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CAINOZOIC STRATIGRAPHY AND STRUCTURE OF THE
MALLEE REGION, VICTORIA

By C. R. LAWRENCE
Geological Survey of Victoria

Abstract

The Tertiary history of the Mallee Region is intimately related to the migration within
the Murray Basin of Eocene to Pliocene seas and rivers over a terrain of subdued to near-
planar topography bevelling Cambrian-?basal Ordovician, Permian, and Lower Cretaceous
sediments. The Tertiary sequence is complex, with facies relationships bctween a series of
lithologieal units varying from ncritic limestones (Duddo Limestone), shallow near-shore
marine clays and marls (Netherby Marl, Geera Clay, Winnambool Formation, Bookpurnong
Beds), paralic sediments (Knight Group), and non-marine fluviatile sands, silts, and elays
(Wunghnu Group). The marine units are grouped as the Murray Group in contradistinction
to the undcrlying paralic Knight Group and the nion-marine Wunghnu Group on the landward
side. The littoral marine Yanac Member at the base of the Netherby Marl rcpresents the
initial rapid transgression of the Murray Group; the regressive phase is expressed in part by
the Diapur Sandstone, interpreted as a complex of stranded coastal featurcs whose ridge
topography represents successive stages of the regression. The Quaternary scquenee is a
complex of aeolian and fluvio-lacustrine sediments, divided in 4 sequence of thin units and
members: Lowan Sand, Woorinen Formation (6 members), Blanchetown Clay and Bungunnia
Limestonc, Shepparton Formation (6 members), Coonambidgal Formation, and lunettes; the
sequence being terminated by late Pleigtoccne to Recent evaporites (calcite, halite, and
gypsum). The Shepparton and Coonambidgal Formations constitute the higher part of the
Wunghnu Group. Many of these formation names arc new; the members are adapted from
previous informal usage by soil scientists.

Introduction

The area discussed in this paper eovers the Mallec Region, an official resources
district comprising 14,394 square miles of NW. Victoria and constituting just under
15%, by arca, of the large sedimentary unit known as the Murray Basin (Fig. 1).
The Tertiary sediments of thc basin range in age from Lower?-Middie Eocenc to
Reccent and inelude clay, silt, sand, gravel, marl, limestone, lignitc, and glauconitic
sediments. They are classified into rock units which generaly thicken and dip gently
towards a point immediately W. of the NW. corner of Victoria. The main pre-
Tertiary units consist of Lower Cretaccous marginal marine sands and shales,
probable Lower Permian fluvioglacials, granites of unknown age, and Cambrian
to early Ordovician metasediments.

Two distinet Tertiary depositional sequences are recognizable. These may cor-
respond with the two youngest depositional eyeles of the four-eyele system dis-
criminated by Bock & Glenie (1965) for the Latc Cretaceous to Tertiary sequence
of the Otway Basin, For the youngest sequencc in the Murray Basin there arc some
striking similaritics with eycle 4 in the Otway Basin, but uncertainties exist with
cquating the carlier sequenec—it has the broad time cquivalence of cyele 3 but
shows closer lithologieal aflinitics with cyclc 2.

The main difference between the two sequences in the Mallee Region is that
the older one consists cssentially of carbonaceous clastics, whereas thc younger
sequenee eonsists predominantly of calearcous rocks. Tertiary sedimentation in the
Murray Basin was connected with gravity sag, whieh determined its geographical
location, and perhaps with regular eustatic changes of sea-level.
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Because the Tertiary sediments in the Mallee Region are almost completely
buricd by a veneer of Quaternary sediments, our knowledge of thcm is derived
mostly from drilling. There are few publications on the subsurface geology of the
Mallee Region; the main ones are: Chapman (1916), on the lithologic and
palaeontologic description of samples from a linc of 11 bores extending eastward
from Panitya to Tutye; and Gloe (1947), who has given an exhaustive compendium
of bore-hole data from private and official borcs in the Mallee, Wimmcra, and
Glenelg Regions, and the hydrogeological interpretation of this data.

