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INTRODUCTION

This investigation'was conducted on behalf of ESSO
Exploration Australia (the bperator) and Haematite Explorations
Pty. Ltd. (the permit holders). At their request the section
has been examined in detail in order to establish a standard
foraminiferal sequence for further correlation in the off-shore
Gippsland area. The géoiogical staffs of both comﬁanies gave'
the author considerablé assistance and complied to requests

‘ ‘regarding sampling.

Sample Detail: The well wag drilled in 150 foot of water, some

15 miles south of the Gippsland coastline. Rotary cutting
samples were submitted frbm the foét of the surface casing at
780 feet to total depth at 8,701 feet. Rotary cutting contamin-
ation was minimal between 780 feet and 4,300 feet apart from the
interval 3,050 feet to 3,200 feet. Below 4,300 feet contamin-
ation was sboradically'heavy down to 8,400 feet. It is noted
that the 133 casing was set at 2,974 feet and the 9% casing at
' 6,081 feet. Much of the contamination below 4,300 feet came from
| the interval 3,400 to 3,500 feet where a "wash out" was noted on,
the "caliper log".

' 'Eightéen cores were recovered and these were slabbed at
the well sité, so that a complete section of each core was
received. The position of cores from 1,000 feet to 4,000 feet
is shown on ?13;1. , . .

.rThe da%um for all sample dépths was the rotary table given

as,+j1 feet M.S.L.. All depths discussed herehare'thbse shown
on the submitted samples and no adjustment has been made on E-log
interpretations étc. ‘

All cores were sampled at 2 fdot intervals aﬂd cutting
samples were examined every 50 feet with reduction of sampling
interval where necessary.' Normal mié?ofossil preparation tech-
niques were employed. Prepared samples were exhaustively hand-
picked for foraminifera and other microfoésils. If good faunas

were found the fossils were sorted on to grid slides before
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specific determination of foraminifera was conducted. A com-

,prehensife distribution chart of some 300 species was assembled

and this was later abridged to the form shown on Fig.1. Where
specific identity was dubious or new species suspected, species
numbers were applied and representative specimens were mounted

l'e)
<
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THE FAUNAL SEQUENCE

Cores 1 to 8 contained Tertiary foraminifera and the new
species was recorded down to 3,800 feet. The new fauna at
3,800 feet is regarded as uppermost Eocene, so that the Tertiary
foraminiferal sequence extends from above 780 feet (= first
sample) to the vicinity of 3,800 feet. No older diagnostic
faunas were found, although a sample of core 16 (sample interval
6,450-1‘feet)_contained a sparse fauna of minute, nondescript
rotalid forme. This'fauna was not found in any other of 10
eamples‘examined from core 16.

In recent years several Tertiary sections in the Gippsland
Basin have been studied in considerable detail by foraminiferal
workers. . Jenkins (1960) studied the Tertiary planktonic fora-
minifera in the Lakes Entrance 0il Shaft; a vertical, hand-
sampled section. Carter (1964) built up a'composrte sequence,
consisting of both outcrop and bore material from the Longford,
Bairnsdale and'Lakes Entrance areas. ‘Carter's work is an
application of his faunal unit scheme, which ﬁas based on the
Aire Coast sections in Western Victoria'(Carter 1958a). Wade
(1964) hes subsequentiy discussed the Tertiary planktonic fora-
minlferal zonation in southern Australia and has co-ordinated
the work of Carter and Jenkins. ’

" This previous work provided a firm basis on which to
establish a foraminiferal sequence, for the Gippsland Shelf No.1

Well. However Carter, Jenkins and Wade all use the first

appearance of forms in etolutionary seduenee. .Theoreticelly
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this is the ideal approach as it is in the direction of evolution,
that is "up-sequence". But sub-surface sections are drilled
"down¢aequence"; Where rotary cuttinéyhave to be used for bio-
stratigraphic determination, the first appearance of a species

is the only reliable point in its range, because of rotary
cutting contamination. This first appearance is in fact the
level of extinction of the species in the section. Obviously
the "up-sequence" schemes have to be adapted to a "down-sequence"
approach.

Thé author has been working on this probiem for several
years, especially in regérd to the on-shore Gippsland Basin. A
less empirical down sequence approach has been tested by using
the range and points of fragmentation and bifurcation in a
number of linearly evolving species groups. The planktonic
series discussed by Wade (l.c.) can be utilized 5y this approach.

The classic Orbulina universa lineage poses difficulties in that

the globular shape provides almost maximum bouyancy and may be
constantly recirculated as a mud contaminant.

Uvigerinid and bolivinid forms are common in the Gippsland’
Shelf sequence, though they are not common on-shore, apparently
for environmental reasons. Vella (1964 )has stressed the sign-
ificance of linear development within these groups in the New
Zealand-Tertiary. Similar, though not identicél, lineages
are recognized in the Gippsland Shelf sequence and these lineages
have been detailed. - It is thought that the bolivinid and
uvigerind lineages will be important factors in corrélating

subsequent Gippsland off-shore sections.

(i) Gippsland Shelf No.1 Tertiary foraminiferal sequence: -

Vertical distribution of species groups will be discussed
down sequence with reference to summarized distribution of selected

species as shown on Fig.1.

ey

e
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(a) Planktonic species - ILittle change in the
Globigerina spp. till 3,400 feet where G.euapertura first
appears coinciding with the virtual disappearance of G.woodi

and G.apertura, G.euvapertura clearly develops from G.ampliapertura

and this latter form is present below 3,700 feet. The apparent
lineage is G.ampliapertura -> G.euapertura -» G.apertura (s.l.).

