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NON-INSTRUMENTAL DATA
THE FELT REPORTING SYSTEM

The Observatory has recruited a network of about
600 voluntary observers spread throughout the
country, who use a standard form to describe the
effects of any earthquake they feel. The
Observatory also collects casual reports from
newspapers, meteorological observers, postmasters
and members of the local public. For large
earthquakes, or ones with features of special
interest, questionnaires are issued and assessed.

Several difficulties arise in assessing the
distribution of felt intensity. The population of the
country is very unevenly spread, and the observers'
personal circumstances may prevent them from
feeling a shock that has been noticed by others.
These problems also affect lists of earthquakes felt
in particular localities. It may reasonably be
assumed that a strong earthquake reported from one
township was felt in another nearby, even though
the Observatory has received no report. However,
an index of this kind must summarise data and not
deductions, so the following scheme is used.

The land area of New Zealand has been divided
into 'localities’, mostly bounded by half-degree
lines of latitude and longitude, but varied as

necessary to avoid splitting obvious geographic or
structural units (see map opposite). Each locality
has a number and a name, usually that of the
principal population centre within it. The names
are listed overleaf. In most localities there are at
least two well-separated reporters, but there are
still some sparsely populated parts of the country
without observers, notably in Southland. Felt
information is summarised in information lines
following the instrumental data in the main list of
earthquakes. Modified Mercalli intensities quoted
there have been assessed by the Observatory from
replies to standard questionnaires. Assessments
based on less formal descriptions of intensity are
included in the following list, in which the
localities which have reported shocks during the
year are presented in alphabetical order, each
followed by the reference numbers of the shocks felt
and their respective maximum reported intensities
within that locality. By comparing the reports
from neighbouring localities, it is possible to form a
truer estimate of the incidence of the felt effects
than would be possible from a simple list of places
reporting each shock.

A further list records reports received from places in
the south-west Pacific.
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STANDARD REPORTING LOCALITIES
1  Three Kings 41 Taupo 81  Glenhope 121  Glenorchy
2 TeReinga 42 Te Whaiti 82 Wairau 122 Arrowtown
3 Ninety Mile Beach 43 Tuai 83 Awatere 123  Wanaka
4 Doubtless Bay 44 Whakapunaki 84 Cape Campbell 124 St Bathans
5 Kaitaia 45  Gisborne 85 Greymouth 125  Kurow
6 Kaikohe 46 Cape Egmont 86 Reefton 126  Duntroon
7 Bay of Islands 47  New Plymouth 87 Maruia 127 Waimate
8 Dargaville 48 Whangamomona 88 Hanmer 128  Secretary Is.
9 Whangarei 49  Ohakune 89 Clarence 129 Doubtful Sound
10  Bream Head 50 Chateau 90 Kaikoura 130  Te Anau
11 Moko Hinau 51 Kaweka 91 Hokitika 131 Livingstone Mts
12 Kaipara 52  Napier 92 Kumara 132 Kingston
13 Warkworth 53 Wairoa 93  Arthur's Pass 133 Alexandra
14  Barrier Islands 54 Mabhia 94  Lake Sumner 134 Poolburn
15 Helensville 55 Hawera 95 Culverden 135 Ranfurly
16  Auckland 56 Waverley 96 Cheviot 136  Oamaru
17 Waiheke 57 Wanganui 97  Franz Josef 137  Resolution Island
18  Coromandel 58 Taihape 98 Hari Hari 138  Pillans Pass
19  Pukekohe 59  Ruahine 99  Whitcombe Pass 139  Monowai
20 Mercer 60 Hastings 100  Lake Coleridge 140  Mossburn
21 Thames 61 Bulls 101 Oxford 141  Waikaia
22 Mayor Is. 62 Palmerston North 102 Rangiora 142 Roxburgh
23 Raglan 63 Dannevirke 103 Haast 143 Lawrence
24 Hamilton 64 Porangahau 104  Bruce Bay 144  Outram
25 Matamata 65 Otaki 105  Mount Cook 145  Dunedin
26 Tauranga 66 Masterton 106 Tekapo 146  Puysegur Point
27 Whakatane 67  Castlepoint 107 Mount Somers 147  Poteretere
28 Te Kaha 68 Wellington 108  Ashburton 148  Tuatapere
29 East Cape 69 Featherston 109 Rakaia 149  Invercargill
30 Kawhia 70  Martinborough 110 Christchurch 150  Gore
31 Te Kuiti 71 Mount Stevens 111 Akaroa 151  Clinton
32  Tokoroa 72 Takaka 112 Big Bay 152 Balclutha
33 Rotorua 73 D'Urville Island 113 Jackson's Bay 153  Waihola
34 Murupara 74 Karamea 114 Makarora 154  Bluff
35 Opotiki 75 Motueka 115 Lake Ohau 155  Ruapuke
36 Motu 76  Nelson 116  Pukaki 156 Tahakopa
37 Tolaga Bay 77  Blenheim 117 Fairlie 157  Owaka
38 Mokau 78  Picton 118  Timaru 158  Stewart Is.
39  Taumarunui 79 Westport 119 George Sound 159  Chatham Islands
40 Tokaanu 80 Murchison 120  Milford




