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Fig. 9. Depth distribution of modern foraminifera in southeastern Australia and New Zealand. The data were compiled from Vella (1962), Hayward 
(1990), Jones & Yassini (1995) and Li et al. (1996a, 1996b). 

age by James et al. (1993) in the adjacent Gambier Embayment 
in South Australia. James et al. (1993) suggest that the dolomite 
formed in the shallow subsurface after sediment deposition. 
Where preserved, the calcarenite (grainstone) facies with 
rounded grains and sorting is interpreted to have been deposited 
in a high-energy shelf setting. The lowermost sample contains a 
high proportion of inner shelf species with common mid- to 
outer shelf taxa, this apparent 'mixing' of different faunas, 
together with evidence of sorting at this level. suggests that the 
reworking of mid- to outer shelf faunas occurred in a shallow 
inner shelf setting. Alternatively, the inner shelf faunas may have 
been transported into a mid- to outer shelf setting. The fauna in 
the well-sorted bryozoal calcarenite facies above this sample at 

587 ft (179 m) is interpreted to have been deposited in a high- 
energy mid- to outer shelf palaeoenvironment. The sample at 
578 ft (176 m) preserves a fauna typical of inner shelf palaeoen- 
vironments (Quinqueloculina, Notorotalia and Discorbis) with 
lesser mid- to outer shelf taxa (Heterolepa and Anomalinoides) 
and probably represents the shallowest high-energy shelf facies 
in the Narrawaturk Formation. 

Clifton Formation 
Two sections of the Clifton Formation were studied: the type 
section near Port Campbell (Fig. 4) and a subsurface section in 
the Glenelg-1 bore (Figs 7 and 8) that can be identified using 
lithological and wireline characteristics. The two sections 
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preserve quite different facies and foraminiferal assemblages. 

Type section near Port Campbell: Facies. Medium-laminated, 
burrowed coarse-grained yellow, ferruginous calcareous sand- 
stone comprises the Clifton Formation at this locality (Fig. 4). 
The dominant clasts are rounded quartz grains and calcareous 
fossils. One metre above the base of the section a prominent 
phosphate/limonite nodule horizon occurs in a matrix of 
calcareous sandstone. Bioclasts in this horizon include forami- 
nifera, stick bryozoa, regular echinoid spines, gorgonacian 
corals and ferruginized gastropods. A bioturbated pectinid shell 
band overlies the nodular bed. Small nodules of phosphate and 
limonite occur in the calcareous sand matrix of this band. The 
bioclast content is similar to that of the phosphatic horizon. 

Type section near Port Campbell: Foraminifera. Planktonic 
foraminifera (Fig. 4) are relatively uncommon in the Clifton 
Formation outcrop (15-16% peaking at 24% at the nodule 
band, Fig. 4 and Appendix C). The lowermost sample yielded a 
low diversity fauna rich in Cibicidoides perforatus, Heterolepa 
brevoralis, Cibicides mediocris and C. lobatulus. Other important 
components include Cassidulina laevigata and Bolivina with a 
single occurrence of the ‘large’ foraminifer Planorbulinella 
johannae. Faunal diversity and abundance increase (see Appen- 
dix 1) above this horizon, associated with a reduction in the 
abundance of C. laevigata, H.  brevoralis and C. perforatus. Taxa 
that occur in all samples from the nodular band up-section 
include: C. mediocris, Cassidulinoides chapmani, Cibicides vortex, 
Discorbis balcombensis, Notorotalia and textulariids such as 
Dorothia minima. Rare, poorly preserved specimens of Para- 
rotalia mackayi occur in the upper two samples of the Clifton 
Formation. 

Type section near Port Campbell: Palaeoenvironment and 
Biofacies. The medium- to coarse-grained calcareous sandstones 
of the Clifton Formation type section are interpreted to have 
formed in high-energy shelf palaeoenvironments where a high 
clastic input impeded carbonate deposition. The phosphate/ 
limonite nodular band represents a hardground surface caused 
by non-deposition in a shelf environment, probably over a 
considerable period of time. The nodular band may therefore 
represent a hiatus due to a regressive event. The overlying shell 
band and the sediment in the matrix of the nodular band may 
have been a lag deposit on top of this surface. Reworking of the 
nodular horizon has occurred and is preserved in the strata 
above this level. 

