
m3 and covered about 26 km2 of land surface. (In Table I, the total area
covered is less than the sum of the areas covered in each phase -- 41.6 km2;
this difference represents later phases resurfacinq areas covered in earlier
phases.) Most of the area covered by the new flows was dense ohia-fern forest.
but some was barren flows from eruptions during the 1960·5, and some was in a
relatively undeveloped land subdivision called Royal Gardens. Phases 2 through
5 produced flows that entered Royal Gardens. destroying about 15 dwellings and
covering about 330 empty house lots and their access roads. Flows from phases
6 throuflh 12 came from the same vent area as phases 4 and 5; however, the main
lava channel in these later phases developed on the northeast rather than the
southeast side of the growinfl cinder and spatter cone. For this reason most
of the flow volume in phases 6-12 stayed on the north side of the rift zone in
the ohia-fern juoqle. Phases 2 and 3 built a small lava shield capped by an
80 m high spatter and cinder cone at their pdnciple vent area just south of
Put u Kahauale'a. Phases 4 through 12 built another 80 m-high spatter and
cinder cone just inside the National Park boundary about 1.5 km uprift from
Putu Kahauale ta.
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The erupted lavas before phase 5 were relatively low in magnesium content
and the associated magmatic gases were low in carbon dioxide and high in sulfur
dioxide. These data and the generally low eruption temperatures (1120 0 -1130°C)
indicate that much of the erupted magma prior to July 1983 was stored at shallow
level sin the summi t or mi ddl e east ri ft zone for months to years pri or to
eruption. Even after phase 5 the CIS ratio of the gas remained low. Neverthe­
less~ the total gas content was great enough to produce lava fountains during
all of the major eruptive phases, reaching a maximum height of 300 m in phases
3 and 10.

Mauna loa began to show si gns of i ncrea.si ng unrest wi th a swarm of mi cro­
earthquakes beneath its summit region in early March 1983. Earthquake counts
increased to a maximum of 400 to 500 per day compared to a fonner background
of 2 to 20 events per day. Deformation measurements indicated that the summit
was continuing to inflate and that the center of the uplift had shifted to the
east. Small earthquake swanns in June and July were followed by a major swann
in September that peaked at about 700 events per day. Foll owi ng that swarm
the number of microearthquakes per day beneath r~auna Loa decreased back to
almost average levels by the end of 1983. The general similarity in the pat­
tern of Mauna loa earthquakes and deformation in 1983 compared to 1974 -- the
year pri or to the 1ast erupti on of Mauna Loa in J ul y 1975 -- prompted HVO to
issue a statement indicating a higher-than-average probability of an eruption
of Mauna Loa durinq 1984.

Ouri ng 1983 there were 35 earthquakes beneath the Hawai i reg; on that
equalled or exceeded magnitude 4, two that exceeded magnitude 5~ and one that
exceeded magnitude 6. The magnitude 5.1 earthquake occurred 9 km beneath the
south fl ank of Ki1auea on September 9. Itwas apparentl y another one of the
larger earthquakes associated with the seaward displacement of the south flank
of Ki 1auea.

On November 16~ 1983, at 06:13 (HST) a magnitude 6.6 earthquake occurred
at 12 km depth in the Kaoiki seismic zone beneath the southeast flank of Mauna
Loa. The epicenter was slightly south of the mid-point of a line drawn between
the summit calderas of Kilauea and Mauna Loa. The summit area of Kilauea was
subjected to intensity VIII to IX shaking which did considerable damage but
fortunately caused only a few minor injuries. Sectors of the crater rim road
near Waldron Ledge fell into the caldera, and heavy damage was caused to roads
where they cross or closely parallel the outer caldera escarpments of Kilauea.
Considerable structural damage al so occurred in Hilo. The total damage esti­
mate was about $7,000.000.

First-motion studies indicate a source mechanism of nearly east-west
compression and north-south extension. A northeast-southwest, right-lateral
stri ke-sl i p faul tis the apparent fracture di recti on from both surface breaks
on the Mauna Loa strip road and aftershock seauences of smaller Kaoiki earth­
quakes. The ; ni ti al 1ocati on of hundreds of aftershocks from thi s magn; tude
6.6 earthquake suggest multiple fractures on conjugate slip planes allowing
east-west contraction and north-south extension. The stress field that caused
this large earthquake is interpreted to originate from the summit dilation of
Mauna loa and Kilauea as magma accumulates in their subsurface reservoir sys­
tems. Thus, although the earthquakes is a tectonic earthquake in the sense
that it represents shear failure from major compressive stresses, it can also
be considered volcanic in origin because the stresses are generated by magmatic
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pressures. As in much research, sharp distinctions between classes and types
of phenomena become more blurred as investigations progress.

The automati c earthquake 1ocati on mi croprocessor desi gned by Rex All en
and Jim Ellis of the USGS in Menlo Park, CA, did a creditable job of locating
in nearly real time the earthquake swarm that preceded and accompanied phase 1
of the 1983 Kilauea eruption. This allowed field observers to be in the remote
area near Napau Crater at the time and location the eruption began.

Deformation studies again provided some interesting new results. The
empl acement of the di ke that i ni ti ated the 1983 erupti on was associ ated wi th
a near1 y s imu1 taneous increase in earth quakes and strai n wi thi n the south
flank of Kilauea. The coastline moved about 1 meter seaward in response to a
2 to 3 meter dilation of the rift zone. The difference between these displace­
ments represents compression of the south flank of Kilauea between the middle
east rift and the seacoast. The increase in south flank earthquakes apparently
resulted from this increase in compressive stress from the injection of a new
dike 12 km long reaching from a 3 km depth to the suface. Recording ti1tmeters
along the track of the i ntrudi ng di ke i ndi cated a downri ft mi grati on rate of
1.9 km/hr in comparison to the downrift migration rate of the earthquakes of
0.7 km/hr. This suggests that the dike broke upward from a pre-existing molten
core along the rift zone below 3 km following the injection of a pulse of new
magma into the middle-east-rift pipeline.

The amount of summi t subsi dence and el evati on of the erupti on vents of
Ki1auea 1 s east-rift-zone eruptions show a strong correlation indicating magma­
static pressure control of the volume of magma that moves from the su~mit into
the rift zone. Calculations of the relationship between radial summit tilt
measured at HVO (Uwekahuna), and the change in elevation of the apex of the
summit bulge of Kilauea, the volume change of the surface bulge, and chan~e in
the pressure in the shallow magma reservoi r beneath the summi tare approxi­
mate1y: 1 microradian of S 60 E tilt (deflation) = 5.5 mm subsidence = 330,000
m3 decrease in volume = 0.9 bars pressure decrease.

Sulfur dioxide gas from Halemaumau has increased in volume from about 150
tons per day in 1982 to about 300 tons per day in 1983. The ratio of carbon
to surfur measured at Ha1emaumau is 17; the ratio at the 1983 eruption site on
the middle east rift is 0.2. This dramatic loss of carbon dioxide appears to
take place as magma moves into and is stored within the shallow magma reservoir
system beneath the summit of Kilauea.

Self-potential (S-P) anomalies measured along the east rift of Kilauea
have added some interesting insights into the 1983 eruption. An increase in
s-p at Ka1alua, downrift from the eruptive vents, supports seismic data which
indicate that the intrusive dike on January 7, 1983, moved farther downrift
than the eruptive vents. In addition, S-P increases at Escape Road near Mauna
Ul u between October and November, 1982, suggest that new magma was moving
into the upper east rift 2 months prior to the beginning of the 1983 eruption.

The apparent presence of iridium in fume from the 1983 eruption reported
by W. H. Zoller et al in Science (December 9, 1983, p. 1118-1121) has added
fuel to the hot debate about i nterpretati on of the i ri di urn anoma1 y at the
Cretaceous-Tertiary boundary.
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The observatory staff consists of 8 scientist and 16 support personnel.
In addition 18 students and volunteers helped HVO durinq 1983. The staff
~onitored 49 seismic stations. 1204 electronic distance measurement lines.
275 km of level lines, 99 tilt stations. 15 recording tiltmeters, 13 strain
gauges, 130 gravity stations, 12 self-potential lines, 1 controlled-source
electro~aqnetic induction loop with 4 receiver stations, 21 gas-sampling and
temperature sites, and many special devices to monitor the long-lasting erup­
tion such as time-lapse cameras, video camera, trip wires. and portable tremor­
monitoring seislTlOmeters. Many of HVD's monitors record continuously; others
are observed at various intervals. The remote location of the eruption site
requirerl over 500 hours of helicopter support which posed serious problems of
safety. expense, communication and logistics. The data reduction, graphics.
and data storage of the overall monitoring program are largely handled by
HVQ's computer system.