NEW ZEALAND SEISMOLOGICAL REPORT 1991

155

EARTHQUAKES FELT IN STANDARD LOCALITIES

Localities within which earthquakes were felt are
listed in alphabetical order, each preceded by its
number on the reference map. The figure following
the name of the locality is the number of the
epicentre followed by the maximum intensity (in
brackets) reported within the district covered by

133 Alexandra 734 (4), 3990 (3),

93 Arthur's Pass 776 (4), 977 (3),
11517 (4).

108 Ashburton 7491 (4%).

16 Auckland 6029 (4), 77 (4*).

77 Blenheim 776 (4), 977 (4%),
8340 (4), 62 (4%),

104 Bruce Bay 776 (4), 977 (3),

61 Bulls 2226 (3), 2300 (4),

7211 (3), 8340 (5),

84 Cape Campbell 3306 (3%).

46 Cape Egmont 10733 (4).

67 Castlepoint 8340 (4).
96 Cheviot 9174 (4%*), 9176 (4%).
110 Christchurch 206 (4*), 65 (4*),
62 (4%), 10123 (4%).

18 Coromandel 77 (4%).
63 Dannevirke 268 (4), 3580 (4),
145 Dunedin 8229 (4*), 8940 (4%).
29 East Cape 10088 (5), 10096 (4).
69 Featherston 658 (4%), 47 (4%,
9136 (4%), 11784 (4%),
97 Franz Josef 776 (4), 977 (4),
45 Gisborne 453 (4), 6893 (4%),

11314 (4).

81 Glenhope 977 (4.

the locality name. An asterisk (*) indicates that
the particular intensity was not evaluated from the
standard questionnaire. The location of the earth-
quake, the instrumental magnitude and the actual
places at which it was reported felt may be found
from the table Summary of Origins and Magnitudes.

6168 (4), 10883 (4), 11561 (4).

1679 (4), 2556 (4), 3478 (4), 8115 (4),
6029 (4), 47 (4%), 6607 (4*), 7253 (4%),
10117 (4), 10123 (4%*).

10883 (4%).

3016 (4*), 5040 (3), 6029 (4), 6148 (4),

8449 (4), 11625 (4), 11784 (3), 12156 (2).

977 (4*), 1653 (4*), 6893 (4*), 8115 (4*),

6652 (4*), 8652 (4%), 11457 (4*).

8340 (4), 8449 (4%), 8984 (4%), 9019 (4%),
11813 (4%*), 12156 (4*).

10883 (4).

8340 (4), 10088 (4), 1009 (4), 10099 (4),
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121 Glenorchy 6168 (4), 10883 (4).