The assemblage in the lowermost sample is interpreted to have 
been deposited in a mid- to outer shelf palaeoenvironment; the 
presence of Planorbulinella may possibly suggest a subtropical 
influence to the fauna at this level. The assemblages in the 
overlying units are very similar and consist predominantly of 
inner to mid-shelf foraminifera. The slight peak in planktonic 
abundance in the matrix of the phosphate may have been caused 
by a slightly cooler upwelling palaeoenvironment at that time 
and/or the assemblage accumulated over a long period of time 
and was ‘time-averaged’. 

Clifton Formation in Glenelg-1. The Clifton Formation occurs 
above the dolomite of the Narrawaturk Formation and below 

the gamma pick at 476 feet (145 metres, Figs 7, 8, 9). Three 
samples were studied in this interval. 

Clifton Formation in Glenelg-1: Facies. The lowermost sample of 
the Clifton Formation in the Glenelg-1 bore is a white to grey 
calcarenite/calcisiltite (grainstone/packstone) with abundant 
(often rounded) bioclasts of stick bryozoa, gastropods and 
regular echinoid spines (Fig. 6). Rare glauconite pellets, 
dolomite fragments and limonite nodules occur. The overlying 
sample is a white, echinoderm-rich calcisiltite (packstone). The 
regular echinoid fragments in this sample have been rounded 
and sorted, ranging in size from 0.1 to 2mm. The overlying 
sample at 494 ft (150.6 m) is a white, bryozoan- and regular 
echinoid-rich calcisiltite (packstone). The bioclasts in this 
sample are not rounded or sorted, although rare glauconite 
peloids do occur. 

Clifton Formation in Glenelg-1: Foraminifera. The first calcar- 
enite/calcisiltite sample of this unit has a foraminiferal 
assemblage dominated by relatively large specimens (> 1 mm) 
of G. subglobosa and C. perforatus. The foraminiferal diversity 
and plankton content of this sample is relatively low (compared 
with other intervals in Glenelg-1; Figs 7 and 8). Planktonic 
foraminifera are absent in the overlying sample, where the 
benthos is dominated by a low diversity assemblage consisting of 
Heterolepa brevoralis, Notorotalia, Lenticulina and Parrellina 
crespinae. Planktonic foraminifera become abundant and 
diverse in the upper sample of the Clifton Formation associated 
with an increase in the benthonic Cassidulinoides chapmani and 
Pullenia (P .  bulloides and P. guinqueloba), with common H. 
brevoralis. 

Clifton Formation in Glenelg-1: Palaeoenvironment and Biofacies. 
The fauna and facies in the lowermost grey to white sample is 
interpreted to have been deposited in a high-energy shelf 
palaeoenvironment, where much of the planktonic and other 
smaller foraminifera were winnowed away, leaving a relatively 
low-diversity large benthic fauna. The fauna and facies are very 
similar to those of the initial facies of the Narrawaturk 
Formation (see earlier), where upwelling in an inner shelf 
palaeoenvironment may have occurred during the transgressive 
phase of the unit. The presence of limonite nodules and 
glauconite pellets with dolomite clasts in this sample probably 
represents reworking of a hardground surface that may have 
developed over the underlying dolomite. This suggests a hiatus 
occurred at the Narrawaturk Formation-Clifton Formation 
boundary, possibly caused by a regressive event, that was 
followed by a rapid transgression to establish shelf conditions. 
The overlying sample is also interpreted to have been deposited 
in high-energy shelf conditions. The dominant benthic forami- 
nifera in this sample typify inner to mid-shelf depths. It is likely 
that winnowing has removed much of the plankton and other 
foraminifera in this sample. The upper calcisiltite sample of the 
Clifton Formation preserves a mid- to outer shelf fauna that was 
probably deposited in relatively lower energy conditions than 
those of the lower part of the Clifton Formation. 

Gellibrand Marl Formation 
The Gellibrand Marl Formation overlies the Clifton Formation. 

154 



Oligo-Miocene foraminifera of the Otway Basin 

As its name suggests, marl dominates the facies, although 
calcisiltite and calcarenite also occur. Based on facies and 
microfauna, the Gellibrand Marl Formation can be subdivided 
into two sections (Fig. 7): Interval C [479-390ft (146-119m)l 
and Interval D [389-108 ft (1 18.5-33m)l. 