Jenkins (1960)nehows that G.woodi replaces G.euapertura, and
he includesr(péra.comm.) G.apertura (s.l,) within G.woodi.
Wade (1964) does not recognize G.woodi and uses G.apertura.

The author feels that the two.species can be distinguished and

that G.woodi is not in the direct G.ampliapertura -- apertura
lineage.

The closely related species G.linaperta and G.angiopora
appear in association below 3,800 feet. In New Zealand the
range of the latter exte@ds higher than'that of the former
(Hornibrook, 1961). |

Most members of Blow's (1956) Globigerinoides triloba -

' Orbulina universa bioseries are present in the sequence.

Orbulina universa is present in cores 1 to 5, whilst Q.suturalis
is present in cores 6 and 7. Such a distribution would be )

anticipated. . However below core 7 there is no verified record-

ing of g.traﬁsitoria, g.bispheriéa or G.triloba, although Blow
shows these species to be ancestrél to Q.suturalis'and would
be expected to occur below O.suturalis. As subsequent authors,
including Carger, Jenking and Wade, have substantiated Bloﬁ'a
bioseries, it cen only be concluded that the lineage is
interrupted iﬁ this secfion befo%e the initial appearance of
the mature form of G.triloba. The immaiure fom of G.triloba

(either G.triloba immatura or Globigerina woodi connecta

Jenkins) is present below 3,080 feet.

Globorotalia spp. do not occur above 1,060 feet. The

highest occurring species:are mainly thé keeled forms referable
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~ and becoming more abundant down the section.
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" to G.menardii. G.mayeri is not present above 1,700 feet and

P .

g:géfféahenais and G.conica is not above 2,300 feet. This is

BT : s B
- thedtepecifie distribution pattern shown by Jenkins (1960) and

11 these species are within range of Orbulina universa and Q.

o
(=3 i - L 1

sutularis. Wade (1964) places G.barisanensis and G.menardii

moitumbida within the G. fohsi lineage so that the latter replaces

the former as is demonstrated'in'this section. The presence

of G.lenguanensis near the top of the range of G.mayeri and
well above the top of the range of G.barisanensis is consisient
with the findings of Bolli (1957) in Trinidad.

Below 3,400 feet G.opima opima and G.extans are associated
with the coarse pored G.testarugosa not present till 3,540 feet
. ' These three forms
show a relative distribution in agreement with Jenkins (1960).

The Gippsland Shelf sequence reaches the fop of the range

of Chiloguembelina cubengis at 3,540 feet with rare Guembelitra

sp. below 3,800 feet. Although this oxder of occurrence is
similar to that in Trinidad and New Zealand, it is the reverse

of Wade's (1964) obsérvations for southern Australia,

(b) Bolivinid species =~ Four lineagéyof bolivinids are
recognized in the sequence.

One lineage is within a group of elongate forms which
exhibit thickening and initial widening of the test, accompanied -

by peripheral rounding and facial flattening. The ultimate

~ form, Bolivina sp.2 is present down to 2,100 feet and 1ts range

overlaps the thinner, more tapered B. sp.8, which 1s recognized
at 1,900 feet. B. sp.8 is not encouyntered below 2,700 feet.
A probably related fofm, B. sp.12 occurs below 3,300 feet. There
is an apparent gap in the lineage. '

An outstanding element of the higher part of the sequence:”
is a robust keeled bolivinid referable to Bolivinita, probably'
comparable with B.compressg of the New Zealand upper Tertiary.

o s e
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This form is present down to 1,600 feet and a less strongly
carinate form, B. sp.2, replaces it. The chambering of B.
sp.1 and sp.2 is similar_to ‘that of Bolivina sp.2 and the less
carinate naturé of B61ivihita'gp.2 suggests that the Bolivinita
Sp.2 --‘sp. 1:Iineagé'5fénches'off at the fragmentation level

1,900 to 2,100 feet) of tbe Bolivina sp.8 ~- sp.2 lineage.

(ie
\1le. 1, Z; 100 1eet ) e

This Bolivinita lineage is obviously parallel to the B,
quadrilatera lineage in New Zealand, but Hornibrook (1953,"p.440)

suggests thét fhe New Zealand group were immigrants and he does
not indicate development from a Bolivina stock. .

Bolivina sp.t is a ‘compressed elongate form with carinate
later chambers and raised sutural ribs. Below 1,500 feet, the
broader, mqre triangular form B. sp.4 is presént. A similar ,
form, g.sp.9;€witﬁ.élongate ribs bccurs below 2,300 feet. These
three species Bfe'within a definite linear development. The
rang%?%verlap.bf species, though broad, is significaﬂt.

Below 3,540 feet, the Bolivina pontis to B.anastomosa

group 1is recognizéd. The former is clearly distingﬁished below

3,800 feet. :'The development is similar to that described by

Hornibrook (1961) and Vella (1964) from New Zealand. The highest

appearance ofng.anastomosa is stratigraphically lower than that
'recorded iﬁ New Zeaiand and slightly lower than other Gippsland
Basin sections, Vella (l.c.) shows that B.affiliata is‘thev
descendant of'g.anastomdsa and that the lineage may be surviving

as B.robusta. B.affiliata is not recognized in the Gippsland

Shelf sequence, but the Bolivina sp.9 to B. sp.1 lineage exhibits
similarities to B.robusta. |

(¢) Uvigerinids = Vella (1961 and 1964) has made an
extensive study of New Zealand uvigerinid lineages. Vella's
approach is to place.the species of one lineage within a distinct

higher taxon. This had lead to the erection of a number of new.
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- similar to the New Zealand speciesﬂgfmiozea.