85 Greymouth 65 (4%), 977 (4*), 2556 (4), 4905 (4*), 6029 (4), 47 (4%),
7195 (4*), 8340 (4).

103 Haast 10883 (4%*).

98 Hari Hari 65 (4%), 977 (4%).

60 Hastings 4504 (4), 6893 (4), 8132 (4*), 8340 (5), 8420 (4), 11187 (4),
11357 (4).

55 Hawera 6148 (4%), 6893 (4").

91 Hokitika 776 (5), 65 (4%), 977 (4%).

149 Invercargill 3990 (4), 8940 (3).

113 Jackson's Bay 5088 (4), 6178 (4), 7850 (4), 9227 (4), 9242 (3), 10883 (4).

90 Kaikoura 7253 (4*), 8340 (4), 9945 (4%), 10123 (4%).

132 Kingston 6168 (4), 122 (4%), 8940 (4), 10883 (4%*), 11561 (4%).

92 Kumara 776 (5), 977 (5), 2556 (4), 2668 (4), 3088 (4).

94 Lake Sumner 8115 (4).

114 Makarora 5285 (4), 11561 (4), 12056 (4).

70 Martinborough 2300 (4), 8340 (4).

87 Maruia 776 (4), 977 (4), 2556 (4), 3088 (3), 6029 (4), 8340 (4).

66 Masterton 2300 (4%), 5040 (4%), 47 (4*), 6893 (4*), 7256 (4*), 8431 (3),
8449 (4), 11784 (4%).

38 Mokau 977 (4), 2300 4), 3351 (3), 6029 (4), 6148 (3), 6893 (5),
8340 (4), 10733 (4).

139 Monowai 6168 (3), 11561 (4).

75 Motueka 977 (4*), 2556 (3), 47 (4%), 8340 (4).

71 Mount Stevens 776 (4), 977 (5), 2556 (5), 6029 (4).

80 Murchison 47 (4*), 7253 (4), 10420 (4).

34 Murupara 12529 (4*).

52 Napier 4504 (3), 6893 (4), 8132 (4), 8340 (4), 8707 (4), 9550 (4*),
11187 (4), 11357 (4).

76 Nelson 776 (4), 65 (4%), 977 4), 2556 (4), 6029 (4), 47 (4%),
6893 (4*), 7253 (4%), 8340 (3), 10123 (4).
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New Plymouth

Ohakune

Opotiki

Otaki

Outram

Palmerston North

Picton
Porangahau
Pukaki
Raglan
Rangiora
Reefton

Rotorua

Taihape

Takaka
Taumarunui
Taupo
Tauranga
Te Anau

Te Kaha
Tekapo
Thames
Tokaanu

Tuatapere

977
40

3016
9984

488
8707

268
2300
8340
11314
2989
268
6029
9301
977
5805
65
6029
206

977

3853
11714

2300
8600

977
2300
6893

11314
6168
11314
5859
11314
4090

8229

4%),
4),

(3),
4),

4),
4),

4),
),
5),
(4%),
(3),
(3),
4),
(4*)1
4),
(3),
4",
4").
4),
(4*)I

4),
(4%),

4),
4),

4%,
4),
(4%),
(4%).
),
4).
4),
(6).
4),

4%),

2300
10733

6029
40

3078
9550

321
5040
77
11784
9494
977
47
11187
6029
6029

977

776

3088

5942
12127

3580
8707

6893

6029

9346

8229

7491

6029

8940

(4%,
(4).

(3),
4",

4),
),

(4%),
4),
(5%,
4,
4).
4),
(4%),
4),
4),
4).

(3).

4),
(4%*).

(4),
4),

4),
(4).

4).
4),
4),

4),

4),

(3),
(3).

3351

6148

10023

5361
9604

322
6029

8431
12156

2226
6148
12156

6607

977

6598
12136

6029

8156

40

10883

11447

6893

(3),
(3),
),

(3),
4),

(4*),
4),

4),
(4).

(4%),
(3),
(4).

4),

(4).

4),
4%),

4),

(3),
4),

4),

(4).

(3),

6029

6893

40

6893
11187

658
47
8449

3351
6893

8340

7858
12162

6893

8340

11269

11616

8340

(5),
(4),
(4*).

4),
4),

(4*),
(4%),
4),

(4%),
4),

4),

(4),
(4).

(4),

(4).
(4).

4*).

(4),

6893 (3),
8156 (3),
8158 (4),

11314 (5).

977 (4),
6232 (4%),
10123 (4),

3580 (4),
8340 (4),

10117 (4),

8160 (4),

8156 (4),

77 (5%),

8340

8340

8340

2226
6893
11187

5040
8449

12084

9442

8340

9346

(5),

4),

4),

4),
4),
4),

4,
4,

(4*).

(3),

4),

(5).
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53 Wairoa 7960 (4%).