Sinee these publieations, numerous deep bores have been sunk in the Mallee
Region by the Victorian Mincs Dcpartment as part of a groundwater survey of
that Region. Bccause this drilling programme has becn dirccted primarily for
groundwater exploration and because thc Murray Basin is relatively shallow,
percussion plants have been used almost exclusively in prefcrence to rotary drills;
accordingly, sludge samples are virtually the only rccord of the strata passed
through. The only rotary drilled holes in the Mallee Region from which cores of
the strata have been taken are Olney No. 1, in the far NW. corner, and Mournpoull
No. 1 at Hattah. Thcse two bores are also the only ones in the Mallee Region to
be electrically logged. Borc-hole data from the surrounding arcas outside the Mallce
has been studied to supplement this data.

The stratigraphy of the Cainozoic sediments in the Mallee Region is related to
that in the neighbouring regions; where possible T have attcmpted to apply this
work. For those portions of South Australia and Ncw South Wales adjacent to the
Mallcc Region, the main publishcd contributions are by Kenny (1934), Ludbrook
(1961), Mulholland (1940), O'Driscoll (1960), and B.M.R. Publication 52,
Petroleum Scarch Subsidy Aets (1964). The Tertiary stratigraphy of the Mallee
Rcgion has been correlated as closely as possible with the sequencc established for
the South Australian portion of the Murray Basin by Ludbrook (1957, 1958, 1961,
1963). Although Hills (1939) dcscribed the physiography of NW. Vietoria and
of the Mallee Region in particular, littlc dctailed mapping of the Quaternary sedi-
ments of the Murray Basin as a whole had been done until recent ycars. The main
contributor to this work, in so far as it is applicable to the Mallec Region, is Butler
(1950, 1956, 1958, 1959) who, from reconnaissance mapping, provided a means
of subdividing outcropping Quaternary scdiments of the Murray Basin on the basis
of lithology, gcnesis, and paleosols. This pioneer work has been followed by
Churchward (1960, 1961b, 1963a, 1963b, 1963c) who has subdivided the material
of the E.-W. dune chains in the Swan Hill district by applying Butler’s criteria for
recognition of buried soils, and by Pels (1964) who has discussed the distribution
and evolution of the *Coonambidgal’ of Butler (hecrc used as Coonambidgal Forma-
tion) associated with the Murray River.

In the following outline of the stratigraphy of the Cainozoic sediments of the
Mallee Rcgion the emphasis is on lithology.

For the gross stratigraphy of the Tertiary sequence, Ludbrook’s rock units are
adopted where possible, but it has been necessary to redefinc some of these and
also to introduce new ones.

The discussion under the heading ‘Quaternary’ is subdivided partly by rock
units and partly by geomorphic forms, e.g. lunettcs. The formations of Quatcrnary
age are broadly subdivided into two types of dcposition, namely aeolian units
(dunes, shects, luncttes, source-bordcring duncs), and alluvial units (pediment,
channel, flood-plain, and lacustrine), marked at the top by a 591! and‘common]y at
the base by a disconformity. Each formation is, in turn, subdivided into members
which are used in a similar sense to formations except that they may be only locally



Y

Mureay Basin

i
ART:ESIA
A

/'/

'
O Loxton

Bedrock at or close to surface — margin of basins.

Approximale extenl of marine sediments in the

STRATIGRAPHY & STRUCTURE; MALLEE REGION 519

MURRUMBIDGEE

RIVERINE
PLAIN

-

GIPPSLAND
BASIN

100 200

KILOMETRES

Fi6. 1—Map of SE. Australia showing the location of the Murray Basin.




—

METRES

L

DIAPUR SANDSTONE AND LOXTON SANDS
{Pliocene)

WUNGHNU GROUP
{Oligocene 7 to Racent)

BOOKPURNONG BEDS
(Upper Miocens)

DUDDO LIMESTONE
{Miocene)

Bedrock —(Pre -Tertiary)

EZEE

>

Sands and sandstones.
Alluvial clays, silts, sands.
- Clay, grey, fossiliferous.

