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GEOLOGICAL INTERPRETATION OF

SEISMIC TIME SECTIONS IN
THE GAMBIER EMBAYMENT

SUMMARY

Time sections from over 1,000 miles of land and
maArine seismic reflection surveys carried out by
Geoseismic (Aust,), Western GeophysicalCo,, Namco
International, and the South Australian Mines Depart-
ment, are subdivided into superimposed groups of re-
flections on the basis of discordance or persistent
reflectors, These reflector groups correspond to the
ma jor subsurface stratigraphic units determined from
the six deeper oil exploration wells, Consequently,
the subdivided time sections may be regarded as gen-
eralised geolgdcal sections from which the broader
aspects of the structure and sedimentary distributien
in the Gambier Embayment are determined,

The ma jor structural units recognised, are from
north to south: Padthaway Ridge, Robe-Penola Trough,
The Kalangadoo~Bsachport Basement High, and the Mt,
Salt Syncline which straddles the present coast south
of Beachport, The Padthaway Ridge, the Kalangadoo-
Beachport Basement High, and Penola Trough are the
products of differential block faulting during the
late Jurassic and early Cretaceous, but the Mt, Salt
Syncline appears to be a gomposite feature which re-
sulted from broad down-warping along & (?) late Lower
Cretaceous hingeline to the north, complemented by
late Upper Cretaceous uplift to the south, The axis
of this syncline appears to intersect the older
structures in the offshore area northwest of Beachport
but the southern flank although slightly discordant
with the present continental margin, is probably asso-
ciated with the formation of this feature,

INTRODUCTION
The present study was undertaken as part of an overall

geolgical investigation of the Gambier Embayment which forms the

westernmost part of the Otway Basin,



Seismic data is of particular importance in the Gambier
Embayment as outcroﬁs of pre~Oligocene strata aré ra® and the only
information available on the structure and distribution of the
older sedimentary units is derived from the deeper oil wells and
seismic surveys, Eitongiv; regional seismic surveys have been
carried out §y the South Australian Mines Department since 1960,
These aurvcjs.exceed 300 11nc—mile§ of continuous profiling and
form a network which covers most of the northern half of the'basin,
providing a géod basis for structural studies,

Furthers seismic reflection work carried out by Geoseismic
(Aust,) for Beach Petroleum N.L, and The General Exploration Co, of
Australi; extoends the covorage‘to the southern boundary of the |

Hundred of Mayurra, and fills in a gap in the coverage about Penola,

In 1964 and 1965, Namco carried out surveys for Alliance 0il Devel-
opment to supplément the iov denait& coverage between Penola and
Mt, Gambier, and to inv;atigato a poaitivé gravity feaure southwest
of Lucindale, At about th; same time, Seismograph Serviceg Lta,

on poh‘lf of the Buieau of Minerxral Rescurces carried out ﬂn expe-
rimental vibroses survey in the Mt, Gambier area to determine the

usefulness of this new technique in an area where conventional

seismic surveys yield little data, Western Geophysical Co, of

" America, under contract to Haematite Explorations Pty, Ltd, carried

out 657 miles of offshore seismic surveys in 1963, that cover a

strip up to 25 miles wide along the entire leﬁgth of the coast, but

interpretation of the records except looally, is difficult due to

the number of confusing multiple reflections, Early in 1965, an

additional 572 miles of marine seismic surveys using C.D.P. shooting
procedures were carried out for Haematite Explorations Pty, Ltd,

to fill-in and complement the previunus survey, The records fram

this survey are of good quality and permit a fuller analyses of the
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offeuhorc'atructural and aedimentlry_ro;ationlhips.
~In addition to the seismic reflection surveys, the
Mines Department, and Namco International on behalf of Alliance

01l Devolobﬁen&_havo carried out seismic refraction surveys that

give data on depths to basement in the Robe, Luocindale, and

Naracoorte~PenolasMt, Gambier areas,

METHOD OF INTERPRETATION

Before 1n£erpret1ngAthe structure and sedimentary dis
tribution in the basin it is necessary to subdivide each seismic
time section prepared from these surveys, into superimposed
groups of réflgctions thﬁt oan‘bo related to the sedimentary
units aétgbiiaﬁod from the oil exploration wells,

However, befofo attonpting_to intérﬁret the seismic
sectiona,Ath;.strétigraph;c succession has to be examined in
order to prediotihorizons which should either broiido good re-
fiections bj virtue of theii litholegy or as in the case of an
unconformity; fqrm'thebboundﬁty botween.diseordant reflectinns,

The wain stratigraphic units established in the basin

‘are given in Table, 1, .
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TABLE I

i . .
Miocene ' A Gambier
. Glenelg : : Limeqtone
Greup
o Comp ton
Oligooene Conglom,
Eecene o ‘ Lacepede Formation
Eocene 3 S . Dartmoor
e Knight Group - Formation
Paleocene . o : - Bahgallah
’ Formation
. Q
Upper z Paaratte Formation
lbretacoeus. § ' ‘ ) i
B _ e * Belfast Mudstone Member
% _ .
Lower . Otway Group
Cretaceous ) o

Briefly, the m;;n:ehgracteristics of the units are as
fqlldwsss L | |
Otway éreup gb?Uppqr Jurassic to Lower Cretaceous =~ ﬁly be subw
divided inte informal upper and lower units on the basis
of the inferred unconformity at 4,200 feet in Pqﬁol&

- No, 1 Well (Ludbreok 1961). The lithclogy of the sedi-
menﬁs above and below ﬁhe pucoﬁfornity are similar,
cénéiating of grey to éreannudstono, siltstone, ahd
lithic and feldspathioc gréywacke.

Paaratte Eqrmafion - Uﬁper Qrotaceoﬁs = Includes the Belfaast Mud-

" atone Member Equivalent vhiéh together with the remainder
of th; Paarétte-rornat;on is unconformable on the Otway

' G¥oup in the onshororaroa atlleaat. Conaiatebof marine

J mudufone and ﬁaralie silt and fine to coirse sands, The
Paaratﬁe Formation‘may rangé in age into the Paloocgne.
in £his rebprt the informal tqrﬁ Upper Cretaceous is used

for the whole sequdnqe between the top of the Otway Group

and the base of the Bahgallah Formation,



Bahgal;ah Formation -‘ﬁidﬂle Palqocéna. Unconformable on the
_ Upper Cretaceous sediments in marginal areas of the
fao#n and coﬁqiats of marine limonitic, ocolitic and

»glﬂuconitia grits, sands and clays,

Dartmoor Formation - Middle Paleocene, Gradational with the

Bahgallah Formation, Marine, panalié, and non-marine

‘ m@eaceona-andAenrhonaccous sands, silts and clays,
Lacepede Formation - Marine glauconitic limestone, sarl and sand,
Gambier Limestone - marine limestone and marl, Disconformable

on the Lacepede Formation,

The Bahgallah Fbrnati»n and the Epcene sediments are
ganérally much too thin to‘ba fenglvod'by seismic reflection
methods and are not considered furﬁhgr. Because of the lack of
reflections above, 1,000 feet, tﬁe'énnbier Li;;stono is not
resolved either, so the only sedimentary uﬁits that need to
' be considamd are the uppér-and Xwer units of the Otway Group,
the undifferentiated Upper Cretaceous, and the undi £ferentiated
Lower Tertiary abdimepta.  The undifferentiated Lower Tertiary
iediments 1n§iude.all the strata between the unconformity at the
base of the Bahgallah Formation and the base of the Glenelg Group.
In the off-shore areas where subsurface information omn the baée
of ﬁhe Glenelg Gruup is not available, the Lower Tertiary unit
1n61uddo a2ll ?eﬁt Paafntte Formation sediments.

'Fortun;tely each of the major units is separated from
the preceding unit by a di-confofuity oé sn unconformity, which
'can.be recognised in ¥he aotgnie sections, either ai‘aAbersiltcnt

reflector, or as am horizon‘ﬁetweon discordant reflections,
Each of the several unconformities in the seismic

sections can then be traced along the section to omne of the



deeper wells where they correlate with sedimentary breaks esta~

blished by palaeontological and lithological means,

Initiallly, time sections prepared by the geophysical
section of the Geological Survey, from surveys carried out by
that section, were interpreted and integrated with time sections
prepared from surveys carried out for the several Woil prospectw

ing companies, Overall reflection quality in these sections is

poor to fair making 1t impossible to follow the cenerally discon-

© tinuous refleotiona'over any great distance by time-ties or

even character and interval correlation, Ilowever,some reflecting

horizons are traced for considerable distances by projection of
dips across areas lacking reasonable reflections, and across
gaps in the coverage,

Interpretation began with the supposition that one of

these persistent reflecting horizons which shelves steeply onto

basement near Reedy Creek on The Conmurra-Kingston Line (pldn 3),

represents the base of the Otway Group - upper unit, Because of

its persistence, the reflection must represent a marked regional
sedimentary boundary or more probably, an unconformity, In the
off-shore seismic sections a persistént reflection equivalent

to the reflector on the CK line 1is particularly ﬁell developed
and markedly discordant with the lower refiections; confirming
that it represents a marked unconformity within the Otway GrouR.
On~shore unconformity is indicated not only by the discordance of
the sparse underlying reflectors, but by wedge out and faulting
of the whole sedimentary section below the reflector against
basement at the structural boundary of the basin, whereas the

overlying strata are relatively unaffected (plete 3). Further

confirmation of the presence of an unconformity at this horizon



is given at the intersection of the CK and RN lines where the
reflector on the CK line corresponds to the boundary betwion

essentially parallel reflectors and converging reflectors or
wedgeouts on the RN line (plate 4), This boundary between
characteristice reflector groups can be traced along the RN line

to the vieinit} of the Robe Bore where it is at a depth of 4,500
feet, This represents the approximate depth of the horizon

equivalent to the‘uncenformity in Penola No, 1 Well, &s prediocted
from the comparison of the vertical distribution of the micro-
floral assemblages (Dettman, 1963).

The cﬁaractéristic_wodgoouts on the.RN survey line are
also present in ether_seotiens that oross the northermmost part
of the basin and provide a us;ful basis for correlation of the

base of the Otway Group upper unit,
The only recognisable boundary below the Otway Group
~upper unit is at the contact between the Otway Group and basement

This contact ie mostly below the maximum depth of good re~

flections and is not defined except in the immediate

vicinity of thi fault or hingeline bounding the Padthaway Ridge,
However, the top ef basement has been mapped at the base of
recognisable reflections over large areas 0ff;shore by Haematite
Exploratien§ (1965);

Near the Padthaway Ridge, the baaeﬁent boundary plunges
steeply south, reaching 10,000 feet within 10~1%5 miles, #ccording
to the refraction surveys carried out north of Rebe and Penola,
Off-shere aeromagnetio and seismic surveys support this ;onfigura-
tion,

' The second boundary consists of an unconfermity above

the Otway Greup which correspends to the base of the Lower
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 Tertiary sedimenta, This unconformity is especially obvious
on the Struan~Beachport survey line (plate 3), where the Tertiary

strata appear to trunocate the Lower Cretaceous beds, Unior-

tunately the almost complete absence of shallow reflections .
on the RN line southwest of the fault bounding the Padthaway
Ridge, and on the CK line north of Robe, prevents accurate

determination of the lower boundary of the Lower Tertiary sequence
in these areas, In the seismioc seotionq of the northern off.

