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1‘,, INTRODUCTION I

Two seismic surveys, the R-8 and the R-9, were conducted in

permits SA-10 and SA-11 during 1974,

The purpose of these surveys was to define more clearly .

structural leads that had been mapped after previous surveys

~'and to provide a closer grid in areas of insufficient coverage.

. b».A total of 2362 km were recordéd in SA~10 and SA-11 during the

"tWO:sﬁrvéys; In addition 49 km of seismic was recorded in SA-T and

 '537 km in SA~6 during the R~8 and R-9 surveys respectively. “The

- results of the B-8 survey in SA-7 were discussed in the half yearly

'feport to the Deéignated Authority dated 6th August, 1974, on the
'*‘_ gctivities in that permit. ‘Interp:etation'of the data obtained

' in SA-6.is not yet complete,

This repoft deals with the results of the two seismic surveys .

- in the deep vater acreage. A revised intefpretation is presented
- herein which reflects a new model of thevstrucutral style in the

. Great Australian Bight Basin.

"2, SEISMIC DATA ACQUISITION AND PROCESSING -

The data acﬁuisition for both the R-8 and R-9 surveys vas
pefformed by Geophysical Service International (G.S.I.) who used
their vessel "Eugene McDermott II" for the field fecording. The

shooting configuration was 24 fold, 48 trace vith a 3200 @ stréamer.

- . Six seconds .of date below the seabottom was recorded ‘at a sample

~period of 4 milliseconds.

As energy source a ‘tuned airgun array of 20 litre”capdcity was

~used; -The recording instrument vas a DSP III.

. An XR Shoran . radiopositioning system Vs employed tovpfovide

horizontal cohtrol for the survey. The system was supplied and -

,‘"dperated‘by 0ffshore Navigation Inc. The following onshore base.

Cape de Couedic |
Streaky Bay
Eucla-Koonalda

Cape Adieu.

Point Avoid -
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The R-8 survey was conducted during the period 28th January -
19th February 1974, A total of 1767 kn was recorded of which 89§
were in SA-10 and 820 in SA-11,

The recording of the R-9 survey started on the 22nd October -
1974 and vas completed on 6th November 1974. In SA-1O 130 km were
L surveyed and in SA-11 514 kn (encl 1),

Proc9551ng of the fleld data of both Surveys’ vas carrled out -

by 6SI in thelr Sydney processing centre, ‘ ' p

After a number of experiments had been conducted on the R-8 data
"at representatlve locations, it was dec1ded to. adopt the f0110w1ng

. proce551ng sequence for both surveys :

B ‘True Amplltude Recovery
  v2a 'Devater'. (deconvolutlon de51gned to
B uttonuute the flrst wuterbothom multlple
in deep water)
"3.. Mini 700 Velocity Analy51s, at an average den51ty '
of 3 per 10 km
4, Normal Moveout Correetiqn
5. Stack o
6. Time:Variaut Deconvolution
| 7o Time Yariant Filteriug, referenced_tob

the waterbottom,

‘The quality of the 1974 data is generally good withvlittle

variation between the lines. Due to more accurate veloc1ty determlnatlon

" - and a wider fllter passband resolution 1n the upper half of the section

. on the 1974 date is considerably improved compared with that of previous

IR S Sy TER I SE A E I I S IS E TR En T e . -

' surveys. A slight improvement in the signal to moise ratio is also

'nqted, in the deeper part of the -record sections.

'Magnetomeier Recording

Magnetometer recordings were made durlng the R-8 survey only.
. The results were not intended to be used for an updatlng of the ,
g ex1st1ng_tota1 intensity map or for depth‘to basement’ calculations
_because the existing maps were censidered adequate. The‘data will
be used however for a study of the magnetic response of a very strong,
l shallow reflector in the eastern part of SA-10, which screens the

penetration of seismic signals into the underlying section,
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3. STRUCTURE

The purpose of the R-8 and B-9 surveys was to provide defnjled

control over structural leads previously mapped and to provide a

_ploser grid in areas of insufficient coverage.

* From the denser seismic grid which becane locally avallable in

the northwestern part of SA-11 as a result of the 1974 surveys it

;'i ‘became apparent that the structural style vas diffprent‘to that

previously assumed and it was necessary to adopt a new model as a

_ " 'basis. for interprefation.' AS a consequence the whqlevof.the two
' f‘.Pérmits, with the excéption of the extreme eastern part of SA~10 and
< the southernmost-pert of SA-11, heve been remapped and the revised

"_:1nterpretat10n is presented herein.

