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ABSTRACT

-

In August 1972 a shallow earthquake of magnitude ML = 6.2 -

" took place in the Simpson Desert region of central Eustralia. .Firsta'

1

motion studies suggest a-predominaniiy strike-slip focal mechanism
A 7 £ -

for the main shock with one nodal plane paralleling the ENE trend of

- the aftershock sequence, which extended for about 120 km. The pressure

axis for the main earthquake was approximately horiibntal and N-S.

This is the direction required to generate the earthquake zones in

- South Australia, and is suggestive of a simple regional stress pattern -

over the centre of the Australian Continent .



INTRODUCTION

Until recently little has been known about the earthquake

patterns, and coneequent current tectohiq activity, in the centre of

- Australia. This arises because there are few seismograph stations

suitable for monitoring local and regional earthquakes and because of-
the low populaticn density for recording tangible earthquakes during
) = » o

histerié times. However, with the development of the Uhiversity of .

- Adelaide's regional network ef~éeismog}ephs (Sutton & White, 1968;

Stewart Slade & Sutton, 1972) the patterns of earthquake activity in

South Australla (sK) are emerglng and 1t has been proposed (Stewart &

Mount, 1972) that the seismicity associated with the Adelaide Geosyncline

can be represented as a eeries of broad zones of dextrel shearing.

North of the SA.seismic-zones o definite seismic' lineation
has been.identified,in the Canning Basin (Everingﬂam, éregéon.& Denham,
in prep.), but it is not clear how this feature relates to the earthquake
activity elsewhere in the cdntinent. O0f particular importance is the
significance of the Simbson Desert region in the somthwest of the
Northern Territory (NT) which, since 1937, has been one of the most
seismicelly active areas of the Australian continent (rigs 1, 2).

The first accurately located earthquake of moderate size there

took place on 18 August 1972. This earthquake was large enough to generate

several locatable aftershocks and. also to enaktle a focal mechanism to be
derived,

Epicentres and magnitudes

The main earthquake of 28 August was well recorded by seismographs

in Australia and overseas. All the aftershocks had magnitudes less than 4

(ML) and most were detected only by seismographs in SA and the NT, at

epicentral distances ranging frpﬁ 300 to 1100 km,. Tﬁe only known foreshock

(on 18 August) and some of the aftershocks were recorded only at the nearest *

station, ASP. K ~
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"the Herrin travel-times (Herrin et al;, 1968) to give an epicentre_fof .

implying that the travel-times or the final iterative solution were

" EDR No. 50, 1972) was. 24,92 (19.03)08,;f36;93 (£0.12)°E, and the focal

s . .. 20

P-wave data from 18 Australian regional stations were used with

-

a surface focus at 24.95 (10.06)°S, 136.39 (20,08)°B. "The residuals for

‘the nearest stations (ASP and those in SA) were generally large, howuever,

erroneous. The Environmental Research Laboratories_(ERL) epicentre (see

depth 59 + 6 kme In this solution the-P”times from 9 of the nearest'db'
stations were reJected because they- gave high negatlve re31dua1s. The
preferred hypocentre bf 24, 74 (+0, 09)03, 1365 9g (+0312) E focal depth
7 km, was obtalned hy us1ng a program based on local SA travel-times and
crustal'structure (Stewart & Sutton, 1971). Ohly the SA stations and

ASP were used to determine this hypocentre;'but the time-residuals were

‘small and the identifications of phases‘were'satisfactory.

The difference of about 70 km between this epicentre and that
determlned by ERL may reflect the presence of some large-scale upper mantle
1nhomogene1ty across the Austlallan continent (e g. associated with the

West Australian shield) or may result from the focal mechanism of the

earthquakeo If the latter were true the difference in epicentres suggests

'that the solution from the local stations gives ah epicentre close to the

initial fault break while the ERL solution is closer to the region of
maximum energy release. However, the concept of an 'epicentre' for a
1arge shallow earthquake with an extensive fault-plane area (such as the
main shock) can be misleading. The adoptedrepicentre probably represents
the point at which the rupture commenced, and hence indicates that the
fault propagated malnly to the southwest.