Limestone, grey to white,

WINNAMBOOL FORMATION
{Miocene)

NETHERBY MARL - ETTRICK FORMATION
{ Oligocene)

GEERA CLAY
{Oligocene)

KNIGHT GROUP
{Eocene to Oligocene

Fi1c. 2—Diagrammatic geologic section across the Murray Basin.

I!

Glauconitic sift and mads, grey
and green, fossiliferous.

Mardl, grey, sometimes gleuconitic,

Clay, black, fossils rare.

Carbonaceous clay, sift and sand,

(4749

HONTIMVT H O



STRATIGRAPHY & STRUCTURE; MALLEE REGION 521

identifiable. Formal names used for members are adapted from the ‘systems’ and
‘laycrs’ of Butler and Churchward; these are regarded as more or less equivalent to
membcrs. The type locations and definitions by pedologists of these informal units
arc incorporated within the lithostratigraphic redefinition of members discussed in
this papcr. The soil designations K1s, K2s, K3s, K4s, and KS5s, as defined by
Butler (1959) arc retaincd. The symbols of the K cycle are employed in this paper
principally becausc they provide a mcans of communication between Quaternary
gcologists and stratigraphic pedologists working on the Murray Basin. In doing so,
thc author is aware of the undesirable connotations associated with the K cycle
because of present widesprcad and indiscriminate use.
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Stratigraphy

BASEMENT RoCKS
CAMBRIANT METASEDIMENTS

Underlying the Mallee Region, and invariably buried with angular uncon-
formity beneath the Knight Group are metz}morphi.cs of probablc Cambrian to
Lanecficldian age derived from fine to medium-grained clastic sediments. Roek
types listed in Johns & Lawrence (1964) includc shale, slate, phyllite, and sericite
schist. Intruding these metasediments are granite bodies and quartz veins. Granite
outcrops in the E. portion of the Mallee Region at Wyehcproof, and near L. Boga
wherc it shows copper and uranium mineralization. ' '

When buried, the Cambrian? metasediments and granites are highly weathered
to white, grey or buff clay; this matcrial has been cored from only one bore in the
Mallee Region—Mournpoull No. 1. The weathering proccss may be attributable to
either the action of the acidie, bicarbpnate-neh groundwatcr in the Knight Group
acting on the basement rocks, or acrial qqd chemieal weathcring of the basement
rocks prior to their burial. The composition of the weathered baseme}l; rock is
generally kaolinite and quartz, but only in two cases ‘has its composition been
analysed by thc X-ray diffraction method. Thc eomposition of weathered sericite
sehist from a depth of 1,370-1,380 ft in the Walpeup No. 2 bore was muscovite
40% , kaolinite 40%, and quartz 20%.

LowER PERMIAN? SEDIMENTS

Lower Permian sediments have not been encountered so far in drilling in the
Mallee Region; however, it is inferred from what is known from surrounding areas
that thcy are present. Immediately S. of thc Mallee Region at Nethcrby in
Warraquil No. 1 bore, 1,385 ft of tillite and sandstone were encountered between
the dcpths of 981 and 2.366 ft; in New South Walcs, the Wentworth No. 1 bore
encountcd silty clay to siltstone of Permian age between 1,604 and 2,055 ft, and
conglomerate_of Permian? age bctween the depths of 2,055 and 2,081+ ft; in
South Australia, the North Renmark bore cncountered glaeial marine sediments
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between the depths of 3,245 and 4,018 ft.

