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INTRODUCTION

The Hawaiian Volcano Observatory (HVO) summary presents data gathered durning tne year. with a
narrative nighlighting seismic activity ana a chronotogicai narrative gescnbing the volcanic avents and
significant Observatory-related activities. The seismic summary 1s offerea without interoretation as a
source of oreliminary data. it is comptete in the sense that all data for events of M>1.5 routinely
gathered by the Observatory are inciuded. The emphasis in coilection of tilt and deformation data has
shifted from quarieriv measurements at a jew water-tube tilt stations ("wet" ‘'ilt) to a iarger numper
of continuousty recording borenole iltmeters, repeated measurements at numerous spirit-level it
stations ("dry® tilt}, and surveving of level ana triateration networks. Secause of the large guantity
of deformation data now gatherea ana differing scneaules or data reauction. the seismic and
deformation summaries are published separately.

The HVO summaries have been published in various forms since 1956. Summartes prior 10 1974
were issued quarterly, but cost, convenience of preparation and distribution, and the large quantities of
data dictated an annuai publication beginning with Summary 74 for the year 1974. Summary 86
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 allow use of the data and to provide an understanding of how they were gathered.

A report tabuiating instrumentation, calibration, and recording history of each seismic station in
the network by Kiein and Koyanagi is available-as a USGS Open-File Reportl. It is designed as a
reference for users of seismograms and pnase data ana inciuaes and augments the information in the
station table in this summary.

U Klein. F.W.. ana Koyanagi, R.Y.. 1980. Hawaiian Voicano Observalory seismic network history,
1950-1979: U.S. Geological Survey Open-Fiie Report 80-302, 34 p.
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SiHRONOLOGICAL SUMMARY - 1991
oy

C. Chnstina Heliker. Margaret Mangan,
Tan Mattox and James Kauanikaua

Kupaianana

*291 was a vear of transition for the Puu OosKupaianana eruption. At the beginning of the
vear. the woodachio tube. which iea flows to Kalapana. was still active, but flow acuvity soon reverted
10 the western side o1 the flow fieid. where lava entered the ocean at three main entrv points until
September. The new year aiso brought the era of eruptive pauses to a close. In 1990, the continuous
effusion from Kupaianaha was interrupted by 12 pauses, the last occurring in November 1990. The
Dauses were coon joliowed bv an sera of intrusions. The first intrusion was at Kilauea's summit in
December 1990, the second on the upper east rift zone in March, and the third at the summit in August.
The only immediate. visible effect of the intrusions on the eruption was a brief increase in activity at
the Puu Oo lava pond following the December intrusion.

The lava output from Kupaianaha gradﬁéuy diminished after we began to make VLF
measurements on a reqular basis in Aoni 1991. By vear's end. the volume was about a quarter of that
measured in April. The over-all eruntion outout brieflv surged in November, when a fissure ooened
between Puu Oo and Kupaianaha. The fissure activity (episode 49) lasted about two weeks. Our

estimate of the volume erupted from the episode 49 vent is 15 x 108 m3 (not corrected for void
space).

Puu Oo

One of the most dramatic changes in 1991 occurred at Puu Oo, where, in August, the active
lava pond rose to within 40 m of the crater rim. This was the culmination of more than a year of
heightened activity in Puu Oo. Lava has been active intermittently at the bottom of the crater since
“987. but since August 1920 the activity nas been continuous. !n that rmonin, he depth irom the
crater rim (0 the fioor rose apruptly from apout “80 m to 80 m. Sv Januarv 1991. a iava cona haa
formed on the extreme northeastern (downrift) side of the crater, aimost undercutting the crater wall.
Through July 1991, this pond, which covered about 20% of the floor, was a constant feature of the
crater. Activity was usually confined within the pond’s levees, although, occasionally, short-lived
overflows covered a broader area.

The tloor maintainea a constant lavel until August 1231, wnen it rose to 40 m pelow the nm
during a periog of greatly increased pond activity, marked by weeks of gas-pistoning {(during which the
pond level rapidly rose and fell by several meters), low-level fountaining, and frequent pond overflows
that covered the entire floor. In November, the pond drained shortly after episode 49 began, and the
floor.dropped to rougnlv 80 m beiow the rim. As activity resumea in December. the floor rose 0 the
40 m level once again.

The crater continued to enlarge in 1991 through collapse of the inner walls and stoping of the
rupble :nto the conduit below. The cimensions of the crater ai the ena of the year were 280 m by 200
m. The cone had lost 22 m in height since the last high fountaining episode in 1986.

[}



Table <C-1.
Zruption Statistics
Areas

Total area coverea by iava, January 1983 througn Decemper 1991 = 75 km< (29 sa mi)

Surtace area“ covered by Puu Qo flows
(episoaes 1-47) ana by the 'A vent" flow of episode 48 = 36 km< ‘14 sa mn

Surface area covered by Kupaianana flows througn December 1991 = 40 km2 (15 sa mi)

Surface area covered by episode 49 flows, Novemper 8-26, 1991 = approximately 4 km< (1.5 sq
mi)

“2uu Co flows oniginaliy covered apout 42 sq km, tut some of this area nas been repuried by Kupaianaha flows.

New iand created Decemper 1286 - Decemper 1991 = approximaleiy 300 acres. (This 1s a net figure.
‘which aoes not inciuge new land thar was claimed bv
wave erosion or collapse of the active lava benci.)