Four USGS geologists continued their mapping projects on Hawaii. Their
close affiliation with HVO has been essential during the 12 vigorous eruption
phases that required 24 hour per day surveillance.

Four r.lembers of the combined HVO staff and geological affiliates were
involved in investigations of Indonesian volcanoes, Pagan Volcano in the
Marianas, Rabaul Volcano in Papua New Guinea, and of r~ount St. Helens and
Yellowstone.

HVO cooperated with 60 guest investiqators during the year for time periods
up to 2 months. Staff members and guest investigators presented 26 papers at
scientific meetings and published 34 papers and 4 open~file reports. HVO also
issued weekly. monthly and annual reports, as well as daily updates during the
major eruptive phases.

Hawaii Volcanoes National Park estimated they had 2,800,000 visitors in
1983. About S()j', of these visitors stopped at HVO to view Kilauea Caldera and
to look in HVO's windows at the seismographs and the eruption chronology board.
About 1600 visitors including 22 student groups, 4 professional-meeting groups
and George Ariyoshi, Governor of Hawaii. toured the inner workings of the
observatory. A new record to TV and news photographers was established with
an estimated 300 visiting the observatory. Many of these were multiple visits
throughout the year by the same news teams.

It was eXhausting, but a great year at HVO.
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SEISMIC INSTRUMENTATION

The network. The Hawaiian Volcano Observatory maintains an extensive
telerneterinq seisrrlometer network on the island of Hawaii. In 1<)83 the seis­
mometer network consisted of 51 stations; two are low-gain multi component
stations (optical), nine are three-component, and 40 are vertical only. The
coverage is most complete on and around Kilauea Volcano. With the exception of
self-container! systems at Uwel<.ahuna and Hila stations, 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, Figure 2
shows the seismic stations which were operated on the Island of Hawaii during
the year, and Figure 3 indicates the telemetry scheme for the respective seismic
stations. Table 1 lists all seismic stations operated by the U.S. Geological
Survey in Hawaii during 1983. listed are station names, 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 1, a horizontal
sei smometer of Type 3 or H1 and along-peri od, three-component set of Press-Ewi ng
seismometers are operated in the Uwekahuna vault, all recorded on photographic
paper.

Instrumentati on and recordi ng. Each tel emeteri ng stat i on has a voltage
controlled osclllator (veO) forF'M multiplex transmission to HVO via either
hardwire or radio. These telemetering stations are now all of Type 1, the OEVE
standard system used in USGS seismic networks (see Table 2 for details). After
discrimination, the analog signals from 36 stations are recorded on two Oevelo­
corders using 16mm microfilm. FM signals from the telemetering network are
a1so recorded di rectl y on one- inch magnetic tape. Selected 1arger events are
copied onto condensed FM 1ibrary tapes which are currently archived in Menlo
Park and archived in digital fom 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: 0 - 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 (Honolulu 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.

In late August, 1982, Rex Allen and Jim Ellis from the U.S. Geological
Survey1s Office of Earthquake 5tudies came to HVO to install their seismic
monitoring system uniquely designed to automate picking of P-phase onset times,
measuring coda lengths, and determinining preliminary epicenters for adequately
recorded earthquakes. The Hawaii picker is configured to monitor a maximum of
80 stations, but is currently wired to 45 stations. Attached to the picker are
a Datasouth Printer and an Apple II microcomputer. The picker output is logged
on a disk and printed out on chart paper within three minutes after the earth­
quake occurs. The data collected on disk is tranferred to the Eclipse, the
main computer system, on a daily basis using a second Apple II. The earth­
quake records are filtered and run through our standard location program
(HYPOI NVERSE). Summary 1i sti ngs and epicenter plots are prepared on chart
paper, and the phase data are archived on tape. The picker output is routinely
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compared with readin!=js from our standard fonnat. Modifications are being made
to adapt the automated system to better accommodate seismic monitoring needs
around Hawaii's active volcanoes.

Seismoqraph 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 maqnification of the standard OEVE 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 10m on the 20X Develocorder
viewer of a 10 microvolt 5 Hz signal introduced to the preamp/VCO in place of
the geophone. Cal ibration is nonnal1y 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 ,. Seismometer atetlon. In HawaII operated by the U.S. Geological Survey. 1 e 83.

STATION NAME CODE • ... LA1 ........ """LON""" ELE V flfL'v DELAY CAL SEIS OPTIC
0 " 0 " (i A ) , 2 TV P F. RECORD

.................... _..... - .. - ...... -................... _--_ ........................ _........ - ..... - ....... _- .. _._ .. _..... _- .. -.
AHUA AHU l l' 22."0 155 15.QO 1070 - • 1 {\ - • 1 3 2. 1 '" SO
AHUA AHUE , 19 22.40 155 15.90 1070 •• 1 (l -.13 .0 '""HUA AHUN N 19 22."0 ISS 15.90 1070 - • 11'1 - • 1 3 .0 E"
AINAPO AIN Z 19 22. SO 155 27.&2 1524 ·,, • , 7 5.5 L" 0
AIN"PO AINE E 1· 22.50 155 27. 62 1C;i:!4 ·,.~ • I 7 .0 L'
A.INAPO AINN N 19 22.50 ISS 27.&2 1S,:llJ • I , • , 7 .0 L"
CAPTAIN COOK CAe Z 1• 2Q.2q 155 5S.0q 323 • r) (! ·.1'; 1.1 L" 0
CONE PE"K CPK Z 19 23.70 155 lQ.70 1 0 ~ 8 -.?'" -.07 b.O L" 0
DANDELION DAN Z 19 21.42 155 40.04 3003 -.21 .03 7,0 L" 0
DESERT DES Z 19 20.20 ISS 23.30 "" -.o?Q •• 1 3 3.0 F" SO
ESCAPE ROAD ESR Z 19 24.b8 155 1".33 1171 .. • 11 ... \ q 2.0 L" 0
HAWAIIAN BEACHES HAS Z 19 31.SQ 15" 53.8q 92 .... OQ -.24 1.0 L"
lolALEAKALA, "'''UI HAE E 20 4b.00 15b 15.00 20"'0 .0 0 .00 1.0 • P
HALEAKALA, ,..,AU! HAL Z 20 46.00 156 15.00 20QO • (l,' .00 .7 HI P
lolALEHAL", MAUl HAN N 20 £lb.OO 156 15.00 20QO .0 0 .00 1.0 • P
1ollLO HIE E 19 43.20 155 5.30 20 .'" .30 1.0 • P
1ollLO HIL Z 1• 43.20 155 5.30 20 .'" .30 , .0 HI P
HILO HIN N 19 43.20 155 5.30 ?O ."" .30 1.0 w P
HILINA PAll HLP Z 19 17.qb 155 18.b3 1n7 .O? .07 2.2 L" 0
t-tONOLULU, OAHU HON Z 21 1q. 30 158 .50 ? .0." .00 • 0 HI P
HALE POHAKU HPU Z 19 4&.85 155 27. 50 :nQb • 3 \ • 17 3.7 L" 0
HUMUULA SHEEP S7 HSS Z 19 3b.31 155 2q.13 241J5 .2(\ • ~ 5 5.3 L" 0
HOT CAVES HTC Z 19 14.33 ISS 24.02 301 ... t ~ -.07 .0 "HUALALAI HUA Z 19 "1.25 ISS 50.32 21Aq ... .38 3.6 L' 0
HEIHEIAHULU HUL Z l' 25.13 15" 58.72 3,. - • t 1 .... 1" I • b E" OS
HEIHEIAHULU HULE E 19 25. I 3 IS" 58.72 3'" ... , 7 -. 16 .0 ~"
HEIHEIAHULU HULN N 19 25.13 15" 58.72 3.' - • t 1 •• 1 6 .0 L"
I<AAPUNA KAA Z 19 15.q8 155 52.28 52" _. , ;J -.01 2.8 L"
KAENA POINT KAE Z 19 17 .35 155 7.Q5 37 -.0' .06 I." L" 0
I<AHAUALEA KAH Z 19 24.5~ 155 1I.3b b2S ... ?lO, -.30 .0 L" 0
KAOIKI FAULTS KFA Z 19 25.26 155 25.14 157 Q ·,, • 1 7 .0 f H
K401K1 FAULTS KFB Z 19 25.26 ISS 25.1£1 157q ·,, • , 7 .0 n •KAHUKU KHU Z 19 1".90 155 37 • 10 t93q .D' -.03 2.7 E" 0
K"NEI< II KIt Z 19 30.56 155 45.90 1A£lt ·,, .37 2.9 l " 0
KEANAKOLU KKU Z 19 53.39 155 20.58 111b3 .h" .2" 1 • 2 L' 0
PUU KALIU KLU Z 19 21."8 15" 55.26 271 - • 17 -.30 2.9 '" 0
KAMQAMOA KMM Z 19 23.47 ISS b.qa 750 ... ;:t<" -.30 2." L" 0
r(AMQAMOA EAST"WEKrJ."!E E 19 23.47 155 b.98 7~O -.25 - • 30 .0 L"
I<AMQAMOA NORTH"'SKMMN N 19 23.47 155 b.qa 7'>0 -.,)<; ".30 .0 L"
KOHALA KOH Z 20 7.6q 155 £16.77 116" .... 0-.: •• I 7 1.5 L" 0
t<OHALA KOHE E 20 7.bq 155 46.77 Ilt-j:, _.1'1 1 ... 17 2.2 L"
I(OHALA r<QHN N 20 7.b9 155 41:1.71 11 ~" -.1'111 - • 17 2.2 L"
KIPUKA NENE KPN Z l' 20. 1 0 155 17 .40 92" ".1 1 -.08 3._ E" 0
KAPOHO KPO Z 19 30.02 IS" 50.51 ll" -.0 0 -.2£1 .0 L" OH
KALALUA LUA Z lQ 2U.5'i 155 £1.25 b22 .... ?o;, .... 30 2.5 L" OH
MAUNA LOA MLO Z 19 29.80 155 23.30 2010 .0' .08 _.8 L" SO
MAUNA LOA MLOE E l' 29.80 ISS 23.30 ~uIO .03 .08 .0 L" 0
MAUNA LOA MLON N 19 29.80 155 23.30 2010 .0' .DA 1.5 l'
MAUN" LOA , MLX Z 19 27.60 155 20.70 1475 .0' .15 3.0 L"
MOKUAWEOWEO MOK Z 19 2q.28 IS' 35.98 4 HIll .1' .16 5.5 L" OH
MA,I<AOPUHI MPR Z 19 22.07 ISS q.85 oAI ".11 -.20 2." L" 0
MOUNTAIN vIEW MTV Z 19 30.25 ISS :3.75 'D9 .... 0" .01 5.0 E" 0
NATIONAL GUARD NAG Z l' 42.12 155 1 .72 \8 .5" .30 4.5 E" 0
NORTH PIT NPT Z 19 211.QO 155 17. 00 1 1 15 •• ~I) -.18 ;.0 E" SO
NORTH PIT NPTE E 19 211.qO 155 11.00 11 ~ 5 - • '3 fI ... 18 .0 E"
NORTH PIT NPTN N 19 2£1.90 155 11 .00 111 '5 .. ,n ... 1B .0 E"
OUTLET OTL Z 19 23.38 155 16. q £I Iv3A ... I 4 - • 18 '.9 L"
PAUAH! PAU Z 19 22.&2 155 13. 1 0 Q9" -.r" .... 24 2." L" SO
PAUAHI PAUE E 19 22.62 155 13.10 9"' _.?1 ·.24 .0 L"

