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The 1961 Robertson earthquake - more evidence for
compressive stress in sou theast Australia
D. Denham
A new focal mechanism for the 1961 Robertson earthquake provides further evidence of
contemporary thrust faulting in southeast Australia. When this is combined with the earlier
work of Cleary & Doyle (1962) on the locations of the earthquake and its aftershocks, it
seems that the earthquake was associated with a high angle (.--'80 0) thrust fault, about 10
km wide ami in the depth range 7 to 20 km, caused by northeast-southwest compression.
This fault model is similar to that found by Mills & Fitch (1977) for the 1973 Picton
earthquake, which also took place beneath the southern Sydney Basin. However, in situ
stress measurements and earthquake data from immediately to the west in the Lachlan Fold
Belt, suggest a different stress regime dominated by north·south compression. Thus, although
the crust in southeast Australia is being compressed, the directions of maximum stress appear
to change from region to region.

Introduction

In the last twenty years, two moderate-sized earth•
quakes have occurred beneath the southern part of the
Sydney Basin. These were the 1961 Robertson and the
1973 Picton earthquakes. Both had Richter magnitudes
of about 5.5 (Drake, 1974) and caused minor damage
in the epicentral regions.
Fitch (1976) and Mills & Fitch (1977) studied the
mechanism of the Picton earthquake in detail. They
found that the distribution of aftershocks and the body•
wave and surface-wave radiation patterns were con•
sistent with the earthquake being associated with a
steeply dipping thrust fault having a lateral extent of
about 8 km and a depth range from 8 to 24 km. A
plot of the body-wave solution is shown in Figure 1
and the appropriate parameters for both solutions are
listed in Table 1. Mills & Fitch (1977) concluded that
this 'mid-crustal earthquake . . . provides unambiguous
evidence of contemporary thrust faulting in south•
eastern Australia'.
The 1961 Robertson earthquake (see Table 1 for
earthquake parameters) has been studied by Cleary &
Doyle (1962), Cleary (1963), and Doyle & others
(1968). The aftershocks formed an approximately
linear pattern extending NW-SE fm 10 km and cover•
ing a depth range of 7 to 19 km (see Fig. 2). If the
aftershock sequence defines the fault plane then a ver•
tical or nearly vertical fault would be inferred.

Cleary (1963) made several attempts to determine
a focal mechanism from the directions of the first
motions on local seismograph stations. He obtained two
solutions for the main earthquake and two for the after•
shock sequence, each of which fitted the first motions
at the local stations. The solution he preferred for the
main earthquake '. . . represents a high-angle reverse
fault striking about 30° and dipping about 60° WNW,
with motion up and southwest on the west side'.
This solution has never been very satisfactory, firstly
because it infers a fault plane almost perpendicular to
the aftershock sequence - a difficult situation to accept
- and secondly, the solution was poorly controlled by
the first motion observations.
I have therefore attempted to determine a better
solution using improved travel-times and more stations,
so that the earthquake mechanism could be compared
to that of the 1973 Picton earthquake and also to the
in situ stress measurements that have recently been car•
ried out in the nearby Lachlan Fold Belt (Denham &
others, 1979).