Volumes
This eruption:
Total, January 1983 through December 1991 = approximately 950 x 106 m3 (dense rock equivalent)
Episodes 1-47 (1/83 - 6/86) = 550 x 108 m3 (not corrected for void space) or roughly 385 x 108 m3
dense rock equivalent
Episoae 48 (7/86 - 12/91) = approximately 550 x 108 m3 (dense rock equivaient)
Episode 49 (11/91) = (preliminary) 15 x 108 m3 (not corrected for void space)

Other fascinating facts
Height of Kupaianaha lava shield = 56 m
Kupaianaha pond status: completely sealed off since June 1990
Height of Puu Oo cone, January 1992 = 235 m (772 ft). The cone has lost 22 m due to collapse since
1986.
200 m x 295 m
40 m

Dimensions of Puu Oo Crater, October 1991
Depth of Puu Oo Crater floor, January 1992
Puu Oo pond status: active almost all of 1991
Thickness of lava at the coasrt:
rougnly 25 m (75 it) over Highway 130 at Queen's Batn
roughly 50-75 ft over Kalapana Gardens
roughly 15 m (45 ft) near the sea cliff at mid-flow
Structures destroyed:
Residences destroved through December 1991 = 181. Total losses = $61 million.
Other structures include the Wana‘ula Visitor Center and maintenance shop, Rovai Gardens community
center. Mauna Kea Congregational Church, Puna Canoe Club haiau. ana the Kalapana Drive-in.
Puu Oo, Episodes 1-47: 16
Kupaianaha:
November 1986-December 1989: 38
February 1990-danuary 1991: 105
October 1991: 2
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Figure 2.

Seismic stations operational auring 1991 on the isiana or Hawaii.
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Figure 3. Telemetry scheme for the 1991 Hawaiian Volcano Observatory seismic network.
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Table . Seismic stations in Hawali operated v the USGS in 1991.

STATICN MNAME ZODE -=LAT--- -~= _CN=---~ JELAY AL 3EIS 2PTIC
n M z s 2 TYPE FECOCRD
AHUA AHUV 29 I2.40 L35 12.30 ). 23 .1 = 2T
AHUA AHUER 19 22,40 135 .5.:0 J.13 2.0 MW
AHUA AHUN 3 Z2.-0 _E5 15.29 J7.23 2.3 MW
AINAPO AINV 9 l2.:z¢0 35 27 .32 2.17 EL:2 L5 bl
AINAPO AINE 3 12,230 =5 TT7L8Z .17 2.0 W
AINAPO AINN L9 L2020 =5 17,32 P S R W
CTAPTAIN IOCK TACV 19 29.29 1Z5 35..02 0.6 1.2 LE 2
ZCONE ?PEAX TPEV 29 22.70 .38 12.790 TLa7 2 4
TANDELION CANV 8 21.=2 135 «0.34 3.03 7.0 =4 J
DESERT DESV 9 20.2°0 133 2.0 D.23 .30 L3 oI
ESECAPE ROAD Z8RV 15 14.38 53 14.Z23 J.29 I.0 Ls c
FERN FOREST FEFVY 19 28.70 155 8.91 691 0.01 0.05 0.0 L5
YAWAIIAN BEACHESHABV 19 21.89 154 53.89 92 -0.09 -N0.24 1.0 L4
JALZAKALA,. MAUI AR 0 26.3 e ls.00 2050 3.300 .56 . “ 4
HALEAKALA., MAUI HAL 20 46.00 156 15.0¢C 2090 0.00 0.00 1.9 H1 P
HALEAKALA, MAUI HAN 20 46.00 156 15.00 2090 0.00 0.00 1.2 W P
HILO HIE 19 43.20 1553 3.30 20 J.54 0.30 1.9 W P
HILO HIL 19 43.20 155 3.30 20 0.54 0.30 1.0 H1 P
HILO HIN 19 i3.Z20 155 =.: z0 2.54 .20 1.2 = »
HILINA PALI HLPV 19 17.96 155 18.63 707 0.02 0.07 2.6 L5 D
HONOLULU, OAHU HON 21 19.350 158 0.350 2 0.u0 0.00 0.0 H1 d
HALE POHAKU HPUV 19 46.85 155 27.50 3396 0.31 0.17 3.3 L4 D
AUHMUULA 3SHEEP JTHESV 22 386.21 L35 29..3 2445 .20 J.35 2.3 LS o]
HUMUULA SHEEP STHSSE 19 36.31 155 29.13 2445 0.20 0.35 3.0 Mw
HUMUULA SHEEP STHSSN 19 36.31 155 29.13 2445 0.20 0.35 3.0 MW
HOT CAVES HTCV 19 14.33 155 24.02 381 -0.16 -0.07 0.0 E4
HUALALAI HUAV 19 41.25 155 50.32 2189 0.67 0.38 3.0 L4 DI
HEIHEIAHULU HULV 19 25.13 154 58.72 369 ~0.17 ~-0.16 1.6 L5 DI
HEIHEIAHULU HULE 19 25.13 154 58.72 369 -0.17 -0.16 3.0 MW
HEIHEIAHULU HULN 19 25.13 154 58.72 369 -0.17 -0.16 3.0 MW
KAAPUNA KAAV 19 15.98 155 52.28 524 -0.12 -0.01 3.5 ES D
KAENA POINT KAEV 19 17.35 155 7.95 37 -0.01 0.06 1.4 L5 D
KAOQIKI FAULTS KFAV 19 25.25 155 25.18 1579 0.13 0.17 0.0 E5
Y AHUKU YHUV 19 14.0990 155 27.10 1239 .03 -0.03 2.7 T4 D
JANEKIZ LIV D= ) .55 15.20 1341 s.LE QL7 2.2 5 D
HANEKII IIIE 22 20.398 LE5 15.290 2841 7.2 J.x7 3. MW
KANEKII KIIN 19 30.56 155 45.90 1841 0.15 0.37 3.0 Mw
KEANAKOLU KKUV 19 53.39 155 20.58 1863 0.68 0.24 3.3 L5 D
KALALUA CONE KLCVv 19 24.35 155 4.08 659 -0.25 -0.30 0.0 L5 DH
PUU KALIU KLUV 19 27.438 154 55.26 271 -0.17 -0.30 2.9 L5 D
KOHALA KOHV 20 7.69 155 46.77 1166 -0.03 -0.17 1.5 L5 D
XCHALA XCHE PR T.359 125 16.77 L1356 -3.17 3.3 UwW
TCHALA JOHN -0 T.<8 135 £6.77 _1Z6 -2, 17 .2 MW
TIPUKA MNENE LENV 2 Lo.lt TE5 17 Li0 323 -n.28 3.2 .3 2
KAPOHO KPOV 19 30.02 154 50.51 134 -0.24 2.5 LS5 D
MAUNA LOA MLOV 19 29.80 155 23.30 2010 0.08 5.8 L5 DI
MAUNA 1OA MLOE 18 29.380 155 23.20 2010 0.08 3.0 MW D
MAUNA LCH MLOM 3 19.290 LZ5 22.20 2210 .28 1.3 MW
MAUNA LOA X MLZXV 19 27.60 155 20.70 1475 0.15 3.0 L5
MOKUAWEOWEOQO MOKV 19 29.28 155 35.98 4104 0.16 5.5 L4 DI
MAKAOPUHI MPRV 19 22.07 155 9.85 881 -0.20 4.2 L5 DI
MOUNTAIN TIEW urIv 12 20.25 158 .75 109 2.01 7.0 = o}
NATIONAL GUARD NAGV 19 42.12 155 1.72 18 0.30 3.2 BS5 D
NORTH PIT NPT/ 19 24.90 5 17.20 1115 -0.28 2.9 4 DI
UHORTH 2IT NPTE 29 24.30 155 17.3¢0 1115 -0.18 2.0 UwW
NORTH PIT NPTN 19 24.90 155 17.00 1115 -0.18 3.0 MW
JUTLET 2TLV 19 23.28 155 16.24 2028 -0.18 4.2 .4
PAUAHI 2AUV 19 22.3 135 13.10 294 -3.24 2.4 L )
PAUAHI PAUE 19 22.52 185 13.10 294 -0.24 :.°0 MW