1 2



Table I (continued)

PlUlHI PlUN N 19 22."2 155 13 • 10 ",,- "' .. ,;) 1 -.2tl .0 L_
PUU UUULl PLl Z 19 32.00 155 27.&7 2'.2 -.n~ • 13 5._ L n
POHOIKI POI Z 19 27. .2 15. 51. 22

I "
.... 0 c. _.?lJ .(, L"

POLIOKElWE PlLl POL Z 19 17.02 155 13.47 1'.9 _.n,? .03 2._ E. n
PUU PIll PPL Z 19 9.50 155 27.87 35 ..... t I:, -.\5 1,- 1 " 0
PUU KAMOAMQA PUK Z 19 23.00 155 &.25 70_ _ • .?IO;

"'. ~O •• L" 0
RIM RIM Z 14 23.90 155 16.60 1 1 ;:>" .... ;:> 1 .... 13 .0 L"
SOUTH POINT SPT Z \8 58.91 155 39.92 ".. .. .. t 7 -.2;> <.~ L • D
SOUTH POINT SPTE E \8 58.91 155 3R.92 <•• ..... , 1 - .22 • 0 ttl
SOUTH POINT SPTN N 18 58.91 155 39.n ".. .. .. t 7 -.22 .0 l •
SOUTHWEST RIFT SWR Z 19 27.2" 155 36.30 /JOuR .01 .0· 5.' 1- 0
TRUL 7Rl Z 19 24.91 155 32.9& 3207 .(, , .00 .0 L_ 0
UWE.KAHUNA UEE E 19 25 •• 0 155 11 .. bO 12i.lO .... ~ I .0 0 1,5 ,
UWEKAHUNA UEN N t4 25.40 155 17.60 l?/.l 0 ..... ~ 1 .00 \.5 E
UWEKAt-lUNA UEZ Z 19 25 •• 0 155 17.&0 12uO ..... .? , .00 1,5 E
UWEKAI1UNA USE E 14 25 •• 0 155 17.60 1 ,:> tl 0 ..... o? 1 .00 1.0 ~ P
UWEKlHUNA USZ Z 19 25 •• 0 155 17.&0 12_0 -.21 .00 1.0 S P
WAHAULA "Hl Z 19 19.90 155 2.92 29 -.111 -.Ol.l 1,5 E_ D
WILKES elMP WIL Z 19 2h.15 155 35.02 lJu37 .", .11 2." E" D
1;0 THER OBSERVAT WOB Z 19 32.31 155 35.01 33';' .. 0 f, .00 .0 E_
WOOD VALLEY wOO Z 14 15.08 155 30.12 .09 .... 1 c:. .... Of'! •• & E' n

Table 2. Seismic Instrumentation Types

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

Type 1. (Codes E,l. and 4) Consists of:
a) Geophone - Electrotech EV-17 (E) or Mark Products l4C (l) 1.0 sec.

peri od mav; ng magnet vertical component sei smometer or
horizontal component adjusted for an output of 0.5 volts!
cm/sec. and 0.8 critically damped.

h) Preamp/VCO - USGS/OEVE 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 HI) Consists of:
Electrotech EV-17 or observatory-built 0.8 sec. period moving coil seismo­
meter with HYO-built solid state seismic preamplifier, galvanometer driver,
and 2 Hz galvanometer. Peak magnification approximately 40,000 at 4 Hz.

Type 4. (Code 5) 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 4. 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 seismo­
graphs recorded optically on photographic paper. Type 1 is the
standard OEVE seismometer recorded on Develocorder film and magnetic
tape. The curve for Type 1 incl udes response of the geophone, all
electronics including telemetry, Develocorder galvanometer, and pro­
jection of film by a 20X viewer. The curves plot the unit response
which should be multiplied by a constant but known factor (CAl. l, to
get the reponse for an individual station.
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SEISMIC DATA PROCESSING

Develocorder films are scanned on a daily basis for earthquakes, and coda
durations are measured for magnitude detennination. Events are digitized,
timed, and located on the Eclipse computer at HVQ. 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 a'1 arrival time and output SUMmary
data are kept in Henlo Park and HVO.

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

VEL OCITY
( km/secl

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 selected
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 Uwekahuna. Smaller events may occasionally include amplitude readings from
stati ons AHU. OIL, PPl. KHU. or Wll •

Duration magnitudes are detennined from the length of signal in seconds
read from the Oevelocorder viewer. This time, also called the ltF_P time" is
measured frcm 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 ccmpute all duration magnitudes. Duration
times are only read from Type 1 seismographs. Because duration magnitudes are
relatively insensitive to station response and can be detennined using the
high-gain short-period stations, it is felt that duration magnitudes are ITK)re
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 + 3.89 109 (F-P) + .013 Z + .0037 0
M= -.905 + 2.026 109 (F-P) + .013 Z + .0037 0

where i! and 0 are the depth and epicentral distance in km, respectively.
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SEISMIC SUMMARY

The emphasis in both station coverage and detailed data analysis ;s on the
highly active south half of the island of Hawaii. Hundreds of earthquakes too
sl'lall 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 is 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.

Tile list of CUlnputer locations constitutes the bulk. of this st.'r.1mary. 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 gi ven accordi ng to Fi gures 4-7. Table 6 re1i sts the events in
Table 5 for which either duration or amp1 itude magnitude 1s 3.0 or larger. It
is felt that this list is 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 su"nit 30 km: deep earthquakes about 30 km beneath the
summit region.