- at 2,300 feet and is still present at 3,000 feet.

 with the New Zealand species'Udorreenti.

. unrelated to this group.

G.zealandica (s.s.).

genera and sub-genera within the family Uvigerinidae. This
is the modern taxonomic approach, yet Vella's proposed genera
and sub-genera have nof been»geherally accepted and probably
require greater verification, especially with regard to
apertural a"é internal chamber'characteristigs. Also Vella
stresses the endeﬁic-natﬁre of his species. For the above
reasons, the author.haé refrained at this stage ffom using

. The author has generalized the generic
concept of Uvigerina, but will attempt to place numbered species
within Vella;silineages; that is within his proposed higher

taxa.

The Hofkeruva (Trigonouva) group which are common through-

out most of the Tertiary section. The first form encountered,

Uvigerina sp.1;'is elongate and moderately costate. Subsequent

e e e

: forms (down_geqf&bn):are U. 8p.2, U. 8p.4 and U. sp.8. The

. latter species'is markedly triangular in cross-section and very

This form appears

The general

) shapé and»plateﬁlike costae of the large U. sp.9 suggests affinity

As U, sp.9 is presént

~ at 3,080 feet and U.sp 8 persists to at least 3'000 feet, then
there is apparent disruption of Vella's (1961, Text fig 3)

proposed lineage if U.sp.8 = "U".miozea and U.sp.9 ='"U" dorreeni.
U.sp 3y U. sp.7 and U.ep.10 are all hispid forms probably

within the genus Neouvigerina as explained by Vella.

The three

Gippsland shelf species do not appear related,

- {
- (d) Gyroidinoides - a definite series df the G.zealandica

group is recognizéd in New Zealand. G. sp.i and G. sp.2 appear
But below 2,200 feei there is a form,
G. sp.3, which resembles G. subzealandica, whilst below 3,080
feet it is replaced by the more angular form G\ap\i\equaling

This is the New Zealand order\b£ occurrence

. \ '
although Hornibrook (1961) shows that the ranges. of thk\two species
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(e) Cibicides - Lineages within this group probably
exist in the section but have not been studied. Common

species down to 2 » 700 feet include C.cygnorum, C.mediocris,

C. subhaidingeri and C.vortex. C.victoriensis is not recorded

$111 1 500 feet and its presence below 3,080 feet may be due to
contamination. bg.vortex probably forms a lineage group as a

C. 'vortex form B' can be distihguiSHed'below 2,400 feet. There
is a marked change in the Cibicideés fauna at 3,080 feet, with '

the appearance of C.brevolalis, C.perforatus and C.noyozealandica.

This change is anticipated from Carter's (1964) and other

Gippsland sections.

(£) Elgh;dium - The order of occurrencerf the five
recorded species of Elphidiumare of significance, as four of
them retaiﬁ‘thé order as récorded by Carter (l.c.), although E..
crespinae woﬁid be expected'to range‘higher. The fifth species,

g.arenea'(syn‘ Discorotalia arenea Hornibrook), is & new record-

ing for'Viotoria, butris of limited range in New Zealand.

(ii) Biostratigraphic units for Gippsland Shelf No.1 seduence:-‘

From the above discussion it is ﬁovaossible to subdivide ;
the sequeﬂc%vinto a number of Biostratigraphic units,  which are .
comparabié’@ithipreviously‘established biostratigraphic units,
but are‘ﬁéf;éoﬁblétélyé;gﬁivalehf to previous schemes, as by
necessity this séheméhié'B‘"down‘eequeﬁce" scheme. The bio-
stratigraphic units.éppiied are named zohulee as they coﬁprise"
associations of‘spécieS'of various foraminiferal groups and are

intended only for purposes of local correlation.

Zonule A - ? to 1,060 feet: As samples were not collected
above 780 feet, the top of this zonule is not known. The
complete absence of Globorotalia spp. identifies it but this

abgsence is probably due to environmental factors. The only

7 R i
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specles festricted to this unit is Uvigerina sp.1 which
obviously develops fromng. 8p.2 in Zonule B.
Zonule B - 1,060 feet to 1,700 feet: The highest ranges of

Globorotalia acostaenasis, G.menardii moitumbida, miocenica

and praemenardii are within fhis interval; but these species
could easily range higher in other sections. The related
species Bolivina sp.2'and B. sp.4 overlap in range. Bolivinita
sp.1 is associated witﬁ Bolivina sp.1 and characterizes this
ﬁnit, alfhough both species do occur rarely in the higher unit.
The hispid Uvigerina sp.3 appears 1imited to this unit, and

Cibicides victoriensis does not range above the base of the unit,

Zonule C = 1,700 feet to 2,300 feet: Marked by the highest

appearance of Globorotalia mayeri and the limited appearance of

. G.lenguaensis. Within this unit is the fragmentation of the

Bolivina sp.8 to sp.1 lineage with bifurcation to the primitive

" Bolivinita 8p.2. The highest appearance of Uvigerina sp.4

overiaps U. 8p.2 and the hispld form U. sp.7 does not range above

" the base of the unit. The ranges of such species as Elphidium

pseudoinflatum, Gyroidinoides ép.2 and G. 8p.3 exfend upwards

“into this zonule and Textularia sp.3 appears limited to it.

Zonule D - 2,300 feet to 2,700 feet: Characterized by the

highest éppeafances of Globorotalia barisanensig and G.conica,
The two cores within this interval contain few Orbgiina universa,

though higher in the sequence this form is abundant. Bolivina
8p.9 is restricted to this unit and élearly develops intoﬁ
Bolivina sp.4. The uvigerinid fauna consists mainly 6f the
hispid Uvigerina sp.7 and the ﬁiangular‘g. sp.8. Elphidium

arenea is restricted to this unit.