LLoweEr CRETACEOUS SEDIMENTS

Lower Cretaceous sediments have been penetrated in the Mallce Region only in
the Olney No. 1 bore wherc a fissile, grey sandy siltstone was struck beneath Eoccne
sands of the Knight Group bectween 1,992 and 2,015 ft, at which depth thc bore
bottomed. A core taken bctween 2,001 and 2,013 ft contained both plant remains
and arenaceous Foraminifera indicating an Albian-Aptian age. J. G. Douglas (pers.
comm.) rcports: ‘Microspores included Cicatrecosisporites australiensis (Cookson)
Potonié, Lycopodiumsporites austroclavatidites (Cookson) Potonié, Coptospora
paradoxa (Cookson & Dettmann), Rouseisporites reticulatus (Pocock), Aequitri-
radites sp., Microcachyridites antarcticus (Cookson), Pyrobolospora reticulata
(Cookson & Dettmann). Cuticular remains derived principally from remnants of
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FI1c. 3—Structure contours of the pre-Tertiary surface of the Mallee Region.
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large strap-like conifer leaves and a small-leaved Brachyphyllum type conifer were
common. The microspore-megaspore remains indicate that the sample belongs to
the Paradoxa Assemblage of Dettmann (1963) which shc regards as belonging to
the uppermost stages of the Lower Cretaccous. The cuticular remains (two types
of conifer leaves) have been isolated from a number of localities in Westcrn Vie-
torian scdiments also regarded as upper Lower Cretaceous in age (Douglas MS)’.

Although the Lower Cretaceous sediments were only partially penctratcd in this
bore, there are two bores adjacent to the Mallee Region in neighbouring States which
have fully penetrated the Lower Cretaceous sediments. They arc the North Renmark
No. 1 (S.A.) and the Wentworth No. 1 (N.S.W.); in cach case the Lower Cre-
taceous sediments, whose thicknesses were 840 ft and 331 ft respectively, rested
unconformably on Lower Pcrmian sediments (B.M.R. 1964). The Lower Cre-
taceous sediments in the far NW. corner of the Mallee Region probably occupy a
similar stratigraphic position.

Ludbrook (1961) and the B.M.R. (1964) havc implied correlation of the
Lower Cretaceous scdiments in the Murray Basin with those in the Great Artesian
Basin. Indeed, it seems likely that the inundative phasc of the depositional cycle
responsible for the Rolling Downs Group also affcctcd the Murray Basin arca,
depositing terrestrial and marginal marine time equivalents of the Roma Formation

and the Tambo Formation.
TERTIARY SEDIMENTS

KnNigHT GrROUP

The Knight Group, as defined by Sprigg (1952) and Boutakoff & Sprigg
(1953), is a scries of sands and carbonaceous sediments forming the lower part of
the Tertiary sequence. Outcrops of the Knight Group are restricted to the raised
belt of Tertiary rocks at the junction of the Otway Basin and thc Murray Basin.
It is in this belt, near Mt Gambier, but within the Otway Basin, that Boutakoff &
Sprigg (1953) selected Knight's Quarry as the type locality of the Group.

The junction of the Knight Group in the Mallec Region with the underlying
rocks may be either unconformable or disconformable. Where the underlying rocks
are the tightly folded Cambrian? metasediments and their granite intrusives the
junction is in angular unconformity. Elsewhere, for relatively small areas, the
Knight Group rests disconformably on Lower Cretaceous sediments and probably
on Lower Permian sediments.

The lithologies of the Knight Group include fine to medium-grained quartz
sands; silts and siltstone which may be carbonaccous, dolomitic, or calcareous;
clay, usually carbonaccous; and lignite. Pyrite and marcasite, both in authigenic and
disseminated forms, are important accessories. The various rock types form an array
of alternating and intertonguing strata for which there has been insufficient reliable
information to establish stratigraphic subdivision. However, the calcareous and
dolomitic siltstones appear to be almost cxclusively restricted to the upper part of
the Knight Group. :

Preserved in the carbonaceous clays and lignite, but absent from the coarser
clastics, is a rich assemblage of pollen derived from the temperate and tropical
terrestrial plant genera Casuarinidites, Myrtaceidites, Nothofagus, Proteacidites,
and Triorites. Marine fossils, almost exclusively the Foraminifcra Cyclammina and
Cibicides, are very rare. They are usually restricted to the upper part of the Knight
Group in the W. part of the Mallee Region. Elscwhere, the lack of marine fossils,
the variable lithologies and thicknesses, the poor sorting of many of the clastics,
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TABLE 1
Cainozoic Stratigraphy of the Mallee Region
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and the lack of continuity of strata indicate a non-marine environment of deposition
—probably including fluviatilc, lacustrine, and paludal types.