4) Kaoiki and southwest rift: earthquakes beneath the southwest
rift of Kilauea. western parts of the Koae faults and adjacent
Kaoiki fault system.

5) Upper east rift: earthquakes in the upper and middle east
rift zone, the adjacent parts of the south flank, and eastern
parts of the Koae faults.

6) lower east rift: earthquakes in the lower east rift zone and
adjacent parts of the south flank.

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:
deep Ki 1auea, and Ma una loa. Depth is
relative amplitudes on seismographs.
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KILAUEA SUMMIT KILAUEA FLANK "'AU~'" LO' TQEMOR (~P.llJTESl

---------------------------------------------------------------------._---
I ISHORT LONG I I<,AO. UP. LO\ll'. OFF- I T KIlAUE6 MAUNAI
I OOTE I PER. PER. 30 I " SW EAST E'ST SriORE !Lf)'IG ~"OQT1 I i.,T • LO' I
I Iq83 I CALDERA KM I RIFT RIFT RIFT PPL tPt..t. Pt=:q. 1 SHAL. OHI-l 1
t------I--------------I---------------------I----------T-----------------l
IJAN I I 2q I I 23 I qb3 2 I , 1 "80 I
I 2 I 73 I I 30 SqT7 7 I qUlJO I
I 3 I II I 38 1348 " I 2 T1£llJl) I
I- " I 10 3 I 40 270q J J144/) I
I 5 I 32& 23 I 3q 1345 2 I 1 T1440 I
1------1--------------1---------------------1----------T-----------------!
I & I 12q I 2' 15q8 4 I 2 11t140 I
J 7 I 88 I I 20 &3q 2 I 1 I 11440 I
I 8 I 3 I I 27 2&& 2 I I T144n I
I q I I" 18 3 I 2" 18& 32 J " 11440 I
I 10 I 5 I 30 137 2 I 1 5 TllJlJO I
1------1--------------1---------------------1----------T-----------------I
I II I I 24 184 3 I 1 3 T1 £140 I
I 12 I 4 2 I "4 221 2 I 2 ~ T1£140 35 1
I 13 I 2 I 30 203 3 I , TtlJ"O "0 I
I 10 I 2 I 30 102 2 I 10 , 1"40 " I
I 15 I 1 " I I " I 107 2 I 1 • T1"40 I
1------1-------·------1---------------------1----------I-----------------T
I 1& I 3 I 35 20& 7 I I. 11"40 I
I 17 I 3 & J 30 18q I 0 I 17 T1£llJO I
J 18 I 2 1 I 25 232 5 I I " 114"0 I
I Iq I I 1 I 17 2q8 & I 5 TtlJ"O I
I 20 I 3 2 I 33 117 4 I 1 T141.10 I
1------1--------------1---------------------1----------r---·-------------1
I 21 I " 3 I 20 21& 25 I I T1440 [
I 22 I 8 I 2 I 27 18q 14 I Tl£1£10 I
I 23 I 10 2 I 2" 227 I 114QO I
J 20 I 7 1 I 33 IqO 8 I T14t.10 2 0 I
I 25 I 13 8 I 30 203 I I 1 Tll1t.lO I
1---·--1--------------1---------------------!----------T-----------------I
I 2& I 10 2& I 35 1&& 1 I I ?II.I"U I
I 27 I 12 1 2 I 35 158 I I 12 I1UiJO 5 I
I 28 I 13 10 I 2& 187 3 I I TllJlJO I
I 2q I 7 8 I I 34 185 I I , TliJlJO 28 I
I 30 I 1& II 1 I "0 228 4 I I T1uIJO I
I------I--------------!---------------------I----------T-----------------1
I 31 I q 2 1 I q 1&3 1 I T1a£lO I
IFE8 I I 12 I 20 14q 20 I • 'l(14(j I
I 2 I 13 I 3q 1&2 & I 2 J 14" 0 I
I 3 I Iq I I 2q 102 & I 5 'la~o I
I 4 I 15 0 I lq q7 8 3 1 2 5 '1£1£10 [

I------l--·-----------!-------·-------------!----------T-------·_--------1
I , I q 3 I lq 123 1 I , 114£10 I
I & I 18 2 1 I 28 101 1 I 15 Tl/JLlO I q I
I 7 I 1& 1 10 I 17 q) I q TIU/JO I
I 8 I 18 &q I 34 14& 4 I 17 'lIH~O J
I q I lq 4 2 I 34 140 5 I , T1a4() I
I------t--------------1---------------------1-----·----T-----------------I
I 10 I 17 1 I 17 8q 5 I 10 T1440 I
I 11 I 10 3 2 I 51 q& 18 I Tt 400 I
I 12 I 5 4 2 I 71 83 8 I I 'tuLiO I
I 13 I 1. 2 J 37 110 4 I I 1 T1 4 iJ 0 30 I
I 14 J 15 8 J 2q 114 2 J • 'llJao 2 I
----------------------------------------------------------------_ .._------
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KILAUEA SUMMIT KILAUEA FLANt< MAliNA Ln • TRE"lOR (MHJUTES)

..-.-._--------.--.------.-------.---.-----.-.-.--------------------------
I ISHOMT LONG I KAO. UP. LO". OFF- I 1 KILAUEA t.. AU ..... AI
I DATE I PER. PER. 30 I & S" EAST EAST SHORE ILOf'.G ~~O~TT INT. LO' I
I 198$ I CALDERA KM I RIFT RIFT RIFT PPL IPE~. PFR. I SHAL. DEEP I
1------1-------------·1---------------------1----------t-----------------r
IFE815 I 18 I 30 118 • I 1 Tlauo I
I 1& I I • I 5 I 3. 122 9 I • 1141.10 I
I 17 I 14 I I 3~ 57 12 I I 11440 1
I 18 I 12 I I 25 112 5 I , T141.10 I
I 19 I 3. I I 3& 105 & I 7 T 1aaO b I
1------1--------------1---------------------1----------T-----------------I
I 20 I 2& I I 23 92 8 I I > T!GUO I
I 21 I 28 I 1 I 25 9b 5 I • Tll1ltl) 2 I
I 22 I 23 1& I 28 85 13 I q Tt a40 I
I 23 I 18 1 I 30 75 17 I 1 ~ 11440 I
I 2. I 30 I 31 87 29 I 1~ Tlaaa II------!--_·_---------!------··-·_-----·--·-I----------T-----------------1
I 25 I 12 I &7 ~q 18 I 1 I I T1 ailO I
I 2& I 9 I 7. 58 1& I > 114140 [

I 27 I 19 1 1 I 20 70 5 [ • J I uuO I
I 28 I 13 I 19 7& 8 I 1 .71 TlaliO I
I"4&R I I 21 3 3 I 30 72 7 I 40. T1atlO I
1·-----1·-------------1··-------------------1----------T-----------------l
I 2 I 20 2 1 I 27 &2 9 I 2 470 TtGGO • I
[ 3 I 5 2 I I· &9 22 I 12q 11440 I
I • I 5 2 I .5 11 I & I .\ Tt 440 I
[ 5 I 18 I 23 105 15 I t &~ 11440 I
I & I II 8 2 I 18 III 1 I ·1 Tt 440 I
I---·--t-----·--------I-----------·----·----l---·------T-----------------l
[ 7 I 1. 3 I I 32 87 I • I 1 2~ t 1 IUO 15 I
I 8 I 28 8 I I 31 123 18 I 3\ T1440 I
I 9 I 2' & I 27 115 21 I l! Tltl40 2. I
I 10 I I" I .0 105 5 I 3. T1440 • I
I 11 I 19 • I 29 10& 3 I 3 I" 11440 • I I
1------1--------------1---------------------1----------1---·-------------t
I 12 I 29 I I I .3 118 3 I 1 I~ T1440 & I
I 13 I 23 3 5 I 35 103 1 I 2\ T1440 [

