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Buried reef structures in the Lennard Shelf, Canning Basin, 
Western Australia 

J. S. Rasidi 

Buried Upper Devonian reef has been found in Meda No. 1 borehole in the Lennard Shelf, 
Canning Basin. Frequency analysis made on seismic-record sections across the structure 
indicates an increase in the frequency of seismic reflection above the structure. The frequency 
increase is interpreted as indicating thinning of sedimentary layers caused by differential com•
paction commonly found above a reef. Analysis of a further sixteen selected seismic-record 
sections containing features suspected to be reef structures shows the presence of similar 
frequency anomalies on four of the seismic sections, and is suggestive of a further four buried 
reef structures in the Lennard Shelf. 

Introduction 
Upper Devonian reefs in the Canning Basin (Fig. 6) 

occur in the Lennard Shelf, a structural subdivision of 
the basin. Exposed at the surface, they are found in 
the limestone ranges where they are named the Wind•
jana Limestone (Derrick & Playford, 1973). Evidence 
for the occurrence of reef structures buried in the sub•
surface in the Lennard Shelf has been found in Meda 
No. 1, in which a thick reef carbonate was intersected 
at depth. Although there are reasons to belive that the 
Meda No.1 structure is only one of many buried reefs 
yet undiscovered in the area, extensive geophysical 
exploration and drilling have failed to locate other 
similar structures. 

Geophysical methods for identifying buried reefs are 
well documented in the literature. The successful use of 
these methods is due largely to the physical characteris•
tics of reefs and their effects on the overlying sediment. 
Reef geometry, the decrease in thickness (Yungul, 
1961; Ferris, 1968), and the increase in seismic wave 
velocity within the sediment above a reef structure 
(Davis, 1973), give rise to some discrete expressions 
on seismic data recorded over the structure. Diffraction 
patterns from reef edges, a 'pull-up' effect due to 
velocity anomalies, and the disappearance of reflections 
from beds below the structure, are some of the more 
readily observable indications of the presence of reef 
structures. An increase in the frequency of seismic 
reflections, which is caused by the thinning of sedi•
mentary layers caused by the differential compaction 
above reef structures, is usually only small and difficult 
to discern. Fitton & Long (1967) suggested that the 
presence of this small frequency variation is, however, 
an important diagnostic indicator of reef structures, and 
noted that it can be readily observed using a Laser Scan 
optical system. 
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Figure 1. Relationships of stratigraphic units in the reef 

complex (after Playford, 1976). 

This paper discusses the result of an investigation on 
whether seismic data over a known re·ef structure in 
the Lennard Shelf indicate an observable frequency 
anomaly, and also if other similar structures can be 
identified and mapped. 
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Brief exploration history 
Intensive petroleum exploration in the Lennard Shelf 

began at the end of 1956, when a combined reflection 
and refraction seismic survey was undertaken by West 
Australian Petroleum Pty Ltd. In 1958, Meda No. 1 
was drilled to test a structure interpreted as a probable 
Devonian reef. About 350 m thick of Upper Devonian 
carbonate section, which in parts contain fragments of 
fauna indicative of reef facies (Pudovskis, 1962) was 
intersected at a depth of 1700 m. Several litres of 
paraffin-base crude oil were recovered from the Lower 
Carboniferous Fairfield Group, and a number of gas 
zones were intersected within the Upper Devonian car•
bonate section. 

From 1959 to 1970, the search for petroleum in the 
area was directed almost exclusively to testing hydro•
carbon potential of structures associated with Upper 
Devonian reef, but had disappointing results. 

Stratigraphy 
A summary of Upper Devonian and Lower Carboni•

ferous stratigraphic nomenclature used in the Lennard 
Shelf and a diagrammatic section illustrating the 
relationship of the stratigraphic units are shown on 
Figure 1. 

In Meda No.1, the Upper Devonian reef facies 
Windjana Limestone is only thin. Where it occurs, it 
overlaps its marginal-slope equivalent, the Napier 
Formation, and is underlain by the back-reef equivalent, 
the Nullara Limestone (Playford, 1976). The top of the 
Upper Devonian reef complex, especially the Nullara 
Limestone, gives rise to a very prominent reflection 
(Fig. 3), which can be traced over a large area. 

Method of investigation 
"I:wo seismic-record sections across the Meda No. 1 

structure (lines AX and BP), and sixteen other sections 
containing features suspected to be reef structures, were 
selected and reduced to 35 mm film slides. To allow a 
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Figure 2. Seismic section with reference grids equivalent 
to 20 Hz and 40 Hz (A), and its optical spec•
trum (B). 

good scan resolution for frequency of up to 40 cps, the 
vertical scale of the sections was reduced to 9 mml s. 