PAUAHI ?AUN 29 I2.:82 L85 13.10 294 -5.21 -5.24 2.3 MW
20U ULAULA FLAV L9 22.5¢0 _E5 17.57 2892 7.3 S.L2 Z.: .5 ZI
POHOIKI 20IV 19 27,22 .54 zi.22 R R R S =3
OLIOKEAWE PALI 20LV 19 1752 1535 2.:7 189 -3.82 2.03 .2 5 C
20U ?2ILI FPLV L5 3.0 153 127.37 25 -9.15 =005 LL7T Z4 o]
RIM RIMV 29 I232.20 135 16.30 1128 -2.21 -3.23 2.2 .3
RAINSHED 18DV 19 27.78 155 16.58 ~270 J.386 .15 3.2 LS
SOUTHPOINT SPTV 18 8.21 155 I9.%2 244 -2.27 0022 2032 .3 o]
S0UTH POINT SPTE 18 38.21 155 92.:32 44 GL.17 0 -2.22 3.2 AW
SOUTH ?20INT 3PTN 238 8.21 255 39.22 244 -23.17 5022 2008 MW
STEAM CFRACKS 3TCV L1g 23.Z2¢ _55 TLs7 83 -3.23 -2.20 2.z .5 OH
STEAM CTRACKS STCE 19 Z3.:2¢C .55 "L 87 “85 -2.25 ~-0..C .23 MW
STEAM TRACK STCTH 19 23.20 1E5 TLa7 65 -5.25 -2.30 .2 YW
SQUTHWEST 2IFT SWRV 12 27.26 155 6.0 1048 .51 2.04 3.2 = D
TRAIL TRAV 12 44.231 1533 2.z26 2207 2.30 .00 J.d .5
UWEKAHUNA CEE 22 l1:.40 155 17.390 1240 -2.22 J. 3 2.3 I 2
UWEKAHUNA UEN 19 25.40 155 17.60 1240 -0.21 0.00 2.5 E P
UWEKAHUNA UEZ 19 25.40 155 17.60 1240 -0.21 0.00 2.5 E P
JWEKAHUNA JRAV 19 I5.: 133 17.590 1240 -3.21 FL20 0L 2A
UWEKAHUNA URAE 19 25.40 155 17.60 1240 -0.21 0.30 9.9 RA
UWEKAHUNA URAN 19 25.40 155 17.60 1240 -0.21 0.00 0.0 RA
WAIKII WAIV 19 51.5 155 29.50 1433 2.20 0.25 0.2 Ls
WAHAULA WHAV 19 19.30 155 2.92 29 -9.10 -9.904 1.5 E4 D
WILKES CAMP WILV 19 28.15 155 35.02 4037 0.22 0.17 2.6 ES D
WILKES CAMP WILE 19 28.15 155 35.02 4037 0.22 0.17 3.0 MW
WILKES CAMP WILN 13 28..15 133 15.32 =037 J.lzZ 3.27 3.2 MW
WEATHER OBSERVATWOBV 19 32.31 155 35.01 33958 ¢.00 9.00 0.0 £4
WOOD TVALLEY Woov 12 15.28 55 0..2 309 -3..5 -3.36 4.3 zs

Table 2. Seismic Instrument Types
The codes in parentheses refer to the seismometer types listed in Table 1.