Although 15 aftershocks were recorded at ASP within 24 hours of the
main earthquake, only those listed .in the Table were recorded (untll the end

of 1972) by enough stations to be located.. The mean standard errors

RN
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- are 0.17° in latitude, .0.23° in longitude, and 6 km in depth. These
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earthquakes are plotted in'Figure 2 together-with'tbe previous'known“

, earthquékes from the region (Burke—Géffney; 1951; Sutton &'White,

1968; USCGS, EDR51, 1968). All the large (ML> 6.0) earthquakes shown-

in Pigure 2 (apart from the 1972 shock) date from the perin 1937-1941, and

their epicentres-may be in error by up to 19. Nevertheless, - they are_evidénce
of persiéteﬁt significant geiémic aqtiyi%y'in the same region as the
1972 sequence, o ;,' ‘f;4.
A11 magnitudes listéa in'thg'Table ﬁavé heeh_converted.to‘ML
from a local.écélg'ﬁSédiin SAi(Stewartfetwéi.; 1972). The scale was o

established to allow for the. effects pf'loéal crustal structure and

seismograph response, and generally gives consistent results up to distances

of about 1000 km. The main -earthquake had-a magnitude of about ML = 6.3 4

from local stations and the ERL body-wave magnitude was MB (ERL) = 5.6.

The body-wave magnitude MB is found from MB(ERL) by

MB = MB(ERL) + 0.7
ﬁsing an approximate relation given by B&th (1966). Hénce the ML -
magnitude‘obtained from ERL data, and using Gutenberg & Richter's (1956)
conversion fbrmﬁia (MB = 1.7 + 0.8ML -_O.O1ML2), is about 6.2.. Gibowicz
(1572) Suggested‘thét for sha}low New Zealand earthguakes the relation
between ML and MB(ERL) is |

ML = 1.17 MB(ERL) ~ 0.43
If this result applies to Australia_the ERL estimate ﬁay be converted to
give ML = 6.1. Thus the different methods of calculating magnitudes yield
vefy consistent values for the main earthquake and suggest that ML = 6.2 |
ié a reésonable'estimateQ Despite the relatively large magnitude no
fepoft wﬁs received of the earthquake having been felts However, the
nearesf habitation was about 200 km from the epicentre and it is unlikely
that an intensity greater fhan'MM4 would have been experienced there from an

earthquake of magnitude ML = 6.2. Furthermore since the main event took

~

-place close to noon local time most people .would not be in positions favourable

to feel any slight'shaking.
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Epicentral distribution

~ - . The epicentral distribution from the 1972 sequence plottgd in |

Figure 2 displays remarkable lineérity, allowing for possible érrors in
location. The distribution is similar to that observed after many large

earthquakes, e.g. 1964 Alaska (Page, 1968), 1970 Madang (Everingham,

~ in press 1973), and 1970 Canning Basin (Everingham, Gregson & Denham, in

_ X . - ) " .
prep.), in which the main event occurred near one end of the aftershock zone, and.

the aftershocks clustered af both ends:vNIh these examples, it was suggested

that the distribution of aftershock epicentres was largely governed by

s ‘ )
the primary faulting‘éssbciated with the main earthquake. Liebermamn &
Pomeroy (1970) state that the belt of aftershocks defiges the extent of .
primary faulting of large earthquakes, the long axis of the aftershock
zone being a better estimate of the length of faulting at depth than the

‘observed length of surface faulting. A& relation given by Wyss & Brune

» (1968) suggests that‘for.an earthquake with ML = 6;2 the length of faulting

___would be about 60 km. This is about half -the lengtﬁ of the aftershock zone

~

in the Simpéon Deserf. " The displacements during the main earthquake may have
been as large as 30 cm (after Chinnery, 1969). ﬁoyever, the epicentral
_ regién has not been examinéd for surface breakage. :

There are no.identifiable trends in the-hypocentral depths for
the sequence although it appears‘that all earthquakes were shallow,
within 10 km of the surface.

An attempt has been made to correlate the trend of the epicentres
(and presumably of primary faulting) with the known geology and geoéhysics
of the region. There appears to be no correlation between the éravity and
magnetic anomalies and the main epicentral trend, but the sequence is
sifuated near the northwest edge of the Eromanga Basin-(Geological.Society
éf justralia, 1971 ‘Tectonic Map of Australia and New Guinea, 1:5 000 000,

Sydney) where a significant increasé in basement deﬁth delineates the basin.

*,
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‘ Focal mechanism and tecfbnic hypothesis

almost N;S pressure axis. Five stations in the western quadrant (FUR5 HFS,

A focal mechanism solution for the main earthquake was obtained

from first-motion data from 58 short-period stations; the stereo projection

of the lower focal hemisphere is shown in Figure 3. The solution obtained

f is consistent with predominantly left-lateral strikeQSlip faulting and an

LEM, MUN, and SUD) givé4anomalous resﬁlgg (dilatatiohs) but.they are sgrrounded
by seveial stations that>give_qompressioﬁél.fi?st mqtions gnd.hence fﬁéy‘
have bean igno¥éd'in determining thé focal parameters.
o - :