I 1. I 17 I I 22 100 20 I 32 f1440 I
I 15 I 33 8 I 28 &5 1& I 2. 1\ 440 5 I
I 1& I 23 & I 2& 9. 17 I q 25 T1440 • 1
[------1--------------1---------------------1----------f-----------------l
I 17 I 13 2 3 I 22 75 2 I 7 2& T1440 I 0 I
I 18 I 18 7 3 I 51 90 Ib I 2 12 T1440 I
I 19 I 22 I. I I 20 93 26 I 2 2~ T1440 I
I 20 I 21 10 2 I 7. 397 I 1 15 11 G40 3 I
I 21 I 29 3 3 I 55 1&7 21 I I 20 T1 4 Q 0 I
1------1--·-----------1---------------------1---------·T-----------------I
I 22 I 21 I I 37 172 Ib I 1 .. 11440 I
I 23 I 2. 2 I 30 175 21 I 30 T 1t~40 3 I
I 2. I .2 1. I I 39 101 2 I & • T1440 I
I 25 I 28 & I 35 115 1 I 53 Tt 440 I
I 2& I 20 1 I 20 1.0 5 I I 12 T 1 (140 I
1------1--------------1---------------------1----------T------------·----l
I 27 I 13 I 1 I 32 .3 5 I 7 tt 440 7 I
I 28 I 12 3 I I 27 72 • I 3 I 3 T1440 52 I
I 29 I 14 I 30 &1 I I 13 T1440 I
I 30 I 8 I 25 &1 I • 11440 [

I 31 I 15 I I I 32 55 1 I 7 T1440 [

---.----_.-------._-----_._------------.------------_._._-----------------
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KIL.AUEA SUMMIT KJLAUEA FLANK t-IAIJNA LOA TREMOR (M]NlJTf.S)..------------_.--------_...__ .---------_._--_...._-_.-- ..-.------------_.
I ISHORT LONG I KAO. UP. LOW. oFF- I T KILAUEA r·1AUNAl
I DAlE I PER. PER. 30 I & SW EAST EAST SHORE lLor~G 51ol0RTl INT. LOA I
I 1983 I CALDERA KM I RIFT RIFT RIFT PPL IP€ho. Pf"Q. 1 SHAL. Off P I
1------1---·------·_·-1---·------·-·--------1----·-----l·-----·--···-----1
lAP~ 1 I 12 2 1 I 21 51 I 1? , 1440 r
I 2 I 32 5 I 3. .5 • I I 0 l1440 I
I 3 I 1. & I 19 52 1 I 1 13 Tt 440 I
I • I 31 13 1 I 23 .2 8 I & 2~ Tltl40 I
I 5 I 53 13 I 21 .0 11 I " Tl440 11 3 [5 I
1------1-----------·--1-----------·-·-------1--·-----_-l-.-··-·-.·-----·-1
I & I .2 10 I 2. 51 2 I 2~ '1440 I
I 1 I .8 3 1 I 3. 28 I 1 18 J1440 I
I 8 I .0 I 15 &9 10 I 21 T1440 I
I 9 I 10 10. 1 I 3. 1I • 10 I >1 T1 440 I
I 10 I 12 32 2 I 20 110 10 I • >1 l H14(J 20 I
1------1-··-----·-----1--------·------------1-····----·,--·-·--·-··----·-1
I 11 I 11 13 2 I 21 198 1. I .0 11tl40 2 I
I 12 I 23 10 I 39 285 12 I 1 .1 11 •• 0 • I
I 13 I 11 I 20 29& • I 11 12 Tll.l40 I
I 1. I 13 8 I 39 222 5 I 5 T1440 5 I
I 15 I 11 1 I 11 250 10 I • 12 11440 1
1------1--------------1---------------------1---···----f------·_-·-----·-I
I 1& I 12 2 I 3. 2.0 9 I 2 3 '1440 1
I 11 I 1. 1 I 20 .09 1. I 8 T1440 I
I 18 I 1& 3 1 I 21 39& 10 I 2 • T1 ti lHI • I
I 19 I 21 2 2 I 35 325 1. I 1 I ~ T1440 I
I 20 I 11 1 1 I 21 195 & I 2 • "£140 I
1------1-···----------1--·------------------1----------1-----------------1
I 21 I 15 1 2 I 35 312 • I , '1l.l11(l • I
I 22 I 1& 1 I 20 •• 8 • I • It 440 I
I 23 I 15 I 21 .32 & I 2 2 TI440 23 I
I 2. I 35 2 I 2. 2&0 1 I • 11 Tl440 1
I 25 I 15 I 20 2&. 11 I 1 T1440 3 I
1------1--------------1·--------------------1----·---_-T---------·---·--_I
I 2& I 23 I 21 211 13 I 1 11tl40 I
I 21 I 11 2 I 13 309 9 I 1 8 J1440 I
I 28 I 13 3 I 3_ 110 • I 11440 2 I
I 29 I 23 2 I 31 221 I I 1 ~ 11440 I
I 30 I 22 2 1 I 3& 21_ 1 I 2 2& T\tl40 I
1------1-----·--------1------------·--------1-·--------T---·--------·----l
IMAY I I 28 3 I 30 1•• 1 I 1 .& T1440 I
I 2 I 20 2 I 25 1&5 5 I 5 T1440 5 I
I 3 I 5 3 2 I 21 13. I \ 3 T1440 ?1 I
I - I 31 • I 23 202 9 I 3. fl1140 3 I
I 5 I 3_ 3 2 I 20 1.9 & I • Tt 440 5 I
1------1--------------1---------------------1----·-----T-----------------1
I & I 3. 1 I 20 2&_ 12 I \2 11 ••0 I
I 1 I 30 1 1 I 30 258 I 1 I • T1tUl0 I
I 8 I 30 - I I 2. 1&. • I 1 T1440 I
I 9 I 3& 3 I 12 12& 5 I • '1440 - I
I 10 I _8 1 1 I 23 19& 9 I P T 1 440 1& I
1------1----------·--·1------------·--------1--·-------T------------·----I
I II I 3& 2 1 I 23 2_1 13 I 11 T1"40 I
I 12 I 3_ 3 1 I 3_ 139 1 I 1 • Tl""O & I
I 13 I .2 2 I 31 231 10 I 2 I 3 T1440 I
I I_ I 30 I 2& 2.2 1 I I 1 '14"0 28 I
I 15 I 39 • I 11 1._ & I & '1440 • I---.-------------._----------------------------.----------------_._-----_.

,.



KILAUEA SUMMIT KIL'UEA FLANK MAUNA LOA TREMOR (MINUTES)
..---------------------------_._--_.-.-.------ .._.-.---.-.-.--_._._----.-.
I ISHORT lONG I K'O. UP. lOW. OFF- I , KILAUEA MAUNj,r
I OUE I PER. PER. 30 I & SW EAST EAST SHOREILOP\G C:;I-4QqTT INT. LOA I
I 1983 I CAlOERA KM I RIFT RIF T RIFT PPl IPE". PE"R. I SHAL. UFEP I
1------1--------------1·_·------------------1----------T----------_·-----!
IM'Vl& I 4& 3 I 42 228 4 I 2~ TIQaO I
I 17 I 42 3 2 I 29 149 & I 2 U 11440 4 I
I 18 I 59 3 I 29 210 1& I 57 11440 3 I
I 19 I 45 I 31 175 5 I 23 11440 1n I
I 20 I 39 1 1 I 40 217 9 I 1 45 11440 I
1------1-------------·1---------------------1----------T-----------------I
I 21 I j5 I 23 234 11 I 3 40 11440 43 I
I 22 I 38 I I 22 129 5 I H 11440 7 I
I 23 I &5 I 21 189 10 I 2~ l 1 440 I
I 24 I 7 1 5 I 17 222 13 I " TIQtlO I
I 25 I 59 2 I 24 208 12 I 7 T14£10 I
I------I--------------!---------------------I-------_·-1-----------------!
I 2& I 103 3/ 2 I 1I 150 2 I 9 Tt 440 I
I 27 I 58 2 2 I 23 15& 8 I ? 11440 ~ I
I 28 I 34 I I 25 192 10 I 8 11400 I
I 29 I 2& 1 2 I 24 181 8 I & IlaLiO 4 I
I 30 I 39 1 I 27 243 14 I 3 1~ 11440 7 I
I------!--------------1---------------------I------_·--1-----------------1
I 31 I 37 1 I 27 203 2 I 1 14 11440 I
IJUN 1 I 51 3 I 35 184 17 I 1 1~ l1al.l0 & I
I 2 I 45 1 3 I B 127 4 I I 7 l1al.lO I
I 3 I 73 2 I 32 17& & I I " 12440 9 I
I 4 I 119 S I 25 197 14 1 I n 54 T1tll.l0 I
1------1--------------1---------------------1----------t-----------------I
I 5 I 5& 2 I 2& 132 & I 3 •• T!tltlO 3 I
I & I 41 I 3 I 24 13& 5 I 1 Z9 Tlt140 I
I 1 1 47 1 I 19 184 & I 2 '7 11440 I
I 8 I 35 I 1 I 20 159 7 I 2 44 Tltlao I
I 9 I 31 11 I I 7 I 31 2 I I 5 88 11tl40 I
1------1--------------1---------------------1----------T-----------------I
I 10 I &3 2 I 19 1&4 \4 I I 101 TltltlO I
I 11 I 110 1 I 27 1&8 11 I I 99 T141.10 I
I 12 I 52 3 I 25 141 5 I 60 11440 I
I 13 I 48 I Z7 40 11 I 1 5> Tl t14Q I
I 14 I 25 I I 25 3& 12 I 2 47 l1tl40 4 I
1------1--------------1---------------------1----------r-----------------I
I 15 I 30 I 24 48 • I 56 T1t140 I
I 1& I 1& I 1& 23 lZ 1 1 &5 Tl (lao 7 I
I 11 I 15 2 2 I 50 92 3 1 2 21 Tl.QaO I
I 18 1 15 I 33 111 & I ? I 11 £laO I
I 19 I 27 I 21 201 9 I I 24 T14aO 1& 3 I
1------1--------------1---------------------1----------r-----------------I
I 20 I 21 Z 1 20 2&2 4 I l IS TlallO I
I '1 1 2b 1 I 1& 257 I 1 I ?7 11t1t10 I
I 22 I 34 3 I 14 353 2 I 22 1 t 1140 I
I 23 I 42 2 I 15 302 5 I 1 1 0 TlatlO I
I 24 1 50 1 1 I 21 315 10 I 3 1"