The analysis

First motions from 25 seismic stations are displayed
on a stereographic equal-area Schmidt projection of the
lower half of the focal sphere in Figure 3. Apart from
the usual problems of determining which way the trace
first moves on the seismogram when the seismic energy
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«200 km). There is still some uncertainty in the
angles obtained because of inhomogeneity in the crust,
but the results appear to be consistent. For stations
more than 200 km from the epicentre the 1968 Seis•
mological Tables for P phases (Herrin & others, 1968;
Nuttli, 1969) were used, These tables agree well with
the observed travel-times in eastern Australia (see Fin•
layson & others, 1979) .
Using only the first motions plotted in Figure 3 it
is not possible to determine a well-constrained focal
mechanism; there is one steeply dipping nodal plane
between DAR and MAT, and an orthogonal plane
with a very shallow dip. However, the azimuth of the
steeply dipping plane is poorly controlled because of
the paucity of stations east of the epicentre - none
of the New Zealand stations recorded the earthquake
well enough for a first motion to be determined.
I therefore assumed that the aftershocks determined
the azimuth of the steeply dipping plane. The justifica•
tion for this is based on many recent studies that have
found that the aftershock pattern defines the fault
plane (see for example Stewart & Denham, 1974).
A least-squares fit of the epicentres of the first seven
earthquakes in the sequence, listed in Cleary & Doyle
(1962) and plotted in Figure 2, gives an azimuth for
the trend of 130 ± 9 This fits the first motion data
and has been adopted as the azimuth of the nodal
plane. If all the 24 earthquakes listed by Cleary (1963)
are used (these took place over a five-month as opposed
to a 24-hour period for the seven examined above) a
similar azimuth of 125 ± 3 is obtained - but this
does not fit the JNL, CAN and WER first motions. The
faulting therefore consists of mainly high-angle thrust•
ing with a very small component of left-lateral strike•
slip movement; Table 1 lists the adopted parameters for
the focal mechanism.

?

Conclusions

MPa

Distribution of earthquakes from 1900 to 1977
located by five or more seismic stations; earth·
quake focal mechanisms - lower focal hemi·
sphere displayed, black represents an upward
ground motion, the arrows show the azimuths
of compression and in situ stress measure·
ments made at depths less than 10 m, the
arrows show the directions and magnitudes of
the principal horizontal stresses.

is weak, there are two other major problems associated
with this earthquake. The first is to determine the cor•
rect polarity of the seismographs in May 1961 and the
second is to determine accurately the angles of inci•
dence of the P-waves at the focus for near stations.
To solve the first problem ten large deep earth•
quakes, from Fiji, Indonesia, Japan, the Philippines,
Papua New Guinea and the Kuriles, that occurred from
2-22 May 1961, were selected as calibration events.
These were necessary to determine the correct polarity
of DAR, MAW, SBA & SPA, and they also provided
a valuable check on the eastern Australian stations.
First motions for LEM, and SHL were not determined
from the seismograms but were obtained from Inter•
national Seismological Survey's bulletin (ISS, 1967).
The second problem, of calculating the angles of in•
cidence of the P-waves, was solved by using recently
determined travel-times from explosion seismology
studies (Finlayson & others, 1979)' for near stations

The evidence presented implies that the 1961 Robert•
son earthquake was associated with high-angle thrust
faulting and that the mechanism was very similar to
the 1973 Picton earthquake ('see Table 1). Cleary
(1967) inferred high-angle thrust faulting in the Gun•
ning region some 50 km north of Canberra; Evering•
ham & Smith (1979) showed that the 1977 Bowning
earthquake was associated with compressive stresses,
and Denham & others (1979) showed that the near150°.40 Bowral
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Figure 2.

Plot (from Cleary & Doyle, 1962) showing the
spatial distribution of the Robertson earthquake
and the first six aftershocks.

All these earthquakes took place within a 24-hour
period. The numbers refer to the depth of the earth•
quakes in kilometres, and the length of the sides of
the rectangles represent the standard errors of the
epicentral parameters.

THE 1961 ROBERTSON EARTHQUAKE
LatOS

LongoS

Robertson
21 May

34.55

150.50

19

5.6

074
220

78
10

046

34

212

55

312

07

Picton
29 March

34.17

150.32

21

5.5

B265
040
C266
039

36
44
12
67

064

06

323

65

157

24

073

25

287

54

172

11

107
015

20
08

151

10

059

20

263

68

Location
and date

A

1961

1973

D
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Bowning
4 July

34.66

1977

depth Magnitude
km
Richter
scale

20

148.89

4.8

Poles of nodal Axis of compression Axis of tension
Null axis
planes
trend plunge trend plunge
trend plunge
trend plunge

A, Solution from this paper; B, Fitch (1976), using body waves; C, Mills & Fitch (1977), using surface waves; D, Everingham
& Smith (1979).

Table 1.