Only a broad Lower Tertiary agc based on palynological evidence can be
assigned to the Knight Group of thc Victorian portion of the Murray Basin.
Foraminifcra present are Cyclammina and Cibicides which are long ranging spccies.
However, it is considered, on micro-fossil evidence available, that deposition of
the Knight Group in the Mallee Region began in the Lowcr Eocene and terminated
in the W. portion of thc Mallec Region in the Upper Eocene. The Knight Group
in the Murray and Otway basins secms to be in part the landward equivalent of
the marine-influenced Buccleuch Group (Ludbrook 1963) and the marine Nirranda
Group (Bock & Glenie 1965). It is of similar facies to the Wangerrip Group but
much of it appears to be younger than the latter in its typical devclopment in the
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Fic. 5—Structure contours of the upper surface and isopach contours of the Knight
Group in the Mallee Region.
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W. Otway Basin and, unlike the latter, is not known to extend down to Paleocene
and older horizons in the Murray Basin.

The Knight Group cxtends as an almost continuous unit throughout the entire
Mallece Region, cxeept where prominent bedrock ‘highs’ have precluded Knight
Group sedimentation. Quteropping granite ‘highs’ at Wycheproof and L. Boga have
prevented deposition of Knight Group sediments over small arcas. In the Robinvale-
Winnambool district, two bores—Bumbang No. 1 and Geera No. 1, the only bores
to bedrock in that district—each traversed less than 10 ft of sands and gravel
(Xnight Group?) above bedrock. From geophysical and hydrogeological studies
there is good evidence that this bedrock high, accompanied by the virtual exclusion
of Knight Group deposition, extends northward from Winnambool into New South
Wales.

From isopachs of the Knight Group in the Mallec Region (Fig. 5) it can be
seen that it generally thickens towards the north-west. For example, it is 60 ft
thick at Thalia in the far south-east and 724 ft thick in the far north-west in the
Olncy No. 1 bore. However, this trend is not constant. The main irregularity is
the thickening of the Knight Group in the Piangil district to about 400 ft, a figure
based partly on the author’s stratigraphic interpretation of the logs of the Bundy
No. 1 bore (N.S.W.) and the Balranald No. 1 bore (N.S.W.) published by the
B.M.R. (1964).

Structure contours of the upper surface of the Knight Group have also been
drawn (Fig. 5), but their value for interpretation of the history of the Mallee
Region is dubious because the upper surface of the Knight Group, as presently
defined, is diachronous. Nevertheless, some anomalies in the regional dip of the
upper surface of the Knight Group are interpreted as being of tectonic rather than
facies origin, e.g. the upper surfacc of the Knight Group is morc than 150 ft
lower on the E. and downthrown side of the Danyo Fault (Johns & Lawrence
1964) than the W. and upthrown side of this fault; also the upper surface of the
Knight Group is lower (by more than 100 ft) on the W. side of the Hindmarsh
Fault. Another irregularity in the general regional trend is a broad and low syncline
trending SW.-NE. beneath L. Tyrrell and Piangil into New South Wales.

