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A geophysical investigation of the southern margin of the Musgrave Block, 
South Australia 
J,R, Leven! & J.P. Lindsay! 

New geophysical data provide the first clear image of the marginal 
structure of the southern Musgrave Block and the northern Officer 
Basin of western South Australia. The data show that the Officer 
Basin and the Musgrave Block are underlain by a series of pervasive, 

Introduction 
The southern boundary of the Musgrave Block in South 
Australia is a major arcuate feature, clearly evident in Bouguer 
gravity and total magnetic intensity (TMI) images of Australia. 
In the gravity image, the boundary is marked by an abrupt 
gravity gradient of up to 20 ns-2; in the TMI image, it is 
marked by a change from a short wavelength ('high frequency') 
magnetic variation, characteristic of the Musgrave Block, to 
a relatively subdued ('low frequency') magnetic signature over 
the Officer Basin. This boundary is important in understanding 
the structure and evolution of the central Australian region, 
but, until now, geophysical investigation of the feature has 
been hampered by logistic and access considerations. 

In 1993 the Australian Geological Survey Organisation 
(AGSO) and Mines & Energy South Australia (MESA; formerly 
South Australian Department of Mines and Energy) undertook 
a major reflection seismic survey in the central Officer Basin, 
recording five regional lines (Fig. 1). Of these, seismic line 
93AGS01 traverses from the northern Officer Basin onto the 
southern Musgrave Block, and provides a clear seismic image 
of the structure of this boundary. 

Geology 
The geology of the Musgrave Block is described in Drexel 
& others (1993) and elsewhere in this issue (see also references 
in the Preface). The Officer Basin lies south of the Musgrave 
Block and is one of a series of related broad intracratonic 
basins which formed on the Australian craton during the 
Neoproterozoic to Late Palaeozoic (800-360 Ma) (Lindsay et 
al. 1987). In South Australia, sediments of the Officer Basin 
thin from up to 7 km in the northern sub-basins to around 
3 km in the southern platform area, and are for the most part 
little deformed, except along the northern margin and in the 
eastern region, where thrusting has occurred. At least three 
major compressional events are known to have affected the 
Officer Basin: the Neoproterozoic to Early Cambrian Petermann 
Ranges Orogeny, the Late Cambrian Delamerian Orogeny, and 
the Carboniferous Alice Springs Orogeny (Fig. 2). The geology 
of the South Australian sector of the Officer Basin has been 
discussed by Kreig (1969), Drexel et al. (1993), and, more 
recently, Lindsay (199S). 

Previous seismic work 
During 1972 to 1974 the then South Australian Department 
of Mines and Energy acquired and processed a network of 
reflection seismic lines in the eastern Officer Basin (Milton 
& Parker 1973). Although results are somewhat inconclusive, 
interpretation of those seismic lines crossing the northern 
margin of the Officer Basin 'suggests the Musgrave Block has 
overthrust Officer Basin sediments. Seismic line OF74FD, for 
example, clearly images a 2So north-dipping reflector which 
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north-dipping planar structures that predate development of the Officer 
Basin. Reactivation of these structures formed a wide thrust fault 
complex and developed a major homocline at the northern margin of 
the basin. 

extends to a depth of around 6 km. 

NGMA Project-AGSO seismic acquisition 
1993 
As part of the National Geoscience Mapping Accord, AGSO 
recorded five regional seismic lines (Fig. 1) in the central 
portion of the Officer Basin during 1993 (Barton et al. 1995). 
The central Officer Basin is divided, from a logistic point of 
view, by the Namungarintja Conservation Park, in which 
seismic acquisition was not permitted. Line 93AGS01 to the 
north of the Conservation Park investigates the nature of the 
northern margin of the Officer Basin and its relationship to 
the Musgrave Block. It is tied to Birksgate-1 well for 
stratigraphic control. Lines 93AGS04, 93AGSOS and 93AGS06 
provide a regional seismic network south of the Conservation 
Park, designed to investigate the basin's transition onto the 
Murnaroo Platform. This network is connected by line 93AGS03 
to Munta-1 well for stratigraphic control. 

Deep reflection seismic image of the 
southern margin of the Musgrave Block 
Deep seismic data from 93AGS01 (Fig. 3) show the structure 
of the Musgrave Block at its southern margin. These data 
show a series of pervasive, north-dipping reflection events 
within the basement, extending from at or near the surface to 
a two-way-time (TWT) of around 10 seconds (approx. 30 km 
depth), with a northerly dip of around 30°. 

Two hundred kilometres south of this margin, deep seismic 
data from line 93AGSOS show a similar series of roughly 
parallel north-dipping structures. These structures, however, 
terminate at the base of the Officer Basin succession without 
disrupting the basin sediments, suggesting they were truncated 
by the erosional event that peneplaned basement before 
deposition of the regionally extensive Willouran basal units 
of the Officer Basin (Pindyin Sandstone and Alinya Formation 
of Fig. 2). These basement events are, therefore, interpreted 
to have formed as pre-Willouran crustal structures, some of 
which were truncated by the basal erosional surface of the 
Officer Basin and subsequently remained inactive, whereas 
others were reactivated during later orogenic events. 