shore area, the boundary between the Lower Tertiary sequence and
the Lower Cretaceous dediments has been mapped over a wide area
on the baeis of distinctive reflection characteristics and local
unconformity, On shore énd south of Robe, a persistent reflector
1s traced to S.E.0.S. Beachport No, 1 and B,P.N.L. Geltwood Beach
No, 1 where it corresponds to the level of the lower boundary of
the Lower Tertiary sedimenis, This mflector has & wide distribution
in the central part of the basin and is'ohly lost where the lower
members of the Lower Tertiary sediments lens out against the
marginal areas of the basin, It is therefore possible that this
reflecotion represents a reflector in the Paleocene-Bahgallah For-
mation ér on unconformity between the Lower Tertiary and the Upper
Cretaceous sediments, as distinct from the Lower Tertiary-Lower

Cretaceous unconformity mentioned above, In the offw-shore seismic

sections south of Beachport the boundary between the Lower Tertiary
and the upper Cretaceous sediments is well marked by either discor-

dant reflections or a prominent reflector,

The reflector at the base of the Tertiary in the
southern part of the Gambier Embéyment also represents the upper
boundary of the Upper Cretaceous sediments, so the only major
sedimentary boundary left unresolved is the base of the Upper

Cretaceous,
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Time sections prepared by Geoseismic (Aust,) (Gessur-

vy, 1961) from surveys in the Hundred of Mayurra show a per-

sistent reflector fhat corresponds approximately to the level of
_ the b;se of the Upper Cretaceous in Geltwood Beach No, 1 (pilate 3).
This refléotor-correspondg also to a disconformity on the adjacent

M, nes Department time sections (plate 4) which can be traced some

1
distance to the north and east where it merges with the basal
Tertiary reflector, This unconformity is also apparent as an

interval between disconformable reflections on the Namco B line

(plate 5) and on the Penola-Malla section (plate 5), In the

latter -ootion the interval between the disconformable reflec-

tions reaches 1,000ft,, which allows considerable error in placing

the exact dopth'of the unoonfornity.. The base of the Upper

_ Crotaoeoul.-equenqo is not delineated in the off-shore seismic

sections, apart from some ilight'disoordanoe of the reflectors

" in 1line SS22 (plate 12),

| It 4is apparent from the above account that there are

conaidar@ble’gaps in the record, especially below 4-5,000 feet,

where en almost oomp;oto absence of information in the on-wshore
seismic sgotion; makes interpretation impossible, However, there
is reasonably good control between depths of 1,000 and 4,000 feet

provided by some persistent reflectors which tie in with the

stratigraphic iub&ivieiona on the oil exploration wells, In the
northernmost part of the basin and in the off-shore areas, the
boundaries are delineated by discordant reflections which are

either marked by the persistent reflectors or correspond to

persistent reflectors in adjacent areas where the discordance is

abiont or less pronounced,
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conformity

character of
the reflec-~

TABLE IIX
Area Boundary
Tertiary/ Tertiary Upper Otway Gp. Otway Gp.
Upper Cre- Otway Cp, Creta~ Upper unit Basement
taceous ‘ ceous Otwafﬂtovor
Otway Unit
Group
Basin Not repre~ commonly Not re~ commonly mare Basement re
Margin sented marked by present- ked by a strang flections
a strong ed persistent re~ are usually
persistent flector which much steep
reflector represents the er and mores
whiech re=- boundary bet- linear tha
presents ween disconfor- reflection
the bound- mable reflect~ from the
ary bet« ions,, Otway Gp,
ween dis-
conform-
able rew
flections
Deep Matked by As above Reflec- As above, Pro- Too deep to
basin slight tions from bably not be resolve
Onshore angular upper represented by the re~
unconfor- Creta- south of the flection
mity ceous Beachport Kale~ seismic
abut and ngadoo High method
Pinch out ) used,
againat
Otway Gp.
Deep Marked Not well Apparemd- Marked by a
- basin either by delineated ly confor- strong per-
offshore a strong but lomlly mable re-~ sistent re-
persis- - represen~ flections flector
tent re~ . ted by with no which repre-
flector slight an~ change of sents an un-
or an an- gular un- character conformity -
gular un~ conformity also a marked
diffexrence in

tions on either

side of this.

boundary,

TABLE II Seismic characteristics of the main stratigraphic
boundaries,



' Recognition of the major sedimentary units in the time
- sections, aséigts interpretation of the overall structure and
sediméntary distribution within the basin, Nevertheless, the
smallerxr sedimentary unitg that are important fér}a complete
understanding of the geology of the basiﬁ are not resolved,
Unless these smaller units can be related to the character of

reflections from the interval whioch they occupy, it seems
probable that information on their distribution will continue

to be derived solely from the deeper oil exploration wells,

INTERPRETATION OF THE INDIVIDUAL TIME SECTIONS

Having established a basis for the subdivision of the

time sections, it is possible to attempt a more detailed inter-
pretation of sedimentation in the basing by studying the dis—

tribution and structure of the individual stratigraphic

units, In order fo do this, each of the time sections, must be
interpreted and desoribed, Fiﬁally, correlation of the major
structures and trends between the survey lines should provide a

basis for the required evaluation,

The time sections that will be described are as followsg-

Struan to Beachport

Robe to Naracoorte

Geltwood Beach to Kingston

Millicent to Penola '

Penola to Malla

Naﬁéo B line

Namco A and C lines in the Lucindale area

lHaematite Explorations survey lines
SAl2
S§S29
SAl0
SA2 ~ §S2
§8s22, 24, 25, 26, 27
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\‘:j. Some of the ‘afbo've- are composite qeetions'_of different but
contiguous .anweié.

The following sections have been interpretad and are
1nelt_1ded 4n the figures at the end of the report but are not
.d}cseribed in the text, A | |

S5.A, Mines Department A, B and C lines
Kangaroo Inn to Nora Creina Bay
Hundred of Spence

SA3 =S§3
SAl3
SALY
SS18
8819
5520

All af these sect:l.om; are non-migrated, but a check plot (figure 1)
 indicates that the corrections, even in zones of relatively steep
d:l;ps,; are noet very great, ‘In axidd:l.tion', the migrated section tends
to emphasiaé these struc.ﬁﬁrea aexhibited ox;i the non-migrated section
stmneachgort Sé;’ smic Time Section (plata' 3)
This survey line is described first becauss it gives
'the'bést‘ section across ch9 -ons‘hore part of the Gambier Embayment,
The 1ine zié—zags’ from N.B. to S.W,, at an angle of
aboutﬁSo to the regional strike of tlie sediment, but even s0
- gives a good cross-section threugh the basin, from the shallow
basement arsa near Struan, fé the ‘deep sediméntary area near
A B@@port. In this section discordant reflectors between
| shot-points 100 and m‘,mrk the boundary betveén the upper and
lower unit.s. of the OmY. Group., From #&e shot-point 50, the
boundary is ex.trapelatéd to the .nertl}aaac along the reflector

corresponding to the top of the wedge-outs,

The only other recognisable boundary is that between
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‘ the'OtyAy Group and the Lower Tertiary, Between shot points
85 and 10 and also between 150 and 170 discordant reflections
mark-this_boundary. From ahot-point 180 dhe discordance
becomes lésa marked, but 1; roplaeed by a reflection that
persists to the Beachport well, vhcreA1$ cqrreaponds to the

base of the Lower Tertiary,

Two major structural features are trave:sed by the
line, The first of these consists of a fault at shot-point é
| At this fault tﬁo 5asemont boundary, on the basis of soiauic
refraction sﬁrvoys (Soodsman, 1964), is displaced about SOO feet
down to the southwest, Refiections in the critical area are
sparse but there is some indication that the lower unit of the
Otway Group is faulted against or abuts in part, the basement
high created by the fault, There is relﬁtivoly 11§t10 dis-
'plaoement'of the upper part of the Otway Group =~ lower unit
and apparentli none at all‘of the Otway Group - upper unit or

Lower Tertiary aéquenoé; "However, tho;fault is assooclated

‘'with a marked increase in the the basinward dip of both the
upper and lower units of the Otway Group, The Lower Tertiary
scquencq on the Qtﬁor hand, does not exhibif any change of dip
across the fault,

| »Tho second feature again consists essentially of a
basement fault'with considerable dbwh-throuv to the south
adjacent to SP49, Large deltaio fype wedge-outs in the lower
un;t of the 6t4ay Group ére'directly ;aaociated with this
structure, Thin, roughly parallel and gently dipping top-sets
grado at the fault into thick wedging foresets which piunge up
to 4,000 geet in under five miles; rep:o-onting an average dip

of 11°. Each successive hingleine between topset and foreset
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is displaced fuftﬁer‘baainward. Wedge~outs of this type are
not developed in the overlying upper unit of the Otway Group
which does not>a§poar‘to be displaced by the fault, However,
#t thi-.point progressive northward truncation of the upper
unit of the Otway Group is intensified, Similarly, the Lower
Tertiary -ed;monts are not displaced by the fault, but the

1ower members wedge out against or abut the Lower Cretaceous

high, formed by the fault,

Between shot-points 70 and 132, the dips throughout

the seotion flatten considerably and the reflections are
essentially confornaﬁlo.l The change in attitude of the re-
flections in this interval may be caused by the parallelism of
the survey line to the regional structural trends, At SP132
where the iine turngs south, the Lower Tertiary sequence again
becomes unconformable on the Otway Group, The Callendale-
Lucindale line (plate 5) extending north of SP132 also supports
thiu‘view; for the upper unit of the Otway Group in this
section is unconformable on the Otway Group - lowsr unit,
xSouthwe-t of SP170, the dip of the reflections in
the Otway Group ~ upper unit flqtten- and again becomes
progressively more nearly parallel to thoio in the overlying

Lower Tortiafy sequence, However, the two units may be

differentiated by means pf a wellwdefined reflection which
occurs at the approximate depth of thebase of the Tertiary
near the Beachport Well, This reflection represents the
Tertiary-Upper Cretaceous boundary ﬁnd iu a reflector either
in or at the base of the Lower Tertiary -dquonco; It ocours

in most of the sections in the desper parts of the basin and

appears to be eo-extensive with the distribution of the Uppor
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Cretaceous sediments, For this reason and also in order to conform
with the interpretation of the CK section, a thin lens of Upper

Crotaceous_is inserted, with somewhat arbitrary boundaries, between
the Tortiary and Lewer Cretaceous formations, Faulting in the §1oe
inity of SP219 represents the eastern boundary of the thicker Upper
Crotgcoous sediments and has a similar geonotrieql shape to the

structures bounding the landwvard extension of Upper Cretaceous

sediments in the Millio§nt—Ponolu and Penola=<Malla sections

(S4eures—8-and5),

‘The thiqknesé of the several sedimentary units is

directly related to thegé structural features, In the case of
the lower unit.oéf%tvay Group, significant increase in section
from 2,300 feet to more than 4,500 feet Ais_ associated with the
fault at shot-peint 49, However, the leéal gravity high centred
several miles northwest éf SP49 (t&:::; 1) may be the main control
on sedimentary thickness, The upper unit of the Otway Group also
~thins to the northiacreso this stfucture, but in this case the
dqcreaso in section is due to post-depositional truncation,
Further -outh the Otway Group-upper unit appar;ntly thickens
stondily and unifornly frpm about 2,300 foot at shot-point 80 to
more than 8,000 feet in Geltwood Beach No, 1,

‘Tho lower members of tﬁo Lower Tertiary sequence wedge
out against the high a.lo;iated with the fault at shot-point k9;
c;using a deoreuso in thickness from 1100 feet to less than 700ft,
However, the full effect of the fault at SP8 on sedimentation re-
mains obscure due.to the small number of refl;ctiénc._ From the
available evidence it appears to be largely a post Otway Group-~
lower unit ?truoturo‘vhich'faulted a large part of»that unit
against bacomept, but has caused relntivgly littie displacénont

of the younger sediments,



It is apparent frem the above observations that the
fault at shot-point 49 represents the northern boundary of thiek