Zonule E - 2,700 feet to 3,080 feet has sparse faunas through-

out, apart from obvious contamination below 3,050 feet. Except

for Haplophragmoides cf. paupera, all species recorded occur

higher in the sequence. However the zonule criteron is established
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on core samples ﬁhich contain Orbulina suturalis without

assoclated g.uhiversa. Just above this zonule, core 5 contains

rare Q.universa, whilst O.suturalis is more common. ' Thus
2,700 feet is taken as the level of initial appearance of
Q.Qniversa. v '
Haplophragmoides spp. are common within the zonule.
A;significant feature of this’zonule is the presence of

o
worn Lepidocyclina sp. Gypsina sp. and Amphistegina sp., with

decayedjfragménté of bryozoa. The sediment is a sandy one and
is not éomparable'with_the typical Victorian lepidocyclinal

limestdnesg(ex. the Glencoe Limestone of Gippsland). Furthermore

Carter (1964) demonstrates that Orbulina suturalis appears'above

and not in association with Lepidocyclina sp. in Victoria, It

is considered that these Lepidocyclina ‘and other larger fofa-

1h thewe famnples

minifer%(are derived.’

Zonule F and G are missing in this sequence. As already stated

the Globigerinoides triloba -- Orbulina universa bioseries is

interrupted before the appearance of the mature form of G.triloba
and is recommended with g.suturglie.f The'two significant
missing events are the gsgggfance (up“séduence) of G.triloba
and of G.bispherica. It is éleo ﬂofed that several bolivinid and
uvigeriﬁid lineages Appear to be interrupted. Moreover fresh
sﬁecimenS’of Lepidocxclina'sp.véhd qther,larger"foraminifera are
not bresent, although they wduld'bg expécted immediately below
O.suturalis. .

The absence of the expected Zonules P and G indicates a-

hiatus within the sequence.

Zonule B - 3.080 feet _to 3,400 feet - Despite cpntaminafion

down to 3,200 feet, the fauna is impressively different.

(lobigerina apertura, G.woodi, are still present with immature

- and dubious specimens of Globigerinoides triloba. At the top

of gnd'within the zonule, such forms as Cibicides brevolalis,

C.perforatus, C.novozealandica, Uvigerina sp.9, U. sp.10, U.sp.11,

s agegre
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Astrononion centroplax and Anomalinoides vitrinoda.

Arenaceous species are common with Textularia spp., Dorthia

8PPy Haplophraggoides epp. and Karreriella sp. The appearance
of Karrerielle sp. and Haglophraggeides rotundata within the

unit may be a biestratigraphic rather than a purely envirorimental
feature, as these two species have not been noted at relatively>

higher levela in Gippsland sections.

Zonule I = 3, 400 feet_to 3,540 feet =~ Globigerina eurapertura
is positively identified at 3,400 feet and .apertura and G.woodi

are both extremely rare. Globorotalia o gima opim and G.extans
are rare though important elements of the planktonic fauna.
The benthonic fauna 1is similar to that of Zonule H, except for

the presence of Vaginulinopsis gippslandicug and the arenaceous

Vulvulina sp. (probably referable to the New Zealand Y.granulosa).

There 1s a rich arenaceous fauna.

Zonule J - 3,540 feet to 3,800 feet = A strikingly different

fauna due to the small size of specimens when compared with the

robust Zonule I fauna. The planktonic elements are similar to -
Zonule H apart from the presence of Globgrotalia estarugoga'

and Chiloguembelina cubensis. There is a notable reduction in
specimen size of the benthonio epecies which a150'oqour in the -

two preceding 'zonules. Arenaceous speoiea are rare. The

)

hirhest occurrence of Bolivina anaetomosa and’ the arenaoeoul

Dolivinopsis cubensis ‘are noted at 3 540 feet.

Zonule K - 3,800 feet to ? - Fauna generally similar t0 Zonule

J, but mixtures of Globigerina eurapertura with the ancestral

form G.ampliapertura and of Bolivina anastomosa with the ancestral

form B.pontis, indicate specific fragmentation in these two
]ineages. This level alee contains the highest appearance of the

planktonic Globigerina an gipora and G.linaperta as well as the
rare occurrence of Guembglii;g [}

AT NI
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Below 3,800 feet - No new species were found below this level
aﬁd all cofés Wefe barren of'foraminifera. Foraminifera were
foun& épofédicaliy in cutting samples below 4,400 feet to

6,000 feet, but:all Specigsvare referable to those found in
Zon&le H and I. Obviousiy these foraminifera are contamiﬁﬁtion,

and the fact that Vulvulina sp. and Vaginulinopsis gippslandicus

are present suggests that the contamination came from the

vieinity of 3,500 feet.

CORRELATION OF GIPPSIAND SHELF SEQUENCE

(i) Biostratigraphic correlation with other Victorian sequences:

Comparison can now be discussed between the.Gippsland
Shelf No. 1 zonule scheme'and the biostratigraphic schemes of
Carter (1958 and 1964), Jenkins (1960) and Wade (1964). This

comparison is summarized on Pig.1.

Zonule A - appears to be in a higher position than the top unit
of either Jenkins' or Carter's schemes: In fact none of the
proposed schemes have a defined top.” The fauna of Zonule A is

{

probably environmentally controlled.i

. Zonule B - is within Carter's definition of Faunal Unit 11 as it

contains abundant planktonic fauna. The presence of Globorotalia

menardii moitumida and miocenica with the highest apbearance

of Q.mehardii praemenardii within the Zonule and G.mayeri at

its base, is indicative of Jenkins' G.menardii moitumida Zone

(Zone 11).

