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INTRODUCTION

The form and content of this bulletin
follow the lines 1laid down in the 1984
Report (E-168).

Phase data are not published here, but
are instead sent to the International
Seismological Centre, and appear in their
bulletins, which constitute the only
medium now in use for reporting routine
teleseismic observations made in New
Zealand. For those willing to accept the
Observatory’s interpretation of seismic
events in the New Zealand region, however,
lists of origin coordinates and
magnitudes, with sufficient supplementary

information to assess the quality of the
data on which they are based are given in
the following pages.

Seismologists urgently requiring
unpublished New Zealand data may apply to
the Observatory. Historic data is also
available, but unless a  two-way
information exchange is involved it is the
Observatory’s practice to make a charge
for recovery of this material.

Definitive origin data for 1local
earthquakes is usually available within a
few months of their occurrence.

M. A. LOWRY
Editor
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NEV ZEALAND SEISMICITY IN 1985

Although one earthquake of magnitude
(HL) 70 and three of magnitude six or
more were felt on New Zealand during 1985,
all but one of these shocks had epicentres
far out to sea in the Bay Of Plenty. The
other shock (chronologically the first)
lay off the southwestern tip of the South
Island, and the highest Modified Mercalli
intensity reported from any of these
earthquakes was MM V. In fact, there was
only one report of an intensity as high as
MM VI during the whole year: the shaking
from a deep earthquake of M, 5-5 with its
epicentre off the end of Farewell Spit
reached this intensity in Blenheim
(reporting locality 77).

The year began with a major earthquake
sequence in the Bay of Plenty in full
swing. This sequence was of sufficient
importance to merit detailed discussion in
the next section of this Report, and is
only mentioned here in passing. Two other
earthquakes in January gave rise to ports
of MM V. One, with an onshore epicentre
east of the Bay of Plenty (85/599), shook
Opotiki (35) with this intensity and was
also felt from Whakamarama (25) to Mahia
Beach (54). Its magnitude was 5+5. The
other (85/624), located about 100km east
of the southeast tip of the South Island,
produced reports of MM V from Mahitahi
(104) on the Vest Coast, to Dog Island
(154) in Foveaux Strait. The magnitude was
6-0.

February was quiet apart from the Bay
of Plenty sequence, but even this activity
wvas waning, and by the end of the month
shocks which met the Observatory’s
criteria for determining origins were no
longer being seen there. '

In March, the shock off Farewell Spit,
already mentioned (85/715), registered M
5:5 and its focus was at a depth of abou%

180 km. The fact that the strongest
intensity report (MM VI) came from
Blenheim (77), much farther from the
epicentre than some other population
centres, is not too unusual. It has been

remarked before in previous Reports that
subducting lithosphere seems to provide a
vaveguide that transmits energy more
efficiently than the overlying material.
This earthquake’s origin was somevhat

deeper than the estimated depth of the top
surface of the subducting Pacific plate,
which is believed to 1lie at a depth of
about 125 km beneath the epicentre, and at
about 40 km beneath Blenheim. The rest of
March was quiet.

In the first half of April two
earthquakes were felt at MM V on the Bay
of Plenty coast. The first (85/806), of
magnitude 5-+0 was located very close to
the coast, and was reported at this
intensity at Whakatane (27) and also at
Te Whaiti (42). The second shock (85/811)
was of magnitude 6-1 and over 190 km deep.
Its epicentre lay a couple of hundred
kilometres NNE of East Cape, at the
southern end of the western flank of the
Kermadec Trough. It was felt most strongly
in Opotiki (35). Before the end of the
month, MM V was also attained at Uruti
(38), Okoia (57) and Waikawa Beach (65),
as a result of a shallow M, 5:0 shock off
the coast near Wanganui, and yet again at
Tauranga (26) from another shallow shock
of the same magnitude.

The period from the beginning of May to
the end of August saw only two shocks
wvhich gave rise to reports of MM V. The
first of these (85/1012), was a magnitude
5:1 event at moderate depth (86 km) in the
Fiordland subduction zone. The MM V
reports came from Queenstown (132) and
Centre Island (148). The second shock was
videly felt. MM V reports from this M, 5-7
earthquake, slightly deeper than normal
beneath northern Hawkes Bay, were spread
from VWhakatane (27) to Whakatu (60).
August was a particularly quiet month,
vithout any earthquake in the
Observatory’s declared area of interest
reaching HL 5-0.

In September, a shock at normal depth
near the Fiordland <coast (85/1238),
registered M, 5-2 and resulted in a report
of MM V from Centre Island (148). Later in
the same month another shock (85/1242) of
M, 5:2 near Opotiki (35) was felt there at
MH V, and later still the year’s only HL
7:0 shock (85/1274) was felt at MM V from
Cape Runawvay (29) to Maruia (87), with
many reports of lower intensities from
places in between. The shock originated at
normal depth almost 350 km NNE of East




NEW ZEALAND 1985

<8>

SEISMOLOGICAL REPORT

Cape beneath the southern end of the
Kermadec Trench. That MM V was reported as
far south as Maruia is rather a surprise,
although in the past several reports of
Kermadec Region earthquakes that were not
felt anywhere else in New Zealand have
come from the Christchurch/Banks Peninsula
area.

Seismic activity slumped again in
October, but November saw a resurgence,
with most of the epicentres again offshore
in the Bay of Plenty to Kermadec Trench
region. There was also an onshore
earthquake of magnitude 5-1 (85/1326) in

northern Hawkes Bay, felt at MM V at
Reporoa (33) and Gisborne (45).
In December a series of shocks 500

kilometres north of East Cape included
seven events of over magnitude five, but
none of these was felt ashore.

The main impression gained by reviewing

the earthquakes of 1985 in our region is
that the part of the Indian/Pacific plate
boundary to the north of New Zealand has
seen the release of a very substantial
amount of seismic energy. It might
reasonably be supposed that this has been
accompanied by a redistribution of
regional stress which must sooner or later
require a complementary adjustment on the
adjacent part of the plate boundary on the
mainland.

In a country that has not experienced a
strong earthquake near even a minor
population centre in almost twenty years,
there is food for thought in a report of
MM V coming from a place something like
1000 kilometres from the epicentre of a
magnitude seven earthquake.

Apart from minor hydrothermal activity
on Ruapehu in May and June, there was no
significant activity on any of the
mainland volcanoes or White Island.

THE BAY OF PLENTY EARTHQUAKE SEQUENCE OF 1984/5

The activity offshore in the Bay of
Plenty that began in late December 1984,
continued into early 1985. By the end of
January, when activity had fallen to a low
level, 600 earthquakes of magnitude (M,) 4
and greater, including 54 of magnitu&e 5
or more and one (84/1254) of magnitude 6-3

had been recorded. While the main shock
was distinctly stronger than any other,
the sequence had some of the
characteristics of a swarm. More than one

third of the shocks preceded the strongest
one, and although the highest rate of
occurrence was at the time of the main
shock, activity did not diminish steadily
aftervards, but rather there were periods
of greater activity interspersed with
periods of quiescence.

Focal mechanisms of some of the largest
shocks, the main shock, four foreshocks
and three aftershocks, were obtained by
the Centroid-Moment Tensor method by
Dziewonski et al (1985a,b). Although not
particularly wvell determined, these
mechanisms give a valuable indication of
the processes that caused this activity.
All the foreshocks showed a normal
faulting mechanism on faults striking NE,

the axis of extension striking NW. The
mainshock and two aftershocks, however,
had mechanisms that were predominantly
strike-slip, vith a small normal
component. The direction of the axis of
extension was similar to that of the
normal faulting events. The last mechanism
obtained, for an event seven days after
the main shock (85/216), was similar to
the foreshocks: normal faulting on a
NE-striking fault.