Type 1 (Codes E, L, and 3, 4, 5) consists of:

a) Geophone - Electrotech EV-17 (E), or Mark Products L4C (L) 1.0-sec. period moving-magnet
verticai- or honizontwal- {E-W ana N-S) component seismometer aqjustea for an
output of 0.5 voits/cmysec ana 0.8, critically damped.

b) Preamp/VCO - USGS/OEVE Model J302 (3), J402 (4), J502 (5) voltage-controlled oscillator.
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 2 {(Code E) consists of:
a) Electrotech EV-17 i.0-sec. period moving-magnet verticai- or honizontal- (E-W ana N-3)
component seismometer.
b) 3.5 Hz galvanometer with appropriate shunt resistances for critical damping. System is poorly
calibrated. Peak magnification approximately 25.000 at 4 Hz.

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.

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

Coae (MW) is a horizontal-component seismograpn based on a Type 1 system and moaifiea to a Wooa-
Anderson response.
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Figure 4. System response curves for the Wood-Anderson torsion seismograph and for the three
different tvpes of seismometers used bv the Hawaiian Volcano Observatory. Tvpes 2 and 3
are electro-magnetic seismographs recorded optically on photographic paper. Type 1 is the
standara OEVE seismometer system recorded on Devetocorder film and magnetic tape. The
curve for Type 1 includes response of the geophone, all electronics including telemetry,
Develocorder gaivanometer, and projection of film by a 20x viewer. The curves plot the
unit response, which snouid be muitipliea by a constant but known factor (CAL) to get the
response for an individual station.



SEISMIC DATA PROCESSING

Develocorder films are scanned on a daily basis for frequency of earthquakes. ana coda duration in
seconds are measured oniy as a guide to magnitude. In 1986, HVO acauirea a VAX 11-750 computer
and adopted the CUSP (California institute of Technology USGS Seismic Processing) routine.
Discriminated analog signais are converted to digital form, and detected events are savea in reai time.
Detected events are demuitipiexed, and P-picks are maae by the computer. progucing a rougn iocation
and coda-ampiitude (CD) magnitude. Events are examined by an anaivst to refine computer P-picks and
to time aaditional P- and S-phases for a prefiminarv location. 3Zinary CUSP files are tape-archived ang
transiated into ASCII pnase tiles. Locations are then aetermined. using the program HYPOINVERSE
{Klein. 1989)4 . Events are reworked and rerun. as needed. 0 prodguce a final soiution. Magnetic tane
coples of ail arrival times ang cutmput summary data are kept at Mento Park ana at HVO.

The crustal modei used is specified by velocities at four depth points. Velocity at any depth is
given by linear interpolation between points and uses a homogeneous half-space, as listed below:

VELOCITY DEPTH

{km/sec) (km)
1.9 0.0
5.5 4.6
6.9 15:0
8.3 16.5

Two empirical sets of station delays or corrections were used in the locations and are given in
Table 1. The delay models are separated by a circle of radius 34 km, centered at 19°22' N and
155°10' W. Delay model 1 is used for epicenters occurring within a circle of radius 31 km from the
center. This region includes Kilauea and its south flank. A combination of the two delay models is used
for epicenters that fall in a transition zone that is 6 km wide. Delay model 2 is applied to the rest of
the island and offshore earthquakes. (For a detailed description, refer to Klein, 1989.)2

Magnitudes for most events are computed using recorded amplitudes on low gain or Wood-Anderson
stations. Amplitudes read from other than Wood-Anderson instruments are corrected to an equivalent
Wood-Anderson amplitude using the curves of Figure 4 and CAL factors listed in Table 1. Amplitude
magnituaes larger than 2.5 are generally pased on the Wood-Angerson mswruments in Hiio or cn Type 2
seismograons at Uwekanuna. A coda-ampilitude (CD) magniiuae determinea bv CUSP has aiso been
included. The CD magnitudes were computed using maximum amplitudes and coda decay rates from
digitized signals.

2 Klein. F.W.. 1989, User's guide to HYPQOINVERSE: U.S. Geological Survey Open-File Report 89-314,
58 p.



SEISMIC SUMMARY

The empnasis in both station coverage ana detailed data analysis is on the highly active soutn haif o1
the isiand of Hawaii. Hundareas of earthquaxkes 100 small to tocate are ciassified as 10 tvpe> and counteq
daily. The set of well-recoraed eanhauakes iocated in the Hawaii Island reqion is nearlv compiete
apove magnitude 2.0. Many smailer events are located in the densely instrumenied Kilauea area.
Substantial effort is maae to tocate earthauakes sisewnere within the Hawalian Archioelago. 3uch
coverage cannot be as comnieie as in south Hawaii. but nearly all events above magnituae 4.0 are
'ocatea with limiied precision. Data presentea in ihe seismic summary are in four parts: 1) Table G
gives duranocn of harmonic tremor and numpers of earthquakes imost too smait to locate) from severai
source reaions around Kilauea and Mauna Loa. The source reqion i1s aetermined visually from signat
characier and gattern of arrival times at key stations. (2) Maps showing computer-iocated
aypocenters are qiven in Figures 9-22. The {ocation maps are of different scaies and provide
nypocenters with magnitude thresholds set at 1.0, 2.0, 3.0, and 3.5, varying according 1o region. (3)
The list of computer iocations constitutes the builk of this summary and is given in Table 5. Eacn
aarthquake In the list is assignea a wnree-latter code pased on its general locaton and depth. Figures S-
8 are maps of the regions used to assign the location coges. The iatitude and longituae limits of
rectangular regions are listed in Table 4. When the listed coordinates overlap, precedence is given
according to Figures 5-8. (4) Table 6 re-lists the events in Table 5 for which either duration or
ampiitude maanitude is 3.0 or larger. This list includes many of the earthquakes felt in Hawail.