Otway Group-lower unit sedimentation, On the other hand, althowugh
the upper unit ef the Otway Group wedges out regionally te the
morth eresiomal trumcation acceunts for the main reduction in
section morth of shot-peint 49, Therefore it is prebable that the
formation ence extended far beyond ite present northern limit,
Relative uplift of the area morth of the fgult at
shot-point 49 took place after d;yoaition of the upper unit, of
the Otway Group, foerming a2 high area which was a source for sedi-
ment in the byain to the south during the Upper Cretaceous, At a
later stage the Lewver Tertiary sediments gradually transgressed
across the high as the basin subsided, The area of relatively

thin Lewer Tertiary deposits thus fornqd is sometimes desoribed

as & shelf area (Beachpert-Penola shelf of Stach, 196h), This
appears te be quite valid if the term, shelf, is used only te
designate areas of relatively thin oodinantatiqn, and is restricted

in time to tho‘poriéd of fermation of these thin sediments,

Rebe~Naracoorte Seism: Section (plate 4)

This line traverses sn area censiderably merth of the

previcusly deseribed SB liho (plato k) and consequently orosses a
mueh groator part ef the "shelf" area, Unfertunately, reflectiens
are very poor throuéhput the (roltor puri of the section, =0 the
'aodinontnry beundaries are gonortily 1l1l-defined,

Between shet-points 270 and 225 a reflecter whieh is

discerdant on steep, erratic basement tybt reflections to shet-

point 243, and discordantly abeve Lower Cretaceous strata frem

shot-peint 243 te skt-peint 225 marks the lower beundary of the

Lewer Tertiary sequence, From shet-point 225 the boundary is



extfapollted to the only other reliable tie~point at shot~point 13
near the Rcbe Bére. Additional control on the lower boundary- of
the Tertiary may be obtained from the short seismic survey line
in the Hundred of Spence (plate 6) which approachea the Robe-
Naracoorte survey line near SP228,

The boundary between the upper and lower units of the
Otway Group isAalso marked at widely spaced intervals, Between
shof—points 210 and 170 discordant reflections represent tis
‘boundary as is also the case betwesen shot-points 100 and 40, The
Nanc;(iine gives additional oontrql between shot-points 144 and
160 (plate 6), 'Conparisona with other wells based on palynological

evidence (Dettman 1963) suggests that the boundary in the Rebe

Bore near SP13 should be at aﬁproximatoly k500 feet, which also

represents the depth of the disconformity in the seismio section,
Betwesn shot-points 190 and 270, very steeply dipping

discordant rofloqtors sugé#at basement, From shotepoint 170 the

boundary is extrapolated to shot-point 120, about 1 mile south of

a refraction survey, The Namco fofraotion line RG which runs NS
ﬁafween shot-points 144 and 160, gives additional control,

| In spite of the poor record quality it is possible to
recognise two major structures similar to the structures described
in the Sb section, The distribution of reflections about sht-point
210'bugg;ats that the lower unit of the Otway Group is completely
‘fuultad-off against basement, If this interpretation is correct,
the throw probably exceeds 1000 feet, The upper uniﬁ of the Otway
Group ai-o appears to be displaced by the fault, but contrary to

the equivalent structure at SP8 on the SB line, the steep dips
north of the fault become almost horizontal to the south, These

horizontal reflections are markedly unconformable on the west~
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dipping reflections from the Otway Group~lower unit,

Large scale wedge-outs converging on SP100 probably
represent a continuation of the structure described at shot—point
49 on the Struan-Beachport survey, The wedges in this area alse
plunge up to 4,000 feet in 4~5 miles before flattening and are
markedly discordant with refleoctions frpn the overlying Otway
Group-upper unit,

In the vicinity of -hofapoint 4s th;ro is a basie
_rov;raal of -dip throughout tﬁo section, This synclinal structure,
in.conjunct@on with the thickening of the lower pxwt of the -eq1-

‘mentary section at least, suggests that a sodiﬁont- filled tréﬁch

1s situated between shot-peint 100 and the Rebe Bore,

Between shot-points 100 and 170 there are ne reflections
from the upper unit of the Otway Group of Lower Tertiary, but local-

ised groups of reflections from the lower unit of the Otway Group
indicate a persistent basinward dip which is probably modified omnly
in the vicinity of the Lucindale Basement High, The attitude of

the strata of the Otway Group-upper unit in adjacent areas suggests
that they are approximately horizontal in this interval, so con-

siderable trunéati@n and wedging of the Otway Group-lower unit
probably_takoa place between shot=points 100 and 210, The Namco
seismioc ;octionl support this conclusion indicating that wedge-out
of the lower unit of the Otway Greub occurs up the flank- of the
Lucindale Basement High (plate 6).

Because of ﬁhojlaek of definition of the basement
boundary it is not possible to measure thicknesses of the Otway
Group-=lower unit at a.nunber of intervals along the survey line to
check the degfeq of truncation, However, a refraction survey near
shot-point lzo.givea a depth to basement of 8,600 feet indicating

that the Otway Group-lower unit is 6,000 feet thick at this peint,
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' This thickness reduces to about 2,000 feet between shot-points 144
and 160, ﬁorthgt-t of the Lucindale basement high, the sectimn
ino:oaaesbaguin, bofdro wedging out with nome.t;unontion and
faulting against the Padthaway Ridge at SP210,

The Otway Group-uppor unit has a thickness of about
3,000 feet in the Robe Bore and may be somewhat thicker in the
axial part of the trough af shot-point 40, East of shot-point
100 the thickness reduces to less than 2,000 feet; a reduction
which is probably due to truncation across the flank of the Lucin-
‘dale Ba-onent High. Between shot-points 100>and.2lo the thickness
does not vary much, but renewed truncation over the basement high

north of the fault at SP210, reduces the section from 2,000 feet to
about 300 feet at shot-point 242, The fault at shot~point 242

faulted off the remaining part of the upper unit of the Otway Group,

allowing the Lower Tertiary sediments to rest directly on basement

to the north,

There are far too few controls on the Lower Tertiary
boundaries to analyse the thiﬁkno-s.diatribution. It is expected
however, that the Lower Tertiary sequence thins from about 800 feet

at the Robe Bore to less than 500 feet over the shelf area east

of sﬁotﬁpoint 100,

Tis "shelf" area is, similarly to the situation along
the Struan;Beachport line, a zone over which the top of the Otway
Group becomes progre-aively,trunqntod and the léwor part of the
Tort;ary section 1s reduced, quever, the Otway Group-lower unit
thickness of 6000 feet at the woatetn boundary of the "shelf" con-

trasts to approximately 2800 feet at the equivalent position on the

Struan-Beachport line,.
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Geltwood Beach-Kingston Seismic Time Section (plate 3)

This l1ine represents the conbinﬂtion.ofiseveral surveys
carried Qut b&lthe Soutﬁ Australian Department of Mines and Geo-~
seismic (Aust,), The Conmurra—M}lliéont a;d Conmurra-Kingston
surveys were undertaken by the Department of ﬁinos, and the
Mill;cent—Goltvood Beach secéion represents part of a compre~
hensive seismic sﬁrvoy of the Hgndrod of Mayurra by Geoseismic
(Aust,), on behalf of ﬁ;nch Petroleum N,L,

Thoro-is generally good c&ntrcl of stratigraphioc
boundaries, of which three are rocognisod. The best defined

boundary consists of & good reflecter between shot=-points CK5’55 and
CK163 which separates the upper and lower uniti of the Otway Group,

Below this reflector, the reflections from the Otway Group=lower

unit are diicordnnt, especially in the vicinity of the fault at
CK152, The refloctor'also corresponds to the horiszon of discord-
ance at tﬁe top of the}vcdge-buts in the Robe-Naracoorte section
(plate 4),

The next bouﬂdary recognized lies between the Otway

Group~upper unit and the Upper Cretaceous aequenoi, and is marked

between Geltwood Beachiand Millicent by a reflector corresponding
approximately to the level of that stratigraphic boundary in Gelt-
wood Beach No.-l. This reflector qlso corresponds fo a minor

disconformity which can be traced from Millicent to shot-peint CM10

where it corresponds to a prominent reflector, North of CKl5 the
boundary is lost, but the oeverall wedging of the Upper Cretaceous
section indicates that it wedges out completely south of shot-point

CK504
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A persistent reflector also delineates the boundary

between the Upper Cretaceous leétion and the Lower Tertiary Se-
quence, This reflectoxr corresponds approximately to the Lower
Tortiury&Upper‘Cretaceous boundary in the Geltwood Beach Well and
extends from Goitwood Beach to shot-point CK40 where it ties in
with the correaponding boundary traced from Beachport No, 1 to the
intersection of the Struan-~Beachport and Commurra-Kingston surveys,

Noxrth of shot-point 50 the boundary between the Lower

Tertiary and the Otway Group cannot be defined because of the lack
of reflections, Consequonfly the b§undlry shown represents an
extrapolation from shot-point 50 te the pelifien 0£8,0,0,C, No, 1
Bore northwest of‘ahot-point 170 (plate 1) where the Lower Tertiary
sequence rests on basement at 775 feet,

The basement boundary north of thé fault at 8P1l52 is
marked by the reflector at the base of the Otway Group-upper unit,
with an a@ditional eontrql point at the bore mentioned above, South
of the fault, the boundary is drawn above steeply dipping reflect-
‘ions between shotepoints‘CK15o and CK140 and extr@polutod to shot-
point CKl124 where a reffaction sur&oy indicateas a depth to basement
of 9,400 feet,

Generally the reflections throughout the section dip
southward from the Padthaway Ridge in sympathy with the basement
boundary thus defined, In the vicinity of shot-point 50 some
flattening and possible arching is associated with fcrreased dips
to the south, Where the survey extends latitudinally between
Millicent and Geltwood Beaeh, the reflections are more or less
horigontal,

Of the two major structures described in the Struan~
Beachport and Robe—Nar@coorte lines, only the near margin fault

that limits the northern extent of the Otway Group-lower unit is
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recogpized in the Geltwood Beach;Kingston section, Strongly
wedgipg rgflectors in the lower unit.of the Otway Group south of
the fau;t, suggest that thebunit did not extend very far to the
north. The wedge-outs appear to be truncated by #he fault and
consequently are not completely defined, However, the wedge-outs
may be ausoéiated with a northward extension of the hingeline
established at shot-point 100 on the Robe-Naracoorte survey line,
'If this is the case, the marginal fault of the Gambier Embayment

in thia‘area cuts across a majéf structural trend controlling
sedimentation of the Otway Group-lower unit,

The overlying upper unit of the OtwayGroup appears to
be relatively undisturbed by the fault at SP152 and extends
several miles to the north before complete truncation beneath an
unconformity, Comparison with the same structure on the off-
shore line SA12 (plate 7)-where more detqil is shown in the
section, suggests that wedging of the loworAmembera of the Otway
GroupQQpper,nhit takes place north of the fault,

‘There ae no reflectors from the lLower Tertiary sequence
with which to determine whether any displacement of these sedi-
ments across the fault tékeé place,

The oni& other strﬁcture of consequence in the section
is situated bgtweeﬁ shot-points 50 and 55 and is somewhat 1ll-
defined, In this vicinity, faﬁlting of the Ofway Group-lower
unit is associated with a high of Lower Cretaceous sediments
against which the whole of the Upper Cretaceous and the lower
p(ét of the Tertiary section wedges out.