123 Wanaka 10883 (4*).

57 Wanganui 776 (4), 977 (4), 2226 (3), 2300 (4), 3016 (4), 4877 (3),
5040 (4), 5105 (4), 5729 (4), 6029 (4), 47 (4*), 6148 (4),
6893 (4), 7211 (3), 8156 (4*), 8324 (4*), 8340 (7), 77 (5%),
8449 (5), 9592 (4), 40 (4), 10585 (4), 11314 (4), 11457 (4%),
11548 (4%). ‘

68 Wellington 146 (4), 207 (4), 776 (3), 65 (4*), 977 (3), 2226 (4%),
2300 (4), 2348 (4*), 2556 (3), 3076 (3), 3685 (4), 4075 (3),
5805 (4), 6029 (4), 47 (4*), 6148 (4), 6232 (4), 6893 (4),
8340 (5), 8431 (3), 8449 (3), 9019 (4), 9136 (4*), 9550 (4),
9604 (4), 9919 (4*), 10123 (4), 11037 (4), 11187 (3), 11314 (3),
11457 (3), 11784 (4), 11813 (4), 12156 (4%*).

79 Westport 776 (7), 65 (4%), 792 (3%), 838 (4*), 848 (4%), 855 (5),
857 (3%), 892 (3%), 924 (3%), 977 (6), 983 (3*), 1019 (3%),
1046 (3%), 1113 (4*), 1126 (3*), 1237 (5), 1542 (4), 85 (4%),
1601 (4), 1790 (3), 2130 (4), 2361 (3), 2556 (5), 2570 (5),
2582 (4), 2649 (4), 2650 (4), 2659 (4*), 2660 (4*), 2667 (4%),
2668 (4*), 2669 (4*), 2672 (4), 2673 (4%), 2693 (4*), 2882 (4),
3088 (5), 3089 (4%), 3101 (4), 3226 (4), 4602 (4), 4805 (3),
4905 (4), 6029 (4), 47 (4*), 6852 (4), 7030 (4), 7103 (3),
8340 (4), 8977 (4).

44 Whakapunaki 8340 (4), 10088 (3).

27 Whakatane 7840 (4*), 11187 (4*), 11314 (4*).

99 Whitcombe Pass 2556 (3).
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REPORTS FROM OUTSIDE NEW ZEALAND

The Observatory sometimes receives reports of Mercalli scale intensities in the list below are
earthquakes felt on islands of the south-west shown in quotes, they have been estimated by the
Pacific and other places beyond the limits of its reporters, not the Observatory.

systematic reporting network. Where Modified

DATE TIME INTENSITY PLACE
Jan 02 08h 14m 'felt' Raoul Island
Jan 03 17h 27m 'strong’ Raoul Island
Jan 06 10h 56m 'strong’ Raoul Island
Jan 26 21h 23m 'strong’ Raoul Island
Mar 06 15h 59m 'felt’ Raoul Island
Mar 06 21h 55m 'felt' Raoul Island
Mar 06 23h 57m 'felt' Raoul Island
Apr 09 21h 03m 'felt’ Raoul Island
Apr 25 01h 05m 'strong’ Raoul Island
May 02 17h 56m 'felt' Campbell Island
May 02 18h 08m 'felt’ Campbell Island
Jun 09 08h 02m ‘MM 4' Raoul Island
Jun 09 08h 20m 'MM 4' Raoul Island
Nov 01 16h 23m 'felt' Raoul Island
Nov 01 16h 33m 'felt' Raoul Island
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PUBLICATIONS BY STAFF MEMBERS

The following papers by members of the
Seismological Observatory staff were published in
1991.

S5-328 Reyners, M.; Gledhill, K.; Waters, D.:
Tearing of the subducted Australian plate
during the Te Anau, New Zealand earth-
quake of 1988 June 3. Geophys. J. Int. 104(1):
105-115.

The My, = 6.1 earthquake of 1988 June 3 was
widely felt in the South Island of New Zealand,
and caused landslides in Fiordland National Park.
It occurred at a depth of 57 km near 45.10°S 167.17°E,
in a region where the Australian plate is subducting
beneath the Pacific plate. Immediately after the
event, portable seismographs were installed in the
Te Anau area. Data from a well-recorded subset of
aftershocks have been used to invert for the seismic
velocities of the lower crust and upper mantle of
the region, and for station terms. The large range
in station terms obtained (3.3 s for P-waves)
emphasises the structural complexity of the
Fiordland region. The aftershocks, as relocated
with the new velocity model, occur in a cigar-
shaped zone which extends from about 40 to 70 km in
depth, and dips southeast at approximately 65°.
The orientation of the aftershock zone in relation to
the focal mechanism of the mainshock suggests that
the earthquake involved down-dip tearing of the
crust of the subducted Australian plate, with the NE
part of the plate having moved up and to the east-
southeast relative to the SW part.