Zonule C ~ the highest range of Jenkins' G.mayeri supports
comparison with Jenkins' G.mayeri Zone (Zone 10). The’
occurrence of G.lenguaensis implies that this is also Wade's

G.mayeri Zone.:

Zonule D - the base of the Zonule is designated to be at the

initial appearance of QOrbulina uni , thus this unit corres-
pondes with the defined bame of Carter's Faunal Unit 11. This
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unit is the equivalent of both Jenkins' and Wade's Q.universa

7one and the presence of Globorotalia conica and G.barisanensis

are in agreement with Jenkins' findings.

Zonule E - The presehee of O.suturalis without O.universa is

the criterion of Carter's Faunal Unit 10 and Vade's suturalis

Zone. This Zonule is probably within Jenkins' Zones 8 and 7.

At this stage in the sequence, Jenkins' zonation is too subtle

to be achieved in a'normaily drilled sequence.

Zonules F and G - missing in the Gippsland Shelf sequence, but

if present would contain the events of Vade's guadrilobatus

quadrilobatus Zone (= Zonule G) and bisphericus Zone (= Zonule F).

Carter has three units'(9vto'7) and Jenkins has 4 (7 to 4) in
this bioétratigrghhic interval, but in view of Wade's findings,
it is felt that only two units should be'reserved in this down-

sequence scheme. - Carter diagnoses Faunal Unit 9 by the larger

foraminiferal association (including Lepidocyclina) and clearly

demonstrates its position relative to the planktonic sequence.
The author considers the association as one of the benthonic

markers of Zonule F.

Zonule H - the apparent absence of Globigerinoides triloba

but the‘preéence of-immature forms (?Globigerina woodi immatura)

with G.woodi is indicative of Jenkins' G.woodi Zone: This Zone

is the eduivalent'of Carter's Faunal Unit 6.

Zonvle I - The highest appearance of Globorotalia extans and

G.opima opima with the positive appearance of G.euapertura

equates this with Jenkins' Globoquadrina dehiscens Zone (Zone 2).

This is the equivalent of Faunal Unit 5, but Carter's main

indicator, the adherent Victoriella conoidea is not present in

this sequence.

Zonule J - Chiloguembelina cubensis without Globigerina

linaperta is the plénktonic:criterion of Carter's Faunal Unit 4.
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Although Carter did not positivelyAidentify this unit in
Gippsland, he'sﬁspected its presence and lately Hocking and
Taylor (1964) have recognized it in limited areas. The highest

appearance of Globorotalia testarugpsa conforms with Jenk;ns‘v

lowest zone, but Zonule J probably represents a larger bio-
stratigraphic interval than this zone. Jenkins recorded only
5 specimens of Q.testarugosa at the base of his Lakes Entrénce
0il Shaft sequence, suggesting that this was the extinction

level of the species.

Zonule K = Carter's Faunal Unit 3 is at the top of the range
of Globigerina linaperta so that Zonule K is probably at the

top of Faunal Unit 3.

(ii) Correlation with Victorian Tertiary Stages:

Carter (1964) has shown the rélationéhip of his fgunal
units to a revised Victorian Tertiary Stage Classification.
As the Gippsland Shelf sequence zonules are equated with

Carter's faunal units, then the zonules are made to f£it the

classification, although the author does not consider thém to

- have any significance in discussion or future correlation of

the sequence. For ingtance“Ca:ter differentiatés the Mitchellian
from the underlying Bairnédaiian on a fauhal change which
resulted from shallowing water. With regard to water depth,

one would expect "facies step ou{“ during mid-Tertiary fiﬁes
from the present op-shore to off-shore areaé. As this is evident
in the recognized Bairnsdalian ( = Zonules D and ?C) it would -

be expected in the Mitchellian. Recognition of the Mitchellian

can onlybbe achieved by determining upper Miocene. Direct
faunal correlation is not possible.

Crespin's (1943) stage classification for the Gippsland
Basin appears to bé a more workable, one, but'is dependent on

facies without real bidstratigraphic consideration. In the |




] Rt ‘ l : R .
Gippsland Basin, Crespin s work did not suggest time-

1es8t ' transgressive sedimentation, whilst an application of Carter's

: as' ehowp hv Hnokin ay lor (1 964 ) . '

® W maw W ememed, _

It is ev1dent thaﬁ Cresnin‘aﬂscheme is in reality a rock

Ly - stratigraphic one ‘and will be discussed later as such. .. o 3
1ce ' l , '
’ (iii) Intercontinental‘correlation: RV

-

‘The sequence can be discussed in terms of accepted world=-

wide division of the Tertiary period. Wade's~(1964).tngrgughi

W

1 study of both the actual faunas and the massive literature,

W

has placed the southern Australian plantonic sequence within .- - ) i
the framework of the European Standard Stage CIassification of
the Tertiary. More recent overseas literature supports her-
contentionsre. Discussion on these matters will be .limited to
comment on the Gippsland Shelf sequence.