Probable truncation of the Otway Group-upper unit over
this high reduces its thickness from about 4,000 feét to 3,000
feet at shot=-point 90 and to less than 1500 feet near the Padtha-

way Ridge, Drilling at Geltwood Beach shows that the upper unit

of the Otway Group exceeds 8000 feet in thickness so there must
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. be considerable wedging and possibly truncation northward to shot-

point CK50,

Information on the thickness of the Otway/Group—lower unit
is available only north of shot-point 124 where thc sequence wedgos,

with some trumcation, from 6000 feet at S,P. 124 to 1200 feet near
the fault at S.P, 152,

Tﬁé Upper Cfetaceous sediments are about 1800 feet thick
at Geltwood Beach, and as previously stated, wedgo'out complotely
against the high_at shot-point CK50, A diséonformity at least is

indicated by the wedging of the lower part of the Lower Tertiary
sequence against the Upper Cretaceous sediments, but there are too

foy reflections to dtermine whetherAtruncation also contributes to
the northward reduction in section,
In spite of the obvioué northward wedging, the Lower

Tertiary thickness decreased by only 300 feet from 1300 feet to

. 1000 feet between Geltwood Beach and shot-point 50, North of

ehot-pointISO the thickness probably increases again as the survey
line approaches the axial position of the Robe Trough and decreases

to less tﬁan 700 feet over the southern part of the Padthaway Ridge,
It is apparent from the above deecriptidn thaf the
Geltwood Beach to Kingston section does not cross the same shelf
area 6f relatively thin Léwer Tertiary sediments overiying trunca-
tod Lower Cretaccous sediments, that appecars on the Struan-Beach-

port and RobeeNaracoorte sections, However, another hingeline in

the vicindty of shot-point 50 has resulted im uplift that formed a

barrier to the Upper Cretaceous transgression and has caused some

" thinning of tho Lower Tertiary sequence, This apparent uplift may-

be associated with the small gravity high southeast of Robe, over

which the lower unit of the Otway Group wedges on the Namco C linme,
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Truncation.of the ﬁppgr unit of the Otway Group over this high
also, 1s suggested by the reduced section and ateep dips associated
with the hinge-line, These features are -1m11ar.to those described
for the "shelf" area tb the northeast, so there i1s some doubt over
the unity and character'of the shelf,

The.hinge-line at shot-point 50 is also closely related

to structures controlling Upper Cretaceous sedimentation near

Krongart and Wattle Range,

Millicent—Penola Seismic Time Section (plate 4)

This section also represents the combination of several

seismic surveys carried out by the South Australian Departmet of
Mines and Geoseismic (Aust,) under>contract to the General Explora-
tion Company of Australia Limited. The section extends from shot-
point 55 on the Conmurra~Millicent line, 4 miles north of Millicent,
to a poipt 7‘milos north of Comaum, Penola No, 1 Well is on the
line of section near shot-point 62 and the Comaum Coal Bore is less
than 2 miles east of shot-point 19/5,

| Generally the reflections within the section all dip
basinward except for local reversals due to gentle folding. The
shallower reflections in most cases dip less steeply than the
deeper reflections, providing a basis for subdivision of the
section, In this regard the boundary between the upper and lower
units of the Otway Group is delineated between shot-points 60 and 7€
by discord;nce between steeply plunging wedges and the non-wedging,
- less tilted ovérlying strata, This discordance is near the level
-of the unconformity at 4200 feet, in the Penola Well, North of
shot~-point 78, the boundary folloﬁs a disconformity which becomes
less well defined due to local discordances within the Otway Group

reflectors,
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The Otway Group - basement boundary is again based on
discordant reflectora. In. this case, the steeply dipping linear

reflecters typz.cal of the basemont are readily distinguishable

fan tho folded and less steop mflectors in the Gtway Group,
Even so, 'tha basement boundary because of its steep basinward
.:‘p?ivmge. can be tmced for a distance of only 7-8 miles from the
margin of the basin,

Thebase of> the 'I'mra:_‘ Tertiary sequence, contrary to
the other boundaries, is marked by a reflector which 1is traced
from the Penola Well to thé Geltwocd Beach-Eingston survey line,
where it corresponds to a reflecctor that extends in that seation
to Geltwood Deach No, 1, This reflector gemerally parallels the
umcieriyixig reflectors except to the north of shot-point 145 where
it -.ppealﬁ to truncate the upper members of the Gtway Group-upper
unit,

| South of shotepoint MP125 a wedge of Upper Cretaceous
aedimantii. disconformable on the Otway Group-upper unit develops
beneath the i»ower Te:rtm:?y sequence, This disconformity
' corresponds to the roflector markiﬁg the base of the Upper
Cretaceous in theG.eltu’éod Besch to Kingstor sectionr, Generally
the dips of roflccotilons within the Upper Cretaceous are inter-
me;ﬂiate between the avezrage «}ol in the Lower Tertiary sequonce
and the average of 13}0 in the nppevr it of the Otway Group.
Conséquqntly some degreé of discordancc exists between the
Loveé Tarti.iry and the Upper cretaceoﬁs sediments,

The steopest dips 4n the liillicent-Ponola Section are
associated with the dom-vcrpgd area of Uppér Cretaceous sediments-
tion wouthwest of shot-point 139 and the marginal area of the

basin north of Penola, These sones delineate major structures
that are recognized in some of the previously described sections.
+
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The steep dips north of Penola are apparently associated with the
“two major fault systems fecognized in the Struan-Beachport and

othe? sections, The northérnmost of these fwo structures is asso-
.cigted with a change ffom.relatively flat to steeply dipping re-
flecfions south of shot-point 19/1, Although there is no fault
indidated on the aectibn, this hinge-iine cor?esponds to the posi-
tion of the Kapnawinka Fault,

The otyer hinge~line 18 developed about 3 miles south of
the Kanawinka Fault where the plunge of the basement surface
steepens south of shonpoint 19/13, Reflectors within the lower
unit of the Otway Group wedge srongly against this basement high in
much the same manner as at shot-point 49 oﬁ the Struan-Beachport
section, indicatiné that the same structure is intersccted in cach
casc,

The remaining structure in the section that significantly
affected sedimentation 1s‘the systgm of faults between shot=points
123 and 139, Relative ﬁovement along the fault is north block down,
associated with basinward down-warping of the south block, which,
in cpnjunction.with the ﬁear reversal of dips across the fault,
suggests that afohing of.the Lower Cretacoous strata is also in~
volved, It is this archiﬁg that controlled the northward extension
of the Upper Cretaceous sediments,

}Thicknesa distfibutions of the several sedimentary units
ére, as pteviousli sfatéd, stroﬁgly affected by each of the above
structures,. In‘this regard, the Otway Group-lower unit wedges
from abqut’h,ooo feet at shot-point 75 to less than 1,000 fect near
the hinge=line interseated‘at shot-point 19/1h,

This hinge-line is aléo associated with a post=Lojyer

Cretaceous high area over which erosional truncation of the upper
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unit of the Otway Group has taken piaoe. Microfloral correlations
(Harris & Cobkson, 1965) support this observation and indicate that
‘ébout‘l,GOO feet of the‘upper'part of the Otway Group-upper unit in
the Penola Bore has been reduced to less than 50 feet in the Comaum
Dore., Some wedging is indicated between these bores, but the

creater part of this reduction in section must be due $o truncation.

On a more regional scale the Otway Group~upper unit wedges, with

gsome truncation northeastward of shot-point 145, from more tham
8,000 feet near Millicemnt to 3,200 feet at Penola No. 1 Well,

The Upper Ceraceous sediments also wedge out to the
northeast from about 2,000 feet near Millicent to zero at shot-
point 130, Thore are too few reflgctions from this section to de-
tormine the other factors involved, but it is likely that the lower
members abut the arched Lower Cretaceoué sediments south of shot-

point 130 with some limited truncation of the upper members north

of shot-point 115,

The Lowor Tertiary sequence on the other hand, scems to

be little affected by the structure that limited Upper Cretaceous

sedimentation, Wealk conveigence of the reflections indicate
- regional we&ging.northeaetwqrd from Millicent, but the main
thinning occurs over the.positive area of Lower Crotaceous sedi-
ments associated with the hinge-lines north of Penola, In this
zéne thé'thickness decreascs from about 1250 feet at Penola town-
ship ﬁo 750 feet at Penola No, 1 and to 100 feet at Comaum, This
océurs in contrast ﬁo an overall increase in tﬁicknese from about
1,100 feet to 1250 feet between Millicent and Penola.

The main‘difference in sedimentary distribution along

the line of the Millicent-Penola section results from the apparent-
1y small displécement along the Kanawinka Fault, which allows
transgression of both the Lower Cretaceous units some distance to

the north,



'ConsequéntlyAalthdugh thinning of the section is associla-
ted with the Kanawinka Fault, it is not the boundary of the Gambier

Embayment in this area,

Penola-Malla Seismic Time Section (plate 5)

The Penola~}Malla Survey was carried out by Geoselsmic
(Aust.) for the GeneralExploration Company of Australia and extends
from Penola to within 18 milos of Mount Salt No., 1 Well, The
section liés wholly within the basin and does not intefsect the
marginal structures observed in the previously described sections,

Within this section the main structural feature consists
of a broad asymmetric anticlinal ridge centred on Krongart, The
asynmetry is aésociated with faulting which has.produced Adowne
warping of the southern limb, This structure has the same form as
the arching_about shot-point MP 139 on the Millicent-Penola survey
line (plate 4) and as they each form the northern boundary of Upper
Cretaceous sedimonts, it is considered that they are part of the
sane structure, |

The arching about Krongart has affected sedimentary dis—
tribution and produced disconformities betweén the sediment wedges
which can be used te delineate stratiéraphic boundaries, However,
a persistont reflection which extends right across the soction and
corresponds to the reflector at the approximate level of the Lower
Tertiary=-0Otway Group bouhdary in Penola No,., 1 is also useful for
correlation, This reflector appears to be about 100 feet below
tho level of the base of the Lower Tertiary sequence in Penola No.
1 Yell so it probabl& represents an event in the uppermost part of

the Otway Group.
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"Southiof Kroﬁgart a uedimgntafy wedge referable to the
Upber Cretaceous develops above the reflootionApoar the top of the
Otway Group, ° Iﬁ‘thiq part of the .égtion the lowest reflector in
the Upper Cretaceous sequence is unconformable on the reflector
near fho top of the Otway Group, However, as a oconsiderable gap
exists between the two reflectors it ii not clear whether the

" lower part of the Upper Cretaceohl sequence wedges out against the
Otway Group or whether»a sequence iﬁ the upper part of the Otway
Groﬁp~il truncated by the Upper Cretaceous, Hoﬁover, information
from the Kglangadoo Well at SP88 indicates that the lpwest reflectorx
in the Upper. Cretaceous corrésponds app;oximately to the base of
that sequence, There afe too few reflections within the Upper
Cretaceous sequence to dgtermine the sedimentary trends accurately,
but some wedge out to the north 1is apparent in addition te trunca-
tion of the upper members north of XKalangadoo, This truncation

represents the Lower Tertiary-Upper Cretaceous boundary and is
traced .. south of Kalangadod along reflections immediately
above 8 unconformity,

It ia apparent from the above observations that the
arching centred on Krongart has a marked effect on the thickness
distribution of the Upper Cretaceous and Lower Tertiary sediments.
The Upper Cretaceous section wedges out with some truncation from
about 2500 feet at Malla to O foét immediately nérth of Krongart,
Over the same intgr@il, the Lower Tertiary sequence wedges from
2,600 feet to 1,100 feet, increasing in thickness again to 1,400
feet on the north 1limb of the arch,

| Although absolute thicknesses of the upper unit of the
Otway Group cannot be determined,'it»is apparent from the parallel-

ism of the reflections that little or no lensing takes place over’
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the aréh. Hoiever, a small ueqnenoé near the top of the group
;ppears to 56 truncated, Consequgntly this structure must have
ﬁovolop;d in the interval betwéen the cessation of Lower Cretaceous
sedimentation and the beginning of the Upper Cretacecus tfanlgrels-

ion,
Some movement along the faults assoociated with the arch
must have occurred since the Middle Tertiary, as displacement of the

Gambier Limestone in this area is suggested from bore information,

Namco B Line (plate 5)

This -ﬁrv;y was carried éut by Namco for Alliance 0Oil
Development N,L, (Namco International Inc, 1964), and fills in a
large gap in the selismic coverage between the Penola-Malla line and
the Hundred of Mayurra surveys,

The most notable feature of this survey line is the north-

ward wedging eof the reflections throughout.tho éection. However, a
marked unconformity north of SP95 forms & good basis for subdivision,
This uriconformity represents the boundary between the Lower Tertiary
and the Otway Group, and can be traced southwards to SP24, South
from SP95 a thick wedge of sediments corresponding to the Upper Cre-

taceous gection at the 1ntersect10p'with the Millicent-Penola survey
line, develops between the deor Tertiary and the Otway Group.