The basic principles and operation of the Laser Scan 
system, similar to the one used, have been described in 
detail by Dobrin and others (1965). A seismic-record 
section acts as a two-dimensional diffraction grating of 
variable grid spacing. An optical system is set up to 
produce a diffraction pattern at one of the optical 
planes in the system which is equivalent to the Fourier 
Transform of the seismic section. In Figure 2a, two 
reference grids representing frequency of 20 and 40 
Hz are shown at the right-hand end of a seismic section. 
The display of two-dimensional Fourier Transform 
spectrum of the seismic section within the indicated gate 
is shown in Figure 2b. The calibration grids give bright 
lines at the 20 and 40 Hz positions of the transform. 

The accuracy of determining the level at which 
lateral frequency variations occur is governed by the 
depth of the gate. It was observed that the optimum 
gate opening suitable for this analysis was about 
0.400 s. 

Results 
Figure 3a shows a straight 6-fold seismic-record sec•

tion for line AX through the Meda No. 1 structure. 
The strong reflection at about 1.00 s is from the top of 
the Nullara Limestone. The position of the reef struc•
ture in the section is indicated by the pull-up effect 
which can be seen at the centre of the picture. The 
display of the two-dimensional Fourier Transform 
spectrum for the full length of this record section is 
shown in Figure 3b. Figures 3c, d, e and f are the 
spectrum displays of the same record section, but only 
within the indicated gate c, d, e, and f respectively. 
It can be seen that high frequencies occur at the 
position of the structure. This concentration of higher 
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Figure 3. Line AX. A-seismic section, B--optical spec•
trum, C-F-optical spectrum of record section 
within indicated gates. 

frequencies is seen most clearly in Figure 3d, which is 
the optical spectrum of reflection bands immediately 
above the reflection from the Nullara Limestone. In 
Figure 3e an increase in frequency from about 23 Hz 
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Figure 4. Line BP. A--<'ieismic section, B--optical spec- Figure 5. Line M. A-seismic section, B--optical spec-
trum. trum. 
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Figure 6. Probable reef structures in the Lennard Shelf. 

to 28 Hz is weakly shown. However it is clear that no 
apparent frequency anomaly can be observed in the 
reflections from below the structure (Fig. 3f). This 
absence of anomalous increase in frequency spectra 
usually characterises seismic reflections from reef 
structure (Fitton & Long, 1967) . 

The transform spectrum of a 6-fold with TVD 
seismic-record section for line BP (which is through 
the Meda No. 1 structure) also shows a frequency 
increase from about 25 Hz to 32 Hz above the structure 
(Fig. 4). The direct association of the increase in 
seismic reflection frequency with the Meda No. 1 
structure led to a conclusion that similar structures in 
the Lennard Shelf could probably be indentified from 

frequency variations of seismic reflections recorded over 
such structures. 

The sixteen seismic-record sections containing 
features suspected to be reef structures were analysed 
with a 0.400 s gate set immediately above the reflection 
from the Nullara Limestone. Only four of these (Fig. 
6) show clear lateral frequency changes. It is interesting 
to note the manner in which these frequency variations 
occur. For example on lines M and F, the dominant 
frequencies increase gradually from north to south 
(right to left, Figure 5), then drop abruptly at point A. 
If the increase in the frequency of seismic reflections 
is in fact related to the thinning of sedimentary layers 
above the structure, the gradual increase in frequency 
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suggest a gradual thinning of these layers. In a reef•
structure regime it probably indicates the lagoon or 
back-reef part of the structure. Similarly, the sudden 
decrease in frequency may mark the fore-reef side of 
the structure. 

Conclusions 
The result of analyses made on seismic-records 

section across a known reef structure in the Lennard 
Shelf, Canning Basin, indicates an increase in the 
frequency of seismic reflections above the structure. 
This frequency anomaly was observed on both a straight 
6-fold COP, and a 6-fold with TVD records, suggest•
ing that the frequency variations contained in the 
records are not adversely affected by the processes of 
record enhancement. The increase in the frequency of 
seismic reflections is considered to indicate the presence 
of thinning sedimentary layers due to differential com•
paction commonly occur above buried reef structures. 
The presence of frequency increases associated with the 
structures on four of the sixteen selected seismic•
record sections analysed is suggestive of a further four 
buried reef structures similar to that intersected in 
Meda No. l. 

The lack of adequate reservoir rocks has been largely 
responsible for the disappointing record of petroleum 
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exploration in the Canning Basin. Buried Upper 
Devonian reefs probably offer the best potential traps 
for hydrocarbon accumulation in the basin. 
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