These mechanisms suggest that the
earthquakes occurred as a result of a
regional extension in a NW-SE direction.
The region 1lies to the NNE of the Taupo
Volcanic Zone which is known to be
undergoing a similar extension and which
also has earthquake swarms.

References: DZIEVONSKI, A.M.;
J B and WOODHOUSE, J.H. (1985a):
Centroid-Moment Tensor solutions for
October-December 1984. Phys. Earth Planet.
Intr. 39 :147-156.

DZIEWONSKI, A.M.;

FRANZEN,

FRANZEN, J.E. and
VOODHOUSE, J.H. (1985b): Centroid-Moment
Tensor solutions for January-March 1985.
Phys. Earth Planet. Intr. 40: 749-758.
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THE INSTRUMENTAL NETWORKS

DESCRIPTION

The system of seismograph stations
under the scientific direction of the
Seismological Observatory at Wellington in
1985, comprised a standard network of
stations covering the main islands of New
Zealand and extending over the south-west
Pacific from Samoa, Fiji, and Rarotonga,
to Ross Island in the Antarctic; a smaller
and closer-spaced network near Wellington;
two seismographs deployed to provide some
information on the existing seismic
environment in the area where a new dam is
being built at Clyde; and specialised or
temporary stations established for
research purposes.

The stations of the standard network
are of two kinds, one having short-period
instruments intended to record shocks
originating within about 1000 km, and the
other equipped wvith long-period
instruments designed to provide
information about more distant earthquakes
and about the internal structure of the
Earth. These functions overlap, and every
station yields information of both kinds.
Most of the instruments record on
photographic paper, but a growing number
of them use pen-and-ink or heated stylus
recorders instead.

Vellington Network stations transmit
their outputs to a central recorder at the
Seismological Observatory. The network has
twelve stations, and is intended primarily
for research but is also used in the rapid

location of shocks of interest to the
public or civil defence officials.
The Clyde dam surveillance stations

operate in the same way as the Wellington
Network but their telemetered output is
recorded at Clyde and thence sent to
Vellington for analysis.

A nev network of telemetering stations,
vith central recording at Wairakei, is
intended to monitor possible volcanic
hazards in the region of Lake Taupo. This

network started to operate in 1984 and two
more stations have been added during 1985.

There is also a ‘Seismic Research
Observatory’ located at South Karori near
Vellington. This is an instrument package
sponsored by the United States Geological
Survey and 1is one of about ten similar
installations distributed around the
world. The three-component seismometer is
enclosed in a gas-filled capsule and has
been lowered to a position about 10 m
below sea-level in a bore-hole 165 mm in
diameter and about 100 m deep. Seismic
signals are transmitted by landline to the
Observatory at Kelburn, where both
analogue records on heat-sensitive paper
and digital records on magnetic tape are
made. Three-component long-period and
vertical component short-period motions
are recorded. Paper records are retained
and archived by the Observatory, but tapes
are sent to the U.S.G.S.

In addition to information from the
standard network, data is contributed by
one station operated by the Royal New
Zealand Navy Field Station on Great
Barrier Island, another belonging to the
Geology Department of Otago University at
Dunedin, and volcanological research or
surveillance stations, operated in various
collaborations by the Geological and
Geophysical Surveys of the D.S.I.R., the
Universities of Auckland and Vellington
and the Ministry of Works and Development.
These volcanological stations are on White
Island, in the Rotorua geothermal area, in
Tongariro National Park, and around Lake
Taupo. They are not under the control of
the Observatory, but their readings are
freely available for wuse in the local
origin determination programme and the
Observatory archives their records.

Temporary stations set up by the
Observatory, for research or to monitor
unusual seismic activity, sometimes
provide additional data for origin
determinations.
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CHANGES TO THE NETWORKS IN 1985

1985 saw the closure of a number of in April and Onerahi (ONE) in September.
long-established New Zealand seismograph The station at East Cape (ECZ) ceased
stations and the opening of some new ones. operation and was replaced by Hicks Bay
The South Island lost one staticn without (HBZ) in July. A minor change was the
getting an immediate replacement, while a replacement of the Auckland (AUC) L-4C

series of changes in the North Island seismometer by a Willmore Mk II.
resulted in a net gain of one station
there, leaving the grand total unchanged. Three further stations of the Taupo

area net were opened, the first two,

In April a new station was installed at Ketatahi (KETZ) and Hinemaiaia (HATZ), in
North Egmont (NEZ) in anticipation of the May, and Huka (HUTZ) in September, at
closing of Tarata (TNZ), which followed in about the same time that the nearby
July. Roxburgh (ROX) wvas closed station at Wairakei (WNZ) was closed down.

INDEX OF STATION CODES AND POSITIONS
Throughout the tabular sections of this Report, stations are
identified by the internationally recognised abbreviations
allotted by the United States National Earthquake Information
Service and used by the International Seismological Centre.

CODE NAME LATITUDE LONGITUDE ALT
d m s d m s m

SEISMIC RESEARCH OBSERVATORY
SNZ0 South Karori 41 18 37 S 174 42 17 E -10

STANDARD NETWORK

AFI Afiamalu 13 54 34 S 171 46 38 W 706
API Apia 13 48 26 S 171 46 30 W 2
AUC Auckland 36 51 36 S 174 46 41 E 79
BRZ Borland Lodge 45 46 45 S 167 32 19 E 190
CAZ Castlepoint 40 54 15 S 176 13 34 E 6
CBZ Campbell Island 52 33 03 8 169 09 33 E 30
C1z Chatham Island 43 57 18 S 176 33 56 W 45
CM2Z Cashmere 43 35 10 S 172 38 23 E 255
COB Cobb River 41 05 16 S 172 44 02 E 213
CRZ Cape Reinga 34 25 55 § 172 40 47 E 140
ECZ East Cape 37 41 37 S 178 32 46 E 40
GNZ Gisborne 38 38 39 S 178 01 21 E 30
HBZ Hicks Bay 37 35 57 8§ 178 18 05 E 0
KAI Kaimata 42 31 33 S 171 24 31 E 82
KKZ Kaikcura 42 25 19 S 173 41 17 E 105
KRP Karapiro 37 55 30 S 175 32 15 E 64
MNG Mangahao 40 37 07 S 175 28 55 E 396
MSZ Milford Sound 44 40 14 S 167 55 01 E 38
NDF Nadi 17 45 25 S 177 27 00 E 30
NEZ North Egmont 39 16 22 S 174 05 46 E 920
NUE Niue 19 04 35 S 169 55 41 W 56
0BZ Oban 46 54 18 S 168 06 55 E 26
TMP Tomahawk 44 18 54 S 170 07 12 E 720




NEWV ZEALAND 1985 <11 > SEISMOLOGICAL REPORT

CODE NAME LATITUDE LONGITUDE ALT

d m s d m s m
0MZ Oamaru 45 04 14 S 170 54 53 E 95
ONE Onerahi 35 46 33 S 174 21 45 E 30
RAO Raoul Island 29 15 06 S 177 55 06 W 110
RAR Rarotonga 21 12 45 S 159 46 24 W 28
RGZ Rangipo 39 09 19 S 175 50 02 E 667
ROX Roxburgh 45 28 33 S 169 19 13 E 106
RTY Rotoiti 41 48 27 S 172 50 35 E 635
SBA Scott Base 77 51 01 S 166 45 22 E 38
TNZ Tarata 39 11 14 S 174 22 49 E 123
TRZ Taradale 39 3312 8 176 49 17 E 17
TUA Tuai 38 48 29 S 177 09 02 E 274
VEL Vellington 41 17 10 S 174 46 06 E 122
VIZ Vhite Island 37 31 42 S 177 11 21 E 40
WNZ Vairakei 38 37 53 S 176 06 10 E 350
VTZ Vhakatane 37 59 05 8§ 176 59 18 E 4