‘The two levels previously used as a basis for.mapping, the 'A"

. horlzon and an 1ntra-Cretaceous horlzon, have been retalned in the

3 .rev1sed 1nte1pretat10n.

~ . The.'A" horizon occurs at the base of the-TertiaryAcarbbnate
e j:; section and is a clear seisnic event throUghout the acreage (encl.3).
.‘W1th some very mlnor exceptions it is unfaulted and shows only a
1'm0nocllna1 dip, the- result of reg1ona1 sub51dence of the contlnental

“ margln after the break-up of Australlan - Antarctlc contlnent.

The'lntra-Cretaceous horizon is an obvious choice for mapping

'w1th1n the Cretaceous sectlon since it has sufficient character in the
‘Horthern parts of SA-10 and -11 to be correlated across faults (encl. 4).
Towards the south this character is lost and correlation from one 51de

; of 2 fault to the other becomes uncertain. From a long-range comparison

with the Duntroon Embayment this intra-Cretaceous horizon is believed

to occur at the boundary between Upper Cretaceous mudStones-an& the

;LOWer Cretaceoué 'Platypus sands' which constitute the primary

' J:_exploratioﬁ objective in- that area. In the extreme south of the permit

‘,.area the intra-Cretaceous horizon is too deep for mapping aﬁd{here a
vshallower horizon within a thickened clastic section‘bf présumed

~ Tertiary age beneath the supérficial carbonate unit, is chosen.-

- The structural picture at the level of the intra—Cretaceoﬁs horizon

is relatively simple.  The deformation in the area covered by SA-10 and
fgand -11. consists essentlally of a reglonal tilt with a WNW-ESE strlke

anda large number of normal faults.
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The strike of the faults is on the average NW-SE and makes
a srall angle with the strike of the momoclinal tilt, Practicaliy
ali fzults hade toverds the southwest and only a small number of
minor antithetic faults dipping in the opposite direction are
observed. Almost all faulss die out well before reaching the 'A'
horizon level, so that there is a considerable thickness of

unfaulted section belov the Tertiary carbonates.

The faults are the key element in the revised model of structural

style, and the following features ave essential to an understanding of
this model @

4. The faults ave generally less than 45 lm long and die
out ot either end. A%axima of throv is Teached at
some point aleng the fault, giving rise to a local -
depression in front of the fault, Local rinima in throw
are rare and are only observed on the longer faults.
t. The fauls are synsedimentary and the magnitude of the
_ throw increases with depth. '
¢o The regional dip of the strata and the dip of the fault
plane are in approximately the same direction, and at
“depth the throw of the fault becomes sufficiently great
to0 cause a local reversal of the regiohal dip. On the
seisnic dip lines the bedding planes at depth are
observed to dip towards the fault plane, giving the
impression of dip closure of a rollover nature. Viewed
from & strike line a synclinal perspective is seen. This
phenonemon of dip reversal on the dip lines in conjunction
with a depression on the strike lines due to a local maxima
in throw, is known as a rollover syncline or a fault angle
depression, In itself this structural feature does not
lead to closure on the downthrown side of the fault.

d. The map trace of the faults is straight rather than
arcuate.
The rollover characteristics were recognised in the previous structural
model.
The most important feature of the revised model is the last mentioned;

since several leads appearing on the previous'interpretation depended for

closure on strongly curved fault traces, the new model has led to a

‘ reduétion in the number of leads.
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V ":vbetween the Upper and Lover Cretaceous. '

. flrst dlrectly correlatable stratlgraphlc control in the Great

R Australlan Blght Basin,

e 000010

In the Rosella - Jabiru area of SA-10 the faults are so
closely spaced and have such a large throm that only the.reversed

" rollover dip is seen vithin individual fault blocks. Since the

. normal regional dip prevails in the surrounding area it is difficult

tO‘ascribe this apparent reversal of regional dip to anticlinal

" upllft. Hovever in the Jabiru area strong, shallow reflectors o
':: hamper the mapping of ‘the deeper horizén and the
. d structural p1cture that can. be obtalned is at present a very 1mperfect

v ,one.

* On-the vhole the structural picture of'the two permits shows

,T : a surpr131ng un1form1ty in- style. The main variables seem to be the :
' :f magn1tude of the monoclinal d1p and the strlke, throw and spacing

S of the normal feults.