Table 3. Numper of earthquakes ana minutes of tremor recoraed on seismographs around Kilauea and
Mauna Loa.

Earthquake categories are as follows:

1) Kilauea summit, short-period caldera: shallow earthquakes beneath the caldera.

2) Kilauea summit, long-period caldera A: earthquakes characterized by low frequency
signatures of 3 to 5 Hz, often originating 0-5 km beneath the summit.

3) Kilauea summit, long-period caldera B: earthquakes characterized by low frequency
signatures of 1 to 3 Hz, often originating 0-5 km beneath the summit.

4) Kilauea summit, long-period caldera C: earthquakes characterized by low frequency
signatures of 1 to 5 Hz, often originating 5-15 km beneath the summit.

5) Kilauea summit 30 km: earthquakes about 30 km deep beneath the summit region.

5) Kaoiki and southwest rift: zarthauakes beneath the southwest rift of Kilauea. western
parts of the Koae fauits, ana aaiacent Kaoixi fauit system of Mauna ioa.

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

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

3) Mauna Loa short-period: shallow earthquakes in the Mauna Loa summit region.

10) Mauna Loa iong-perioq: earthquakes cnaractenzed bv iow-frequency signatures near ihe
summit region.

11) Mauna Loa northeast rift: earthquakes beneath the northeast nft zone of Mauna Loa.

12-15) Tremor is separated into four categories: Kilauea--shallow, intermediate, and deep, and

Mauna Loa. Depth is inferred on the basis of reiative ampiitudes on seismographs.

The criteria for Kilauea shallow tremor have been changed to accommodate the ongoing eruption where
tremor in the middle east rift zone is continuous. Distinction is made between high-amplitude tremor related to
strong eruptive periods and low-amolitude tremer during periods with no lava production. Only minutes of
tremor at saturated levels recorded locally at STC and KLC are included in Table 3.

3 Koyanagi, B. Y., 1982. Procedure for routine anaiyses and ciassification of seismic events at the
Hawaiian Voicano Observatory, Part I: U.S. Geologicat Survev Open-File Report 82-625, 32 p.;
figs., 59 p. [unpaginated].



Table 3. XILAUEA SUMMIT XKILAUEA FLANK MAUNA LOA TREMOR (MINUTES)
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TREMOR (MINUTES)
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XILAUEA SUMMIT KILAUEA FLANK YMAUNA LCA TREMOR (MINUTES)
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XILAUEA SUMMIT JILAUEA FLANK MAUNA LOA TREMOR (MINUTES)
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*Data incomplete - station(s) or recorder not in operation.
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Table 4. Names ana coorainates or regions usea for classifving eartnquakes.

All earthquakes iocate n one of the failowing groups. identfiea bv a numencal ciass or three-ietter
code:

--Shallow:
1 SNC - Shallow north catdera (0-5 km)
2 S8C - Shallow south caldera (0-5 km)
3 SEC - Shailow east caldera (0-5 «m)

SER - 3hallow east rift (0-5 km»

SME - Shaillow middie east nit (0-5 km)
KOA - Koae fault zcne (0-5 km)

3SF -  Shatlow south flank (0-5 km)
SLE - Shailow iower east nit {0-5 «<m)

~1 Qs Ui g

o3}

--intermediate depth:
9 SFi - Kilauea souih flank (5-13 km) (west end)
10 SF2 - Kilauea south flank (5-13 km)

11 SF3 - Kilauea south flank (5-13 km)

12 SF4 - Kiiauea south flank {5-13 km)

13 SF5 - Kilauea south flank (5-13-km) (east end)
i4 LER - Lower east rift {5-989 km)

15 MLC - Mauna Loa (0-13 km)

16 LSW - Lower southwest rifts of Kilauea ana Mauna Loa (0-13 km)
17 AN - Glenwood (0-13 km)

18 SWR- Southwest rift (0-13 km)

19 INT - Intermediate caldera (5-13 km)

20 KAO - Kaoiki (0-13 km)

--Deep:
21 DEP - Deep Kilauea (>13 km) (below regions 1-13, 17-19)
22 DS - Deep lower southwest rift (>13 km) (below region 16)
23 DML - Deep Mauna Loa (>13 km) (below regions 15, 20}

--Outer regions, ail aepins:

24 LOI - Loihi

25 KON - South Kona

26 HUA - Hualalai

27 KOH - Kohala

28 KEA - Mauna Kea

29 HIL - Hilo

30 DIS - Distant, everywnere eise
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Tabie 4 (conunuea).
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The latituae and longiuae timis or the regions are given telow.
coorginates overlap, precedence is given as in the maps.

N. Lat.

N
IN

'55
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
165
155
155
155
185
155
155
156
156
156
155
158

W. Lon.

19.0
19.0
16.5
14.0
07.2
17.0
17.0
00.0
17.0
14.5
12.3
09.1
05.3
00.0
35.0
43.0
19.0
25.0
19.0
32.0
25.0
43.0
35.0
25.0
20.0
20.0
20.0
34.0
09.0
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155
185
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25.0
00.0
17.0
14.0
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00.0
25.0
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00.0
43.0
43.0
34.0
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Figure 5. Earthquake ciassification, shaillow (0-5 km deep), for Kilauea ana the east
flank of Mauna Loa.