CLYDE NETWORK

CYZ Clyde 45 08 45 S 169 19 46 E 606
MHZ Mount Horn 45 03 43 S 169 16 47 E 1127
CONTRIBUTING STATIONS
CNZ Chateau 39 12 00 S 175 32 51 E 1 116
DNZ Dunedin 45 51 59 S 170 30 54 E 15
DRZ Dome Shelter 39 16 35 S 175 33 49 E 2 600
GBZ Great Barrier 36 13 04 S 175 28 52 E 70
MGZ Maungaku 39 00 07 S 175 32 20 E 806
NGZ Ngauruhoe 39 10 39 S 175 36 12 E 1 400
RBY Rainbow Mountain 38 19 16 S 176 23 16 E 739
TAZ Tarawvera 38 13 59 S 176 30 28 E 1 027
TAUPO NETWORK
HATZ Hinemaiaia 38 53 32 S 176 05 31 E 492
HITZ Hingarae 38 42 31 S 175 45 59 E 1 458
HUTZ Huka 38 38 02 S 176 05 41 E 360
KETZ Ketatahi 39 06 02 S 175 39 06 E 1 208
RATZ Rangi tukua 38 52 07 S 175 46 16 E 649
WELLINGTON NETWORK
BHW Baring Head 41 24 33 S 174 52 17 E 10
BLV Big Hill 41 22 07 S 175 28 29 E 340
CAV Cannon Point 41 06 32 S 175 04 04 E 330
CcCcw Cape Campbell 41 45 17 S 174 12 54 E 216
KIV Kapiti Island 40 51 50 S 174 54 42 E 320
MOV Moikau 41 25 18 S 175 15 07 E 430
MRV Makara Radio 41 13 57 S 174 42 18 E 235
MTV Mount Morrison 41 09 34 S 175 30 07 E 282
TCW Tory Channel 41 12 48 S 174 16 33 E 150
WDV Vainui Dam 41 16 07 S 174 59 37 E 130
VEL Vellington 41 17 10 S 174 46 06 E 122
WHV Vrights Hill 41 17 51 S 174 44 17 E 383
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INSTRUMENTATION AND LITHOLOGY

STANDARD NETWORK AND CONTRIBUTING STATIONS

Stations are listed in the alphabetical order of their abbreviations.
Pendulum and galvanometer periods, To and Tg, are given in seconds. The
damping of electromagnetic instruments, when not 1listed, may be assumed
to be critical. Magnifications listed are for the period of maximum
respense, except in the case of Vorld-Vide Standard instruments, where
the magnifications are given at thc¢ conventional periods of 1:0 and 15
seconds. Typical period response curves for Willmore II, Benioff,
Vood-Anderson and Mark Products L-4C seismographs are shown at the end
of this section.

Instrument Compt. To Tg Damping Magnification
AFI AFIAMALU (Vorld-Wide Standard Station)

Foundation: Basaltic lava flows.

Benioff ZNE 1-0 0:75 12 500 at 1:0s

Press-Ewing 2ZNE 15 100 750 at 15s
API APIA

Foundation: Coral sand on Recent and Pleistocene basalt.
Johnson-Matheson (photo-cell amplifier with hot stylus recorder).
Z 1-2 0-20 Uncertain

AUC AUCKLAND

Foundation: Volcanic beds on Tertiary sandstone and mudstone.
Mark Products L-4C (with Kinemetrics VR-1 pen-recorder).

Z 1-0 3 800 at 0-25s
BRZ BORLAND LODGE
Foundation: Quaternary gravels.
Villmore II A 1-0 0-25 29 100 at 0-25s
Vood-Anderson X 0-80 crit. 2 800 at 0-80s

The Wood-Anderson is oriented with the X component northeast.

CAZ CASTLEPOINT
Foundation: Quaternary mudstone.
Villmore II (with Kinemetrics VR-1 pen-recorder).

2 1-0 Variable
The magnification may be reduced when high seas are running.

CBZ CAMPBELL ISLAND

Foundation: Basalt.

Villmore II Z 1-0 0-25 5 000 at 0-25s
CIZ CHATHAM ISLANDS

Foundation: Clay over basalt.

Villmore II Z 1-0 0-25 4 440 at 0-20s
N 1-0 0-25 5 110 at 0-20s
E 1-0 0-25 4 400 at 0-20s

CMZ CASHMERE
Foundation: Rhyolite.
Mark Products L-4C (Telemetered to Kinemetrics VR-1 pen-recorder).
Z 1-0 24 000 at 0-20s
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Instrument Compt. To Tg Damping Magnification

CNZ CHATEAU (Geophysical Survey)
Foundation: Volcanic ash and lava.
Villmore I (Telemetered to Kinemetrics VR-1 pen-recorder).

Z 1-0 Variable
COB COBB RIVER
Foundation: Schist.
WVillmore II A 1-0 0-25 27 300 at 0-20s
CRZ CAPE REINGA
Foundation: Cretaceous basic volcanics.
Villmore II A 1-0 0:25 9 350 at 0-25s
N 1-0 0-25 10 200 at 0-20s
DNZ DUNEDIN (University of Otago)

Foundation: Basaltic lava flow.
Villmore III with Kinemetrics pen-recorder.

2 1-0 Variable

N 1-0 Variable

E 1-0 Variable
DRZ DOME SHELTER (Geophysical Survey)

Foundation: Recent andesitic ash.
Mark Products L-4C (High and low magnifications, telemetered to
Kinemetrics VR-1 pen-recorders).

Z 1-0. Variable
ECZ EAST CAPE
Foundation: Mudstone and sandstone.
Villmore II Z 1-0 0:25 4 800 at 0-33s
GBZ GREAT BARRIER (Defence Scientific Establishment)
Foundation: Tertiary volcanics.
Villmore II Z 1-0 0-25 23 800 at 0-25s
GNZ GISBORNE
. Foundation: Alluvium on Tertiary mudstone.
Villmore I A 1-0 0-25 27 000 at 0-25s
N 1-0 0:25 29 500 at 0-20s
HBZ HICKS BAY

Foundation: Consolidated conglomerate.
Mark Products L-4C in borehole (with Kinemetrics VR-1 pen-recorder).

Z 1.0 50 700 at 0.10s
KAI KAIMATA
Foundation: Moraine and river gravels over Tertiary mudstone and
sandstone.
Wood-Anderson X 0-80 erif. 2 800 at 0-80s
This instrument is oriented with the X component northeast.
KKZ KAIKOURA
Foundation: Tertiary limestone and mudstone.
Villmore II A 1-0 0:25 12 000 at 0-+25s
KRP KARAPIRO
: Foundation: Greywacke.
Benioff Z 1-0 0-20 46 700 at 0-25s
E 1-0 0-20 41 000 at 0-50s
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Instrument Compt. To Tg Damping Magnification

MGZ MAUNGAKU (Ministry of Works)
Foundation: Quaternary andesite.
Mark Products L-4C (Telemetered to Kinemetrics VR-1 pen-recorder).

Z 1-0 Variable

MNG MANGAHAO

Foundation: Greywacke.

WVillmore II 2 1-0 0-25 52 000 at 0-33s
MSZ MILFORD SOUND

Foundation: Gneiss.

Villmore II Z 1-0 0-25 49 800 at 0-25s
NDF NADI

Foundation: Recent clays.
Villmore II (photo-cell amplifier with hot stylus recorder).
Z 1:25 0-20 6 000 approx.