Following Wade's evidence, Zonule K is obviously at the
top of the Eocene, Zonule J is’ lowermcst Oligocene. whilst
o zZonule I occupies the rest of the Oligooene (Chattian). |
Glaessner (1959) and Vade (1964) both argue ‘that Oarter's Paunal - ,?
1lien ] Unit 6 can be correlated with tho Aquitanian (lowermost Miccene) S

- on its relative position in the planktonic sequoncc and thus the i

Oligocene/Miocene boundary is below the soneral emergenoo of the

distinct "Globigerinoide form". .  Zonule H is considered as .

basal Miocene. ; ' - L |

The abgence of Wade's guadrilobatus quadrilobatus Zone

( = Zonule G) and bisghericu Zone (= Zonule G) indicates the' i
absence in the sequence of most of the lower Miocene (Burdigalian)
. Wade places her suturalis and universa Zones within the Helvetian }N
2nd her "mayeri" zOne within the Tortonian. Thus Zonules EtoC |
are middle Miocene. Wade 8 mazeri Zone is equated with Bolli'

(1957) maveri Zone, which marks the highest appearance of L i

Globorotalia mayeri and the inecoming of 2.1335333313‘ Thc:. ' i
" top of Zonulezc'is marked by the highest appearance of G.mayeri :

& and the presence of G.lenguanensis. Therefore Zonules B and A
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T

A
are probably within Bolli's menardii Zone and are taken to
P y :  ams : o

e

represent the upper Miocene.

From studies of Carter, Jenkins and Wade, it can be con;
cluded that a marine Tertiary sequence is present from the
upper Eocene to at least the middle Miocene in southern
Australia. In the case of tﬁeTGippsland Shelf No.1 Well a™ ‘
sequence has been shown which extends from the uppermost Eocene

to highest Miocene, with a break during the lower Miocene.,

(iv) Trans-Tasman correlation.

The proximity of New Zealand would suggest that correlation
should be attempted with the Gippsland Shelf sequence. Jenkins
(pers.comm.) is currently working on a correlation between the -
New 7ealand Tertiary planktonic sequence and that of the Lakes
Entrance 0il Shaft. At this stage comment is premature, but
certainvfeatures'are ohvioue.A It would appear from the
descriptions'of Hornibrook (1961) and Vella (1964) that Zonules
K and J contain Whaingaroan planktonic and benthonic faunas.

A characteristic planktonic sp@hies of  the Whaingaroan is‘

: Globlgerlna reticulata which'may be’ con-epecific with Globorotalia

E S TN SE uly within Bolli's an\,dtl LULH. el b o 0 Lot
testarugosa. Jenkins (1963) p places “the' Whaingaroan astride
reasnt the upper Miocene /
the Eocene/Oligocene boundary, which is the already correlated
: rom studies of Carier, Jdeiakling sl Wod o Lu 20 be con-
position of Zonules K and J. Similarities also exiat between
Glied wnat a marine Tcrtlary Sequatias is e e S Lver

the planktonic faunas of Zonule H and the Waitakian Stage which
Secene to at least the middle Plios _
Jenkins (1964) suggests as the base of the Miocene.
SR . In the case oif the ‘11)’}_'&.‘) il ol v
Another correlatlon is the fact that the New Zealand

upper Miocene is characterized by the entry of Bolivinita 8pp.

w0 nesiest Mioco ey, With o L Cok del
of the B.quadrilatera Gp. Hornibrook (1958) points out that

thls event occurs slightly earlier in New Guinea, However the

70} Yrans-Tasman correlation:
preeence of Bolivinita sp.1 does correlate Zonule B with the
e DI‘OXlMlty of New Zealand v ou J\l l4 L b I CREE R s

Tongaporutuan Stage of New Zealand.
sihould be attempted w1th the G]pooiuw' QHQ{L T N U P2 N

{1ors.comm. ) is currently Wuthng O G Tue et R LR
i Zentond Tertiary planktonie sequosce Lod o0 s dehes

e 011 Shaft. At this stage cunwea o B T SR
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DEPOSITIONAL HISTORY
(1) Depositiona environments:

The generic and specific content of the Gippsland Shelf
foraminiferal sequence has permitted biostratigraphic break
down but also givesgome key to the depositional environment at
the time of sedimentation, especially if all facies (bio and
1itho) are interpreted together. Detailed eedimento?ogy has
not been conducted on'the aedimente, go that a more complete
story must await this work. The palaeoecological siénificanoe

~of the faunas in the* sonules will be discussed in ascending

order.

Zonules X_and J (uppermostuEOcenegtp lower Oligocene):

This is within a sandy int;rvql wh‘cp contains thin bands of
carbonaceous material (lignite anQ/or brown coal), Only
sporadic faunas are recorded, but.when present, specimens are

fairly abundant. The out atanding f%tura {s the emall eize or

. the speoimene and the dominance ortsienﬁquio epeoiea. ‘ One,

thousand specimens were oount’é“ jn ) Y Pf three ea.mplee with'

regard to the planktonio/benthonio roraminiteral ratio.‘” The”,v“
results were: at 3, 560-3,570 :reet - 70% l at 3, 730 to. 3 740 feet

= 83%: 1 at 3,805 to. 3,810 feeg - 87%. Throughout the zonulo
the average size of specimens wae less than .25mm, - The - - -
benthonic fauna ooneietedvpredominantly of uvigerinids and ‘
bolivinids with a small percentage of arenaceous forms&

Such a high peroentage of planktonic forms would suggest
an open ocean environment, whilst bolivinid and uvigerinid '1
forms are fairly dominant benthonio conetituente of outer enelf
deposits, These eonelueions do not account for the ‘nature - |
of the sediment, nor the aonormally small size of 1ndiv1dua1ti?n

specimens, The explanation is probably that the faunas arenr

"displaced"’ in,that the tests have been waehed into an alten

environment.