The Upper Cretaceous~Lower Tertiary boundary appears to
be conformable and is delineated only be a r§floctor between SPs 50
and 100, »This reflector is immediately above the unconformity at
SP100 and eorre;ponds toc the reflector representing the top of the
Upper Cretaceous at the intersection with the Millimnt-Penola survey
" line,
Another unconformity is indicated between SPs 60 and 70

where steeply inclined and strongly wedging reflections are present
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beneath the upper unit of the Ofway G:&up at a depth of 7,600 feet,
These roflectiéns are pos-ibly.derived from the lower unit of the
Otway Group.

Steep dips within the upper unit of the Otway Group be-

tween shot-points 60 and loorprobably represent the south limb of

the same ridge or arch which iimita Upper Cretaceous sedimentation
along the Millicent-Penola and Penola-Mailn agrvoy.lines. Tho 1,600
feet of‘Uppbr Cretaqeoﬁ- strata at shot-point 50 wedge out complete-
ly against this ridge, and the Lower Tertiary as a whole wedges

from 1,800 feet at SP60 to 1,100 feet at SP100, Reflections within
the upper unit of the OtwayGroup .1:6 wedge to the north, but it is
not clear whether this is localised over the ridge_or represents

part of a regional trend,

Namco Intermational Seismic Survexa in the
» Lucindale Area ‘

(plates 5 and 6)
During the first half of 1965, Namco International carrie

ouf 83 miie? of seismio reflection traverses in the Lucindale area
-fof Alliaﬁce 011 Development Aust, N.L. These traverses were lo-
cated to evaluate & localised gravity high centred eight miles
southwest of Lucindnie and herein referred to as the Lucindale
Basement High, In addition ﬁd the seismic reflection surveys a
north-south seismic refraction traverse is loocated across fhe
centre of the gravity high.
The refraction survey proved that the gravity high re-

flects a baaaﬁant high with basement depths ranging from a minimum

of 5,100 feet below sea level on the high, to 5,800 feet north of
the high, and greétor than 10,000 feet apﬁth of the high,

'~ The reflection surveys indicate that the Lower Cre~

taceous sediments are not only draped over the high, but the lower
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pert of.theieequence‘weéges out up the flanks of the high, Where
the Namco surveys intersect the S.A, Mines Department survey lines,
it is_found that'thelooundery between the'wedging_and non wedging
eequenoee»corresbonds:to the unoonformity between the upper and
lower unife of therorway Group, This horizon as contoured in the
Lucindale area by Namco fits quite well the regional contours in
the reflection time oontour map, on the base of the upper unit of
the Otway Group (Tﬁylor, 1964),

The lower unit of the Otway Group beneath this unconfor-
miti followe the previously defined trend, by wedging out almost
completely over the Lucindele Basement.High ae.at Beachport and
Kaiauéadoo. 'Siénificont wedginé of the section toward the western
end of 11ne c suggests that the lower unit of the Otway Group also
Awedges out over the gravity high centred on Lake Hawden South,
| The large scale wedge—outs 1n line A along the southern
flank of the Luoindale Baeement High, correspond to the northern
boundary of wedge-oute 1n the 1ower Otway Group ae previously de=
fined (plate 16) However, wedging of the remainder of the sequence
‘about the high appears’ to dieplace thie structural line northwards
ahout the flanks of the high (plate 16) In this regard, although
the wedging out of the lower unit of the OtwayGroup over several
jbasement highs complioates the structural configuration, the general
concept that the Robe—Penola Trough 13 bounded by zones of major

_wedge-oute in the OtwayGroup-lower unit, remains valid,

The ‘other major unconformity in the stratigraphio soquence
in the Lycindale area (between the Otwey Group and the Lower Ter~
tiary)u;s poorly definedidue to fhe'paucity of shellow reflections,
.However; efdisconformable shallow refleotion along line C(plate 6)
and along the southern part of line A (plate 6) probably represents
a refleotion at the baee of the Lower Tertiary sequence, One ma jor

divergonce from previously held concepts is the absence of any indi-



- 33 =

cation of faulting across the line of fhe Lucindale Fault, In cone

sequence it maybe best to discatd_thé poorly defined, hypothetical

concept of a single major fault bounding the GambierEmbayment,

Haematite Explorations Line SAl2
(plate 7)

The survey is generally parallel to the coast and is
of particular interest as it extends from the shallow basement
area near Cape Jaffa; across an extension of the Robe Gravity
Trough to the vicinity of Benchpoft. Reasonably porliltoht rée-
flections and the lack of complex faulting facilitate subdivision
of the -Qction,

The main feature of this section is a fault with cone
siderable downthrow to the south, which is intersected at SP97
(Hopkins, B.,M, and Baker, M,C,, 1963), This fault forms the boun-
dary between ohallow and deep basement areas and therefore repre-
aanfa the structural bouﬁdnry of'tho Otway Busiﬁ. Information from
the other off—ahore geophysical surveys 1nd;eatol that th; fault
extenda'eait-west, in which case it would intersect the coast about

five miles soﬁth of Cape Jaff#. Consequently it i1s suggested that
_ the off-ahore fault or hinge-line swings north to conneot with the
shallow basement boundary near shot-point 150 on the Conmurra-
Kingston aufvey - 1ine,

The reflections in the vioinity of this fault may be sub-
divided on the same basis as the reflections near the fault at
S$P152 in the Conmurra-Kingston section. In both instances an upper
graup of reflectioun transgresses down-faulted reflecting groups
onto baoemonﬁ without mﬁjor displacement, The upper group of re-
flections is assigned tq the upper unit of the Otway Group and is

unoonfofmablé on the lower group of reflections whiech corresponds
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to the Otwa? Groﬁp-lower undit, Refiections from the lower unit of
the OtwayGroup indicate that the overall dip between the fault and
shot-point 48 is to thé north, in contrast to the reflections from
theAﬁppef unit of the Otway Gréup ﬁhich are eaoentially horizontal,
It is eatimaﬁéd that the truncation over this interval has removed
about 5000 feet of sé&tion frﬁm the lower unit,

Near S?QS'the'refloctor marking the‘bdundary between the

upper and'lowpr units of the Otway Group becomes discontinuous and

deepens éonaiderabiy towards SP2B, South of SP28 there are no re-
cognisable reflections beiow,the prominenf reflector so it ﬁrobably
represents the top. of basement in this area, The reiationship to
basement of the reflegtor or series of reflectors between SP48 and
SP28 is obscure, bﬁt the remainder of the sedimentary sequence
beneath‘the ﬁéper unit of the Otway Group must bo»truncatod COmn=
pPletely, somewhere in this interval, |

| A similar structure dppearn in‘most of the seismic
"soctioﬁs that oross the Robe Trough so it is cbnaidared that the
siructure at SP4S representa_part of a regional hingeline or fault,
Sou£h of thié.atrqctﬁfethe femlining utrat# of the Otway Group-
| lower unit are«nmpletely'truncated‘ahd thé‘upper.unit of the Otway

Group thickent~and dips southward over the offshore extension of
the Beachport high, This structure is geometrically similar to the
Krongart structure from which the upper unit of the Otway Group

dipa touthuard'ﬁithout modification over the Kakngadoo Iigh,

: The‘Lowor Tertiary sediments are not affected by the
abové structﬁiqn as the base.of the‘aqquencé has very little relief,
NeerSP105‘tho baeé of the Lower Tertiary rests on basement at 1000
feet and\eitends qouthﬁarda,-moatly without significant angular ung

conformiﬁi,on’the Otway Group at depths between 1200 and 1600 feet,

Near Beaohpo:t'tho base of the Lower Tertiary deepens to about 1800

feet,
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Thickness variations in the Lower Tertiary cannot be

estimated because the base of the Glenelg Group is not delineated,

'However, the upper’and lower boundaries of the upper unit of the

Otway Group are delineated and show that this sequence thickens
rapidly south of the Padthaway Ridge to 4000 feet, This thickness

remains constant over the Robe Trough, but increases to 5000 feet

south of the structuie dt SP48, before thiﬁning to about 3600 feet
opposite the Beachport Basement High, The base of the lower unit

of the Otway Group is not positively eutablished but the line drawn
at the base of the more definite refloctions, indicates that the

uoquonco maybe at least 7000 feeot thick

Haema.tite Exnlorations Line 5822
(plate 8)

Line SS29 is 10 miles seaward from and roughly parallel

to.Line.SAlz. Similar etruétu:@l.relutionship-Abotwoon the upper
and 1ower.§arté of ﬁhé 6tway Group are displayed on both Qectiona,
with atrong'feflecterq marking the unconforﬁity in each case, The
reflections in the upper unit of the Otway Gﬁoup above the uncon-
formity have a Qmél; but consiotpnt'south—dip,.similarly to Line

- 8Al12, However, reflections from the lower unit of the Otway Group
progrespivély deVélop-bonoaih the unconforﬁity southward from SP7
and tho ‘sequence thiekens rapidly ‘to about 5000 feet at SP29 without

any apparent faulting.

-South of shot-point 30, oonformablo.refleotions extend

down to 3, 5 seconds, These deep reflactions are considered by
Haematite Explorationa (1965) to belong to a wedge of Jurassic sedi-
ments fuultad against basement at SP30., This sedimentary wedge

appears to be conformdble with, and probbly represents part of the

. lower unit of the Otway Group.
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At‘SPBI the dips in the lowor unit of the Otway Group are
reversed and theAsequence is progressively truncated to the saﬁth.