Interval C: Facies. Grey stick bryozoal marl (wackestone) 
alternates with light yellow calcisiltite (packstone). The first 
cherty facies that may contain fine-grained rhombs of dolomite 
occurs at the base in a sponge spicule-rich bryozoal marl. The 
light yellow calcisiltite at 390 ft (1 19 m) contains glauconite and 
limonite-stained bioclasts of large, rounded, regular echinoid 
spines (up to 5 mm), stick bryozoa and gorgonacean corals. 

Interval C: Foraminifera. The basal marl preserves a high 
diversity planktonic and benthonic foraminiferal assemblage 
(Figs 7 and 8) with common G. subglobosa and Sphaeroidina 
bulloides. Above this, Heterolepa, Lenticulina and Anomalinoides 
become common elements in the assemblages. Discorbis, 
Notorotalia and Cibicides increase in abundance up to 390ft 
(1 19 m), associated with a reduction in G. subglobosa, Sphaer- 
oidina and Anomalinoides. The plankton and infaunal compo- 
nent also decreases markedly at 390ft (1 19m). 

Interval C: Palaeoenvironment and Biofacies. The cherty 
bryozoal marl at the base is interpreted to have been deposited 
in a low-energy outer shelf palaeoenvironment based on its 
fauna and facies. The fauna in the overlying bryozoal marl and 
calcisiltite was probably deposited in low- to slightly higher 
energy mid- to outer shelf palaeoenvironments. The change in 
fauna at 390 ft (1 19 m) coincides with a marked facies change. At 
this level, inner to mid-shelf foraminifera replace the mid- to 
outer shelf faunas. This change is accompanied by limonite- 
stained high-energy facies. The presence of glauconite and 
gorgonacean corals is interpreted to represent the presence of a 
hardground that formed during a hiatus due to a sea-level fall. 
This sea-level fall may have lead to subaerial exposure as 
limonite staining is pervasive at this level. 

Interval D: Facies. Cherty grey bryozoal marl typical of the 
Gellibrand Marl Formation dominates the upper part of this 
interval (Fig. 7), with occasional cemented calcarenite (grain- 
stone) beds, many of which are partially dolomitized. Cherty 
packstone to grainstone facies occur towards the base. The 
lowermost sample is a white, stick bryozoan and regular 
echinoid-rich calcisiltite (packstone). The echinoderm bioclasts 
are rounded. White, cherty stick bryozoal chalk (wackestone) 
and echinoid-rich calcarenite (grainstone) facies occur above this 
basal sample. The chert bands in the white limestone exposed 
along Glenelg Gorge (Figs 1 and 3.1) are likely to be equivalent 
to cherty calcisiltites in this interval. 

Interval D: Foraminifera. With the exception of the basal sample 
and at 172ft (52m), infaunal and planktonic foraminifera are 
abundant (Figs 7 and 8) and Anomalinoides, Bolivina, Astron- 
onion and Cibicides increase upwards from this sample. 
Gyroidinoides allani and Cibicidoides perforatus are common in 
the lower part and Notorotalia occurs only in the lowermost 
sample. Eponides lornensis co-occurs with a peak in abundance 

of Discorbis in the marly facies at 253 ft (77 metres). 

Interval D: Palaeoenvironment and Biofacies. The lower sorted 
plankton- and infaunal-poor calcisiltite is interpreted to have 
been deposited in a high-energy mid-shelf palaeoenvironment. 
The units immediately overlying this horizon possibly represent 
deeper mid- to outer shelf high-energy facies, which were in turn 
followed by outer shelf low-energy bryozoal marly facies with 
occasional higher energy events depositing beds of calcarenite. 
The presence of the inner to mid-shelf taxon Discorbis within an 
interpreted outer shelf assemblage may reflect reworking, 
perhaps by bioturbation, or reflect the outermost shelfal limit 
of this taxon. 

OLIGO-MIOCENE PALAEOENVIRONMENTAL 
EVOLUTION 
The three units studied contain variable facies and foraminiferal 
assemblages, preserving very different palaeoenvironmental 
signatures (Fig. 10). 