NEZ NORTH EGMONT
Foundation: Volcanic ash.
Mark Products L-4C (with Kinemetrics VR-1 pen-recorder).
A 1.0 25 100 at 0-10s

NGZ NGAURUHOE (Geophysical Survey)
Foundation: Recent volcanic flows.
Mark Products L-4C (Telemetered to Kinemetrics VR-1 pen-recorder).
Z 1-0 Variable

NUE NIUE
Foundation: Hard coral.
Villmore II (with Kinemetrics VR-1 pen-recorder).
Z 1-0 17 200 at 0-10s

0BZ OBAN
Foundation: Weathered granite.
Mark Products L-4C (with Kinemetrics VR-1 pen-recorder).

pA 1-0 12 000 at 1-0s

0MZ OAMARU

Foundation: Recent deposits overlying Tertiary limestone.

Villmore II YA 1-0 0-20 11 500 at 0-20s
ONE ONERAHI

Foundation: Basalt.

Vood-Anderson E 0-80 crit. 2 800 at 0-80s
RAO RAOUL ISLAND

Foundation: Volcanic rock.

Villmore II Z 1-0 0:25 4 800 at 0-25s
RAR RAROTONGA (World-Wide Standard Station)

Foundation: Basalt.

Benioff ZNE 1-0 0-75 6 250 at 1:0s

Press-Eving 2ZNE 15 100 375 at 15s
RBY RAINBOW MOUNTAIN (Geological Survey)

Foundation: Dacite lava.
Mark Products L-4C (Telemetered to Kinemetrics VR-1 pen-recorder).
A 1-0 0-25 Variable
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Instrument Compt. To Tg Damping Magnification
RGZ RANGIPO
Foundation: Volcanic rock.
Mark Products L-4C (with Kinemetrics VR-1 pen-recorder).
pA 1-0 0-25 8 000 at 1.0s
ROX ROXBURGH
Foundation: chlorite schist.
Villmore I 2 1-0 0-25 11 500 at 0-25s
RTY ROTOITI
Foundation: Glacial gravels.
Mark Products L-4C (with Kinemetrics VR-1 pen-recorder).
pA 1-0 0-25 Uncertain
SBA SCOTT BASE (World-Wide Standard Station)
Foundation: Frozen basaltic debris resting on lava flows.
Benioff ZNE 1-0 0:75 50 000 at 1-0s
25 000 (Feb 10 onw’d)
12 500 (Feb 26 onw’d)
25 000 (Mar 24 onw’d)
50 000 (Apr 27 onw'd)
Press-Ewing ZNE 15 100 750 at 15s
TAZ TARAVERA (Geological Survey)
Foundation: Rhyolite lava.
Mark Products L-4C (Telemetered to Kinemetrics VR-1 pen-recorder).
A 1-0 0:25 Variable
TMP TOMAHAVK GULLY
Foundation: Mesozoic Greywacke
Mark Products L-4C (Telemetered to Kinemetries VR-1 pen-recorder).
Z 1:0 750 000 at 0-20s
N 1.0 100 000 at 0-20s
TNZ TARATA
Foundation: Pleistocene mudstone.
Willmore II Z 1-0 0-25 4 570 at 0-20s
TRZI TARADALE
Foundation: Quaternary sands and silts, overlying Quaternary
limestone.
Villmore II A 1-0 0-25 5 550 at 0-25s
TUA TUAI
Foundation: Thick Tertiary sandstone and mudstone.
Villmore II A 1-0 025 7 080 at 0:25s
VEL WELLINGTON (World-Wide Standard Station)

Foundation: Greywacke.

Benioff ZNE 1-0 0-75 6 250 at 1-0s
Press-Ewving ZNE 15 100 750 at 15s
Vood-Anderson NE 0-80 crit. 1 400 at 0:8s
Imamura Z 1 5:1 2

NE 4 5:1 2

The Benioff vertical component operates both photographic and
heated-stylus recorders. There is also a pen-recorder operated by a
Villmore I seismometer.
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Instrument Compt. To Tg Damping Magnification

Viz WHITE ISLAND (Geological Survey/Victoria University)
Foundation: Recent andesite.
Mark Products L-4C (Telemetered to Kinemetrics VR-1 pen-recorder).

z 1-0 Variable
WNZ WAIRAKEI
Foundation: Pumice breccia.
Willmore I Z 1-0 0-25 200 (nominal)
VTZ WHAKATANE

Foundation: Weathered Jurassic greywacke.
Willmore II Z 1:0 0-20 24 000 at 0-20s
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SEISMIC RESEARCH OBSERVATORY

This station is sponsored by the United
States Geological Survey. A three-
component seismometer sealed in a gas-
filled capsule is placed in a borehole
165mm in diameter and about 100m deep,
located at a quiet site several kilometres
from the Observatory. The ground surface

analogue recordings are made from the
three long-period and the vertical
component  short-period outputs. Paper
analogue records are archived by the
Observatory, but the digital tape records
of detected events are held by the USGS.
The recorder is at the observatory site in

there is 88m above, and the seismometer Kelburn, and the signals are transmitted
10m below, sea level. Both digital and to it by landline.
Code Station Component Magnification
SNZ0 South Karori ZNE 20 000 at 25s
6 250 at 1+0s

The lithological foundation is Jurassic-Permian Greywacke.

CLYDE NETWORK

Two of the seismographs of the
erstvhile Pukaki network have been
relocated to allow data to be collected on
the prevailing level of microseismicity in
the area of the dam at present under
construction at Clyde on the Clutha River.
These instruments are operated by New
Zealand Electricity, (division of the
Ministry of Energy) and they (together
with other instruments to be added to the
network later) will be used to monitor any
changes in 1local seismicity associated
with the use of the lake for the
generation of electric power. The records

observations from these stations have not
been treated differently from those of
standard network stations. The Clyde
network consists at present of two
stations linked by radio to a common
double pen recorder at Clyde. The
seismometers are Mark Products L-4C
instruments with a natural period of one
second, and a Kinemetrics VR-1 recorder is
used, giving the response curve shown in
the graph preceding this section. The
lithological foundation at both stations
is Mesozoic Greywacke. The ex-Pukaki
Network station at Tomahawk Gully (TMP),

are interpreted and retained at the continues to run and be recorded on its
Observatory where they are available for old site, but will not be a part of this
other seismological use. During 1985, network.
Code Station Component Magnification
cYz Clyde 275 000 at 0-10s
MHZ Mount Horn 275 000 at 0-10s
TAUPO NETWORK
This network is intended to monitor a number of times in the more distant
volcanic and geothermal activity in the past. The first two stations of the new

Taupo Volcanic Region. Although relatively
quiet in historic times, (the 1886
Taravera eruption notwithstanding), the
geological record show that the Region has
been the scene of larger-scale activity at

network were installed in 1984. Although
there were five seismometers installed by
the end of 1985, there were only two
recorders, so that only two stations were
active at any one time.
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Code Station Component Magnification Foundation
HATZ Hinemaiaia Z 43 100 at 0-10s Ignimbrite
HITZ Hingarae Z 54 600 at 0-10s Ignimbrite
RATZ Rangi tukua A 44 700 at 0-10s Rhyolite
KETZ Ketatahi Z 70 800 at 0-10s Andesite
WELLINGTON NETWORK
The stations of the Wellington network magnifies the film trace ten times. At
are linked by radio or land-line to a Vellington only one 1low gain channel
common recorder at the main observatory operated in 1985. The 1lithological
site at Kelburn. The seismometers used are foundation at all of these stations is

Mark Products L-4C instruments with a
natural period of 1:0 second. The recorder
used is a Teledyne Develocorder with
galvanometers having a period of 0°063s
(frequency 16Hz). Magnifications quoted
refer to the trace as seen when projected
on the screen of the Develocorder, which

Jurassic-Permian Greywacke, except for CCW
vhere it is Miocene sandstone.