Down-dip tearing of the crust of the
Australian plate is also inferred for an earthquake
of ML, = 5.9 which occurred on 1988 July 19. This was
located directly down the dip of the subducted plate
from the June 3 event, at a depth of 122 km. Taken
together with other seismological data, these two
events suggest the existence of a major tear in the
subducted plate, and that the shallow part of the
plate to the north of this tear is resisting subduction.
This resistance may result from subduction of a
region of relatively thick crust. This would provide
an explanation for the uneven distribution of both
shallow and intermediate-depth seismicity in
Fiordland, the differing dips of the subducted plate
along the margin, fault-plane solutions, and spatial
variations in the b value of intermediate-depth
events. Subduction of a region of relatively thick
crust also provides a mechanism for tilting up the
western part of the Fiordland block.

5-331 Haines, A.].: Research in Seismology and the
Physics of the Earth's Interior in New
Zealand 1987-1990: The Report of the N.Z.
Natl Comm. for Geodesy and Geophysics to
TASPEL 23 p.

The International Association of Seismology
and Physics of the Earth's Interior (IASPEI) is one of
seven international associations forming the
International Union of Geodesy and Geophysics
(IUGG). New Zealand communicates with the IUGG
through the Royal Society of New Zealand and its
National Committee for Geodesy and Geophysics.
The committee appoints National Correspondents to
deal with the seven associations and it is in this
capacity that Dr Haines has compiled this report.
This report covers research in New Zealand or by
New Zealanders in the four years, 1987 to 1990
inclusive, since the last such report (Smith, 1987).

S$-333 Gledhill, K.R.: Evidence for shallow and
pervasive seismic anisotrophy in the
Wellington Region, New Zealand. ]J.G.R.
96(B13): 21,503-21,516.

The shear waves of local earthquakes were
recorded during a 5-month deployment of seven
three-component digital seismographs on the
Wellington Peninsula, New Zealand. The seismo-
graphs were spaced an average of less than 5 km
apart, and over 300 local earthquakes were recorded
with phase arrivals within the shear wave
window. A significant number (=37%) of the
earthquakes recorded showed clear evidence of
shear wave splitting: identifiable fast and slow
shear wave arrivals with similar pulse shapes.
Consistent polarization directions at particular
stations were also observed, even when poor signal-
to-noise ratio or scattering meant that no slow shear
wave arrival could be identified. However, there
were large station-to-station differences in the
polarization directions. Correcting for the observed
shear wave splitting improved the fit between the
measured shear wave polarizations and those
calculated assuming a double-couple focal
mechanism. The cause of the observed shear wave
splitting is therefore most likely to be seismic
anisotrophy. Large station-to-station differences in
the polarization alignments, ranging from 61° + 24°
to 137° * 18° suggest that most anisotrophy is
confined to the top 2-3 km of the crust. However,
there is evidence from one station for a small amount
of pervasive anisotrophy; if such a trend existed on
the other stations, it could not be identified because
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of the large scatter in the data points. The
measured delay times between split shear waves
vary from 0.02 to 0.22s, with a mean value of 0.1
0.06s. This translates to a near-surface shear wave
velocity anisotrophy of about 10%, with up to 2%
pervasive anisotrophy possible throughout the
crust. This data set indicates that extensive
dilatancy anisotrophy cannot be the sole cause of
crustal seismic anisotrophy and that foliations in
the rock fabric and the fracture zones of the active
faults may also be important. There is no evidence
for temporal change in the shear wave splitting
parameters during the period of the experiment.

----- Anderson, H.J.: Focal mechanisms of some
recent large New Zealand earthquakes. N.Z.
J. Geol. Geophys. 34(1): 103-109.

The focal mechanisms of six recent New
Zealand region earthquakes are presented. Two of
these (1988 Jun 3, 1989 May 31) occurred in the
Fiordland region within the Benioff zone. The
Macquarie Ridge earthquake (1989 May 23, Myy 8.2)
was the largest earthquake globally since 1977. It
occurred about 800 km south of New Zealand but was
felt in the southern part of the South Island. Its
strike-slip focal mechanism is consistent with the
predicted plate motion direction. The focal
mechanism of the Lake Tennyson earthquake (1990
Feb 10) is ambiguous but it is most likely a strike-
slip mechanism parallel to the local fault trends,
although no fault break was observed. The first
Weber earthquake (1990 Feb 19) appears to be a com-
plex event and its focal mechanism probably
indicates down-dip tension in the subducting Pacific
plate. The second Weber event (1990 May 13) had a
thrust mechanism consistent with the plate con-
vergence direction.