From the base of the Narrawaturk Formation to 540ft 
(1 64.5 m), initial transgressive high-energy, inner shelf, mixed 
carbonate/clastic facies (with evidence of possible upwelling) 
were followed immediately by low-energy mid- to outer shelf 
marly palaeoenvironments (Fig. 10). There is evidence for up- 
section deepening to an outer shelf palaeoenvironment at 689 ft 
(210 m) alternating with higher energy facies reflecting storm 
events or minor shallowing intervals. The next unit, consisting of 
chalky facies, was deposited in an oligotrophic higher energy, 
inner shelf palaeoenvironment. A return to lower energy shelf 
marly facies followed the chalky facies (this interval was not 
sampled). The uppermost beds in the Narrawaturk Formation 
were deposited in high-energy shelf settings with mixing of inner 
and mid- to outer shelf taxa due to reworking or transportation. 
Most of the preserved fauna is likely to have been deposited in 
an inner shelf palaeoenvironment, with the exception of the mid- 
to outer shelf palaeoenvironment interpreted for the horizon at 
587 ft (179 m). Most of the primary lithofacies in the upper part 
of the Narrawaturk Formation have been obliterated by post- 
depositional dolomitization. 

The two sections of the Clifton Formation studied were 
deposited in relatively high-energy shelf palaeoenvironments in 
areas with contrasting terrestrial inputs. Clastic sediments 
dominate facies of the Clifton Formation near Port Campbell, 
whereas no clastics occur in this unit in the Glenelg-1 bore. 
Diverse inner to mid-shelf foraminiferal faunas dominate both 
sections, with occasional mid- to outer shelf faunas and evidence 
of regressive events. The base of the Clifton Formation in 
Glenelg-1 overlies a hiatus caused by an inferred sea-level fall 
(Fig. 10). A similar event is represented by a nodular horizon in 
the Clifton Formation type section (Figs 3 and 4). 

The first low-energy outer shelf cherty bryozoal marl occurs at 
the base of the Gellibrand Marl Formation in the Glenelg-1 bore 
(Fig. 10). Following this, mid- to outer shelf calcisiltite and low- 
energy marl facies were deposited. A significant facies change at 
390ft (119m) corresponds to a ‘switch’ to inner to mid-shelf 
faunas in a high-energy palaeoenvironment, accompanied by a 
hiatus that led to hardground formation and perhaps even 
subaerial exposure. High-energy mid- to outer shelf conditions 
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Fig. 10. Sequence stratigraphy and palaeoenvironmental evolution of the Oligo-Miocene cool-water carbonates in the Glenelg-1 bore. The vertical 
hatch intervals are horizons where significant reworking and sorting of the microfauna has occurred. The total number of species is illustrated. The 
sea-level curve is adapted from Haq et al. (1988). The log depths are in feet (80-920ft) and metres (50-250m). 

became established after this hiatus. Further deepening 
occurred, depositing lower energy outer shelf cherty marl in 
the upper part of the Gellibrand Marl Formation. 

OLIGO-MIOCENE SEQUENCE BIOSTRATIGRAPHY 
The strata of the Glenelg-1 bore are correlated biostratigraphi- 
cally with the relative change of coastal onlap of Haq et al. 
(1988) in Fig. 10. While acknowledging that the section in 
Glenelg-1 is likely not to preserve strata representing the full 
duration of the Oligo-Miocene, it is possible to assign sequences 
to particular intervals based on biostratigraphic, palaeoenviron- 
mental and sedimentological considerations. In addition, it is 
possible to recognize biofacies reflecting probable lowstand 
system tracts (LSTs), maximum flooding surfaces (MFSs) and 
highstand systems tracts (HSTs). These sequences are described 
in the following sections. 

Narrawaturk Formation: Early Oligocene sequence TA 4.5 
This unit rests unconformably on the Late Eocene Mepunga 
Formation in the Glenelg-1 bore, but elsewhere it overlies the 
Wangoom Sand Member of Early Oligocene (P18) age (Fig. 2). 
The thin basal bed of the Narrwaturk Formation has a sorted 
inner shelf foraminiferal fauna and probably represents a lag 
deposit, and is interpreted to be the LST of the sequence. 
Transgressive middle to outer shelf marl and calcisiltite follow, 
culminating in outer shelf bryozoal marl, with the highest 
foraminiferal diversity at the MFS of this sequence. Inner to 
mid-shelf calcisiltite and calcarenite (often strongly dolomitized) 
typify the HST deposit of this sequence. 