Between shot-ﬁoints 31 and 100, the reflector marking the uncon-
formity remains well-defined and nearly horizontal, South of |
SPIQO? ho&ever,'the reflector.becomes less continu;us and dips
felatively steeply to the south, Similaf behaviour of.this b
floector appears on'linos sAl2, 3819, SSIB,ISSB, and lese clearly
on Séa,. fhe line Jjoining this featpre on each of thq above lines
is a curve of large‘radiﬁs, suggesting a single regional structure
(plate 16). Contours §f the reflector on either side of this
line or strucfure are disconformable'(plate~ié), suggesting either
different reflectqrs or a different structural background,

An interesting point is that if the reflector on top @f
the dqwﬁfaulted séquence at SP30 is ghosted.éouthward, it is Crune-
cated bj'the unconformity at about SPl00, where the reflector
marking the unconformity changes character, In addition, this
reflector oan.be ghosted to line i2 where it corresponds to the
bése of thé positive reflections which are completely truncated
beneath the unconformity at SP&B,

The thiokneqs of tke upper unit of the OtwayGroup is also
affected by theAstructure at SP100, .Between shotw-points 1 and 100,
the upper nﬁitAof'the Otwai Group fhiokens gradually from about
iOOO feét to hobd feet, Hoﬁever, between shote-points 100 and 127
the fhickneés 1ncrea$es from 4000 feet to 7000 feet, Lack of good
reflections Seneath the upper unit oi the Ofway Group south of
SP120 sugéests tﬁa% it rests on_basement'ovef this interval,
Consequent1y the strucéures and sediméntary relationsﬁips'in the
vicinity of SPIOO are identical to, and probably continuous with

the atructure at SPhS on line SAIZ.
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- GENERAL COMMENTS ON SELECTED OFF-SHORE TIME SECTIONS

Heematite Explorations Line SAlO (plate 9)

Tﬁe features describedin the 3829 section are re-
produced in the SAlO section, but are not a;-welludefined due
‘tb the'poor record quality., The steeply.dipping reflections
near shot—point 250 represent the northern margin of the Robe
Trough where the prominent reflector at the base of the upper
unit.of the Otway Group laps onto basement, South of this hinge-
line, the lower unit of the Otway Group wedges in, apparently
without ma jor faulting, Further south & reversal of dip results
in truncation of the 6twaymsroup-1owor unit beneath the upper
unit, to slot-point 210 where the prominent reflector ssparating

the upper and lower units of the Otway Group is replaced by the

discordant@near basement reflector or series of reflectors

Haematite Explorations Lines SS2 and SA2 (plate 10)

Between SP90 and SP129 sediments of the upper unit of

the Otway_GroupAreat on and 1ooa;1y abut an undnlating reflector
which probably represents the top of basement, The regional dip
of this reflector is basinward and no significant hingeline exists
about which the sedimenta either thicken or plunge more steeply to
the southwett; Ihis‘rogionnlrbasinward dip»continues in the SS2
aection'fo SP25 where the prominent reflector fades out, but dis-
;éonneéted reflections ;outh of SP25 indicate that the sequence con-
tinues to dip basinward,

| Trends extrapolated from sections to thg east indicate
that at least the upper part of the Otway}Group-lower unit does

not extend to this section. However, Haematite Explorations (1965)
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have interpreted basement at 11000 feet near SP50 so there is
either considerable thickening of the upper unit of the Otway
Group or else the sedimentary section equivalent to the interval

between 2.3‘and 3.5 seconds at SP30 on line SS29 is developed in

this western end of the Robe Trough,

Haematite Explorations lLines 8522, SS24, §s25, SS26, SS27
(plates 12 and 13)

These survey lines are all orientated roughly perpen-
dicular to the coast between Geltwood Beach and the Victorian

border, They are not described separately because there are
certain structural and sedimentary features common to all,

The most pronounced feature consists of the persistent

northeasterly dip of the Mesozolc sediments, Some iocal reversals
of dip fbrm anticlinal structures which are superimposed on this
trend, Howover, the off=shore area may be reéardod as the south
limb of a .ynciino'whoso &xls passes approximately through Geltwood
Beach and Mt, Salt, The north limb of this syncline is represented
approximately by the south flank of the Beachport~Kalangadoo Base-
ment High, |

The remaining distinctive feature in these seismioc
aectionslil the pronounced unconformity between the northeast
dipping Mosozqic sequence and the flat or southwest dipping Lower
Tertiary sequence, This unconformity in the S$S22 sectionlia at
much the iame‘level as the Lower Tertiary-Upper Cretaceous boundary
(Bureau of MiheralResoﬁrcea, Geology and. Geophysics (Ed,) 1965)
at & point within two miles of Geltwood Beach No., 1, Extrapolation
across a disfanee of two miles app;urt to be reasonably sound

because the unconformity remains ralat;vely flat in this area,
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Similarly,iin the SS25 section, the unconformity is at about
the same level as the base of the Bahgallah Formation in Mt,

Salt No, 1, six miles to the north. The SS27 section gives
additional control near the Nelson Bore where the unconformity

occurs at 3800 feet, oomparable to the depth to the base of the
Bahgallah Formation in the ﬁolaon Bore (3746 feet according to
Hawkins and Dellenbach 1963) 3.5 miles to the northeast,

' Unfortunately neither an unconformity nor a prominent
reflector marks the base of the Upper Cretaceous sequence in the
off-ghore drea, except perhaps where the horizon at this level
in Goltwoo§ Beach No, 1 corresponds to a -iight discordance in the
Sszz-section;

In the SS25 section the apprdximate base of the Upper -
Cretaceous sequence is ghOfted from an assumed depth of about
10,000 feet near the coast, to the point where this horizon is
truncated near the continantal margin, Attempts to follow the
base of the Upper Cretaceous southward from SS22 along the SA13
and SAlh sections to tho S$525 uection glve anomnlous results so
the distribution and rq;ationship of the Upper Cretaceous to the
Lower Crgtaceous in the off-shore area is at this stage largely
unknown,

Recent well information suggests that the Mt, Salt
Well was completed above the Belfast Mudstone, cdnsequently the
base of the upper Cretaceous sequere is probably at a considerable

depth below 10,000 feet at Mt, Salt and the off-shore limit of
Upper Cretaceous sediments shown on plate 16 may be too conserva;
tive, K bepsume Ve Dokdnst Modstrge i met iwclindsd in the intoppree

Spdkare,



Unconformities are also lacking in tho Tortiary

sequence which includes sediments of Palpocona, Eocone dmd
Oligocene age, Consequently, the séquehce is ﬁet readily
différemtiéted oxcept fof an apparent scparation of tweo
successive sets of forescts mnear the southefn end of the $825,
$826, 3327 seoﬁions, These foresoets o#ténd a short distance
down the continental slope'aﬁd are liﬁited on the 1apdward
side by a linear featuro roughly parallel to the axis of the
syncliné in the Mesozoicieediments (plLate 16), Féresets aro

ﬁot present morth of the point where this lincar featuroc

intorsects the continental margin (plate 16),

STRUCTURAL FEATURES OF THE GAMBIER EMBAYMENT

The najor structural components of Gambier Embayment

ostablished in the literature are the Padthaway Horst (Sprigs,

1952), later designated the Padthaway Ridge by O'Driscmll (1960,
Vol, I, p.17), and the Penola gravity trough (Sprigg, 1961).
In gddition, the gravity high fegtuges at Beaohport and Kalanga-
doo, although not féxmally named, have been interpreted by a
number ofdauthors aé bagement highs relative to the deeper
sedimentary areas to the north apd south,

Iﬁterpfetaﬁion of the seismic records supporits the
above configuration and gives much néw~information on the struce~

tures bounding and controlling thesc features,

Northern Marpgin of Gambior Embayment

The northern margin of the Gambier Embayment is not

defined from surface geology due to the Pleistoceno to Recent
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. sediments that cover it, Consequently, geophysical methods,

1ncluding aeromagnetic and gravity contour map- have been used
to deive a good approximation of the bound;ry between shallow and
deep basement (Sprigg, 1952). However, the seismic surveys not
only pin-point the boundary more accurately, but show the struc-
ture and‘diqtribution of the sediments, which in turn gives
valuable 1nformation on the nature of the basin margin,

In this regard the seismic surveys indicate that the
Tertiary strata are not markedly affected by the major structural

elements of the Gambier Embayment, therefore the distribution of
only the Cretaceous sediments need be gensidered. Consequently
the northern margin of the Gambier Embayment is herein defined as
the preaoﬁt nartherﬂ limit of Lower Cretacecus sediments,

The stfuctural character of this margin varies con-

side?ably fxom west to east, being modified in some oaatﬁ by the

proximity of the Robe~Penola Trough. However, it is possible to
divide the basin margin into three broad zones which are struc-
turally distinctive frgm each other, but are essentially homo-

geneous internally,

Between survey lines SS28 and SS29 (plate 16) the Robe
Troﬁgh is 5~10 miles south of the basin margin and the upper unit
of the Otway Group sediments wedges up the flank of the trough
before -preadihg out in a thin-layer over an undulating basement
surfaco.on the Padthaway Ridge (p;ate 8), This basement surface

has a regional dip basinward of about 200 feet per mile, compared

with about 500 feet per mile down the flank of the Robe Trough,
There is no apparent structure controlling the northern

extent of the upper unit of the Otway Group sediments in the

shallow basement area, as truncation beneath the Lower Tertiary

sediments, wedge out, and onlap up the slope are the controlling
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- factors, However, the northern limit of the lower unit of the

Otway Group is controlled by the structural boundary of the

basin, toward which it wedges out, and is truncated,

Between survey line SA3 and the CK iine there is a
completely dirferent sgructural pattern, Here the northern edge
of the Robe Trough is faulted about two milg; south of the
northern boundary of the lLower Cretaceous sediments, In marked
contrast to the configuration further west, the Otway Group-
lower unit sediments dip toward, and appear to abut this fault
or hingolino.(plate 7). If this is correct, the throw on the
marginal fault must be several thousand feet at least, The
Ofﬁay éroup—upper unit sediﬁontl, also in contrast to the posi-

tion further west, dip steeply basinward, along the basin margin

and as a result are completely truncated beneath the Tertiary
strata several miles north of the fault,

" This configuration is consistent with the closely
spaced gravity contours alo#g this part of the basin margiﬁ
(plate 20),

There is & gradation between the above structural con-
figuration of the basin margin and the configurations to the
west and eiat. East of the CK seismic line, the northern margin
of the Gambier Embayment yocomee more complex because a shelf
area up to 18 miles wide, separates the Penola Trough from the
Padthaway Ridge, DBasement highs superimposed on the shelf in-
crease the complexity, |

Tﬁo lower unit of the Otway Group, in this zone wedges
against a hingelino that represents the boundary between the
Penola Trough and the shelf area, Wedge-out is most pronounced

adjacent to the local basement highs, whereas truncation may be
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‘the major cause for thinning of the Otway Group lower unit across

the shelf elsewhere, Another feature of this hingeline consists cf{

" of the steepened dips with which is associated truncdtion of the

upper unit of the Otway Groéoup and reduction of the lower part of

the Tertiary sequence,

There is little seismic control across the basin margin

" north of the shelf areg, but trends in sections that approach the

boundary north of Lucindale indicate that the Lower unit of the
Otway Group wedges out or is truncated completely, several miles
south of the margin of the basin, At RN 210 (Plate 4) and SB 8
(Plate 3) the lower unit of the Otway Group appears to be faulted
off‘againat basement, but the upperwnit extends a further 6 miles
before being in tﬁrn faulted off at RN 243, The fault at RN 210

may have a throw of as much as 1,000 feet whereas the throw at

RN 243 is about . %00 feet, There is no other definite control on

the northern limit of the Otway Group upper unit except that the

fault at RN 243 is approximately in 11n; with the linear northern
boundary of Lower Cretaceous outcrops in Western Victoria, This
extrapolated line meets the north-east trending boundary several
miles south of the Papineau Rocks basement outcrops, and is in
sgreement with the shallowing basement indicatid on the Namco RG

refraction line, Although the boundary as interpreted is linear,

it is not suggested that it represents a major fault,

\

In fhi- regard the‘yargihal area between Lucindale and

!
-y

Struan 1-“$xpécted to be structurally similar to the area north
of the Robe Trough and weast of survey line SA 3, where Otway
Group upper unit sediments gradually wedge out and sre eroded off

over a shallow; undulating basement surface which has a gentle

regional bahinward dip.
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The basinward dip of the shelf south of the basin margin
between Lucindale and Struan is difficult to define becausé of 4its
irregular structure, However, the somewhat generalised contours
on the base of the upper unit of The Otway Group (Plate 18)
indicate a regional dip of about 100 feet per mile to the S,S.W,
This dip increases to about 400 feet por mile down the northerm
flank of the Penola Trough, Dips in the lower unit of the Otway
group are generally greater, reaching 1,000 feet per mile down

the southern flanks of the local basement highs,

Southeast of Struan, the Penola Trough approaches
the Padthaway Ridge and the structural configuration is similar
to that north of the Robe Trough near SA3,

In conclusion, therefore, it is #pparent that the

northern margin of the Gambier Embayment is a composite feature,
Previous concepts which invoked a single majx fault are over-
simplified because the basin margin varied with time in both
character and position. Initially the boundary followed approxi-
mately the present northern limit of the iower unit of the Otway
Group (plate 16), This boundary has the form of a hingeline,
south of which the basement surface 1s steeply downwarped and
faulted, The Robe and Penola Troughs represent over-deepened
areas with thickest Otway Group-lower unit sediments, Where the
Robe Trough approéches the northern margin of the basin, the

lower unit of the Otway Group is faulted against basement and

the pene~contemporaneous marginal structure is obscured,

Faulting also 1limits the lower unit, »f the Otway Group

to the east on the RN and SB lines, but it is not clear from the
sparse reflections whether the movement was wholly post sedimentar

or in part contemporaneous, Considerable wedge-out is indicated
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towérd these faulfa.