Earthquake focal mechanisms for southeast Australian earthquakes.

surface in situ stress measurements also indicate that
the region is being compressed. However, the directions
of maximum principal stress are not consistent over the
whole region. The Bowning earthquake and the in situ
measurements suggest a NNW-SSE stress in that part
of the Lachlan Fold Belt, whereas the Robertson and
Picton earthquakes give a northeast-southwest direction
for the maximum stress. Therefore, the crust beneath
the Sydney Basin may be controlled by a different stress
regime to that in the Lachlan Fold Belt.
N

The only firm conclusion that can be drawn is that
the crust in both the Lachlan Fold Belt and beneath the
Sydney Basin is currently being compressed .
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One of the problems of using earthquake focal
mechanisms is that in areas where there are zones of
weakness associated with existing faults, the stress axes
determined from earthquake focal mechanisms tend
to be dominated by the geometry of the faults and may
not coincide with the regional crustal stress (McKenzie,
1969) .
Within the Lachlan Fold Belt most of the major
faults trend north-south, but beneath the Sydney Basin,
where both the Robertson and Picton earthquakes took
place, the main trends are not known, so the full sig•
nificance of the differences in the axes of compression
cannot be evaluated properly.

155 / 810-SA

Focal mechanism solution of the May 1961
Robertson earthquake.

Data are displayed on an equal-area Schmidt pro•
jection of the lower focal hemisphere. Solid circles
and open circles represent upward and downward
first motions respectively. Where the first motions
are not certain a question mark has been added.
The arrivals at AVO and WER have been trans•
ferred from the upper to the lower focal hemisphere.
P and T stand for the axes of maximum and mini•
mum pressure respectively. Azimuth and plunge (in
that order) are given for both axes. The poles of
the nodal planes and the null axes are also shown;
the Table lists these parameters in detail.

CLEARY, J. R., 1963-Near earthquake studies in south•
eastern Australia. Ph.D. thesis, Australian National Uni•
versity, Canberra (unpublished).
CLEARY, J. R., 1967-The seismicity of the Gunning and
surrounding areas, 1957-1961. Journal of the Geological
Society of Australia, 14, 23-30.
CLEARY, J. R., & DOYLE, H. A., 1962-Application of a
seismograph network and electronic computer in near
earthquake studies. Bulletin of th,. Seismological Society
of America, 52, 673-82.
DENHAM, D., ALEXANDER, L. G., & WOROTNICKI, G., 1979Stresses in the Australian crust: evidence from earth•
quakes and in situ stress measurements. BMR Journal of
Australian Geolugy & Geophysics, 4, 289-95 .
DOYLE, H. A., CLEARY, J. R., & GRAY, N. M., 1968-The
seismicity of the Sydney Basin. Journal of the Geological
Society of Australia, 15, 175-81.
DRAKE, L. A., 1974-The seismicity of New South Wales.
Journal & Proceedings of the Royal Society of New South
Wales, 107, 35-40.
EVERINGHAM, 1. B., & SMITH, R. S., 1979-Implications of

fault-plane solutions for Australian earthquakes of 4 July
1977, 6 May 1978, and 25 November 1978. BMR Jour•
nal of Australian Geology & Geophysics, 4, 297-301.

156

D. DENHAM

FINLAYSON, D. M., PRODEHL, C., & COLLINS, C. D. N., 1979
-Explosion seismic profiles, and their implications for
crustal evolution, in southeastern Australia. BMR Journal
of Australian Geology & Geophysics, 4, 243-52.
FITCH, T. 1., 1976-The Picton earthquake of March 9,
1973: a seismic view of the source. In Denham, D. (Edi•
tor), Seismicity and earthquake risk in Eastern Austra•
lia. Bureau of Mineral Resources, Australia, Bulletin 164.
HERRIN, & others, 1968-1968 Seismological tables for P
phases. Bulletin of the Seismological Society of America,
58, 1193-228.
ISS, 1967-International Seismological Summary, 1961,
April, May, June, Kew observatory, UK.