The nodal_piané‘striking NE'iéfﬁéii defiﬁéd betweer the Antarctic
and New Zealand stations, and the strike of this plané cén vary by oﬁly-ijo.
Klthough the plane striking NW is poorly defined by the first motions on
each side of it, the conditibn of ofthogoﬁéiity reétrains.its strike also

to about +3°. The spatial distribution of the aftershocks indicates that

the nodal plane striking NE is the fault plane since the strike of the

‘longitudinal axis of the aftershock sequence (540) and that of the pléne

(530) almost coincide. -

The suggested mechanism contains a small cqmponen%lof fhrusting,
which implies overthrusting from ?he south. This trend is opposite to
that required to form a boundary fault to the Eromanga Basin and hence
suggests that tﬁe Simpson'Deéert seismicity is associated with comparatively
recent tectonism.

Stewart & Mount (1972) hypothesized - mainly from seismic evidence -
that a zone of fracturing extends from the comparatively active seismic
region of SA to.the Canniné Easin in Western Australia. They showed that
the directions of motion along the broad fracture zones of SA are mainly

stf@ke—slip (Fig. 1), but the seismié quiescence between 128 and 136°E

precludes the delineation of anyfadtive tectonic features in that region.

'f”;i' N
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~believe that the data are sufficient to confirm or disprove any of
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‘The focal mechanism solution from the'ﬁain Canning Basin earthquake

of March 1970 (Everinghaﬁ, Gregson & Denham, in prep.) provides‘eVidehce .

for thrust faulting with the pressure aiis approximately NE-SW and

'perpindicular to the zone of aftershocks. This evidence suggests that

the regional stress pattern must change across the quiescent zone.
It is clearithat most of the seismic activity between 135 and ~
. e 2

140°E can be explained bj a regional stress fieldvresulting from a

predominantly N-S pressure axis.® The seismic zones probably occur along '

‘0ld zones of weakness - such as the'édgeé of an old broto—continent or

’ i B
:

the edges of large basins: However,.tﬂé“ﬁa;éﬁentshélong the zones are

; émall and do not amount to more than 0.1 cm/yr. The cause of the regional
‘stress cannot be determined, but it may be associated with the collision -

. .. of the Indian/Australian plafe along its northern margin, changes of

spreading rate along the Australian-Antarctic ridge, or a separate tectonic

environment within the Australian continent. At this stage we do not

these alternatives.

-
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 TABLE
SIMPSON DESERT, EARTHQUAKES, 1972 CENTRAL AUSTRALIA .
Date : Origin Time Laf. Long. j Depth  Magnitude

| s 0% 5 °ET - km ML

| g. 28 02 18751.6 - 24.72  136.92 7 6.2
oo . 02 35 0043 24.72- 136,75 9., 3.6
" 02 52;03.0 24.63._._ .°136.98. 0 2.7

" 03 33 17.4 24.65 © 136,91 8 X

# 04 55 50.7 25.00 136.31° 8 2.3

" 07 26 48.0 - - 25.08 136.28 0 1.9

® 08 13 45.9 25.11  ..136.18 8 1.6
LI : 12 28 06.6 25.05 136.57 6. 2.5
Aug. 30 17 54 08.4 25.06 136.22 10 2.1
Sept. 4 20 34 48.0 24.53 137.06 9 5.3
Septs 11 22 10 13.2 - 25.12 136.20 . 6 1.6
sz Septe 19 02 22 05.4 - - 25.11  136.17 5 1.6
L N i 03 11 3102 24-99 136-38 5 109
Sept. 20 00 03 21.8 . 25,05 136.34 6 2.1
Oct. 4 10 37 00.6 25.08  136.40 9 Ao

- .Dec. 1T 20 02 27.7 24.95  136.45 5 30

v
_ “
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FIGURE CAPTIONS )
FIGURE j. Known éarthquakes, Auétralian regibn 1900;1971,
v o Maénifﬁde 4.0lor greater. - |
: 'FIGURE‘2. »Earthqdakes in‘the'Simpson Desert region 1900-1972. ‘2:;
L Open symbols represenf preff§72 earthquakes; all '
shocks are presumed to orig%ﬁate'in the cruét. |
 FIGURE 3. Focal mechanism solution for main v oF 28 August 1972. ]
The nqqﬁéfé represent the'striké"ahd Qip of tﬁe poles or
‘axes. | o |
! ‘
|
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EARTHQUAKES IN THE SIMPSON DESERT REGION I900—I972. OPEN
SYMBOLS REPRESENT PRE-1972 EARTHQUAKES; ALL SHOCKS ARE
PRESUMED TO ORIGINATE IN CRUST
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