Twenty kilometres north of the Officer Basin margin, line 
93AGS01 shows a set of prominent north-dipping basement 
structures which bifurcate at a branch point around 3 s TWT 
(approx. 7.S km depth) beneath CMP 3300 (Fig. 3). The lower 
branch of this bifurcation forms a basal decollement which 
soles into the evaporitic Alinya Formation near the base of 
the sedimentary succession as a blind thrust. The upper branch 
of this bifurcated thrust flattens at depths less than 2 km. Its 
surface expression has not been mapped, because of the blanket 
cover of Pleistocene dunes. However, its surface location 
corresponds to a significant topographic ridge, with surface 
elevation decreasing southwards by 40 mover 2.S km, which 
can be interpreted as indicating recent thrust-sense movement 
on this fault zone. 

In the vicinity of the northern margin of the Officer Basin 
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these basement features are genetically related to the steep 
northern margin of the basin. Figure 4 shows that at the 
present northern margin of the Officer Basin, strata have been 
folded into a homoc1ine. Farther east in the eastern Officer 
Basin, foreland basin sediments of Devonian age indicate 
movement of this fault system during the Alice Springs 
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Orogeny. The margin is thus erosional, and the original 
northerly extent of the basin unknown. South of this structure 
(Fig. 4), sediments of the central Officer Basin have suffered 
relatively little disruption, in spite of their proximity to this 
major thrust boundary. 
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Figure 1. Map of the Musgrave Block and the Officer Basin (shaded grey) and surrounding regions of western South Australia, 
showing the location of the five NGMA seismic reflection traverses. 93AGSOl images the boundary between the southern Musgrave 
Block and the northern Officer Basin. 
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Basin response to thrusting: structure in 
the sediments 
Figure 4 shows the detailed structure of the northern margin 
of the Officer Basin, and the structure of the thrusts in the 
Musgrave Block. Only the upper succession of the Officer 
Basin strata has been folded into the homoclinal upturn at 
this margin. The lower succession, interpreted to include part 
of the Alinya Formation and the Pindyin Sandstone, has been 
abruptly truncated beneath CMP 4520. North of this, portions 
of stratal units with a similar reflection character to this lower 
succession are evident, suggesting that in this region, rather 
than being folded into a homoclinal upturn, the lower succession 
has failed by thrust faulting. A complex set of faults has been 
interpreted in this disrupted zone beneath the homocline, but 
these faults do not penetrate into the upper succession. 

South of the thrust margin, the lower succession has been 
compressed into several broad kinks over a distance of 30 km 
(Fig. 5). These have an amplitude of around 150 m and are 
unconformable with the more gently folded strata of the upper 
succession. They represent a net shortening of the lower 
succession relative to the upper succession, and are interpreted 
to have formed by flowage within the Alinya Formation (an 
evaporitic unit) in response to the compression of the Officer 
Basin sediments during the southward thrusting of the Musgrave 
Block. As the lower succession is not involved in the homoclinal 
structure, its shortening has been accommodated by kinking 
and ductile flow within the evaporitic units south of CMP 
4300, and by imbrication and extensive brecciation north of 
CMP 4300, forming a triangle zone. 

Figure 2. A simplified stratigraphic succession of the central Officer 
Basin. 

In contrast, the clastic upper succession responded to the 
compression by slippage along a bedding plane separating the 
two successions, and back-thrusting over the imbricated and 
brecciated lower succession in the triangle zone (Fig. 6). 
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Figure 3. Portion of the seismic traverse 93AGSOI between CMP 2800 and 4000, showing the top 6 s TWT of the upper crustal 
structure beneath the southern boundary of the Musgrave Block. A prominent series of north· dipping structures is imaged. The 
lower set of these structures bifurcates around 3 s TWT (approx. 7.5 km depth) beneath CMP 3300. The lower branch flattens and 
soles into the base of the sedimentary succession farther south (see Fig. 6). 
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Figure 4. Portion of the seismic traverse 93AGSOI between eMP 4200 and 5000 (2 s TWT), showing the sedimentary structure at 
the northern margin of the Officer Basin. The sedimentary strata are divided into two packages, the upper succession folded into 
a homocline, and the lower succession abruptly truncated beneath eMP 4520. A prominent north-dipping structure soles into the 
base of the sedimentary succession at 1.4 s beneath eMP 4800. 

Back-thrusting of the upper succession must postdate formation 
of the adjacent brecciated lower succession in the triangle 
zone, as faults in this zone do not penetrate the homocline. 
We interpret this structure to be the result of bedding-plane 
slippage on a surface within the Alinya Formation which 
accommodated different mechanical responses to the compres•
sion in these two successions. 