N.B. The films from the Wellington network
are normally read on a viewer which has a
magnification approximately twice that of
the Develocorder.

Code Station Component Magnification at 0:10s
BHW Baring Head Z 380 000
BLW Big Hill Z 340 000
CAV Cannon Point pA 420 000
CCw Cape Campbell Z 135 000
KIV Kapiti Island Z 500 000
MOW Moikau Z 210 000
MRV Makara Radio A 400 000
MTW Mount Morrison A 420 000
TCW Tory Channel Z 710 000
wDw Vainui Dam 2 640 000
VEL Vellington N 110 000
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TIMING ARRANGEMENTS

Unless stated otherwise, times in this
Report are given in Universal Time (U.T.
or, more strictly, U.T.C., defined in a
later section). For most seismological and
civil purposes this may be regarded as the
Mean Solar Time of the Greenwich meridian.

Throughout the standard network, minute
marks derived from quartz crystal clocks
of high stability appear on records as
abrupt trace deflections of about two
seconds duration. Radio time signals also
operate the trace deflector so that the
relationship between the locally generated
minute marks and Universal Time can be
established. In most cases the radio
signals are those of the New Zealand Time
Service (for which the Observatory is
administratively responsible), transmitted
hourly through the stations of Radio New
Zealand, but in areas where local
reception is bad, the Australian station
VNG is wused. It is estimated that the
total error in time-signal recording
resulting from signal transmission and
delay 1in operation of the trace deflector
should never exceed 30 milliseconds.
Further details of the New Zealand Time
Service appear later in this Report.

Stations of the World-Wide Standard

Seismograph Network have the timing
arrangements usual at such stations.
At other stations beyond New Zealand,

time signals originating at the

Western Samoa
Niue

Rarotonga

Tonga

Norfolk Island
French Polynesia

Observatory or from VNG are wused.
Time-pulse signals of one second duration
derived directly from the national Time
Service are displayed on the topmost and
lowest traces of the Wellington network
records. Pulses of longer duration mark
minutes and hours.

It is sometimes desirable to know the
local civil time at which an earthquake
occurred. The times now wused for civil
purposes in New Zealand (except the
Chatham Islands) are New Zealand Standard
Time, and New Zealand Daylight Time, which
are defined in the Time Act, 1974. New
Zealand Standard Time is 12 hours, and New
Zealand Daylight Time 13 hours, ahead of
U.T. The period of Daylight Time is
specified by Order in Council, as provided
by the Act, normally extending from 02h
NZST on the last Sunday in October until
02h NZST on the first Sunday in March of
the following year.

The time observed in the Chatham
Islands is 45 minutes in advance of that
currently in use in New Zealand. New
Zealand Standard Time is observed at Scott

Base, in Fiji and on Raoul and Campbell
Islands. Times observed elsewhere in the
South Pacific are decided by the

governments of the respective countries.
Those affecting places which sometimes
report earthquakes to the Observatory are
listed below.

11h OOm behind U.T.
11h 00m behind U.T.
10h 0OOm behind U.T.
13h OOm ahead of U.T.
11h 30m ahead of U.T
10h 00Om behind U.T.

Note that Western Samoa, Niue, Rarotonga and French Polynesia are on
the opposite side of the International Date Line from New Zealand.
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INSTRUMENTAL DATA
CONTENT
This section contains origin times, during earthquake swarms do not
epicentres, focal depths, and magnitudes automatically get this individual

of earthquakes in the New Zealand region
that the Observatory has located from

instrumental data, together with
indicators of the quality of the data
used.

In the areas within the inner and outer
polygons outlined on the map opposite, the
Observatory attempts to determine origins
for all shallow earthquakes of ML 3+7 or
more, and all shocks of ML 4-0 or more,
respectively. (Origins are regarded as
shallow if their depth is less than 60km.)
Origins are also calculated for smaller or
more distant earthquakes reported to have
been felt in New Zealand. Weak shocks felt

DETERMINATION
Earthquake origins were determined
using the phases P, Pn, P*, Pg, and the
corresponding S phases. In computing
travel times, (except for origins listed
under the Wellington Network heading), it

was assumed that the New Zealand crust was
33 km thick, and divided into two uniform
layers by a discontinuity at a depth of 12
km. Above the discontinuity the velocities
of P and S were 5°5 and 3:3 km/s
respectively (Pg and Sg) and below it they
vere 6°5 and 37 km/s (P* and S*). Travel
times for Pn and Sn, which travel in the
mantle, were calculated using mantle
velocities of 8:1 km/s for Pn and 4-6 km/s
for Sn. Several studies have shown that
these values are close to the average
velocities for Pn and Sn in New Zealand.

Travel times for P and S from sub-crustal
earthquakes vere derived from the
Jeffreys-Bullen Tables (British

Association for the
Science, 1958), and, at the base of the
crust, corresponded to a velocity of 7-8
km/s for P and 4°4 km/s for S. It is known
that the mantle in New Zealand is not

Advancement of

laterally homogeneous, but until more
accurate travel times can be routinely
calculated, Jeffreys-Bullen Tables will

continue to be |used, to maintain

consistency with earlier Reports.

attention, but an origin is found for at
least one shock in any sequence giving
rise to felt reports. Once an origin has
been calculated, the data and
determination are 1listed regardless of
whether the outcome satisfies the
selection criteria.

For the more intensively studied area
around Vellington, coordinates of all
seismic events of magnitude ML 2:-3 or more
are calculated using data from a closely

spaced local network of seismometers.
Station readings are not published, but
origins and magnitudes are listed at the

end of this section.

OF ORIGINS

Calculations were carried out on a PDP
11/34  computer using FORTRAN programs
developed by W. D. Smith, E. G. C. Smith,
A. J. Haines and T. H. Vebb. A provisional
origin was repeatedly adjusted to obtain
the best agreement betwveen the observed
arrival times for the various phases, and
times computed from tables. More
precisely, the origin was adjusted to
minimise the sum of the squares of the
wveighted residuals (i.e. observed minus
computed arrival times).

Weights in the range 0-100% were
initially assigned to phase arrival times
according to whether the phase was P or §
and the precision of the measurement. S
phases were given half the weight of P
phases and phases labelled "e" or measured
only to the nearest second were given half
the weight of corresponding phases
measured to a tenth of a second. A sharp P
arrival was thus at first assigned 100%
veight and an emergent S 25%. The weight
of readings was further modified by the
location program, which, after each
iteration, weighted the residuals used to
adjust the trial origin. The procedure
(see Jeffreys, H., 1939: Probability
Theory, Cambridge University Press.)
greatly reduced the weight given to phases




NEV ZEALAND 1985

< 24 >

SEISMOLOGICAL REPORT

with residuals greater than three standard
errors.

In general, all four coordinates of the
earthquake origin were calculated (origin
time, latitude, longitude, and focal
depth). In some cases, however, the focal
depth was not allowed to vary, but
restricted to some chosen depth. This was
most commonly done for crustal
earthquakes. Unless there was a station
within 25 km of a shock in the upper
crust, or within 50 km of a shock in the
lower crust, a nominal depth of either 12
or 33 km was usually assigned, according
to the crustal phases present and the
goodness of fit of the resulting solution.
Less often, the depth was restricted to a

smaller value, particularly when the
strengths of locally reported felt
intensities indicated an uncommonly

shallowv focus. The letter R printed after
the depth in the 1lists which follow
betokens a restriction for any of the
foregoing reasons. There were also
occasions when information not acceptable
as input to the location program indicated
the depth of focus, and in such cases the
depth was similarly held at the
appropriate value and the restriction is
shown by following the depth by the letter
G (to indicate intervention by a
Geophysicist). When convergence of the
location program failed for lack of enough
data, both epicentre and depth were fixed
at values consistent with the available
information, and computation limited to
finding a compatible origin time. Such
doubly-restricted origins have the letters
RR printed after the depth.

