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Gravity

Vening Meinesz (1948) had already noted lhe large anomaly
over the eastern e_dg-e of the Perlh Basin and concluded that

the region was out of isostatic equil ibrium. Whether Bouguer

or free air, the anomaly is strongly negative over the eastern

part of the basin and mildly positive over lhe Yilgarn Block

with the change in magnitude exceeding 100 mgal' The

steepest gradients ¡n the gravity field coincide with the Darling

Fault (Fig. 2). The principal questions raised by this

observation concern the crustal struclure and the mechanism

by which the establishment of an ¡sostatic state has been
prevented.
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FIGUBE 2
Gravity and elevation along an east'west profile across the Perth
Basin ät 32o south latitudé and gravity along a parallel section
at 30.5o south.

Seismicity

Earthquakes occur where the deviatoric slress exceeds lhe

britt le strength of the crusl and seismicity is an indication of

either large deviatoric stress or of locally weak crust'. ln a non-

homogeneous lithosphere, stress concentrations occur al

boundaries of lateral density variation and these wil l generally

coincide with the steepest gradients in the gravity f ield. Thus

where seismicity is predicted to occur is on the Darling Fault '

exactly where it has nol been recorded in historic time. Where

seismicity does occur is some 50-100 km to the east ol lhe

fault and a number of indicators point to the upper crust there

being in a state of horizontal compression (Denham el a/.

198O). To the wesl, the seismicity is largely confined to the

crust beneath lhe continental slope, similar to whal is seen

elsewhere for the Australian margin (Lambeck et al. 1984)'

Vertical Movemenls

The Dar l ing Scarp,  co inc ident  wl th the faul t ,  is  thought  to be

a relatively youthful feature, indicating that movemenl across

the basin-block boundary has not always been locked' The

Introduction

The Perrh Basin of Western Australia is a l inear structure of

sedimentary rock extending north-south for some 1000 km

(Fig. 1). Phanerozoic sedimentary material may exceed 15 km

in ini"t nett. The basin is bound on the east by the north-

. FIGURE 1
Location map of the Perth Basin.

trending Darling Fault which separates the basin from the
Archaean Yilgarn Block. lts western boundary is less well
defined but appears to coincide mostly with the base of thq

i continental slope. Questions to which preliminary answers are

ì suggested in this paper are (i) what is the crustal and upper
i mantle structure associated with this basin, (i i) how did this
i basin evolve through time, and (iii) how has lhis bas¡n structure

i been preserved. A number of relevant geophysical, geological

I and geomorphological observations (Playford et al. 1976) are

, summarized below. The proposed model should be viewed

, only as a possible framework for discussing the observational

i evidênce from both the basin and the adjacent Yilgarn Block

ì and as proüiding a hypothesis to be tested with further
t .g9oOnUti""1,and geological observations'
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Darling Plateau is dissecled by westward flowing mature rrvers

as wel l  as by more youthf  u l  s t reams,  fur lher  ev¡dence thal

5¡es¡ trplift has occurred. lt is generally assumed that this uplift

began dur ing the mid-Ter t iary.  Quaternary shorel ¡nes '

approximately parallel to lhe Darl¡ng Fault, are found between

the scarp and the present coastl ine, w¡th a progresslve aglng

and elevat¡on of these shorelines from west to east' This points

to an upward warping of the basin. Holocene sealevel highs

on Rottnest lsland are about 3 m above present levels

(Playford, 1977). This appears to be too high lo be explained

by models of the rebound of the crust after glacial unloading

and water loading at this locality and this is suggestive of

1-2 m uplift since Holocene time. In contrast, the 10s year old

¡nterglacial sealevel on Rottnest is also at about 3 m here

(Playford, 1977), as ¡t is in most tectonically stable reg¡ons,

and this suggests that l i tt le uplift has occurred here over the

past 10s years. Semeniuk and Searle (1986) examined

Holocene accretionary sequences al a few localit ies within

the Perth Basin and their observations po¡nt to differential

north-south vertical movements of a few metres. Warping of

the late Ïertiary-early Pliocene shoreline has also been noted

(Playford eI al. 1976).