The sediments suggest: shallow water, margf%al

g

marine eonditione (lagoonal or ewamp).v If this environment was

-
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separated from the 'sea by a narrow barrier, then any marked
sea-level rise (due to storms or abnormal tides) could cause
flooding by marine waters. Strong on-shore winds would bring
in the oceanic plaﬂkton and could cause turbulence on the sea
floor, suspending empty benthonic tests as described by Murray
(1965). Under such conditions Murray (1.c.) shows size sorting
operates on the foraminiferal tests, thus accounting for the
small specimen size in the faunas. The sporadic distribution
of the faunas within the interval indicates that the marine
connections were not constant throughout the interval. This
contention is supported by the lack of any obviously endemic
fauna which would not be established if sea water was diluted
by coastal run—off, when the cause of marine floodlng de31sted.
Such conditions exist today in the 1agoons on the Gippsland
seaboard. , '

It should.be recorded that the deiieate tests and the
fairly‘homogenous'natuie of the fauna does not indicate that
it is reworked. The "displacement" is environmental and not

stratigraphic, which is substantiated by previous discussipns:

which show that the fadnas.are not misplaced in the Victqrian"'

Tertiary planktonic sequence.

Zonules I and H (upper Oligocene’and lowest Miocene):

The sediment is a marl, glauconitic at the base, with a

~marked faunal change. Planktonic, areneceoﬁs and lagenid.

species with robust species of Cibicides are theidominant
elements. Even at the base of. the'intervai the areneceoua.
forms reflect an absence of quartz sand as their teste are
composed of smaller particle size material. Fairly shallow
water conditions, open to the ocean are evidenf with slow

sediment accumulation.

Zonule E (middle Miocene):

Calcareous sandstone with sparse arenaceous and miliolid
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faunas with occasional planktonic species. Obviously a shallow

water swiftly accumulating sediment.

Zonule D (middle te.upper Miocene): |

Sand content decreases up the section, with marls and
limestones present above 2,500 feet. With the decrease in
sand the faunas are larger and the planktonic percentage
increases:as doee the'percentage of uvigerinid end bolivinid -

forms. .A deepening of the depositional environment is suspected.

Zonules C and B (middle to upper Miocene)

Paunas and sediment similar to that at the top of Zonule D.

Shelf conditions are indicated.

Zonule A (upper Miocene).

The sediments are mainly calcareous, but are richly
bryozoal. The percentage of planktonic forms is reduced wifh a

marked absence of Globorotalia spp. There is an increase of

- miliolid and arenaceous forms (vfrtually absent in Zonules C

and B). Shallowing water is evident, The environment is
probably en inner shelf ohe, but certainly not littoral.

Biohermal accumuiations are not present within eequence.

(i1) The sequence of depositional events:

This is illustrated on Fig.2. for the Gippeland Shelf
Tertiary foraminiferal sequence (£rom 3,800 feet to 780 feet).

The base of the;sequence ie of uppermost Eocene age.
Sedimentation took place in a marginal marine environment (ex:
lagoons) with periodic'marine ingressions. During the
Oligocene there was a generel marine transgression covering the
depositional area with shallow water. The fine grained nature
of the marl and the formation of glauconite suggests slow
sedimentation and isolation from sources of detrital material,

This transgression was in fact a basin wide event which extended
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well into the present on-shore area (probable source areas).
During the»lower,Miocene there was a hiatus which has not yet
been reéogniéed on-ghore. Sedimentation was resumed in the
middle Mioeene'ﬁith the deposition of sand and detrital lime-
stone Matéfial. The limestone detritus cohtainéiﬁorn bryozoa
and 1arger.foraminifera and is suspected to have been reworked
from the Glencoe Limestone (refer Carter, 1964) of the Longford
District. There was a gradual deepening of water during‘the
middleFMiocene, with an apparent reversal of the trend in thé
upper Miocene. The posé"Mioceneahistory is not known due to

lack of samples.

(iii) Palaeogeography:

Throughout this foraminiferal sequence the climate appears
to have been a temperate one with current circulation as is
today. This is the opinion'of Wade (1964) for soufhern Australia.
Reed (1965) on the study of the Heywood No.10 bore (Wesfg;n ‘
Victoria) feels that planktonic faunas described by Jenkiné'(1960)
indiééte wafmer water conditions for Gippsland than those of
western Victoria. Reed's conclusions are not borne out by
the author's study of any Victorian Tertiary sequence, and
certainly not in the Gippsland Shelf sequence, where the combined

perceﬁ{gégﬂ6fHG1555§§é&fina‘dehiscens and keeled Globorotalia spp.

is never more than 5% of the total planktonic fauna in any

cample., " There are inherent differences between the western
Victorian and Gippsland mid-Tertiary faunas, but the author believes
thes; to be ﬁalaeogeographic, as Hopkinsfs’(1965) information

dces suggest that Bass Strait may not have been a "through-way"
between the Otway Basin (western Victoria) and éhe Gippsland |

Basin during mid-Tertiary fimes.v Reed's (l.c.) Fié.3 clearly

shows that "west wind drift" currents moved south of Tasmania‘

and that the Gippsland Basin would have been fed only by the"east

luqtrallan current" which also influences the west coast or




" This transgreséion extended from the Eocene/Oligocene boundary
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New Zealand. It has been already .stated that the Gippsland

. Shelf faunas are strongly‘"New Zealandic" in aspect.

The direction of marine influence was from the south and

east throughout the Gippsland Shelf Tertiary seguence.