Total magnetic intensity data 
The total magnetic intensity (TMI) image (Fig. 7) gives a 
clear picture of the structure of the Musgrave Block and, for 
the Officer Basin, provides structural information over an area 
where the geology is generally obscured by Pleistocene sand 
dunes. The image illustrates the changing nature of the 
Musgrave Block's southern margin along strike. To the west, 
the TMI image suggests that this margin is a relatively sharp 
feature, involving a single thrust fault or a narrow fault zone, 
whereas to the east of meridian 1300 E, the margin gives the 
appearance of having a stepped structure, suggesting the 
presence of mUltiple thrust sheets of basement. 

This difference in character along the southern margin of 
the Musgrave Block corresponds to a change in boundary 
structure associated with the thrusting. West of 1300 E, this 
boundary appears to have a relatively simple structure, with 
tectonic disturbance of the basin sediments constrained to a 
narrow region close to the edge of the Musgrave Block. In 
this central region, the Musgrave Block appears to have 
encountered little impediment to its southward thrust -sense 
movement. In contrast, the structure east of 1300 30' E in the 
eastern Officer Basin is relatively complicated, as evidenced 
by basement-involved thrusting extending a considerable 
distance southwards into the basin (Lindsay et al. 1995). Here, 
movement of the Musgrave Block was obstructed by the 

Gawler Craton to the southeast, and the basin was confined 
between the Musgrave Block and Gawler Craton. 

Aeromagnetic TMI data were collected along the seismic 
lines subsequent to seismic acquisition. TMI data along line 
93AGSOl have a long wavelength character south of CMP 
4100, and a short wavelength (' high frequency') response, 
characteristic of the Musgrave Block, north of this point. 
Interpretation of the TMI data indicates that the thin edge of 
the Musgrave Block thrust sheet starts at CMP 4100. Seismic 
data do not image this portion of the thrust clearly in the top 
200 ms, although the upper branch of the bifurcated thrust 
structure appears to flatten near the surface in agreement with 
the magnetic interpretation. 

Gravity data 
Gravity observation were made along the seismic traverses 
during seismic acquisition, and the reduced Bouguer gravity 
profile along line 93AGSOI is plotted in Figure 8. Notice that 
the major inflection in Bouguer gravity does not correspond 
to the location of the homoc1inal fold in basin sediments near 
CMP 4400, but is displaced to the north. These data require 
a causative density contrast to be located north of this homoc1inal 
fold . This observation is reconciled in the gravity model by 
proposing, as required by the TMI data, that the upper branch 
of the bifurcating thrust is the major thrust zone associated 
with the southern margin of the Musgrave Block thrust sheet. 
The triangle zone between the Musgrave Block thrust zone 
and the homoc1ine is proposed to be a zone of brecciated and 
disrupted Officer Basin sediments. This trapezoidal volume 
above the basal decollement therefore has a density appropriate 
to sediments. 

Figure 8 shows a model of the density variation which is 
consistent with the seismic, TMI, and gravity observations 
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Figure 5. Portion of the seismic traverse 93AGSOl between CMP 5000 and 5600 (2 s TWT), showing the sedimentary structure south 
of the northern margin of the Officer Basin. The sedimentary strata are divided into two packages, which are unconformable. The 
upper succession is gently folded, whereas the lower succession has been folded into additional kink structures evident beneath CMP 
5500 and 5280. 
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Figure 6. Line diagram of the structure of reflection events from 93AGSOl at the northern margin of the Officer Basin, showing 
the Officer Basin succession folded and back-thrust over a non-reflective triangle zone which underlies the main thrust zone at the 
southern margin of the Musgrave Block. 

along seismic line 93AGSOl. Like the model of Milton & 
Parker (1973), displacement of the major inflection in the 
Bouguer gravity profile approximately 20 km north of the 
homoclinal fold zone can be explained by a wedge of lower 
density disrupted sediments beneath the basement thrust sheet. 
The upper succession of Officer Basin sediments which now 
form the homoclinal structure appears to have been folded by 
back-thrusting over the brecciated and disrupted sediments in 
the triangle zone. 

Conclusions 
Seismic data from the NGMA Officer Basin Project have 

given the clearest picture yet of the structure of the Officer 
Basin's northern margin. It consists of a major thrust zone, 
in which the Musgrave Block to the north has overthrust 
sediments of the Officer Basin. Interpretation of these data in 
conjunction with gravity and magnetic data indicate: 
• the region is underlaid by a series of pervasive north-dipping 

structures, which predate basin formation; 
• reactivation of some of these older (pre-Willouran)structures 

developed a major thrust zone, which forms the basin's 
northern margin; 

• the thrust fault zone bifurcates beneath the Musgrave Block; 
the lower branch of the bifurcated thrust zone forms a 
basal decollement, which soles into the base of the Officer 
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Figure 7. TMI image of the Musgrave Block and the northern 
Officer Basin, also showing the location of the NMGA seismic 
traverses. 
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Basin sedimentary succession; 
• the upper branch of the bifurcated thrust zone flattens near 

the surface; 
• a trapezoidal wedge or triangle zone of disrupted sediments 

has formed in front of the thrust zone; 
• an upper portion of the sedimentary section has been 

excised by this wedge and has back-thrust into a homoc1inal 
fold structure. 
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