Geological Indicators

The Phanerozoic sed¡mentary sequence, from Ordovician-

Silurian to Quaternary, has been deposited in a nearly

continuous manner with the exception of Devonian and

Carboniferous units which are absent throughout (Table 1)'

Substantial Tertiary rocks are nol found in the sub-areal parl

of the basin but they are extensive on the cont¡nental shelf

and slope (Playfdrd et at' 19761. The precise ages of the

principal sequences, as well as their original th¡ckness' are

uncertain and any estimates of average rates of sedimentation

are l ikely to be most unreliable. There is, howeve( a

suggestion that from Permian to Cretaceous there has

been an increasing rate of sedimentation through time'

Most of the Phanerozoic sediments, deposited in shallow

water, fluvial or conlinental environments, are believed to have

originated from the Yilgarn Block, whose western part has

been significantly eroded from at least early Phanerozoic lime

TABLE 1

to lhe end of  the Mesozoic.  The exposed basement  consts ls

of folded Archaean metamorphic and igneous rocks. Both the

degree of folding and of metamorphism decreases across the

block from west to east (Gee ef a/. 1981). The province is

intruded by north trending dolerite dykes, of a variely of ages

ranging up to lower Palaeozoic age (Compston and Arriens,

1968), with lhe greater concentration of dykes occurring near

the western edge of the block (Wilde and Low' 1978)'

A Schematic Model

A convenient starting point for considering the evolution of

the Perth Basin is some time in the Proterozo¡c, when the

western part of the Yilgarn Block was assumed to be a

topographic high tormed by an unspecified mechanism.

Possibly the late Proterozoic ages reported by Compston and

Arriens (1968) and Libby and De Laeter (1979) are indicative

of an upl¡ft event at this time. lt is also conven¡ent, but not

essential, to assume that the crust at this time was in a state

of local isostatic equil ibrium. Thus, for every kilometre of

elevation there would be a further 7 km of cruslal thickening'

assuming a density contrast of 0.4 g cm -3 across the Moho.

Erosion of the uplifted area provided the sediments for the
proto-Perth Basin but only part of these sediments found their

way into the basin. The gravity anomaly across the fault

suggests a basin th¡ckness of about 15 km if the sediment

densities are, on average,0.2 g cm-3 less dense than the

adjacent Yilgarn Block material and if there are no other

contributions. Alternatively, if the basin sediments are

assumed to be of a comparable density to the adiacent rocks

east of the Darling Fault, then the gravity anomaly implies

that the Moho lies some 7-8 km deeper beneath the basin

than beneath the block.

As erosion proceeds, isostatic rebound occurs- In the l imit '

to erode a 1 km elevated plateau to sealevel, about I km of

crust has to be removed before full local isostatic equil ibrium

is atta¡ned. This represents an upper l imit because rebound

will generally be regional rather than local (Stephenson and

Lambeck, 1985), and it ¡s this coupled regional response to

unloading and loading, as well as the init ial condition, that

determines the variation in the Moho depth beneath the basin

and block. Only some 3-4 km of total uplift of the western

Yilgarn are required after this process commenced, and the

late Proterozoic highlands need not have exceeded about

1 km in height.

The crust where sediments are deposited is stressed and the

combined stress field generated by the rebound and loading

can be substantial (Fig. 3) (McQueen, 1986). Failure of the

crust may result, particularly if the erosion-sedimentation
generated stress field is modified by horizontal stresses w¡thin

the l¡thosphere. lf the latter is tensional, failure may occur as

normal  faul t ing wi th in the eroding region.  l f  i t  is

compressional, failure may occur as thrust faulting within the

basin (Fig. 4). (Where failure actually occurs is also a function

of other factors contributing to the overall stress field in the

crust and of local and regional variations in the strength of

the crust). Subsidence continues after failure for as long as

the sed¡mentary supply remains sufficient and the faults

remain active throughout. Feriods of regional horizontal

Sediment
thickness

(m)