' 4 STRATIGRlPHl

A palynologlcal review of the wells Platypus—1 and Echidna~1

3 in the Duntroon Embayment which currently provide the stratigraphic -

- f 1nformat10n most relevant t6 the Great Australian Bight Bas1n, is

currenflyvin progress, Preliminary results indicate that the

- prospective sequence encountered in Pletypus-l betmeen'9420' and
- 11077' is of Lower Cretacecus rather than Upper Cretaceous age. The
B 1ntra-Cretaceous horizon mapped in SA-10 and-11 is belleved to

""f"represent the top of this sequence and if so represents the boundary

/

' The  results of the current well Potoroo-l'will promide the

5. -STRUCTURAL LEADS.

Slnce the pr1nc1pel structural elements of fault-lnduced

_ rollover synclines" superlmposed on a reglonal dlp do not in themselves
lead to closure, wve mist rely on more except1onal cond1tlons for »

: structural closure.‘

Compared with the prev1ous 1nterpretat10n ‘the number of  leads has

‘ ,been reduced because such exceptlonal condltlons are not commot.
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Four types of exceptional structural conditions giving rise

to leads have been distinguished:

‘ @,  Branching and intersecting faults; Leads due fo these

v phenonema are Galah (130° 37' - 330 53' $) and two.:

L "leads in the northwestern corners of SA-10 (1310 10! E -
’ ,’ 34° 15' 8 aud at 1517 201 B - 340 2t s)

" b, TLocal minina in the throw of longer feults., Lead of tnls'
o type have been_manped at 131°'47ﬂ-E'- 34° 08'-8, 132° 20' E -
340 29'S and at 130° 207 E - 340 55§ ‘

‘ 50;‘.: n combination: of o'loné’fault and & marked change in the -

zil‘reglona] dip. Th1s type is represented by only one example

i the extrene southvest of. $4-10 a 1319 25' E-
350001 8, -

d.;f"In Rosella and Jablru e have- more‘
'-.ls_compl1ceted structures vhere lerge, closely spaced
N - synsedlmentary faults glve rlse to lerge rollover features.
; The vertlcal closure in Rosella appears to be qurte small B
~ but there are 1nd1catlons that 1t could be considerable in
Jeblru. Unfortunately the nev data do- not allow a better
deflnltlon of the 1atter lead due to
8 strong‘_ shallow reflector which to a large extent

shields informatron from the deeper part of the section,

An important point in the eraluation’of all.structural‘leads is

'.:rohe fact that closure only exists in’ the deeper part of'theﬁsection.
:It is estimated that it is-confined fo the lower part of ‘the Upper

s_lCretaceouéi_&nd to the Lover Cretaceous, The only exception is the
lead in the extrene southvest of SA-10 (1310 35" B - 35° 00 'S) vhere
v’the relevant fault extends well into the ‘presumed Tertiary pert of -

T*fthe sectlon and closure is thus observed at a hlgher level. ”'.

w:"‘6;"CONCLUSIONS

The 1974 SUrveys. heve prov1ded suff1c1ently dense coverage "o

w‘fifallow an 1mproved model of the structural style to be developed
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leading to a revised interpretation of all seismic data in the
permits, and. to ensure thal no significant slructural leads have

been overlooked.

The attempt to obtain a more detailed map of several of the

" more promising leads has been less successful. -Several structures

, with likely closure could nof be confirmed while others proved o

be more complicated than originally »resumed, Further seismic

coveiage will be required before drillable prospects can bhe

. selected.
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1, INTRODUCTION -

This report deals with the interpretation of 337 km of
seismic data recorded in EPP No, SA-6 during the R-9 survey |
conducted in the Great Australian Bight in October and November
1974, The interpretation of the remaining 644 km of seismic data
recorded in SA-10 and SA-11 during this survey has been presented
in our ieport SDA.193,'Interpret&tion Report R-8 and R-9 Surveys,
Offshore South Australia Permits SA-10 and SA-11' (May, 1975)
vhich vas forvarded to the Designated Authority on 10.6.75.

The survey in SA-6 was conducted in the western portion
of the permit (Encl, 1) in water depths ranging from 850 to 1650m.
10 1ines vere shot in an area 30 x 40 km giving a grid density of
5 kn, The shooting configuration was 24 fold, 48 trace with &
3200m streamer. Between 5 and 6 seconds of data belov the sea
bottom was recorded at a sample rate of 4 milliseconds. Recording
and procéssing parameters were the same as for the remainder‘df
the R-9 survey and are discussed in our report SDA 193 (op.cit.).