In routine 9origin determinations,
sufficient of the stations nearest to the
epicentre were read to yield enough data
for a satisfactory solution, together with
a selection of other stations from which
readings were recorded but not used. When
enough observations were available,
arrival times recorded at stations more
than three degrees from the epicentre were
excluded from the calculations.
Observatory analysts were free to reject
data which they thought to be unreliable

completely, or to halve the weight given
to it in the location program’s procedure
for minimising mean residuals. (See later
details of the weighting procedure).

Origins determined from Wellington
network data were obtained using a
modified location program with different
convergence criteria, in conjunction with
a velocity model that has been found to be
appropriate for the area. Details of this
model are given immediately before the
listing of origins from the Vellington

network.
In using the results in this section,
it 1is essential to keep in mind that the

positions of earthquakes with epicentres

outside the network of seismograph
stations can be very uncertain, even
though the mean residual is small. Vith

the the aim of helping the reader to

assess the reliability of the results
presented here, the positional
relationships between an epicentre, and

the stations which recorded the data used
to find it, are given after the calculated
origin coordinates. Similarly, the number
of magnitude estimates contributing to the
mean value, and an indication of their
scatter, are also shown.

The solutions presented here are in all
cases based upon uniform procedures
applied to laterally homogeneous models.
For origins determined using the standard
network, the model approximates average
conditions in the New Zealand region, but
as the real structure is known to be
asymmetrical, the true origin can be
somevhat different from the one
calculated. Care should therefore be taken
not to attach significance to an epicentre
in an wunusual place or a focus at an
unusual depth, without investigating the
uncertainties of the determination.

Because a well-established local model
has been used to calculate the origins
listed wunder the Wellington Network
heading, systematic errors in this area
should be considerably smaller than in
other parts of the country.

MAGNITUDES

The magnitudes assigned to 1local
earthquakes are intended to be the values
of ML as originally defined by C.F.
Richter (Bull. Seism. Soc. Am 25: 1-32,

1935), but his procedure for performing
the magnitude calculation at other than
the standard distance of 100 km has been
modified, so as to take account of the
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observed characteristics of energy
propagation in New Zealand, including the
effect of focal depth. (For details, see

Haines, A.J.: A local magnitude scale for
New Zealand earthquakes. Bull. Seism. Soc.
Am. 71: 275-94.)

STANDARD NETWORK

Magnitudes of earthquakes recorded by
the standard network are based on the
largest amplitudes in the P and S groups,
recorded by Willmore vertical and Wood-
Anderson seismographs. (The deployment of
these 1is described in the earlier section
on instrumentation.) At Wellington, where
two-component Wood-Anderson instruments
are installed, the root-mean-square
amplitude is used. An amplitude-distance
relationship of the form
A= A RNexp(-aR)
vhere A is a trace amplitude recorded at
an epicentral distance R, A is a
calibration function, N is a ggometric

For all New Zealand crustal earthquakes
N is 2 and a generally takes a value close
to 0. Vith these values, the relationship
describes head-wave propagation with no
attenuation. In the Central Volcanic
Region, however, (see Map, page 27), o
takes values of 0.8 deg-1 for P waves and
1.05 deg-1 for S waves. Adjustments are
therefore made according to the distance
travelled in the volcanic region.

For deep earthquakes in the Main
Seismic Region the same parameters as for
crustal earthquakes apply (N = 2, a = 0),
provided that (i) R now measures the slant
distance from the focus to the base of the
crust, and (ii) stations to the west of

spreading factor and o« is an inelastic the volcanic region or south of the Main

attenuation coefficient, has been found Seismic Region are not used, because the

appropriate for all parts of the country. structure there demands different
TABLE 1

MAGNITUDE CORRECTIONS FOR THE TWO CLASSES OF FOCAL DEPTH, FOR P
AND S PHASES RECORDED ON WILLMORE AND WOOD-ANDERSON INSTRUMENTS

Station Villmore P
<33 km >33 km

BRZ Fiordland only 0-05
All shallow 0-15

CMZ 0-05

COB 0-15

CR2 0-25

ECZ 0-60 0-40

GNZ 0-00 0-00

KAI

KKZ 0-25 0-25

KRP =025

MNG -0-35 -0-40

MSZ Fiordland only -0-35
All shallow -0:25

0BZ 0-00

0MZ 0-15

ONE

ROX 0-15

TNZ 0-40

TR2 0-30 0-45

TUA 0-40 0-40

WEL

WNZ 0-95 1-30

Villmore S WVood-Anderson
<33 km >33 km <33 km >33 km
-0-20 0:05
-0-10 0-15
-0-15
-0-40
0-20
0:50 0-40
-0-20 -0-20
0-30
0-05 0-05
-0-30
-0+45 -0-50
-0+60
-0+50
-0+40
-0-15
0-15
-0-25
0-25
0-15 0-10
0:35 0-40
0-30 0-30
0:75 1-35
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spreading and attenuation terms.

For deap earthquakes in Fiordland the
same amplitude-distance relationship is
used, with (i) N given the value 1 (body
wave propagation), (ii) « increasing with
focal depth, and (iii) stations in the
Main Seismic Region (apart from COB) not
used, because of variations of the
coefficients N and «. Milford Sound (MSZ)
and Borland Lodge (BRZ) should ideally be
excluded for the same reason, but as they
are sometimes the only stations from which
any estimate of magnitude can be made,
they are used when necessary, with N = 2
and o« = 0.

Corrections are applied to allow for
station characteristics. These include
differences in site effects, £frequency
responses and magnifications of the
instruments. Their determination is
empirical, and made in such a manner as to
give the most consistent estimates of
magnitude from the different stations, and
their absolute level is adjusted to give a

WELLINGTON

Magnitudes are calculated wusing both
the maximum amplitude on the viewing
screen and the duration of the signal. The
formulae are empirical, developed by R.
Robinson for maximum consistency among
stations. Both scales were calibrated
against the Wood-Anderson determination at
Vellington, for a selection of shocks that
vere large enough to record there. The
formulae are listed below, where 'I‘i is the

]
"

=
|

log10 Ai

- 0.8 + 2.30 log10 Ti + C

- 171 + 1.56 logyq R, + K

standard VWood-Anderson instrument at
Vellington a zero correction, a procedure
that can be justified on a priori grounds
and provides a smooth connection with New
Zealand magnitudes published before 1977.
Station corrections (Table 1) are added to
the individual estimates of magnitude,
wvhich are then averaged. The trace
amplitudes on which magnitude calculations
are based are no longer published, but the
number of measurements and the number of
stations contributing to the average
magnitude are listed. (e.g. "S5M/4stn"
appearing in a data summary indicates that
5 amplitude measurements of records from 4
stations were used to compute an average).
Vhen amplitude measurements from other
stations are available, the BRZ and MSZ
estimates dare only given half weight in
the calculation of the average magnitude.

Clyde and Taupo Networks

Neither Clyde nor Taupo network
stations were not used for magnitude
determinations during 1985.