Sediﬁantation of the Otway Group-upper unit was not
significantly affected by the hingolipe thnt'limits the lower
unit, However, the relatively steep dipq assoclated with the

hingelisrie has resulted in progressive truncation of the Otway

Groupsuppor unit to the north, _Séme of the reduced section in
this»zone is due to wedge-out and off-lap up the flank of the
basin, but much of the 1nterm;d1ate and lower parts of the
upper unit of the Otway Grohp inbsome areas extend across the
hinge zone, onto the shallow, gently dipping basement surface

on tho southern flank of the‘Padthnigy Ridge, Where the gravity

gradient is most pronounced between theCK line and the SA3 line,

the northern flank of the basin becomes relatively steep and

the upper unit of the Otway Group is almost completely eroded

off the Padthaway Ridge,
Conaequentiy-the northern boundary of the Gamﬁier

Embayment may be broadly divided into a structural margin and a
sedimgntafy margin; The structural margin represents the hinge-
line on the southern boundary of the Padthaway R;dge, from which
the basement surface plunges steeply basinward, and also corres-
'ponﬁs broadly to the northern limit of Otiay Group-lower unit
sedimonts; The sedimentary‘margin isbnot defined by any marked
structure, but represents the present northern limit of Cre-
taceous sediments, The sedimentary mrgin thus defined only

“approximates the original basin limits, as post sedimentary
structural movement and erosion has greatly modified the original

distribution of the Otway Group-upper unit on the Padthaway Ridge,



The Robes«Penola Trough

‘The Robe-Pemola Trough comprises an area of thickened
Mesozoic sediments and follows very closely tho‘diﬂ:rﬂmuor; of
the gravity low which extends merthwestward £rom Casterton in
Victoria te the vic_tnity} of Robe;'(‘@jlﬂlate 16), From Robe, #»
trough acquires a W.S.w.'fo weetoily'.aligqmn

Sbeis’bmic data 1ndicate that the Roﬁe—?qx;pln Trough
represents a negative Areg bmmdoé to the north partly by the
-tmcﬁml margin of the embayaent (Rebe Trough) and partly by
an irregular hinai_:fio. about which the lower unit¢ of ‘the Otway
Group wedges-in stmngly (Penola 'I‘rongi)-. These wedges on the
SB 1l4ine n-c‘ai'- SPSO (plate 3) have the form of successive foresets
built out into the trough from the shelf area, |

. The SOuthei:'nA‘margin of the 'trou@z is bounded by a

basement high complex which extends from ;authoaat of Kalangadoo
to Beachport, Seismic refraction survyes indicate that this
southorn margin is faultedin the Kalangadoo area (Neamco 1965).
In addition, information _t:oin fhe Kalangadoo No. 1 Well indicates
that the lower um.t of the Otway Group does mnot oxtend across
the present b&aement hggh. - This, together with the absence ofA
Otway Groﬁp-n;ver unit sediments in the Beachport Well (basea
on distribution of floral as'smbiages. Evans, 1966) vhich
bottomed within 1,000 feet of basement according to gi'avity
data (-_Kend;nl, 1966), indicates th&t thé lower unit of the Otway
Group must be confimd to the Robq_;Penolq Trough, except for the
" shelf éréa between Lucindale and Strua=n,

'7 Offshore seismic @ections which show that the lower unii

of the otway.'Grcup is ps‘ogrossi.vely truncated to the south,
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support this Mteipretation. In addition, the lime that
reopresents the southern limit of the reflectorét the top of
the lower unit o!;‘ the Otway Group in the off-shore area, 1s in
line with the northern margin of the Kalengadoo-Eaachport
Basement High, Consequently this l1line probably reopresents
the southern margin of the Robe Trough where the lower unit of
. the Otway Group is truncated down to basement,

Continuity of the Robe-Penola Trough is strongly

suggesteod by fhe RN line where the lower unit of the Otway Group

wodges in markedly across the gap betwoen the Lucindale High and
a northern projection of the Kalangadoo-Beachport Basement High,
" The B, C and E seismic lines, together with the vgrav:lty low
betweeon the Pencla and Robe Troughs, confirm that the two
are continuous, although of different orientation, Kowever, it
is convenient for some purposes to diviée A'the Robe=FPenola Trough
into its two regional constituents,

Depth to basement in both regions of the Robe=Penola
Trough from seismic¢ refraction surveys is similar, reaching a
maximum of 10-12,009 feet witi}in several miles of the trough
margin, As the depth to the base of the upper u:;it of the
Otway Group within the trough averages 14-5,000 feet, the average

thickness of the lower unit in the Penola-Robe Trough must be
W Facwaatve E;&y\ovq'\\eu) ?“L-\-d

58,000 feet, However, Maureira (,\1965) interpretad a major

fault near the axis of the Robe Trough which has downthrown to
a depth of 20,000 feet a sedimentary segment conformable with,
and presumably part -of the lower unit of the Ctway Group,

Movement along this fault must be of the order of 7,000 feet,

Contrary to the distribution of the lower unit which

thickons to at least 5,:600 feet within several miles of the trov



margin, Otway Group-upper unit sedimentation does not appear to

be significantly affected by the Robe-Ponola‘Trough. In addition

to the consistent thickness, the attitude of the Otway Group-upper

unit within the trough is relatively flat, Progressive truncation

is indicated up the north flank of the trough, but no dislocation

or truncation can be detected along the southern flank,
Consequently, invew of the much greater thickness

of the Otway Group-upper unit sediments at Geltwood Beach, the

area of the Robe-Penola Trough may be regarded as a stable region,

perhaps a stable shelf, during deposition of the Otway Group-upper

unit,
THE KALANGADOO-.BEACHPORT BASEMENT HIGH

The gravity contour map (plate 20) shows a marked
gravity high ceﬁtred on Beachport, with subsidiary highs to the
north and east., Interpretation of gravity data (Kendall, 1966)
suggests that basement is at 5,500 at Beachport and at 3,200 feet
in the high to the north, Southeast of Beachport, toward and
beyonq Kalangadoo, there are several more gfavity highs which co-
incide with relatively ahallow basement, ASoismic refraction
surveys indicate that the basement depth near Kalangadoo is at
9,500 foot,’howover, the Kalangadoo No, 1 well entered pre-Mesozoic
sediments at 6530 feet below sea level, indicating that the area
contains relatively thin Mesozoeic sediments,

As stated in the previous section, the relatively thin
Mesozolc sequence on the Kalangadoo-~Beachport Basement High results
from downfaulting, truncation, wodge-out; or nonndeposition-of the

lower unit of the Otway Group. The upper unit on the other hand,

extends over the high without any noticeable thinning or arching,
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In the offshore area there 15 ﬁovgravityAdata to de-~
termine whether the ridge extends west'of ﬁeachport.’ However,
survey lines SAl2, SS29, SA10, and SS18 show that.thellower unit
of the Otway Groub rises and is tfunéated, possibly with some
wedge~out, to the 5oﬁth. The reflector representing the boundary
between the upper and lower units.of the Otway Group disappears
about 10 miles north of Beachport and is replaced by a discordant,
deeper reflactor which corréép#nds closely to the depth to base-
ment caloculated from aeromagnétic data (Haematite Explorations
1965), This basement or n§ar basement reflector is at about 6,000
feet adjacent to the Beachpdrt High and p;ungea steeply to the
west (platb 16). However, the plunge éf the (?) near basement
rdlector 1s slight to the northwest, parallel to the line showing
the limit of the reflector marking the boundary between the upper
and lower units of the Otway Group (plate 16),

Cénsequently.it is considered that the structural equiva-
lent pf the Kalangadoo~Beachport High extends in subdued form off-
shore norphwe-t of Beshport, and probably merges with the seaward
e;tension‘of the Padthaway Ridge., Basement in the off-shore high
exists at a greater dépth than in the basement high on land, but
nevertheless forms the‘southern boundary to the present distribu-
tion of Otway Group-lower unit aedimenté. This sedimentary boun-
dary 4s probably the main factor ﬁnifying the Kalangadoo-Beachport
High as tﬁe vafiousrcomponenta of the high may have different
.origina. Ih thilis regard a fault bounds the north side of the
ridge in the Kalangadoo areé, whereas no significant faulting is
indicated in the offshore area, In both of these areas the lower

unit of the Otway Group does not extend over the high due to post-
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flsedimentary.faultiﬂg and erosion, The Beachéort group of highs
.on the othér hand may represent in part; pre-sedimentary basement
highs similkr to the Lucindale High, about which the Otway Group-
lower unit Wnggs'out.

' Thé aoﬁth flank of the high is very poor;y defined by
seismic surveys, but appears from refraction Surveys (Namco, 1964),
to be tiltéd gently basinward south of,Kalangadoo, At or near the
position of the fartwa;p Fault, another hingeline or fault causes
an 1noreaéed*plunge of the basement surface to the south where it
reaches at least 16,000 feet at Mt, Salt, This hingeline probably
extands‘northwest to beyond Geltwbod Beach,

- Seismic surveys do not define the southern margin of

the off shore ridge except perhnps'néar SP1l15 on the SAlO survey

line (plate 9) where a marked steepening of the southward dip

takes place,

- The Mt, Salt Syncline

This 4s an area where the basemeﬁt surface, based on
seismiq refraction and gravity data reaches a depth of 16-19,000
feet, Consequently the deeper sediments are beyond the depth of
good seismié_refleotion response and very little information is
available on the structure of the basin in this area., As men-
tioned in the previous section, the Beachport—K31ahgadoo Basgement
High dips gently south toward a hingeline roughly coincident with
the Tartwarp Fault, South of this hingeline the post Otway Group
sediments dip more steeply and thicken oonaiderabl&. The lack of
deep reflection»makea it impossible to determine whether the upper

unit of the Otway Group wedges in south of this hingeline also,
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In the off-shore areas the Upper and'Lower Cretaceous sediments are
structurally conformable and exhibit a marked shoreward dip com-
Ponent, This dip reversal results in progressive southward trunca-
tion of the Mesozoic sediments beneath the flat or seaward dipping
Tortidry sequence, Consequontlf the southern boundary of the
Lower Cretaceous sediments is an erosional boundary, probably

essentially parallel to the line of dip reversal shown in plate
16, but modified by the continental slope, The line of dip

reversal dolinoqto- the axis of a regional synclinal structure
herein termed the Mt, Salt Syncline, which extends from the
Victorian border to beyond Goltvood'Beach, where it merges with
the east-west Robe Trough, The axis of this syncline represents
the axis of thickest preserved Upper Cretaceous sedimentation
within tﬁe Gambier Embayment and may also represent the axis of
thickest Otway Group-ﬁpper unit sediments, Whether this axis
also represents the axis of thickest originalldepoaition is not
clear due to tﬁo post~depositional uplift and truncation, The
ﬁplift is roughly parallel to, and may be associated with the for-
mation of the present continental margin, The age of the uplift
must be essentially post-Cretaceous, but part at least may have
been contemporaneous with dépoaition during the Upperxr Cretaceoué.
The northern limb of the Mt, Salt Syncline on the other

hand may 8imply represent the Lower Cretaceous depositional slope

modified by some contemporaneous down warping; especially south
of the Tartwafp Fault, This slope appears to ﬁe independent of
the Kalangadoo basement high,but is affected by faulting associa-
ted with arching of the Lower Cretaceous strata, ﬁear Krongart,
Similar structures are defined north of the Beachport-Kalangadoo