The data quality in SA-6 was generally good.

The survey area in SA-6 extends over a mejor zome of dénse,
basement-controlled faulting marginal to the stable craton., Over
the area the objective Cenomanian-Albian section is rapidly down
thrown to great depths. Thé objective of the survey vas to
establish a sufficiently dense gri& to enable the structural style

in the Cretaceous section to be studied in deteil in this ares,

A bﬁthymetrié contour mep (Encl, 2) and structural time

contour maps of 3 horizons (Encl. 3, 4, end 5) were produced, at

scale 1:100,000. -

2, INIERPEDATION

The bathymetric contours (Encl, 2) reveal one major and
several minor channels withva_north-south trend, The vertical.

relief of the major channel is up to 250m, These channels nodify
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the structural time contours but donot in themselves give rise to

any apparent closures.

The uppermost horizon mapped, horizon 'A' (Encl, 3), occurs
just below the base of the Tertiary carbonate section and is a
strong seismic event of regional significance. In several places
the event is a clear angular unconformity. Thé A horizon.ié
gently dipping to the south and is intersected by minor east-west
trending faults of up to 200m throw, This novement is residual
movement aloné much larger faults in the underlying section which
vere active in late Cretaceous time, Many of the latter faults
have no expression at the 'A' horizon level, In the south of the
interpreted ares a time structural low‘is due to the influence

of a seafloor chennel,

The lovernost horizon mapred, horizon 'D' (Encl. 5), is
believed to represent the boundary between Upper Cretaceous
mudstones ahd the mid-Cretaceous 'Platypus sand' unit., The latter
unit constitutes the primary exploration objective in the Duntroon
Embayment and in Platypus-f, some 90 kn to the east of the area
mapped, consists of 500m of interbedded sandstones, siltstones,
clays and coals, It is not possible to make a direct correlation
at any level in the Cretaceous section either to the east across
the steeﬁ shelf edge to Platypus-1 or to the west into permit
SA-1Q, howe?er if the 'D' horizon is cohsidp:ed'as a boundary
between two major lithb-units, each of which‘h&s a distinctive
seismic expression in the regional sense, the correlation is quite

acceptable in general terms.

Detailed correlation of the 'D' horizon in the northern half
of the area mepped is relatively sound due to the Strong seismic
character of the event in this area, Purther to the south this
character is lost when the horizon is dowﬁfaulted.to extreme depths

and it is necessary to choose for mapping & shallower horizon
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vithin the overlying mudstone unit, This change of datum is
indicated on Encl, 5. Correlation of the 'D' horizon over the
dominant east-west faults is often critical as these faults cut
diagonally across the northwest-southeast oriented square.seismic
grid, Small faults sometimes disappear and even large ones lose
their cheracter, Also the close spacing of the faults does not
permit a round correlation within a single fault block without

having to correiate across & fault,

Except for some small dip reversals and associated fault
closures there is no evidence of a viable structural lead at this
the objective level, even without considering the extreme water

depth range of 900-1500m,

In the overlying Cretaceous section (between horizoms 'A!
end 'D') dip ;eversals were noted on several seismic lines, To
illustrate these, one of the most consistent reflectors in this
interval has been mepped (Encl, 4)., This 'Upper Cretaceous' |
(Senonian) horizon is belieQéd to represent the top of the Upper
Cretaceous mudstone unit, from consideration of the gross seismic
character of the overlying and underlying units, To the south
across the major southern faults the character of this ‘event is
no longer distinguishable and it is necessary to choose new datums
from within the mudstone unit, Although the fault displacements
at this level are generally small (200-300m) with the exceptidn of
one major.fault in the north (displacement up to 800m) and another
in the south (displacement uncertain), character changes eross

all faults are common and correlation is alweys rather unrelisble.

In order to determine the magnitude of the distortion of the
time structure by.the variation in sea floor tppography, repiacement
of the water layer with haterial of velocity 2000 m/sec was cérried
out manuélly using the pibked reflection times of the mapped 'Upper
Cretaceous'level. This approach was considered justifiable as the

sea floor is an erosional surface on the Tertiary limestones
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(see geological cross-section, Encl, 6), The velocity of 2000m/sec
for the upper part of the limestones was determined from the mini-
700 velocity analyses, The result of this exercise was that the
structural picture remained eséentiallyvunchanged, i,e, the highs stayed
high and the lows stayed low, As all the ‘leads are small and the
vater depth ranges from 900m to 1500m, a full depth conversion

was therefore deemed unnecessary.