NETWORK

listed below, where T, is the duration in
seconds at station i, A, is the amplitude
(mm) on the viewing Screen, R, is the
slant distance from the focus (km), and C

and K are station corrections for
determiniations made from durations and
amplitudes respectively. Individual
estimates are averaged to give the final
values which appear in the 1list of
origins.

i
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DATA FROM THE STANDARD NETWORK

LAYOUT

The first entry for each earthquake is
the reference number, used throughout the
Report. The second line gives the origin
coordinates and the magnitude and the
third 1line shows, beneath each of the
coordinates in line two, its standard
error. Where depth has been restricted,
the letter R or G in place of the standard
error indicates the fact. The fourth line
starts with Rsd, the standard deviation of
residuals, an indication of how well the
adopted origin reconciles the available
data with the standard earth model used by
the location program. Formally,

[ . 1172
Rsd = L}:l((wi r; / 100)°/ (n-m)) }

where r, 1is the ith residual, w, its
weight, n the number of readings and m the
number of parameters determined. (4 for
unrestricted depth, 3 when depth is
restricted.) When the number of readings
used and the number of parameters are the
same, the standard errors and Rsd are not
defined. This is shown by the letters ND.
The remainder of the fourth line and most
of the fifth line present information
indicating to the reader the degree of
constraint on the adopted origin. Xph/Ystn
shows that X phases from Y stations were
used in the determination of the origin.

(A1l phases given non-zero weight are
counted but stations which failed to
provide such a phase are not). Dmin is the
distance from the epicentre to the nearest
of these Y stations and Az. gap is the
greatest angular gap in their distribution
about the epicentre.

Corr. is the correlation coefficient of
the errors in latitude and longitude. It
may be used to construct an epicentral
confidence region. (See Flinn, E.A., 1965.

"Confidence regions and error
determinations for seismic event
locations." Rev. Geophys. 3: 157-185.)
pM/Qstn shows that p magnitude estimates
from phases recorded at Q stations
contributed to the average value shown on

line two. Msd is the standard deviation of
the magnitude estimates.

The numbers of wupward and downward
first motions recorded are indicated at
the end of line five.

Additional information may be appended
to the above. This usually consists of a
short summary of the places where a shock
has been felt and the intensities there,
but may include other comments. Further
details of reports received by the
Observatory concerning the effects of
earthquakes and the intensities assessed
from these observations appear in later
sections of this Report.
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85/1 85/11
JAN 01 0002 04-3s 36-92S 177-36E 12km M=4-0 JAN 01 0512 46-6s 36-58S 177-50E 12km M=5-1
09 0-06 0-03 R 1-2  0-09 0-05 R
Rsd 0-5s 7ph/5stn Dmin 69km Az.gap 255° Rsd 1:0s 11ph/9stn Dmin 109km Az.gap 206°
Corr. -0-045 4M/4stn Msd 0-2 Corr. 0173 6M/6stn Msd 0-3 3¢
85/2 85/12
JAN 01 0012 31-6s 37-01S 177-36E 12km M=3-8 JAN 01 0550 23-9s 37-02S 177-35E 12km M=3-7
0-8 0-06 0-04 R 1-2  0-09 0-04 R
Rsd 0-4s 6ph/5stn Dmin 60km Az.gap 249° Rsd 0:7s 6ph/5stn Dmin 58km Az.gap 249°
Corr. 0-224 4M/4stn Msd 0-2 Corr. -0-062 4M/4stn Msd 0-2
85/3 85/13
JAN 01 0057 58-7s 37-01S 177-42E 12km M=4-5 JAN 01 0607 49-2s 37-05S 177-41E 12km M=3-7
0-7 0-04 0-02 R 1-2  0-09 0-05 R
Rsd 0:5s 9ph/5stn Dmin 6lkm Az.gap 250° Rsd 0:7s 7ph/5stn Dmin 56km Az.gap 247°
Corr. -0-069 4M/4stn Msd 0-2 Corr. 0129 4M/4stn Msd 0-2
85/4 85/14
JAN 01 0102 46-7s 38-31S 176-11E 161km M=4-1 JAN 01 0611 57-1s 37-25S 177-34E 12km M=4-0
0-8 0-03 0-05 7 0-8 0-06 0-03 R
Rsd 0:-6s 10ph/8stn Dmin 66km Az.gap 115° Rsd 0-7s 7ph/5stn Dmin 34km Az.gap 231°
Corr. -0-130 11M/6stn Msd 0-3 2 Corr. -0-229 4M/4stn Msd 0-2
85/5 85/15
JAN 01 0114 48-4s 37-05S 177-40E 12km M=3-9 JAN 01 0621 43-2s 37-25S 177-32E 12km M=3-8
0-8 0-:06 0-03 R 05 0-04 0-02 R
Rsd 0+-6s 7ph/5stn Dmin 56km Az.gap 247° Rsd 0-5s 8ph/5Sstn Dmin 33km Az.gap 231°
Corr. -0-137 4M/4stn Msd 0-1 Corr. -0-155 4M/4stn Msd 0-1
85/6 85/16
JAN 01 0156 40-1s 37-05S 177-23E 12km M=3-8 JAN 01 0722 46-1s 36-39S 177-55E 12km M=4-2
06 0-04 0-03 R 1-2  0-08 0-07 R
Rsd 0:5s 8ph/5stn Dmin 53km Az.gap 246° Rsd 1-0s 8ph/5stn Dmin 130km Az.gap 283°
Corr. -0+126 4M/4stn Msd 0-2 Corr. 0:005 4M/4stn Msd 0-2
85/7 85/17
JAN D1 0226 10-0s 36-73S 177-46E 12km M=3-7 JAN 01 0729 42-5s 37-28S 177-33E 12km M=4-2
15 0-12 0-05 R 05 0-04 0-02 R
Rsd 0-6s 6ph/S5stn Dmin 91km Az.gap 266° Rsd 0:5s 8ph/5stn Dmin 30km Az.gap 228°
Corr. 0:268 4M/4stn Msd 0-1 Corr. -0-125 4M/4stn Msd 0-2 1t
85/8 85/18
JAN 01 0354 10-6s 37-34S 177-23E 12km M=3-4 JAN 01 0735 06-9s 36°94S 177-53B 12km M=4-4
05 0-:04 0-02 R 1-7 0-13 0-04 R
Rsd 0-4s 6ph/5stn Dmin 21km Az.gap 223° Rsd 0:9s 7ph/5stn Dmin 72km Az.gap 255°
Corr. -0:240 5M/4stn Msd 0-1 Corr. 0:029 4M/4stn Msd 0-2 11 1y
85/9 . i 85/19
JAN 01 0414 35-4s 36-80S 177-46E 12km M=4-1 JAN 01 0755 38-5s 36°84S 177-39E 12km M=4-1
1-0 0-07 0-03 R 07 0-05 0-03 R
Rsd 0:5s 6ph/5stn Dmin 84km Az.gap 263° Rsd 0-5s 7ph/5stn Dmin 78km Az.gap 260°
Corr. -0-078 4M/4stn Msd 0-3 Corr. -0:080 4M/4stn Msd 0-1
85/10 85720
JAN 01 0437 23-1s 36-69S 177-48E 12km M=4-4 JAN 01 0932 04-5s 36-79S 177-62E 12km M=4-5
13 0-09 0-05 R 1-2  0-08 0-04 R
Rsd 0:8s 8ph/5stn Dmin 96km Az.gap 269° Rsd 0+6s 8ph/5stn Dmin 91km Az.gap 266°
Corr. 0:142  4M/4stn Msd 0-1 Corr. 0:526 4M/4stn Msd 0-3
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85/21 85/31
JAN 01 0938 53-5s 36-74S 177-55E 12km M=4-1 JAN 01 1332 50-5s 36-60S 177-52E 12km M=4-5
R R
Rsd 0:7s 8ph/5stn Dmin 93km Az.gap 267° Dmin 107km Az.gap 274°
Corr. -0:321 4M/4stn
85/22 85/32
JAN 01 1002 00-0s 37-23S 177-24E 12km M=3-4 JAN 01 1350 07-1s 36°-81S 177-49E 12km M=3-9
R R
Rsd O- Az.gap 232° Dmin 84km Az.gap 263°
Corr. Ky Corr. 0-258
85/33
85/23 JAN 01 1355 13-2s 36-61S 177-48E 12km M=4-1
JAN 01 1002 53-4s 37-03S 177-36E 12km M=4-1 R
R Rsd 0:-8s 6ph/5stn Dmin 105km Az.gap 273°
Rsd 0- Dmin 57km Az.gap 247° Corr. 0-217
Corr. -0°157 4M/4stn
85/34
85/24 JAN 01 1406 40-7s 36-80S 177-44E 12km M=4-1
JAN 01 1117 01-2s 36-78S 177-43E 12km M=3-9 R
R Dmin 83km Az.gap 262°
Rsd O- Az.gap 264° -0:096 4M/4stn
Corr. -0:372 4M/4stn
85/35
85/25 JAN 01 1408 05-9s 36-83S 177:54E 12km M=4-7
JAN 01 1215 04-7s 36°77S 177-44E 12km M=4-5 R
R Dmin 83km Az.gap 262°
Rsd O- Az.gap 264° Corr. 0:504 4M/4stn
Corr. -0:030 4M/4stn A
85/36
85/26 JAN 01 1410 26-4s 36-80S 177-50E 12km M=4-4
JAN 01 1220 53-0s 36°-72S 177-42E 12km M=4-2 R
R Dmin 136km Az.gap 263°
Rsd O- Dmin 92km Az.gap 267°
Corr. -0-053 4M/4stn In the coda of preceding shock.
85/27 85/37
JAN 01 1233 13-5s 36-76S 177-45E 12km M=4:0 JAN 01 1423 30-8s 36-80S 177-45E 12km M=3-9
R R
Rsd O- Az.gap 265° Dmin 84km Az.gap 263°
Corr. -0:027 4M/4stn Corr. 0-184
85/28 85/38
JAN 01 1236 28-9s 36-84S 177-42E 12km M=3-9 JAN 01 1429 14-9s 36:73S 177-59E 12km M=4-3
R R
Rsd O- Az.gap 260° Rsd 1:0s 8ph/5stn Dmin 95km Az.gap 269°
Corr. Corr. 0-418
85/29 85/39
JAN 01 1309 21-2s 36-55S 177-49E 12km M=3:9 JAN 01 1534 27-7s 36-77S 177-46E 12km M=4-8
R R
Rsd O- Dmin 111km Az.gap 276° Dmin 88km Az.gap 265°
Corr. -0-067 4M/4stn Msd 0-3 17t
85/30 85740
JAN 01 1315 11-1s 36-74S 177-46E 12km M<4-0 JAN 01 1640 24-9s 36-60S 177-48E 12km M=5-0
R R
Rsd O Dmin 91km Az.gap 266° Rsd 0-8s 8ph/8stn Dmin 106km Az.gap 204°
Corr. -0°:277 4M/4stn Corr. 0-303
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JAN 01 1648 07-0s 36-54S 177-51E 12km M=5-0