A"}
m

[§)]



SLN=-17

3
,/'\\

INT-
s

01S-30

{A0-z20

v TTITYTTTTY T oo o

Lar-a24

| S|

A

LN

w

-

20"

1

for Kilauea

intermediate (5.1-13 km deep),

Earthauake ctassification.

Figure 6.

and the east flank of Mauna Loa.



INEESESEEREENREEE! ARSI ST EVEEU LIRS SRR RS ECR IV IREN RS SRR IR SRR RSN EUEERENACESRTENREUNSERERRERTANNAERRRCERERERN,
-
JIs-30 31S-30

KBH-27 ; KER-28 a

yd

S SR

_.,_-_%rm__w
X
Q
T
N
[#3]
’/VJ—"‘—
/"

SLE-8

SHAR LER-1U
6 /;ij

Lol-24

01S-320 | 015-30

20 KM

it
Adduip [
i

lilllleJlJiJLlLLJllJLAllJaIJJJLLLLLLIILLLLLLIILLJAnllllllJJlJALlJ lLLlliIAlLLLJ‘llIJlxlll|L1111L1111L;Illk;ljllllllllll
—
w
b
\
: T tﬂTrrrrl'rrTTwTrrp'rTT‘rlTrqmmm [T AT ;'nrr'\ COTPIPTTPUTRT T UL T

!r‘Vvi”’TTITTrTIxIIYII)HIHIIHIIHIIllllIITlTTflH'I|YII1ﬂr{TTIﬂI||||T1‘IIII‘HH]erT]‘|TT]IIXK‘erl!Il]l[TlII]:H:qilll{l'rr
. ' i t ' . « . 1

156 ° 155°

Figure 7. Earthauake ciassification, crustal (0-13 km deep), for the Island of Hawaii.

v}
=]
[

—
w
[.]



{

H ¢ ' . ' , , ' ' . 1 . ) ' ! 1 ' '
JL[ulvllilJXlllll![!li'lYl‘l’lllllllllllL!ilLl’llLlAlIl|11]‘(1111‘;1'1&“111‘[ IBENEEES! '.'_‘_li_LI‘1‘1‘llll'llillLl_lJ_llll!![lllLL

llllJLLLLLLLLLIJJJJJllAL[LLJJlLLLLlLlJllllilllLLllLlllLLJLJiLJJlJIJJJJJJJJliLLJJJJlllAILJlLLlJ‘llJJJJlJIJiiLllA!LIlllH

31S-30

31s5-30

KBH-27

HUR-26
///J :
}x i
\\
KON-25 !

{ER-Z28

bLS-22

01sS-~30

20 «M

7
P

LER-14

Lo1-24

DI1S-30

)
(o8}

LARRARS lTTTTT “TTT]’TITI jrver ['TTI fprim I [RRE] rf FTI'I”I')'T TITTFTI‘UT'F,[T‘I [

.a
@

ﬂ(lllllllllll|||||115II‘ITTH'

IRESERS A RARARRARS
AIllII|II|l[]TTT‘iiIIlilllllilliTTfr[rlTTIerTYTTTlrI‘lrllIIIllliIII}IIIIlllTTITVTIiIIIIIIITTIK.I‘l]KIIII_IAI:[I ’ I |

Figure 8. Earthquake classification, deep (greater than 13 km deep), for the island of Hawaii.

156°

155°



vGi
C-..._b :.:

Mnx};l:*!izelwawlfH!'!'HH

Ml;l-lllllltxilllillz!;l%i!furi

Gel
1l

P
™,
AN
+n'9
s [
+0 b (M}
16°¢ o

SIANLINOYN

+00e ki
+0°0 o
+0°g o
00«

SHid30

961

"SPUD|S| UDIIDMD|)

0lG1 08G1L

0651 0091t o191

1T _.-J.«Aq.q.ﬁ—._...:J a—:: TyrTi ._..—J._ M.q‘qﬂa..ﬁﬁ._l—.jjz« TT1 _I_Jl_Jl_u_..._l_J_l_l_Jj

¢

=<y ‘'uidap wy 09-0
‘'sunijoae] ayonbyyuol 1661

[T

WX 001

O%

R qqu.ﬂ_jjzg.j_;lj-

‘6 =anbiy

:::_‘:F_t__EC._LC___:_____________:_:CL_:____::____:______

IRERREREBER!

[]TI!YFI]lle[{l[I[l(lill’l|FTl]Triili_TI

Illllllfllxurﬂ

081

061

0 0C

ol

LR A

-0 CC



NEEEERIEEREIREE!

'

H . M . N '
1:\11;(::]1::1il:nnlll!llllilll«xull;xxill:;l:q1|L1|111y:l:illxttuxxllx;x:!;:11&1:1

oGSl 09C1
seeid oo oo bbb e ,_‘r_._._.rr_.Et.E.r.,.r...r ), rC.r—...F_.pFF_ [ETETITIRTITIRNITI RTINS

O v \ W 07

WX 0¢

\%

& I

_ V

e AL Vs
{1

1o _s;s M/ Lv QD

+0°g aa!.

rO'b

roe [] \V \V/

SIONLINOYH

booz v U \V

oL O

+0's 0

+0°0 + ™,

<

ll"(ll"lll‘I"l‘flﬁ!’llll['llIllll|{lllll.l'rl[lII]]’TTTI‘IIII'IIIII“I'TT?IIII

SH1d30

‘m!l‘ll'llll!ll'lllllf

Ty aj.:w—.ju.ﬂ —4_A,ﬂ~§\jqd,«.qd444_.412,_. IR —.ﬂ m4j343]~31ﬂq§% ¥ -..—4 Ty _g.ﬂ.—dj Jq—._\].a.a.«,_lﬂ,_l—l—.«‘-lﬁ.