3. STRUCTURAL EVOLUTION

~ As has been previously mentioned, it is not presently
possible to establish a direct correlation at any level within
the Cretaceous section, either east to Platypus-1 6r west o SA-10/
Potoroo-1, However the Cretaceous section in the survey area can
be subdivided into mejor units on the basis of gross seismic
character; these units show some similarity to the Cretaceous
seismic unitsbin the adjacent permits SA-10 and SA-11, and cen be
correlated in general terms with the major lithostratigraphic units
in Potoroo-1 and Platypu$-1. It is thus possible to predict the
stratigfaphy in the survey area, which has been done on the |

geological cross-section (Encl, 6) constructed from line 74B-459.

As nay be seen from Encl, 6, the dominant structural feature

is the zone of dénsely speced, normal, down-to~the-basin faults

adjacent to the craton, This zone extends across and beyond the
survey area, The majority of these faults appear to be almost
linear in depth cross-section, or even become steeper at depth, and
are presumed to be the expression of differential movement Betwegn
basement blocks, The timing of the movement on these faults appears
4o have been variable through  Upper Cretaceous time; some faults
became do;manf in Cenom@ﬁi&n-time§ some faults became dorment
in the Cenomanien/Turonisn and others had ceased to move by the
early Senonian, Most such basement controlled faults however show
considerable late’CretaceOué-? Paléocene movement in the normil
sense and some show residual normal movement subsequent to the
Lower Tertiary hiatus, Thé'movément on all faults in this class

appears to have been fairly abrupt and often appears to have
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taken place in several phases, The dips in the fault blocks.
controlled by these faults ere either gently seaward dipping
resulting from the regional thickening in that direttion,or gently

landward d.pping as a result of tilting of the fault blocks,

A second, subordinate class of faults, exemplified on the
cross-section by faults F1, F2 and F3, has a curved trace in
cross-section which becomes less steep with depth. These faults
appear to exhibit fairly continuous growth and at depth give rise
to rollover dip in & landvard direction, The growth ratios

associated with these faults are low, e,g, for fault F1, 1.1,

The density of faulting is such that the branching an&
merging of faults is common, The throw of some of the smaller
faults may be seen to decrease laterally, and faults may die out
altogether, The map trace of all faults is non-linear as distinct
from the linear fault traces of the fault anglé depressions prevalent

in permits SA-10 and SA-11,

A further complication to the $:uctufa1 picture is the
anticlinal feature on the left hapd side of the cross-section.
This feature is believed to have aisem during the regional ﬁplift
in late Cretaceous-Paleocene time that ceused the stripping of
varying amounts of section and gave rise to the 'A' horizon
uncoﬁformity.. This latter unconformity has previously been terned
the breakupguncdnformity due to its association with the separation.
of the Australian and Antarctic continental plates, In parts\of the
Duntroon Embayment it has been estimated that up to 3000m of
sediment have been removed during this stripping phase, In the
survey érea however,little section appears to have been remdved;
the rapid, fault-controlled thinning towards the craton appearsvto
be largely depositional as it occurs over the entire Upper Cretaceous

section. -
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In the survey erea the anticlinel festure is associated
with small antithetic faults., As may be seen from the Eocene and
Senonian cross-sections, the age of this feature is most likely
late Senonian-Paleocene, The Senonian section also best illustrates
the two main styles of faulting, viz,basement=controlled and growth-

type. On thié latter section the small antithetic faults essociated

Vwith the anticlinal structure have disappeared.

4 CONCLISIONS

The results of this survey have enabled new models for the
structural style and basin setting to be postulated for this part
of the Great Australien Bight Basin, Two distinet styles of
faulting, basement-controlled and growth-fype, have been recognised,
and a late Cretaceous phase of anticlinal deformation has been
established, By comparison of the character of the major seismic
units the .stratigraphic position of these units has been predicted,
albeit in general terms, with some bonfidence. Finelly from the
rapid thinning of the Upper Cretaceous section observed in &
landvard direction it is postulated that ihis ares occupied

& position marginal to the stable craton, throughout Upper '

Cretaceous time,
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