1-6 0-12 0-04
Rsd 0:6s 9ph/7stn Dmin 113km
Corr. 0-217 6M/6stn Msd 0-2

JAN 01 1704 17-9s 36-61S 177-53E

Rsd 0-:7s

1-6
7ph/5stn

Corr. -0-018 3M/3stn

0712 =

0-05
Dmin 107km
Msd 0-4

JAN 01 1729 01-7s 36-72S 177-51E

1.6

Rsd 0:7s 8ph/5stn

Corr. 0148

4M/4stn

0-11

0:04
Dmin 95km
Msd 0-2

JAN 01 1732 27-7s 36-82S 177-38E

0-5 0-04 0-02
Rsd 0:3s 6ph/5stn Dmin 80km
Corr. 0-036 4M/4stn Msd 0-2

JAN 01 1747 31-9s 36-89S 177-45E

2.1 0-17 0:05
Rsd 0°9s 7ph/5stn Dmin 74km
4M/4stn Msd 0-2

Corr. 0-176

JAN 01 1800 38-6s 36-69S 177-49E

1-1  0-08 004
Rsd 0:7s 7ph/5stn Dmin 96km
Corr. 0-199 3M/3stn Msd 0-2

JAN 01 1814 49-8s 36-72S 177-51E

Rsd O-

Corr.

2:2 0-16 0:05
9s 8ph/6stn Dmin 94km
0-383 4M/4stn Msd 0-2

JAN 01 1821 10-8s 36-63S 177-44E

Rsd O-

Corr.

0-7
4s 7ph/5stn
-0-075 4M/4stn

0-04

0-04
Dmin 102km
Msd 0-3

JAN 01 1823 33-8s 36-72S 177-51E

Rsd O-

Corr.

0-9 006 0-03
5s 8ph/5stn Dmin 94km
0:226  4M/4stn Msd 0-2

JAN 01 1850 19-2s 37-14S 177-35E

Rsd O

Corr.

1:0
6s 9ph/5stn
-0:439 4M/4stn

0-06

0-04
Dmin 45km
Msd 0-2

<32 >
85/41
JAN 01
R
Az.gap 277° Rsd 1-
Corr.
85/42
12km M=4-7 JAN 01
R
Az.gap 273° Rsd O
Corr.
85/43
12km M=4-3 JAN 01
R
Az.gap 268° Rsd O
Corr.
85/44
12km M=3-8 JAN 01
R
Az.gap 260° Rsd 0-
Corr.
85/45
12km M=4-0 JAN 01
R
Az.gap 258° Rsd 1
Corr.
85/46
12km M=4-4 JAN 01
R
Az.gap 269° Rsd O
Corr.
85747
12km M=4-9 JAN 01
R
Az.gap 268° Rsd O
1 Corr.
85/48
12km M=3-8 JAN 01
R
Az.gap 272° Rsd O
Corr.
85/49
12km M=4-1 JAN 01
R
Az.gap 268° Rsd 0
Corr.
85/50
12km M=3-8 JAN 01
R
Az.gap 239° Rsd 0-
Corr.

85/51
1856 20-3s 36°76S 177-50E 12km M=4-2
1-8 0-12 0-05 R
Os 8ph/5stn Dmin 90km Az.gap 266°
0-232  4M/4stn Msd 0-3

85/52
1910 48-8s 36-82S 177-50E 12km M=4-0
1-7 0-13 0-04 R
7s 7ph/5stn Dmin 83km Az.gap 263°
0-326 4M/4stn Msd 0-2

85/53
1913 00-8s 36-80S 177-50E 12km M=3-8
1-5 0-11 0-05 R
6s 6ph/5stn Dmin 85km Az.gap 263°
0-521  4M/4stn Msd 0-2

85/54
1951 21-8s 36°64S 177-54E 12km M=3-9
17 0-12 0:05 R
9s 8ph/5stn Dmin 104km Az.gap 273°
0-587 4M/4stn Msd 0-1

85/55
2040 53-1s 36-83S 177-48E 12km M=4-2
20 0-15 004 R
Os 8ph/5stn Dmin 8lkm Az.gap 262°
0:090 4M/4stn Msd 0-3

85/56
2053 22-3s 36°66S 177-53E 12km M=3-9
1-1 0-08 0-05 R
8s 8ph/Sstn Dmin 101km Az.gap 271°
-0:141 4M/4stn Msd 0-1

85/57
2057 5228 36°65S 177-49E 12km M=4°6
0-8 0-:05 0-04 R
6s B8ph/5stn Dmin 101km Az.gap 271°
0-106 4M/4stn Msd 0-4

85/58

2136 33-4s 37-00S 177-43E 12km M=4-4
1-5 0-12 0:04 R

8s 7ph/5stn Dmin 62km Az.gap 250°
-0-038 3M/3stn<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>