----- Anderson, H.J.; Zhang, J.: Long-Period
Seismic Radiation From the May 23, 1989,
Macquarie Ridge Earthquake: Evidence for
Coseismic Slip in the Mantle? ].G.R. 96(B12):
19,853-19,863.

Long-period seismic source parameters of the
23 May 1989, Macquarie Ridge earthquake are
determined using a surface wave inversion procedure
that incorporates detailed source-time functions
obtained from shorter period body waves. The
seismic source model obtained using this method is
consistent with observations of both body waves and
long-period Rayleigh waves from the earthquake.
The Macquarie Ridge earthquake rupture has a
centroid time (28 s) and a right-lateral strike-slip
fault mechanism with a rake of 175° on a vertical

fault plane striking N38°E. This mechanism is
consistent with P wave first motions of the event.
Inversions performed for various earth models
demonstrate that the choice of surface wave
attenuation model, in particular, affects the
estimates of centroid depth and seismic moment
significantly. Allowing for uncertainty in attenua-
tion, the long-period Rayleigh waves (periods from
150 to 300s) indicate that the Macquarie Ridge
earthquake had a seismic moment of 1.9+0.2 x
1021 N m and a corresponding centroid depth of
21 +6 km. The static stress drop calculated using
the depth and seismic moment is 0.7+ 0.5 x 107 Pa
(70 £50 bars). The centroid depth, combined with
the lack of resolvable directivity of the earthquake
rupture, suggests that significant slip occurred
beneath the Moho, which has a maximum depth of
about 16 km in the epicentral region. The mantle
slip component may have preferentially radiated
long-period seismic energy given the shallow
centroid depths and low moments determined for the
event from the shorter-period body wave observa-
tions.

----- Gledhill, K.R.: EARSS users' manual.
Geophys. Div., DSIR, Technical Report 109.

The name EARSS is an acronym formed from
Equipment for the Automatic Recording of Seismic
Signals. EARSS is a low-power data acquisition
system which has been developed by DSIR Geology
and Geophysics, Department of Scientific and
Industrial Research, New Zealand, for seismo-
logical applications. It has three input channels,
and when combined with a three-component seismo-
meter, it becomes a three-component digital
seismograph which detects earthquakes, and
records them on magnetic tape.

----- Gledhill, K.R.: Shear-wave splitting and
seismic anisotropy in the Wellington Region,
New Zealand. PhD Thesis, Victoria
University of Wellington, New Zealand.

The phenomenon of shear-wave splitting is
investigated using the shear-waves from local
earthquakes recorded on the Wellington Peninsula,
New Zealand. Three separate deployments of
three-component digital seismographs resulted in
the recording of perhaps the best data set for the
study of shear-wave splitting currently available.
Clear evidence of shear-wave splitting is demon-
strated, and the most likely cause of the
phenomenon is shown to be seismic anisotropy in the
Earth's crust. The results of modelling the observed
polarizations indicate that the Wellington
Peninsula has a complex anisotropic structure.
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----- Gledhill, K.R.; Randall, M.J.; Chadwick,
M.P.: The EARSS digital seismograph:
system description and field trials. Bull.
Seis. Soc. Am. 81(4): 1380-1390.

An earthquake detection and recording
system known as EARSS has been developed for
permanent seismograph stations and temporary
field installations. It records three components of
ground motion with a dynamic range of 120dB. A
frequency-domain algorithm detects earthquakes
and initiates the recording of data on magnetic tape.
Alternatively, EARSS can record data continuously,
for preselected periods of time, or recording can be
triggered by a time-domain phase picker. Up to
1500 earthquakes (25.5 Mbytes) can be recorded on
each magnetic tape cartridge. The field version of
EARSS supplies power to the tape drive only when
data is being written to tape, thus reducing the
normal power consumption of 12 watts (at 12 volts) to
2.5 watts. A field trial using a network of eight
EARSS seismographs resulted in 1020 successful
station-days of operation from a possible total of
1098 station-days (3 years). Of the 78 lost days of
operation, 23 were due to power supply problems
external to EARSS, and 52 were caused by a low-
temperature failure of the recording system, which
has since been corrected. A total of 442 Mbytes of
data were recorded, of which about 250 Mbytes were
useful data.

