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The magnitude 5.5 earthquake which devastated the central area of Newcastle in 
December 1989 proved to be difficult to locate because of the limited number and 
awkward distribution of seismic stations in eastern Australia. The event lies very close 
to the coast so that a large azimuthal sector is not covered by any propagation paths to 
stations within 1500 km. The distribution of available stations within 800 km of the 
event (Figure 1). There is a concentration of stations south of Sydney in the network 
operated by the Research School of Earth Sciences, ANU supplemented by stations 
Dalton PAL) and Canberra (CNB) operated by the Australian Seismologicsl Centre 
and stations Jenolan (JNL), Werombi (WER) and Avon (AVO) run by the (Sydney) 
Water Board. There are no close stations to the north or east. The geometry of the 
available stations limits the accuracy with which the location of the event can be 
estimated. The available observations are just the arrival times of different types of 
seismic waves, from these the origin time of the earthquake has to be found as well as 
the position of the earthquake focus in latitude, longitude and depth. The resolution in 
the north-south direction is expected to be better than in the east-west direction. The 
absence of any close station makes depth determination difficult 

Immediately after the event occurred the data from the ANU and (Sydney) Water Board 
stations together with Armidale (COO) and Co bar (CMS) were used to determine an 
approximate location using the algorithm of Sambridge & Kennett (1976). This 
process was complicated by the size of the event, seismic records at the stations were 
saturated for several minutes and so only the onset time could be determined and no 
later S wave arrivals could be read. This estimate of the epicentre of the event is 
marked as CAN in Figure 2. 

The Australian Seismological Centre (then Bureau of Mineral Resources, currently 
Australian Geological Survey Organisation) also made an initial location estimate which 
was subsequently refined using readings from all the stations shown in Figure 1. This 
estimate is indicated in Figure 2 as BMR and lies at a depth of 11 -5 km. The suggested 
location is close to the position of a small subsequent event (magnitude 2.8) determined 
from a network of portable instruments emplaced in the Newcastle area after the major 
event (indicated as aft i n Figure 2). The difference between the two estimates (BMR, 
CAN) for the major event arises from the adoption of different models for the 
propagation characteristics of the seismic waves and also different calculation 
procedures. The difference also represents the intrinsic limitations of working with 
sparse data in an unfavourable network geometry and is just a little larger than the 
estimated error in each location (around 10 km in horizontal position). 

Because the earthquake was of substantial size, it was recorded across Australia and on 
more than 90 seismic stations in the global network. Such data from distant stations can 
also be used to estimate a location, but once again the geometry is unhelpful. All 
Australian stations lie to the west and the coverage to the east by global stations is very 
poor. This results in a tendency for the estimated hypocentre to be dragged to the west. 
This is illustrated in Figure 2 by the inclusion of the epicentre published by the 
International Seismological Centre (U.K) using the full global data set. The horizontal 

* Ed. - Piof Kennett was unable to attend the meeting. Vaughan Wesson (RMIT, Bundooral presented 
an alternative paper and solution. He used the same data but different non-linear inversion methods and 
crustal models to derive a best estimate of the epicentre at (32.97 O S ,  151.60 OE), 2 krn S of aft. Fig 1. 