High near MP140 (plate 4) at the northern end of the Namco B line
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(plate 5), and possibly at CK50 (plate 3). In addition, marked
thickening and increased basinward dip of the base of the upper
unit of the Otway Group takes place along the hingiine north of
the Beachport high in the offshore area., These thcturea may

be continuous or on echelon, but together form the morthern

margin of the syncline and also limit the onshore distribution

of Upper Cretaceous sediments,

Additional evidence for the pre-Upper Cretaceous age
of the- feature that limits the northern extension of Upper
Cretaceous sediments, is given in the Namco B line (pilate 3)
v,hére the Upper Cretaceous strata appear to abut gnd wedge out
northward against the Lower Cretaceous sediments, This cone
trasts markedly with the relationship on the southerm 1imdb of
the syncline where the Upper and Lower Cretaceous o'ed:l.ménta are
contormablq, except to the southwest of Geltwocd Beach where a
slight discordance appears on line S$522 (plate 12),

The above-deécribed structures repreient the basic
structures thus far defined, that form the frame work of the
Gambies Embayment, All of these structures which are of
Mehbid:l.c age, controlled 'dapositi-gn- of the Mesozoic sediments,
However, younger s‘trﬁetu'rea undoubtedly controlled deposition of
the Tertiary sediments, but these are relatiﬂeiy subdued and are
not adequately defined by the sparse shallow reflections in the
seismic sections, |

Generallly the Lower Tertiary scdiments were depoaited
on 1; relatively regular surface with & gentle southwesterly dip.
Veak depr'osaione in 'tﬁis ;;nrface which hold thicker Lover Tertiar
deposits gonerally rconforin to areas of thickest pre-~Tertiary
'de;')oa:lé‘s (plate 19). e;g. the Lower Tertinry sequence thins
aorosp the ah‘elf-iara north of the Penola Trough .in sympathy

with thuming’_af the upper and lower parts of the Otway Group.

Lt
P
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Numerous small-scale faults are indicated in the seismic
sections and in outcrop (Sprigg, 1952) but these mostly represent

post Middle=-Tertiary movements which consequently do not uffect
sedimentation, However, O'Driscoll (1960, Vol, I, p. 97) cmn-
sidered that wedge-~out of the Gambier Limcaﬁone north of S,A,

' 011 Wells bore in section 598, hundred of Caroline;_may be due to

contemporaneous faulting,
BRIEF NOTES ON STRUCTURAL EVOLUTEON OF THE GAMBIER EMBAYMENT

The Gambier Embayment as defined by the seismic surveys,
is a composite feature due to cbntinued tectonic activity during
aedimentafion; However, intenéity and distribution of tectonic
activitybvaried in'tiﬁojand consequently it is difficult éo sub-
‘divide the meaymont into precise structural fe#turos without re-~

course to the dimension of time,
The main structural features are Jurassic to Cretacsous

in age and include the Padthawny Ridge, the Robe-Penola Trough,
including tﬁe "shelf" afe;, the Beachport-Kalangadoo High, and
the Mt, SaltSSyncline to the south,
| The Padthaway Ridge has remainod a positive structure
throughout the history of the Gambier Embayment, and the hingeline
along the south flank of the ridge controlled aédimentation during
the Upper Jrassic to Lower Cretaceous at least, B8Some overlap of
Léwer Cretaceous sediments tookplace along the southern flank, but
it was not until the Middle Tertiary that any large area of the
Padthavéy Ridge received accumulations of sediment,

Upper Jurassic downfaulting and downgarping along the
southern flank of the Padthaw#y-Ridge resulted 1# an elongate

trough or basin, of which the Penola-Robe Trough represents an

eroded remmant, The orientation and nature of theAsouthern flank
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(;f thii sedimentary area is qot k#owh; because post-~seéedimentary
uplift of the Begchport-Kalangadoo High has truncated the Ot;ay
Grohp-lower unit sediments which were deposited in this period,
However, continued negative movements along the northern flank
of the basin has preserved the approximate original extent of
the lower unit of the Otway Group in this area,

Consequently the area from the Beachport-Kalangadoo

High to the Padthaway Ridge comprises one structural unit of the
Gambier Embayment, which received sediments of the upper Jurassic
to lowermost Cretaceous lower unit of the Otway Group, The
Robe<Penola Trough represents an overdeepened area within this
structural unit whioch received a greater thickness of sediment
than the "ahélf" area between Lucindale and Struan, Haematite

Explorations (1965) have interpreted a large scale fault just

north of the axis of the Robe Trough which downfaulted about

7,000 feet of sediment againét basement to the north, Reflections

fgom these sediments are structurally conformable with reflections
from the lower unit of the Otway Group. if Soth reflector groups
iro referable to the Otway Groupflowor unit, it would indicate
considerable over-deepening of the Robe Trough relative to the
Penola Trough,

The Beachport-Kalangadoo High which forms the southern
flank of the Penola-~Robe Trough, Qas at least in part an area of
sedimentation during the Upper Jurassic to'Lower‘Crotaceous and
‘therefore represents part of the original negative area of the
Gambier Embayment, However, uplift at or toward the end of Otway
Group-lower unit deposition, created a new structural unit in the
form of a basement high, from which the lower unit of the Otway

Group was subsequently removed by erosion,
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By the beginning of Otway Group-upper unit sedimentation

the Beachport-Kalangadoo High had become consolidated with the

Robe~Penola Troﬁgh to form a shelf area which received an average

of 3-4,000 feet of sediment compared with more than 8,000 feet to

the southe Later faulting and warping is essentially independent
of the Beachport-Kalangadoo High, Some renewed downwarp occurred
along the structural margin of the basin, but this zone also
became stabilized during deposition of the upper unit of the
Otwai Group, The new area of deﬁosition éouth of the Beachport-
KalangadooiH;gh is poorly defined, especially ;n the offshore area
where post depositional uplift and erosiop has obscured the
original relatiaoships, Information along the northern margin of
this negative feature is also meagre, but the available informa-
tion indicates that the hingeline responsible for part at least
of the downwarp to the south, is several miles norfh of the
Beachport-Kaiaﬁgadoo BasementHigh, In thié regard, considerable
#hickeping of;thg uger unit of the Otway Group takes place in the
foahofe area basinward of the line defining'the southern limit o
the reflector marking the top of the lower unit K of the Otway
Group., This 1imit is north of the oulminatioﬁ of thé Beachport
High on the survey line SAlz'at least, Onshore a definite south-
ward dip in the Otway Group-upper unit strata develops south of
thé hingeline which controlled Upper Cfetaceous sedimentation nea
Krbngart. Whethef this hingeline represents partly Lower Cre-
taceous or entirely post-Lovwer Cretaceous movement is not positiv
ly determined, but it is apparent that the Beachport-Kalangadoo
High became ﬁart of the downwarped flank of #® main area of depo-

sition during the Upper Cretaceous and possibly during part of th

Lower Cretaceous,
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Negative movement of the southern area relative to
the Robe-Penola Trough continued into the Upper Cretaceous when
aedimontationbin the Gambier Embayment was confined entirely
south of tho_hingeline-paosing through Kronglrt. Tho thickest

deposits in this area were laid down south of the Tartwarp Fault,

However, toward the end of the Upper Cretaceous period, uplift
in the offshofe area produced a broad synclinal strucdure (Mt,
Salt Syncline) with its axis almost parallel to the edge of the
contineptal éhelf. This uplift probably occurred during forma~
tion of the present continental margin, as the trunated southern
1imb qf-ﬁhe syncline forms the platform or shelf on which the
Tertiary sediments have been deposited, In addition, no ma jor

poat-Mesozoic structural features are as yet defined, The
Tertigry‘aediménta appear to be built out across a gently seaward

. 'sloping surface in which minor depressions represent compaotion

\

of the older sediments perhaps with some latent warping and small
scale faulting along the o0ld hingelines,
Post-depositional faults mapped in the Tertiary out-

ocrops (Sprigg, 1952) are generally of small magnitude and may
represent similar adjustments which were possibly intensified by

Bte Tertiary uplift in the Palaeozoic fold belts of the Adelaide

and Tasman Geoeyﬁcline.
The sequence of tectonic events outlined above hss an

interesting and significant pattern which may be divided into 3
me jor phases,

' The first phase consists essentially of the following

sequence of events:

Downwarp along the northern mrgin of the basin during

the Upper Jurassic,



- 57 - | | A

Rapid accumulation of a thick sequence of Uppef\\

N\

Jurassic to Lower Cretaceous sediments in the de:
pressed area, o 4 - f\f

Uplift in lowermost Cretaceous time, followed by -

X
K

erosional truncation down to basement of the i;
| s

southérn part qf the dgpreseed are#. This uplift
fofmed the Beachport-Kalangadoo High and a broad
ayniinAI structure preserved as the Robe-Penola
Trough. These components later became consolidated
to a large extent with the basement area to the
north, |
Thi second phage'eemprises.é gimilar sequence of
events in a noﬁ_area immediately seutn of the Robe=Penola Trough,
The main downwarp in this éése which received the
:greatest.ﬁiék£eal of sediment took place during the
Lower Cretaceous along a hingéline independent of,
but near the southern limit of the éroded syncline
" (Robe-Penola Trough), Contemporaneous downwarp along
therbaaih margin, probably coupled with some regional
southward tilt, resulted in an intermediate thickness
of sediment on the shelf area of thé Robe~Penola
Trough; and a thin sequence on the southern part of

the Padthaway Ridge.

During the late Upper Cretaceous time, uplift of the

southern part of the new depressed area again resulted

in formation of a broad syncline (Mt. Salt Syncline)
the southern limb of which was subsegquently deeply
' tfuncatéd. In both cases the truncation is most pro-

nounced toward the northwest, This syrdine in turn
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becéme consolidated with the Robe-Penola Trough and
the Pédthﬁway Ridge, forming & shelf area during the
third bhASe in the development of the Gﬁmbier Embay-
ment. |

The third phasé ie partly a repetition of the second
phasé, but under more stable conditions, Regional subsidence and
tilt to the south again‘résulted in deposition of an intermediate
l;:fhickﬁig; of‘&e&iment (Tertiary) on the shelf area f&rmed by
‘1neereonaolidatioh of the earlier downwarps, However, the third
pha;e differs from the second phase in thét the negative area to
the south is non-continental,

It is apparent therefore, that the Gambier Embayment
 evolved by differential bloek faulting as two successive down-
warps duriﬁg the'Ju;assie and Cretaceous, Each of these down-
warps was nubceenively.uplifted from the south and fused to the
cont;nent.‘ Thé last of these prccenseé formed-the present
continental mazxrgin duripg the uppermoat Cretaceous ér 1owe£no:t
Tértiary,‘ Much of the movement éloné #he ma jor faglts probably
took place during éeposition. ig addition, mueh‘éf the uplift
and truncation of the southern part of the downwarped areas may
hafe takeh plgce contqmporanepusly with‘deppsitién of regressive
facies in the central part of the,dpﬁnwarpsg

.
zf,ROCHOU
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