11440 I
1------1--------------1---------------------1----------l-----------------J
I 2S I 75 2 1 I 21 319 13 I 10 11l.ltlO IS I
I 2& I &7 3 2 I 33 277 T I 5 12 r14UO I
1 27 I 97 I 18 394 10 I 2 23 J1l.1t10 I
I 28 I 72 I 22 448 & I & 65 T14QO 2 I
I 29 I 29 1 I I 32 &9 2 I 2 48 Jt l.IQO I
---------------------------------------.-------------.--------------------
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KILAUEA SUMMIT KILAUEA FLANK M~UNA LO. TR(I.o\OR (tool 1 r-1\lTES)

~-~ .. ~~-_ .. _~--~-----~---------------_._------------._-- --------------------
I ISHOkT LONG I KAQ. UP. LO •• OFF- I I KILAUEA ~AIJNA.[

I OlTE I PER. PER. 30 I & S. EAST EAST SHOREILONG ~1ol00TT INT. LOA I
I 1983 I CALDERA KM I RIFT RIFT RIFT PPL IPE". PEQ. I SHAL. OFFP I
1------!--------------1---------------------1----------t-----------------I
IJUN30 I 2& I 2a 1& 7 I 7 I 1a TI Q 4 0 I
IJUL 1 I 27 I 15 21 & I • I,a Tl 440 I
I 2 I 91 I 23 23 9 I 2 '9 TlaaO I
I 3 I 1& 1 I 35 5&3 5 I 1, Tlaao [

I a I 17 I 27 557 8 I 5 ,~ T ! aao I
I------!- .. ------------1---------------------1----------T-----------------l
I 5 I 15 I II 980 2 I a, 11a40 I
I 6 I 22 2 I 22 128& 7 I 3a TI/JllO I
I 7 I 21 1 I 21 785 9 I 75 TltiaO I
I 8 I 29 5 2 I 21 122& 7 I 31 T1ll40 I
I 9 I 30 7 I 18 15&9 10 I >J r!tlaO I
!------!------- .... ----!_-_-_---- .. ----.------!----------T- ________ w _______ J

I 10 I ao 1 1 I 2. 1058 7 I 1• 11 £Ian I
I 11 I 37 9 1 I 19 1320 & I 5 >, Tll440 11 [

I 12 I 5' 9 I 15 1825 8 I 15 TllHI 0 I
I 13 I 99 5 1 I 19 17S4 & I 12 1 I 'lll40 1. I
I 19 I 50 I 27 9&& & I 3a >, Tl£t40 I
!------!-~------------!-~-------------------!--------~-1-----------------[
I 15 I &3 9 I 13 1750 9 I 2 Tt £140 I
I 1& I 98 I 17 1920 2 I , 22 T1440 I
I 17 I &7 1 a I 18 1259 5 I 19 1a TI440 I
I 18 I 88 1 I 17 11 &9 8 I 1& I, 11440 I
I 19 I 99 2 I 3b 1183 18 I 1" T1440 I

!~-----!-~------------!----------------~----!----------T----------~------I1 20 I 101 11 I 29 1071 1~ I 3 • TI440 & [

I 21 I 7& 1 I 19 &0& 9 I a 10 T1040 I
I 22 I 8. I 22 III 9 I t1 [ttl40 I
I 23 I 50 3 I 11 37 I 1 lU Tltl40 .s. I
I 29 I 83 3 I 19 23 & I a 3 T1440 I
!------!--------------!----·----------------1----------T-----------------!
I 25 I 39 1&2 I 17 958 & I 3 1>- 11990 5 I
I 2& I 25 8 I 31 75& 9 I 7 11440 I
I 27 I 22 I 15 757 9 I 11 TI1l40 [

I 28 I 18 I 32 60& 9 I a 15 It 440 [

1 29 I 21 I 20 &97 13 I a • Tt 440 3a I
!------!--------------!---------------------!----------T-----------------!
I 30 I 19 9 1 I 1. &38 5 I 1 17 Tl1140 28 I
I 31 I 27 & 2 I 28 552 10 I 1 " Tl£140 I
IAUG 1 I 39 9 I t1 &3& 9 I 1 2& Tt £t40 I
I 2 I 3& 8 1 I 1& 581 8 I 1 57 Ttll'AO I
I 3 I 53 3 I 1· 608 9 I 1 ., Tt a40 I
!------I--------------!---------------------!----------1-----------------!
I • I 34 2 I 8 338 8 I I >3 114ao I
I 5 I 51 7 I 1& ·10 7 I I as 1\ 040 I
I & I 75 8 I 18 .15 • I 1 17 Tlaao I
I 7 I 88 & I 90 3.3 I 1 I a U 'Ioao I
I 8 I 119 9 2 I 20 385 13 I 2> '14ao I
!------!--------------!---------------------!----------1-----------------1
I 9 I •• 8 I 31 929 17 I 31 11aaO 1& I
[ 10 I 81 5 2 I 25 3'5 19 I a I 9 Tl4aO 27 [

I 11 I 59 10 I 50 255 8 2 I 2 3& tla40 I
I 12 I 87 9 1 I 18 195 I 1 I 1 17 TI440 I
I 13 I 199 1 1 I l' 258 19 I 1 " Tl aUO I
---.----------------------------------------------------------------------

2 1



KIL.UE. SUMMIT KILAUEA FLANK MAliNA LO. TREMOR (MINUTES)

~------._-----------_.--------------_.---------------- --------------------
I ISHORT LONG I KiD. UP. LOW. OFF- I T KILAUfA MIIUN,,!
I OHE I PER. PER. 30 I & S. E>ST E.ST SHOREIlONG SMORTT INT. LOA I
I 1963 I C.LDER. KM I RIFT RIFT RIFT PPL IPE.::? PER. T SHAL. DEEP I
1------1--------------1---------------------1-----·_---T···--------------l
I.UGI4 I 104 I I 17 214 7 I 25 It£l~O I
I 15 I 44 2b I 12 b9 4 3 I 42 T1440 I
I Ib I 95 5 I 17 45 I &4 Tt41.10 I
I 17 I 49 2 I 14 343 B I 6~ r1440 I
I 16 I 16 I I 15 394 10 I 2 b9 T 1£140 I
I------t--------------l---·--------------·--1----------T-.---------------l
I 19 I 17 1 1 I Ib 516 13 I I 6q T1440 I
I 20 I 2_ 4 2 I 21 573 4 I 1 6~ T1u40 10 I
I 21 I 2q 2 I I 24 &60 10 I H J 1440 I
I 22 I 27 14 I 23 761 11 I '1 11440 I
[ 23 I 43 5 I 21 734 13 I 5 b4 IltJtlQ 0 I
1------1-----·_····---1·_·---··--------·----1--·-·--·--T-----------------l
I 24 I 32 3 I 16 733 12 I l7 '1440 I
I 25 I 29 2 I 32 021 5 I 52 1 tI~40 I
I 2& I 50 3 I I b 426 9 I 3 bb T1440 10 I
I 27 I 47 I [ 1I 324 6 I 2 ~b 1tll40 I
I 26 I 55 2 3 I 41 540 b I • 50 r1'140 I
l------I-···----------!-----_·--------------I----------T--···-·----------I
I 29 I 76 2 I 21 712 13 I 1 6' nlillO 10 I
I 30 I 60 2 4 I 16 720 6 I 3 44 Tlll'lO I
I 31 I 63 3 I 21 700 14 I 7\ T11J'IO I
ISEP 1 I 103 3 I 19 3&& • I 7 62 T1'1'10 I
I 2 I 65 1 I I 2b 490 14 I 12 \ 1q 11l1'10 I
1------1--·-----------1-----··_----------·--1-·--·---·-T----·--·--·---·--I
I 3 I 11 I I 19 433 2 I I 1 22b T1 aao I
I 4 I 121 3 I 17 30b • I 3 \56 Tl UliO I
I 5 I 12' - I 26 4b3 9 I 4 100 Tl440 I
I b I 41 142. 2 I 15 36 I 2 14~ 11440 I
I 7 I 15 1637 I Ib 444 6 I 40 TlllUO I
I·-----l-------·---·--1------------·--------!-·--------T-·-·-·--···------I
I 8 I 32 1 I 2b 503 7 I \ 70 T1 QUO 5 I
I • I 19 4 1 I 12 71b 10 I 2 I \ 9 tt 440 I
I 10 I 3b I I 20 524 b I 4 q4 T1 a40 10 I
I 11 I 30 I I 37 3'6 b I • 236 T14UO [