 GEOLOGICAL SETTING WITHIN THE GIPPSLAND BASIN

Jenkins (1960) has demonstrated a continuous sequence

from lower Oligocene to probably upper Miocene in the Lakes

Entrance area., Hocking and Taylor (1964, summarized on fig.4)

show that the initial marine Terﬁiary transgression was of a

"' qiachronous nature, being oldest.jin the then structurally deeper
'Hparts of the basin and becoming'pfogressively younger up the

" flanks of structural highs (ex. thel"Baragwanath Anticline"),

to lowermost Miocene., Sedimentation on the "Baragwanath
Anticline" probably took place 6n1y during lower Miocene and

may not have covered the entire structure. In the other parts

" of the Gippéland Basin marine sedimentation apparently continued
5 uninterrubted’till upper Miocene and even Pliocene times., Thus

l'on the "Baragwanath Anticline", two'hiati are evident in marine

deposition., They are (1)’a hiatus from uppermost Eocene
throughoﬁf'moet of the Oligdoene (i1) a post-lower Miocene
hi’atgs; | |

o The Gippsland'Shelf No.1 Well is drilled'on the culmination
of a seismic structure and the results of drilling do not alter
any of the general interpretations. However foraminiferalil
evidence shows that mariné influence commenced in the upper.
Eocene and continued throughout the Oligocene. But there was
a hiatus during the lower Miocene and then marine sedimentation
resumed in the middle Miocene and continued to at least the

upper Miocene.
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The "Baragwanath Anticline" and the “Gippaland Stielf o
Structure" are roughly parallel and their axes some 30 miles'
apart, yet sedimentation took place on them at different times.
For instance lepidocyclinal limesyones were'dépdsited on the
"Baragwanath Anticline" (as are éeen at Brock's Quafry) at'é
time when a hiatus is evident on the "Gippsland Shelf Strﬁdturé".
Immediately following this,reworked lepidocyclinalblimestoné
is preéent on the "Gippsland Shelf Structure" during a hiatus
on the "Baragwanath Structure". Other differences are
illustrated on Fig.2. It must be pointed.out that Fig.2
illustrafes only the differences between the two structures and
is not intended to imply these features in any other part of
the Gippsland Basin. The depositional environment has been
drawn relative to sea level on the basis of information
discussed here and on unpublished work.

Envisaging these two stfuctures as vertically moving
blocks (as on Fig.2), then the diréctibn of movément}must have
been opposed fhroughout'the period in order to account for
differences.in the Tertiary'gequence on each structure.

| With,rggard'tovlithof%ébal correlation within the
Gippslan@ABaéiﬁ;ithg following conclusion can be drawn on
facies similarities.

The facies which contains Zonules K and J are almost
identical to those of the sandy unit at the base of the Lakes
Entrance Formation in the Lake Wellington Trough (Hocking and
Taylor, 1964).. -This unit is the time equivalent of the Green-
sand and Colquhoun éravel Members in the Lakes Entrance area,
although the facies are slightly different dﬁe to thicker |
accumulations of ‘glauconite in the latter, which the authof
regards as an "estuarine backwater",

The faunal elements of Zonules H and I are identical with
those of Crespin's (1943) "Janjukian faunas" of the Gippsland

Basin and especially of the Micaceous Marl Member of the Lakes
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Eritrance. Formation in the type sections. Crespin's. "zonal"

foraminifera of her ”Jenjukian" is Cyclamming incisa

(= Haplophragmoides cf, nc;sa) and the fauna is characterized -

by arenaceous species. Thie is one of the faults in Crespin's
Stage elassification as here "zonal features" are really facies
features., Yet it enables‘us to quickly identify the facies of
the MicaceouevMErl. . The author would place the top of the
Lakes Entrance Formation at 3,080 feet in the Gippsland Shelf
Viell. The base of the Lakes Entrance Formation (eandy unit)
is difficult to pick‘because it is a sand on sand contact with
the top of Latrobe Valley Coal Measures and only cuttings are
avaiiable, but it must be below 34540 feet. Hocking and Taylor
(1.c.) suspected intertonguing of this contact in the Wurruk
#urruk bore, but Carter (1964) gives evidence of erosion at

this contact in Woodside No.2 well.

S

The calcareous sandstone (3,080 to 2,600 feet approx.)
contalning detrital limestone material is not known elsewhere
in the Gippsland Basin but is here explained on structural
grounds. It could be considered as a .new member of the Gippsland"
Limestone. The rest of the section to 780 feet is regarded as
a deeper water facies of the Gippeland Limestone. Its top 1is
younger than that of the on-shore unit but this is obvious

because cf"facies stepping out".
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"BARAGWANATH ~  nGIPPSLAND SHELF

ANTICLINE" STRUCTURE"

sea level

(1) uppermost_ Eocene

Marine ingressions in

lagoonal environment

on off-shore structure
LMouj/ val marn u;)

‘sea-level

(ii) Oligocene
Marine transgression

on flanks of
"Baragwanath Anti-
cline". Shallow water
conditions and lack '
of detritus on other
structure.

sea level

(iii) Barly Miocene
Isopic facies on both
structures.

General transgression
continues with movement
on off-shore structure;
apparently keeping pace,

sea level

(iv) lower Miocene |/
Shelf environment -
on "Baragwanath
Anticline"

Froriem & nen- cdepocrilion
on clftheore $Hrvetvre

‘gea level

(v) lower Miocene
Lepidocyclinal lime-
stone on "Baragwanath
Anticline"

Shallow water

"shoal" conditions.

sea level

(vi) middle Miocene
Derived lepidocyeclin-
ids on off-shore
structure.

sea level

(vii) middle-upper
Miocene. Gradual
deepening off-shore,
then general marine
regression in

late Miocene.

FIG.2 .- DIAGRAMMATIC COMPARISON OF STRATIGRAPHIC AND.

"ENVIRONMENTAL SITUATIONS ON

BARAGWANATH

‘f{ ANTICLINE AND OFP~SHORE STRUCTURE DURING

“ MID-TERTTARY.