Being the most widespread of the rock units of the Tertiary sequence in the
Mallee Region, the Knight Group is contiguous with several overlying younger
units. Henee, the critcria employed to discern the upper boundary of the Knight
Group, which represents a regional disconformity, depend on the lithology of the
overlying roek-units. Where the Knight Group is buried beneath Oligoecenc marine
sediments (Netherby Marl including the Yanac Mcmber, and the Geera Clay), the
upper boundary is easy to pick by the first appearance, as one drills down, of
clastics or ecarbonaceous sediments devoid or almost devoid of marine fossils. East
of a line linking Birchip and Swan Hill, fossiliferous marine sediments are absent
and instead there arc continental clays, silts, sands, and gravels, which together
comprisc the Wunghnu Group, resting on the Knight Group. The sole eriterion used
to sclect the upper boundary of the Knight Group in this case is thc first sign in
depth of persistently carbonaceous sediments, although some of the overlying
non-carbonaceous sediments may be lateral cquivalents of Knight Group sediments
beneath the marine sediments to the west. )

In the W. part of the Mallee Region, thc Knight Group is disconformable
bencath Janjukian strata belonging to the Yanac Mcmber of the Netherby Marl,
or, farther E., to the Geera Clay. Still farther E., continental sediments belonging
to the Wunghnu Group, whose exact age is unknown, overlic the Knight Group.
This means that, although there is a definite upper limit in age for the Knight



528 C. R. LAWRENCE

Group in the W. part of the Mallee Region where marine sediments are present,
the upper limit is not precise in the east where there arc palaeogeographical grounds
for inferring that the upper limit of the Knight Group may extend higher. It is
conceivable that the transgressing Oligocene-Miocene sca was fringed by marshes
in which there could have bcen carbonaceous sedimentation.

MUuURRAY GROUP

Where marine influence is apparent in the Murray Basin, the depositional cycle
has been used as thc basis of classification at the group level; the older cyele is
known as the Knight Group; the younger calcareous eycle is refcrred to as the
Murray Group. The term ‘Murray Group® was introduced by Ludbrook (1957)
for the Miocenc sediments lying between the Bookpurnong Beds and the Ettrick
Marl. Its usc in this papecr has been broadened to include, besides the Duddo Lime-
stone, all Tertiary marine sediments younger than thc Knight Group.

The oldest unit of the Murray Group is thc Yanac Member of the Netherby
Marl; it consists of glauconitic micaceous clay and sand containing reworked
Knight Group material. The Yanac Membcr represcnts a rapid marine transgressive
deposit. It grades upward into grey marls of the Netherby Marl which thicken both
southward and eastward away from the NW. corner of the Mallee Region where
the sea is believed to have been deepcst during Oligocene times. Farther castward,
the Netherby Marl grades into the dark grey to black, slightly caleareous Geera Clay.
Clay-sized and silt-sized terrigenous material had an adverse cffect on the benthic
fauna which is limited to only a few species of Foraminifera and turrittelids. This is
followed by a morc extensive marine trangression during which the Duddo Lime-
stone, containing a diversified fauna, was depositcd. The limestone may be classified
as a calcilutite or as a biosparite (Folk 1959), in which there is a small proportion,
always less than 12%, of clay or sand-sized terrigenous material. The limestone
because of its high proportion of sparry caleite particles (generally 10x to 20 n
in diameter), suggests a modcratcly high encrgy environment.

Eastward and landward of the Duddo Limestone is the glauconitic silty or
marly Winnambool Formation which grades in turn into the black almost unfossili-
ferous Geera Clay. By comparing these sedimentary zones with thc model produced
by Irwin (1965) for epeiric clear-water sedimcentation it is evident that, for the
Mallee Region, there was an abundance of fine grained material available from an
eastern source. Both the Winnambool Formation and Geera Clay are considered to
have been deposited in a low cnergy environment. The abundancc of terrigenous
sands carried by river water is rcgarded as the prime cause of the poor and unusual
fauna present in the Geera Clay.

The regressive part of the eycle is prolonged, indicating a gradual withdrawal
of the sea. A succession of sediment types is represented. The glauconitie, fossili-
ferous and clayey Bookpurnong Beds overlie the Duddo Limestonc and Winnam-
bool Formation.” Overlying the Bookpurnong Beds is the unfossiliferous Diapur
Sandstonc, silty ncar the base but sandy through the rest of the profile.