'0°E=<N 'wydap wy 09-0
‘PUD|S| IIOMDH ‘BUDI}D30] ayonbyjlso3l 1661 0L 2.1biyg

obl

002



i

i

] N
o E
m Wy oz f
w U g
1 o9 )
; 10 iz_ :
M ] = ”,4
E TOY . O o
ERER P 3
1 10z O - o ]
3 : 0 -
E I LY M oo ¢ 3
. o 3
] \
m o 3
o
M , m
E \ 3
E e~ 2

0 GG 09G1
Jois bowedeiid o o biao boaads C._.Ft_,rt.rr‘_.tl_ttk wido oo bedoaalontanloo, _L.Fr—.rF_._.t L ITITI YOt FETRC TN IV

r:— Ty -.‘..4.4 AR RAR A —«4 Lad AR m.ﬂﬁ— Ty 44.4.1__ _.waj 1 ~qjgi—4qgﬂjd§§s— j.ﬂfﬂ% LA 41444.—]111411« 4&;44 ja.«i.—g

'0°Z=<11 ‘(Widap wy 0'G—-Q0) MOJIvYS
‘PUDISE HNMOR ‘suolndof ayonbyluol 1661 L1 by

o6l

0 0C



1

'

" . \ H
' v '
l|1lilll1i1111{|IIlil[L!"lll!lll]lillllll(lllllll‘lllli(llllllllllll!lllllull‘illlllllllilllll!l]!

[92]

| e o
8 © 2 2 32 9
= N ™M T 0N D
=

Q JE.
< ____.‘1§
= B A T B

155°

1991 Eorthquoke locotions, Howoii Island,
h
l\(l]\ﬂlmlmimlimmil1Tl11‘FTi}I\TfI"I‘IIT]\'(\I]‘!Y?T]‘EYH“[‘

intermediate (5.1-13.0 km depth), M>=2.0.

sisla m.l;mh;uhud;m;hxulwluujml st benssbenstien bt leentas i b

Figure 12.

0O
156°

[UTUITTTI IR Te Ave

20 KM
1'1"T11T|"nn‘]1‘1‘l‘1‘rn’n‘ln‘l

O

IWTIITT!‘XIII‘!lil[llII]rfll'l’lll’|Illll’T'f[llll]l‘ll’rl’ll!lIll’lill[llllillll‘llll ililTl’lIf{[ll]

°
o2}

20°



i
Doggvigeessgqagiaragaatdy

H .
. . ; i ,
spyedraagdrrgedr el et dia et aiiaatasgy

i ! :
IS NENERE SRS

'

IERE R

'

109

10°G _ .. d
v [
roe [
10z O

SIANLINOYIN

N

]

GGl 09G1
Wi obsubio e et wd ~E~ECL_.CE ESTEEVTTI SUTTISUSRA USRI INNTINNIT _»i.r_.t.rr_.r..F_LrC.. ISR IS I 1T,

o )

o [ %t
o

Cl
1Y -Amﬂji.— %jﬂﬁﬂ rrryrrm dd Trigvrey «44.1—.«4._. anﬁgqg«da_gdadd ry T -.111—-1—1-11—4.:,.4 «..4444 e — T u._lu.-.-..ﬂ.ddn_l

‘0°Z=<n '(41d9p wy 0°09-1°¢l) daap

‘PUDIS| 1IOMDH '5U0110D0| @)onbyol |g61 £ 24nbiy

[
WY 0¢

lIl‘!lll‘(tll!IKII'TTIIl!Im]‘llIIT_rT({]l!r"lrf[{llllillll

M

a

O

lllWTT[fll{Ill{lfll]illw

i

IREERRERRRERRR]

061

02

]

o3



Gl 9l

n
uJ

]
0

a

aNLUNOVH

07 1b=<W ‘(11dap wy 0'G-0) MojoyS
‘HwwNs 0aNopy ‘suoilodo] 8xyonbyyuol 1661 Ht 2nbiy

RAA




.

L

I )

-/ d %
09 _

06 |

D

v * ]

+0°¢ ]

102 ]

+0° | n
SIANLNOYN

Wl Sl 9l L1
e e \.. 1 b 1
T T —
WX g

i S e

0 L=<W ‘(1dap wy Q'CL—1'G) 810IPIIBYL

MUwWNsS 0enopy 'suoneso; ayonbypol 1661 ‘g1 mnbiyg

2z

£Z

GZ

92



e

Zl

¥l Gl 91

(™ 0
. y\ Fa
8}
+0°9 _
o+0'G
v 7]
+0'¢ ]
+0'Z 0
+0° 1 o
SAANLINOYN

.....

0 Ll=<W '(wdap wx 0'09-1°¢|) daop

"lwwns 0anojy 'su01}030] 8Xonbyliol 661

‘g1 a:nbiy

Ce

£2

¥

.nN

-mN



086 0GG1 01 0¢

g._e.,. 5.1!..:_... | L 1 1 mﬂis_ 1 Il 1 _ 1 1 1 1 1 1 1 1 1 1 v 1 1

_|._.'~i4!«_.._ﬂ__iqﬂ~______
WA 02

- wy ‘ M“
' -~ T~

‘*.O.N D \\\.l\lx l\\\-\"\\l.