----- Holt, W.E.; Ni, ].F.; Wallace, T.C.; Haines,
AlJ.: The Active Tectonics of the Eastern
Himalayan Syntaxis and Surrounding
Regions. ]J.G.R. 96(B9): 14,595-14,632.

Source parameters of 53 moderate-sized
earthquakes, obtained from the joint inversion of
regional and teleseismic distance long-period body
waves, provide the data set for an analysis of the
style of deformation and kinematics in the region of
the Eastern Himalayan Syntaxis. Focal
mechanisms of Eastern Himalayan events show
oblique thrust, consistent with the N-NE directed
movement of the Indian plate as it underthrusts a
boundary that strikes at an oblique angle to the
direction of convergence. Earthquakes near the
Sagaing fault show strike-slip mechanisms with
right-lateral slip. [Earthquakes on its northern
splays, however, indicate predominant thrusting,
evidence that the dextral motion on the Sagaing
fault, which accommodates a portion of the lateral
motion between India and southeast Asia,
terminates in a zone of thrust faulting at the Eastern
Himalayan Syntaxis. Remaining motion between
India and southeast Asia is accommodated in a zone

of distributed shear in east Burma and Yunnan,
manifested by strike-slip and oblique normal
faulting, east-west extension, crustal thinning, and
clockwise rotation of crustal blocks. We determined
strain rates throughout the region with a moment
tensor summation using 25 years (modern) and 85
years (modern and historic) of earthquake data. We
matched the observed strains with a fifth-order
polynomial function, and from this we determined
both the velocity field and rotations with respect to
a specified region. Velocities calculated relative to
south China stationary show that the entire area,
extending from 20°N-36°N, within deforming Asia
(Yunnan, western Sichuan, and east Tibet),
constitutes a distributed dextral shear zone with
clockwise rotations up to 1.7°/m.y., maximum in the
region of the Eastern Syntaxis proper. Integrated
strains across this zone, relative to south China
stationary, show 38 mm/yr + 12 mm/yr of north-
directed motion at the Himalaya. Remaining plate
motion, relative to south China fixed, must be taken
up by the underthrusting of India beneath the lesser
Himalaya, strike-slip motion on the Sagaing fault,
and intraplate NE directed shortening within NE
India as well as NE directed shortening within the
Eastern Syntaxis proper. 10 mm/yr+2 mm/yr of
relative right-lateral motion between India and
southeast Asia is absorbed in the region between the
Sagaing and Red River faults (94°E-100°E). It is the
clockwise vorticity (relative to south China)
associated with the deformation in Yunnan, east
Tibet, and western Sichuan that provides the rela-
tive north-directed motion of 38 + 12 mm/yr at the
Himalaya. Not all of the deformation is accommo-
dated in right-lateral shear between India and
south China and between east Tibet and south
China; velocity gradients exist that are parallel to
the trend of the shear zone. Relative to a point
within western Sichuan (32°N, 100°E), the velocity
field shows that the Yunnan crust is moving S-SE at
rates of 8-10 mm/yr. Relative to south China, there
is no eastward expulsion of crustal material beyond
the eastern margin of the Tibetan plateau.

----- O'Connor, R.M.; Ravens, ].M.; Anderson, H.].:
Results of Onshore Crustal Seismic Reflection
Data near Taranaki. Geophys. Div., DSIR,
Research Report 230.

In 1988 Geophysics Division, DSIR entered
into a cooperative project with New Zealand Oil
and Gas to carry out the seismic processing on two
crustal depth seismic reflection lines. The seismic
lines were recorded with a total record length of 15 s
two-way travel time. This is approximately 10 s
longer than is common in oil exploration. The goal of
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this extended recording was to image the base of the
crust in the Taranaki region where Stern et al. (1987)
have shown a marked crustal thinning to the north
from gravity data. While no clear image of the base
of the crust is present on these seismic lines, a
sequence of discontinuous reflectivity is apparent
from 10 to 12 s two-way travel time on the north-
south trending line, along with a slight dip of this
reflected sequence toward the north.

----- Robinson, R.: Neural networks offer an alter-
native to traditional regression. Geobyte.
6(1): 14-19.

When traditional regression produces
unsatisfactory results, neural networks provide an
alternative that, in some cases, represents
significant improvement. This paper briefly dis-
cusses neural networks, the type suited to a
regression problem, and some conditions that affect
results produced by a network. Artificial data are
used to give an example comparing results from a
commercial statistics package with those of a net-
work developed by the author.