NETHERBY MARL—

The Netherby Marl is named after the township of Netherby (in thc Wimmera
Region) where the bore, Warraquil No. 3, serves as the type section.

The Netherby Marl is found only in the W. part of thc Mallce Region: the
Hindmarsh Fault marks its easternmost extent in the south; to the north its eastern-
most boundary probably trends NNW. to cross the Murray R. near Wemen. The
thickness of this formation varies between 150 ft and 70 ft, thinning towards the
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north; its regional dip is towards the NW. corner of Victoria. Eastward, as shown
in thc geological section (Fig. 4) the Nethcrby Marl grades into the slightly
ealcarcous, glauconitic clay and silt of the Geera Clay.

The dominant lithologie type of the Netherby Marl is marl, but, scattered
throughout, sometimes there are thin beds of marly limestones (which may contain
shelly fossils) and ealearcous elays. Regionally, the Netherby Marl becomes more
limey towards the centre of thc basin, 1.c. towards the NW. corner of the Mallee
Region.

gThe mineralogical constituents of the Netherby Marl are clay, quartz, caleite,
aragonite, glauconite, and chert. Clay and quartz grains are allogenie eomponents
—probably derived from redistributed Knight Group sediments and possibly from
the weathering produets of a variety of Palacozoie rocks in the Central Highlands.
The calcium earbonate is present as ealeite and aragonite, mainly as microerystalline
sparry material, but also as the tests of fossils. Foraminifera are the dominant group,
with Bryozoa, Mollusea, Pelecypoda, and Echinodermata present in much smaller
numbers. Unlike the Foraminifera which are dispersed throughout the formation,
the fossils of these other groups are usually eoneentrated in thin bands.

The presence of aragonite in significant amounts instead of calcite alone is
probably because highly saline connate water cntrapped in the Netherby Marl has
retarded the conversion of aragonite to calcite. Nodules of dark grey chert, some-
times with includcd fossils, oceur rarcly and spasmodically in the Netherby Marl.
Because fossils are included in these nodules it is thought that the formation of
chert has been a post-depositional and diagenetic proeess.

A continuous shect of whitish bryozoan limestone—the Duddo Limestone—
rests eonformably on the Netherby Marl throughout the Marl’s entire extent in the
Mallee Region. Outside the Mallee Region near the S. margin of the basin, the
Duddo Limestone is irregularly preserved in relatively small areas; where the
Duddo Limestone is absent, the Diapur Sandstonec rests direetly on the Netherby
Marl. Thc junetion between the Duddo Limestone and the Netherby Marl is clearly
discernible in most drilled sections by the abrupt change from white permeable
bryozoan limestone to a grey, impermeable marl; but there are some districts, such
as the S. part of the Big Desert, where the junction is obscure because of a
transition zone of interfingering thin beds of marl and limestone. In such eases, the
upper boundary has been arbitarily sclected as the first appcarance of marl in
depth within this transition zone.

Electrie logs are useful in diseriminating the boundary between the Duddo
Limestone and the Nethcrby Marl. Opposite thc Netherby Marl, the self-potential
curve is relatively positive and the normal resistivity curve is uniformly low. By
contrast, the normal resistivity curve is markedly higher and the self-potential eurve
is relatively negative opposite the Duddo Limestone. The differences in eleetrie logs
opposite these lithologies are causcd prineipally by the contrast between permeable
limestone and relatively impermeable marl, and by the higher salinity of the
groundwater in the marls.

The distribution of the Netherby Marl and its biostratigraphy as outlined above
differs from the preliminary pieture presented by Gloe (1947) who suggested that
the marls girdling the Dundas Highlands graded basinwards into limestones, thereby
reflecting distanee from the souree of the terrigenous material. Recent biostrati-
graphie studies suggest that this change from marl to limestone deposition in late
Janjukian times was a regional one involving the entirc Murravian Gulf, presum-
ably associated with tectonic activity as with the other Tertiary basins of SE.
Australia.











































