I 12 I 4' I I 15 334 11 I 4 ~H J l auo A I
1--.·--1.. ·-······-·--1-------------·---··--1--------·-T---·---·---------I
I I 3 I bO 2 I ~14 5 I 10 68> T1440 I
I 14 I 7 1 1 I 11 353 4 I 15 613 JI4UO I
I 15 I 35 1 I 27 n b I 13 355 TllUO I
I 1 b I 8b I I 23 33 14 I 17 454 11a40 I
I 17 I 45 354 I I 17 401 23 I 2 222 'tULIO I
I------!---------·.---l---------------------l----------T------------·----l
I 16 I 36 1 1 I 17 772 10 I 10 2>0 Ttlll.ll) I
I 19 I 2b 2 I I I b 4.6 3 I b 195 T1!140 I
I 20 I 23 4 I 29 b44 Ib I 1I 220 T14UO I
I 21 I 23 I 12 456 I b I 3 19b T1440 I
I 22 I 39 2 I 17 344 9 I 10 1 3 a TIIJLlO 26 I

1------1-------·------1----·-----------·----1---·------T----·------------!
I 23 I 4q 1 1 I 13 453 • I 4 1 1 '5 t11140 I
I 24 I 56 2 I 20 360 14 I 2 115 T1U"0 I
I 25 I 57 2 1 I 15 342 7 I .6b T1440 I
I 2b I 70 5 I 21 457 8 I q, T14!10 I
I 27 I 77 3 I I 12 35' 12 I 123 T1440 , I---------.--..--------_._._---------------_.-----._----.-_......_._--_ ...-

22



KILAUEA SUMMIT ~ILAUEA FLAN~ MAUNA LO' TREMOR (~ltrlllTES).... --_ ............. -.._.._.- ........__ .._._----.-_ ....----------- .._----.
I I5"ORT LONG I ~AO. UP. LOW. OFF- I T KILAUEA MAIINAI
I OATE I PER .. PER. 30 I & 5W EAST EAST SHOREILONG ~HOQTf INT. LOA I
I 1983 I CALOERA ~M I RIFT RIFT RIFT PPL IPER. PER. T SH6.L. DEEP I
1-·----1--·-----------1--·-·--·--··-·-------1--··--·---T----·--·-··------I
I5EP28 I 92 1 I 12 310 7 I 3 \ 15 11lH~O I
I 29 I 82 3 I 23 228 I 125 TIL140 I
I 30 I 97 3 2 I 12 289 & I 1 213 Tl(H~O ?2 [

IOCT I I 97 1 I 22 288 3 I 5 \ 78 '1440 [

I 2 I 124 I I 23 317 & I 2 12& TllUO I
1---·-·1-·----·--·----1·-·-------·----------1--------.-T-·-------_··-----l
I 3 I 154 5 I 10 223 1& I 4 9& fl Q40 23 I
I 4 I 123 2 I 19 153 3 I 8 4' Tl/lQO I
I 5 I 47 38 32 I 3& 34 I 11440 I
I & I &- I 15 23 I I 10 13_ I1440 I
I 7 I &0 331 I I 20 117 - I \ 5 7 \ 11'140 I
1-----·t--·--------·--l··--·---··----_·----·t---_·-----T--------_·-----·-1
I - I 23 13 I 10 2_1 b I <3 5_ 11 Ll40 32 I
I 9 I 18 5 I 21 241 8 I 1, a? '1/l40 I
I 10 I 24 2 I 2a 330 5 I & >3 T1440 I
I II I 30 4 I 15 3&a 8 I & '5 11440 I
I 12 I 35 5 I I 19 372 4 I 25 9A T1440 22 I
1------1--·-·---·-----1--·--·--------·------1----·-·-·-J·----------------l
I 13 I 43 5 3 I 10 359 12 I 11 185 f1tl40 14 I
I 14 I 3a 5 I 15 300 5 I 8 A9 "tlao I
I 15 I 39 4 1 I 18 183 7 I & a5 !1tl'lO I
I 1& I &7 8 1 I 32 243 5 T 7 Tt U40 1 r
I 17 I 79 5 2 I 1& 291 7 I 7 35 lIa.o 2 I
1---·--1--·--·--··----1------·----·-·-------1---·-·----T-.- _____··_· __ · __ !
I I- I 90 I 2 I 22 34& 13 I 13 2' T14tlO I
I 19 I I 11 1 I 27 315 19 I 10 •• 11tl40 23 I
I 20 I 71 1 I 45 443 18 I 9 4' Tlu40 I
I 21 I 100 2 1 I 9 249 II I 12 32 Tt [lao I
I 22 I && 2 I 15 157 & I 1 7 T1UtlO \ 0 I
I------l-------------·!-----·-·---·---------1---·-·_-·.T--------------·--l
I 23 I 130 3 I 17 232 12 I I II Tlf~ao 34 I
I 24 I 18& 2 I 1& 253 & I I 52 11 440 & I
I 25 T 101 I II 150 12 I 8 I 5 I T1440 I
I 2& I 1&0 21 2 I 158 10 I I 31 Tl4l£0 I
I 27 I 198 I 41 239 II I 5 17 11440 I
1-··-·-1--···--·--···-1--------·----·-------1-···------T•• -------···---··l
I 28 I 101 I I 15 219 14 I 2& I 17 Tta40 I
I 29 I 142 2 I II 1&3 8 I 13 55 Tl440 I
I 30 I 131 I 39 221 & I & '5 Tt 4'10 I
I 31 I 103 2 I 12 151 1& I • 37 Il 440 I
INOV I I 113 I I 17 305 5 I 5 35 Tt 4t10 4 [

1----··1---·-··--·-··-1-----··---·-··----··-1··-····-··T·----------------I
I 2 I 133 2 1 I 18 323 18 I 45 a, llil40 I
I 3 I 170 1 I I 20 390 8 I 15 40 Tt 4L10 I
I 4 I 19& 4 1 I IS 290 9 I I 0 ,- 11440 12 3 I
I 5 I 128 1 I I 13 ISS 10 I 10 23 Tt4l£O T
I & I 174 &7 I 24 33 II I 9 52 Tl1140 I
1------1--·---·-------1------·------------·-1-·-----·--f--------·--------I
I 7 I 1& 283 I 13 57 17 I 52 Tt 440 I
T 8 I 30 897 I I 18 772 & I 1 3t 11440 I
I 9 I 29 185 I 15 402 & I n T14aO I
I 10 I 28 \74 I I 1& 388 17 I 5 44 11440 I
I 11 I 2. 12 I 20 1&1 10 I 2A f1440 [