- e
SIANHNOYA \ 4 \

o | ‘
0 n _ _ \\,x--z\,(/;f,w,, | -
v ||

Y _ T v T T L 4 T L T _\‘ 71 T T [ T T T T _(l T T T T 1 T 1 \

'0°Z=<W ‘(ndap wy g'G-0) Mmojoys
'MUD|j YINos paNo|Iy ‘'suoljod0] 3onbylol 661 /1 sunbiy



Ol

' 1 1 1 — R | 1 1 1 1 1 1 | ) 1 1 1 !

WX 02
09 _ ~ a
+0°G o \\\?\i\\z{\/(j
b || ~
toc [ -
—
. __— [
- ] m
S3ANLINOVA \ :
—— 53] 0
O 8, o
0 %&l._ . o -
o
o ~
. (W] a o
el -
s °_
—H_ G 3 4 \\V
0 o —
L=
Q\
N
)
¥ — T A T T 1 T ¥ | — L I | 3 1] — ¥ 1 L] 11_ T 1] 1] L _ 1 1 A T —

1 1 ! L

_J.J‘J!_,;ﬂ.q!_ T LIS S S B Wl | .,ql_.l_

‘0°Z=<N ‘(M193p wy O°CL-1'G) d)0IpPIwIdul
'MUD|) YlnNos Danojiy ‘suoi)o20] Ionbyluol |6t ‘AL 34nbiy

02

0¢



.Q@ Ommw .O—
RO RN TN SR T S AN M SHN SO _ ORI TGS SN SN [N SRR SN TN NUNUR S S SN SHN SU SN SUN SH S S |
_llql_ LA R SR S B BN | _ 1717 T Tr1rr1ri1 .l-l,__ I
0 NA 02 i
O
- o - r =
o |
10°6 _ 7
+Ob _
roe L]
10z O [
m .~

I xi:—!. R A B St A AR AN i | T —

‘DT=<n ‘(Wdap wy 0°09-1°¢ClL) dasp
"Muoy yinos panojiy ‘suon)o20| ayonbyluol |51 51 8unbiy

SIANLNOYA \ ) -
/ - ~—~ 0O D\ .
\L e (D o.0 4 ol
o O ’ @ D \ -
\\\\ D\o .V\ O\./ \\0 .
L g o)y ‘
\\ o
\\\ 14 =z
\\ Q — _”mu
/ e
g bed
* ’ D D
[ £ =
W 2
/,/1.5//.,'/
‘(ll/ B ¥ L T T T T T T ~ ..... ] ] T 1 lxza»...:JJl!Jlll-IIJ!

0¢

0g



. _u nYd 02
0O p
a 1]
+0'9
aﬂ_ DG ...O.m
+0¥
+oe (4
+0'Z 0O
! SIONLINOVAA
.— T T T T T T _ T T L] .1—w T T T T — T T T L 4 T | { L] — 1

‘0°Z=<n ‘(nidap wy Q°'G-0) Mmojjoys
"MWWINS 007 DUNDK ‘suo1}o30] 3aonbyluiol |61 07 3unbiy

.0¢

40



0¢ 0€ 0F 06
) -1 : ' 1 I 1 !am, 1 | [t L L 1 1 1 1 | ) 1 1 % | 1 ' ' 1 | 1 A
~ | iu -
\ D ) qrul‘}a._.____q\__q._ﬂ_x
P 0 0 WY 0Z -
a .
0 0 D
a
O
n _UU O !
o
0
0 ]
] Dﬂ_
0) ¥
- .ON
0 L)
0 o 8 5
W 0 Bw iy a
PO =
n i O
m m 1
N n " ]
+0'9
[ +0'g
D ) . - .On
O +0'
O +0¢ [
0 +0°Z a i
S3IANLINOVIN
) B ¥ T 1 | A A T I T T T 1 T T T T T T LA T T T T r T T

‘0°Z=<N '(1dap wx O°Cl—-1'G) 30IpaLIIA UL
'JUUNS 00 | DUNDW ‘SuONDJ0| a40nbyyol |gRL 12 24nbiy



-on
4 r\ 1 =1 1 ! 1 L X ] 1 1 1 1 | 1 1 1 1 | 3 3 L 1 i 1 1 |
\ ﬁg _|._.|-_-.________..__~1_
P :x ON
=)
(W]
]
O
+0'9
- +0°G
L]
+0'%
r +0'¢ O
+0°¢ 0
SAONLINOVYI
d T ) T L — T T T R — T T L — L) L ¥ T — T T T 1§ T ] | —\

‘0°Z=<n '(\1dap wy 0'0g—-1°¢l) daap
‘JWwwINs 007 DuNOW 'SuoljoJ0| 3¥onbyyuol {661 ZZ 2nbiy

0¢

0¢



“able 5 is a cnronotogical list of seleciea events M>1.4. cuccessiuilv located during 1991. For eacn
avent, the following daia are presentea:

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 kilometars.
AMP MAG - Ampiitude magnitude, ii aetermined.
DUR MAG - Duration magnitude, If determined.
NR - Number cf arrivals (P and S) used in the solution.
NS - Number of S arrivals used in the solution.
GAP DEG - Largest azimuthal separgtion in degrees between stations.
RMS SEC - Root mean square error of time residuais, in seconds.
RMS = (ZR;2/NR)!/2
MIN DIS - Epicentral distance, in kilometers, to the third nearest station.
ERH km - Standard error of the epicenter, in kilometers.
ERZ km - Standard error of depth of focus, in kilometers.
REMK - Remarks. ihree-letter code for geographic location of events.
See Figures 3-8 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 be unreiiable.

- the depth was held fixed.

Table 6 is a list of events of magnitude 3.0 or greater, selected from Table 5.
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