McKENZIE, D. P., 1969-The relation between fault plane
sohltions for earthquakes and the directions of the prin•
cipal stresses. Bulletin of the Seismological Society of
America, 59, 591-601.
MILLS, J. M., & FITCH, T. J., 1977-Thrust faulting and
crust-upper mantle structure in East Australia. Geophysi•
cal Journal of the Royal Astronomical Society, 48, 35184.
NUTTLI, O. W., 1969-Tables of angles of incidence of P
waves at focus, calculated from 1968 P tables. Earthquake
Notes, 40, 21-5.
STEWART, I. C. F., & DENHAM, D., 197~impson Desert
earthquake. Central Australia, August 1972. Geophysical
Journal of the Royal Astronomical Society, 39, 335-51.

BMR Journal of Australian Geology & Geophysics, 5, 1980, 156-158

An inexpensive and efficient double-tube,
hand-coring device
M. H. Tratt & R. V. Burne
A double-tube coring device able to retain sampled core, to recover sandy sediments, and
to be easily extracted, has been designed. It consists of two PVC pipes with an intervening
air space. The inner tube takes the main stress of coring, the outer tube acts as a sleeve
to provide an environment of minimum friction for withdrawal. The corer is fitted with an
anvil, and driven into the sediment by hammer blows. Sensitive variation of hammering
force when cutting the core enables excellent recovery, with little or no compaction, of a
range of sediment types.

Introduction

Sedimentological studies of shallow-water and sub•
aerial environments commonly involve the use of simple
hand-coring devices such as those described by Hanna
(1954) and Ginsburg & Lloyd (1956). Bouma (1969),
in reviewing these coring methods, has described two
of their limitations, namely the difficulty of coring
sand, and the loss of sample during pullout. Our ex•
perience with these devices has pointed to another
limitation: long cores are very difficult ·to extract be•
cause of suction. To recover complete long cores it is
often necessary to dig them out, a lengthy and environ•
mentally disturbing operation.
We have developed a double-tube coring device that
eliminates these problems; it can be handled easily by
one operator. Previous double-tube systems have em•
ployed an outer metal core barrel - for strength in
coring, and an inner plastic liner - removed after ex•
traction of the core for ease of extrusion (Hanna,
1954). In our system the inner tube takes the main
stress of the coring, with the outer tube acting as a
sleeve to provide an environment of minimum friction
for the removal of the inner tube. We employ a finger
core catcher, made of 0.010" gauge phosphor-bronze,
to ensure complete recovery of the core. This material
is sufficiently flexible to prevent any serious disturbance
of the core. The current cost of materials is ± $A6
for a corer of 1 metre length.

Design

The apparatus consists of two PVC tubes, one inside
the other, with an intervening air space 1 mm in width.

The inner core tube is of 50 mm hard PVC (class 12
pressure pipe). The outer casing tube is made of 65
mm SWV (soil, waste, vent) pipe, which is softer than
the pressure pipe (Fig. 1a).
The core tube extends 100 mm above the casing tube
at the driving end. At the cutting end both tubes are
level, and chamfered at the same angle (approximately
60°) to provide a cutting edge. The chamfer is formed
with a wood rasp. When the chamfer is finished, the
inner coring tube (the harder tube) forms the leading
edge, and is able to handle most material to be cored.
A finger core catcher is fashioned from .010 phos•
phor-bronze shim (Fig. 1b); it is held inside the core
tube with 3 mm aluminium rivets, about 5 mm from
the cutting edge (Fig. Ie). A 2.5 mm lip is turned on
the leading edge of the core catcher so that, when the
rivets are drawn up, the core catcher fits snugly in the
tube and presents no obstruction to entry of the cored
material. The core catcher is fitted before chamfering
the cutting edge.
75 mm below the top edge of the casing tube a 10mm clearance hole is drilled through both tubes, and
a bolt of suitabl'e length is inserted and nipped up,
finger tight. Finally a 12 mm-clearance hole is drilled
through the core tube 50 mm from the end.

Coring methods

With the tubes assembled and held upright, a mild•
steel anvil (Fig. 1d) is placed in the core tube and
struck with a four-pound club hammer. When the tubes
have been driven into the sediment to the required
depth, the 10-mm bolt is removed and a 12 mm-dia-