---_._._----------_._-------------------------_._--------_.---------------
23



KILAUEA SUMMIT KILAUEA FLANK MAUNa, LO' TREMOR (MINUTES)
....------_ ...._-------.-.-.-----.-.-.-..-..---.------._---.-------.---.-.
I ISMO"T LONG I KAO. UP. LOW. OFF- I r KILAUEA MAUNA!
I DlTE I PER. PER. 30 I & SW EAST EAST SMOREILDNG SMORTT INTo LnA I
I 1983 I CALDERA KM I RIFT RIFT RIFT PPL IPEto.'. PFR. I SHAL. DEEP I
1------1--------------1---------------------1----------T-----------------l
INOVI2 I 29 9 3 I 24 225 19 I 3 39 tt 440 I
I 13 I 27 1 4 I 2\ 274 4 I 4. 11aGO I
I 14 I 30 5 2 I \7 30\ 5 I 31 't440 29 I
I 15 I 38 1 I 15 243 11 I S~ T1440 I
I Ib I 1 I 2191 252 28 I 2~ 11440 I
1------1-------·------1---------------------1-------·--T-·---------------I
I 17 I 70 28 I 1357 220 2 I .~ 114ao 3 I
I 18 I 5b b1 I 1144 145 I 8 4. 11440 I
I 19 I 8b 3 22 I 958 149 I 31 Tl £laO 4 I
I 20 I 1\3 2103 I 1178 344 9 I 2 3n T1 440 I
\ 21 I bO I 27 I b41 282 1 I 1 22 T14t1Q I
1------1---------·----1---·-------_·--------1----------T-------·_--------I
I 22 I 43 1 b4 I 831 2b5 b I 3 I. Tt Li40 3 I
I 23 I 17 8 78 I 781 2b7 b I 4 9 11U40 I
I 24 I 457 14 I b08 2b7 1 I 9b 1\440 41 I
I 25 I 52 3 10 I 587 227 5 I 33 11440 3~ \
I 2b I 38 23 I b03 235 b I I H litHaO I I I
1------1--------------1-----···-------------1-------··-T-----------------I
I 27 I 27 2 65 I 755 202 13 I 1 I ! 11440 I
I 28 I 35 1 78 I 524 125 10 I 1 5 11440 b I
I 29 I 21 b7 I 450 132 22 I 2 Tlaao I
I 30 I 20 220 2b I 415 18 10 I b Tt aGO I
IDEe 1 I 9 10 3 I 2b7 521 5 I 5 1~ 11440 2 I
1-·----1--------------1------------------·--1--·--·_---t-·-·--···-·------I
I <! I 4 31 I Oil 558 b I 2 b TlQQ01440 I
I 3 I 17 b97 51 I 450 b01 5 I 2 8 t14QO I
I 4 I 8 198 35 I 299 377 8 I I 10 Tt G40 I
I 5 I 24 10 b4 I 005 407 7 I 4 I 4 rt QQO 18 I
I b I 20 4 30 I 348 383 2 I 45 11440 4 I
1------1--------------1--------------·------1-·--··---·T·-····--··-··----I
I 7 I Ib 3 35 I 355 393 9 I 5 ~ 11440 I
I 8 I 18 1 20 I 279 317 b I 3 20 T1 440 I
I 9 I 2b b 27 I 3b3 198 20 I 9 20 tt 440 J
I 10 I 15 3 42 I 374 298 Ib I 8 ~ tt lUi 0 00 I
I 11 I 18 2 44 I 392 382 12 I 2 13 11'40 I
1------1--------------1------------------·--1----------J-----------------J
1 12 I 20 8 35 I 319 317 7 I \ 11 Tl440 I
I 13 I 28 12 37 I 275 345 b I 0 2~ I1QQO 13 I
I 10 I 20 10 3 I 222 339 I 1 ~2 T1440 4 I
I 15 I 19 3 3 I 199 421 3 I 2 4 I 'lallO 3b I
I Ib I 27 1 7 I 181 407 4 I 3 11 11400 I
1------1-------·------1----·----------------1--------·-J-----------------l
I 17 I 23 1 5 I 2b3 435 1 I 1 3~ t1440 21 1
I 18 I 00 3152 I 2bl 398 4 I 2 to T1 li40 I
I 19 I 33 3 2b I 191 3bb 9 I '1440 I
I 20 I 48 2 11 I Ib6 395 b I 2 • 11440 I
I 21 I 23 2 23 I Ib4 38b 3 I I • T14QO I
1-----·1-----·--------1-------·--------·----1----------1------·----------1
I 22 I 52 I 10 I 17b 509 5 I 1 32 1\ 440 I
I 23 I 48 3 25 I 155 2bl 12 I 3 ~b t1440 I
I 24 I 61 31 I 153 203 9 I 3 11 tt4UO I
I 25 I Ib9 b Ib I 130 17 1 3 I 5 11440 10 I
I 2b I 93 3 2b I 173 292 b I I? 11440 7 I
-----------------------------------_._-.----------------------------------
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KILALJEA SUMMIT I( ILAUEA FLAr\IK

1 ISHORT LONe; 1 KAO. UP. L('lW. O~F- J 1 KTLAUI-A t-l AIIfH 1

1 DATE 1 PER. PE" • 30 1 & SW UST UST SNORE IL';" r; ~~OQTT r ;~ T • L (I A J
1 \ q 8.1 1 CALOE~A Ke 1 R 1 F T RHT R1F T PPL IPE" • Pr ~.

, """AL. llf I: I-' I
1------1--------------1---------------------1---------.f-----------------1
lOEC27 1 56 lq 1 157 "O~ 11 I 6 1 , , 1 lIIH) 1
1 <'8 1 50 • Iq 1 I 78 "60 11 1 > 1 I 1 1 IJ U (\ 1
1 2" 1 55 25 1 I "1 "18 7 1 3 " T1 Ill.! 0 1
1 30 1 "8 7 1 16" 30B 6 1 Ib " fl£1UQ r
1 31 1 ~" 36 1 16n lulln I 5 1 16 f~ I! TI IH' 0 3; 1 \I 1

-------------------.---------------------._-------------------------------

Table 4. Coordinates of named earthquake regions.

_4 ----

--All earthquakes are in one of the following qroups.
--Identified by a numerical class or 3-letter code:

--Shallow:
1 SNC - Shallow north caldera (0-5 km)
2 SSC - Shallow south caldera (0-5 km)
3 SEC - Shallow east caldera 10-5 km)
4 SER - Shallow east rift (0-5 km)
5 SME - Shallow mirldle east rift (0-5 km)
6 KOA - Koae fault zone 10-5 km)
7 SSF - Shallow south flank 10-5 k~)

8 SLF - Shallow lower east rift (0-5 km)

--Intermediate depth:
9 SFI - Kilauea south flank 15-13 km) Iwest end)

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

--Deep:
21 OEP - Deep Kilauea (>13 km) (below re9ions 1-13, 17-19)
22 DLS - Deep lower SW rift (>13 km) (below re9ion 14)
23 OMl - Deep Mauna Loa (>13 km) (below regions IS, 20)

--Outer regions, all depths:
24 LOI - Loihi lall depths)
25 KON - South Kona (all depths)
26 HUA - Hualalai (all depths)
27 KOH - Kohala lall depths)
28 KEA - Mauna Kea lall depths)
29 HIL - Hilo (all depths)
30 DIS - Distant, everywhere else
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Table 4 (continuerl)

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

No. Code N.l at. S.l at. W.lon. E.l on.
1 SNC 19 28 19 24.5 155 19 155 14
2 SSC 19 24.5 19 22 155 19 155 16.5
3 SEC 19 24.5 19 22 155 16.5 155 14
4 SER 19 26 19 20.5 155 14 15507.2
5 SME 19 26 15507.2 155 00
6 KOA 19 22 19 20.5 155 17 155 14
7 SSF 19 10 155 17 155 00
8 Sl E 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 SF3 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 l SW 19 19 18 40 ISS 43 ISS 25
17 GlN 19 43 19 26 ISS 19 ISS 00
18 SWR 19 22 19 10 ISS 25 ISS 17
19 INT 19 28 19 22 ISS 19 ISS 14
20 KAO 19 30 19 19 155 32 155 19
21 OEP 19 43 19 10 155 25 155 00
22 OlS 19 19 18 40 155 43 155 25
23 OMI 19 43 19 19 155 35 ISS 19
24 lOI 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 Hll 19 47 19 32 155 09 154 40

------------------------------.---------------------------
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Figure 5. Earthquake classification, shallow 0-5 km deep
Kilauea and east flank Mauna Loa.
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Figure 6. Earthquake classification, intermediate 5-13 km
Kilauea and east flank Mauna Loa.
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Figure 7. Earthquake classification, crustal 0-13 km deep
island of Hawaii.
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Figure 8. Earthquake classification. mantle greater than 13 km
deep island of Hawaii.
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Tab)e 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), anrl
second (SEC).

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

DEPTH - Depth of focus in km.

AMP MAG - Amplitude magnitude. if determined.

OUR MAG - 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.

RMS =

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 for geographic location of event. See Figure
2 for location of mnemonic code. Additional one letter codes have the
following meanings:

F - felt

L - long period character

T - associated with harmonic tremor

B - quarry or other blast

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

Table 5 lists all events located during 1983. Table 6 lists only events of
magnitude 3.0 or larger.
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