Sedimentation
rate

(m Ma- l ¡

(Ordovician) Silurian (40)
Devonian (50)
Carboniferous (65)
Permian (50)
Triassic (35)
Jurassic (55)
Cretaceous (75)
Tertiary

rïo

2600
2500
4200
6000

very little

;
70
75
80

Minimum estimates of the maximum thickness of Phanerozoic

sediments in the Perth Basin (Playford et al. 1976)' The

numbers in parenthesis refer to durations (in Ma) of the time

¡ntervals.
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tensional stress result in some rebound of the basin whereas
compression accelerates the basin subsidence.  The
Phanerozoic sed¡mentat¡on record within the basin suggests
that there have been t¡mes of alternaling regional stress fields.
For example, the absence of Devonian sediments can be

explained by the regional tensional stress that led to the failed
rift ing at that t ime.

The erosion of the western Yilgarn highlands proceeds with
a time constant of longer than 108 years (c.f. Lambeck and
Stephenson, 1968) but by late Mesozoic t¡me much of the
original topography has eroded away. Once the erosion
ceases to be significant, subsidence within the basin also
ceases and the condition for regional isostatic equil ibrium
changes, with the basin tending to be uplifted. lt appears that
the Darling Faull healed at this time and that as the basin
tries to move lo its new equil ibrium pos¡tion ¡t brings the
western edge of Yilgarn up with it in a regional rebound. That
the main fault did nol remain a zone of weakness at th¡s t¡me
is suggested by the lack of significant movement on it during
the seafloor spreading episodes to the west in Cretaceous
time. The existence of a pronounced scarp suggests that
some motion on the fault has subsequently occurred, possible

at the time of ritting along the western margin of the Continent.

The present day stress field produced by such a model is one
of tension in the upper crust near the axis of maximum
rebound of the basin and some compression to the east (and
west), about 50-100 km from the Darling Fault. The reverse
is predicted at depth (Fig. 2). The tensional force attains about
1OO-200 MPa but the compressive force lo the east is only
about '100/o of this. To prevent tensional failure within the basin
or on the fault, a regional compressional force of about
100-200 MPa must be superimposed upon the rebound slress
field. Any failure of the crust to the east then implies that the
stress-stale within the crust is close to the limits at which brittle
failure occurs; the seismicity appears lo occur in an area
where slresses exceed surrounding values by only a few lens
of MPa. Evidence for a regional compressive stress field is

seen elsewhere within the Australian continent (Lambeck el
a/. 1984) and may be related to the forces driving plale

tectonics (Cloetingh, and Wortel 1985). That this stress field
is not wholly adequate lo cancel out the rebound stresses is

suggested by the evidence for deformation of the Quaternary
terraces within the basin. Through time, lhe model implies
compressive regional slress up to the Silurian, tensional stress
during the Devonian and Carboniferous; a return lo
compressional stress unti l mid-Cretaceous, followed by an
interval of tensional stress and a furlher return to compression
in the late Tertiary.

The model outl ined above relates an apparently disparate set
of observations extending over a time scale from late
Proterozoic to the present. One inevitable problem with testing
it is the ability to distinguish, or otherwise, the post-Proterozoic
history from the earlier history recorded ¡n the Yilgarn Block.
-Iêsts 

include the seismic determination of the Moho geometry

beneath the basin and block; lhe definil ion of the Darling Fault
geomelry and past  movements on i t  w¡ lh depth;  the upl i f t
history of western Yilgarn f rom mica or f ission lrack ages and
the h is lory of  ver t ica l  movements wi th in the basin dur ing the
Oualernary.
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FIGURE 3
Two examples ol the f lexural stress ¡n the upper lithosphere. due
to the erosional unloading of a mountain range and an
accumulat¡on of sedlments in water. Only the stress component
ãrr, nòrmal to the linear mountain range ãnd sedimentary basin'
is ¡ l lustrated.

3

Schemat¡c distr ibution ol the stresses ¡n the l¡ thosphere due to
(a) the sediment loading and unloading, (b) a superimposed
hó¡izontal compressional force, (c) a super¡mposed hor¡zontal
tensional force.
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