Commercial neural networks are available
for computer systems of all sizes, including PCs. The
purpose of this note is to alert readers to a new and
potentially useful technique, encourage experi-
mentation with neural networks on various types of
problems, and invite and promote communication
among users.

----- Scott, B.J.; Sherburn, S.: The November 1987
earthquake sequence at Lake Tarawera.
Geol. Survey Record. 43: 57-63.

A short but intense sequence of earthquakes
lasting 3 hours occurred on 16 November 1987 beneath
the southern arm of Lake Tarawera on the north-
ward extension of the Paeroa Fault. The largest
event, M 3.6, occurred in the middle of the sequence
and was felt up to 20 km away. A geodetic survey of
the Lake Rotomahana horizontal deformation
pattern which is sited immediately south of the
epicentral area, was completed about 20 minutes
before the earthquake sequence commenced. Selected
distances were remeasured 3 days later to ascertain
if any coseismic deformation had occurred. Little
significant deformation was detected, whereas a
similar survey following an earthquake swarm in
February 1986 detected several significant line
length changes. A three station lake levelling net-
work on Lake Tarawera just north of the epicentral
area also detected no anomalous vertical ground
movement resulting from either earthquake
sequence.

----- Smith, W.D.: Principal New Zealand earth-
quakes in 1990. Bull. N. Z. Natl. Soc. Earthq.
Eng., 24(1): 1.

A review of significant earthquakes of the
year.

E-172 New Zealand Seismological Report 1988.
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OBSERVATORY SERVICES
PUBLICATIONS

The Seismological Observatory issues the following series of publications:

1.  E-bulletins. These consist of the 'New Zealand
Seismological Reports' containing summaries
of the data used for each origin determination,
lists of origins, felt intensity data, and brief
accounts of the principal earthquakes of the
year. They also provide details of the
instruments used to record earthquakes and
descriptions of Observatory practices.

2. S-bulletins. These are mostly reprints of
papers by members of the Observatory staff,
but occasionally they have included other
material not published elsewhere, such as the
Eiby-Muir near-earthquake tables. Their
automatic circulation is not now as widespread
as it was in the past, but they are usually
available from the Observatory on request.

Copies of this material may be purchased from the Observatory. In suitable cases the Observatory
may be able to enter into agreements for a free exchange of publications on a continuing basis.

EARTHQUAKE CATALOGUE

The Observatory has a master file of some tens of
thousands of earthquake origins and associated
information stored on magnetic tape. From this, lists
of earthquakes within particular geographical areas
of New Zealand, or in categories defined in other
ways, can be made available to researchers. Full
details have been published elsewhere (W.D.
Smith, 1976: 'A Computer File of New Zealand
Earthquakes'; Bull. N.Z. Natl. Soc. Earthq. Eng,,
Vol. 9, No. 2, pp.136-7, or N.Z. J. Geol. Geophys.,
Vol. 19, No. 3, pp.393-4). Criteria that may be
specified are dates, magnitudes, focal depths,
intensities and regions bounded in a number of
different ways. It is also possible to search for

earthquakes likely to have produced intensities
above a specified minimum at a particular place and
to list reports of above a given minimum intensity
that have originated in a chosen reporting locality.
Because of the dangers inherent in the use of
incompletely assessed data, it is recommended that
users should discuss their search criteria with the
Observatory.

Waveforms of earthquakes recorded by digital
seismographs are also archived and accessible for
further processing by CUSP or other compatible
software.
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EPICENTRE MAPS 1991

Regional Shallow Earthquakes
Regional Deep Earthquakes
Wellington Area Epicentres

Wellington Hypocentre Depths
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REGIONAL SHALLOW EARTHQUAKES
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Epicentres of all earthquakes of My 2 3.5 with focal depths less than 40 km. When several shocks
have the same epicentre, the largest is shown.
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REGIONAL DEEP EARTHQUAKES
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WELLINGTON AREA EPICENTRES
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Epicentres of all earthquakes of M2 2.0 in the Wellington area. The distribution of these
earthquakes in depth is shown on the next page, where the hypocentres have been projected onto a
vertical plane passing through the line A-A'.
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WELLINGTON HYPOCENTRE DEPTHS
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In this diagram, the hypocentres of all shocks mapped on the previous page have been projected
onto a vertical plane passing through the line A-A', which is roughly normal to the
Pacific/Australian plate boundary.