The Clifton Formation: Late Oligocene sequences TB 1.1 and TB 
1.2 
The surface on top of the dolomites of the Narrawaturk 
Formation is inferred to be a sequence boundary, correlating 
with the major Middle Oligocene global sea-level shift at the TA 
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Percentage Abundance 
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Fig. 11. Biofacies distribution of foraminifera in the Oligo-Miocene succession studied. Note: the plankton values are expressed as a percentage of the 
total foraminiferal fauna; all other taxa are expressed as a percentage of benthonic rotaliids. The values at the base of the figure are the average faunal 
percentage values for that particular foraminifer in the 25 samples studied quantitatively. The circles show the average percentage values for that 
taxon in each particular facies. The white circles denote percentage values below average abundance and the black circles are equal to or above 
average values. For example, bolivinids are abundant in the Gellibrand bryozoal mark (10% of the assemblage) and rare in all other facies (below the 
average of 4%) 

4..5/TB 1.1 boundary. The reworked facies at the base of the 
Clifton Formation are interpreted to be possible LST deposits. 
The sampling density in this study is not sufficient to identify 
different systems tracts within the TB 1.1 sequence. The 
phosphate nodule band at Clifton Beach (Fig. 4) corresponds 
closely to the P21b/P22 zonal boundary. This horizon is 
interpreted to reflect a hiatus and is possibly the TB I . l /TB 
1.2 sequence boundary. The Late Oligocene P21 b/P22 zonal 
boundary in this unit in the Glenelg-1 bore corresponds with a 
marked shift in foraminiferal biofacies, also marking the top of 
sequence TB 1 . l .  

Gellibrand Marl Formation: sequences TB 1.2, TB 1.3 and TB 
1.512.1 
Transgressive mid- to outer shelf calcisiltite of sequence TB 1.2 
deepens upwards to the first outer shelf cherty marl at the base 
of the Gellibrand Marl Formation, preserving the MFS of the 
sequence. Alternations of mid- to outer shelf marl, calcisiltite 

and calcarenite form the HST of this sequence. A hiatus inferred 
on facies data forms the upper boundary of sequence TB 1.2. 
Sequence TB 1.3 consists predominantly of mid- to outer shelf 
calcisiltite and calcarenite facies. The upper boundary is 
tentatively placed at the first appearance of the Early Miocene 
taxon G .  woodi, in the absence of any clear evidence of a hiatus. 
The succeeding sequence TB 1.3 yields evidence of progressive 
deepening upwards from a mid- to outer shelf cherty calcarenite 
(TST) to outer shelf cherty facies (MFS/HST). 

DISCUSSION 

Facies control on Palaeogene-Neogene cool-water foraminiferal 
assemblages 
Four principal biofacies types were identified in this study (Fig. 
1 l), with distinctive foraminiferal assemblages that relate t o  
factors such as depth, wave energy and substrate. 
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Bryozoal marl. Grey bryozoal marl (wackestone) is one of the 
most common facies in the Oligo-Miocene strata studied. It is 
inferred to have formed in mid- to outer shelf low-energy 
palaeoenvironments with fine substrates that favoured infaunal 
foraminifera and high plankton values. Although the marly 
facies are similar between the Gellibrand Marl and the 
Narrawaturk Formations, both units contain different micro- 
faunal assemblages and some important macroscopic differ- 
ences. The Gellibrand Marl Formation facies are cherty and 
spicule-rich and contain abundant bolivinids, with common 
Astrononion and Anomalinoides (Fig. 1 1). In contrast, bolivinids 
are rare or absent in the Narrawaturk Formation marls, where 
chert and spicules are also absent. In this unit, the infaunal 
Uvigerina, Globocassidulina and lagenids are common. The 
difference in microfaunal content in the grey bryozoal marl of 
the two units may relate to: (a) variations in organic material 
and fossil sponge content in the marly substrate between the 
units (it is possible that anaerobic conditions or eutrophism 
persisted in Narrawaturk times and by Gellibrand times 
conditions were more open marine); (b) the cherty marls of 
the Gellibrand Formation may have been deposited in deeper 
outer shelf palaeoenvironments than those in the Narrawaturk 
Formation; (c) benthos turnover across the early-late Oligocene 
boundary; or (d) a combination of all of these factors. Bryozoal 
marls similar to these which are preserved in the Oligocene 
carbonates of the Torquay area in Victoria are interpreted by 
Boreen & James (1995) to have been deposited in deep shelf, 
quiet water palaeoenvironments near the storm wave-base. The 
storm wave-base off the Otway shelf margin today is at around 
250m (Boreen et al., 1993), it is unlikely that the depth to storm 
wave-base during Oligo-Miocene times was the same as today, 
as the width (and therefore the fetch) of the Southern Ocean was 
not as large. Therefore, the storm wave-base was probably 
shallower. 

Chalky facies. White, bryozoal chalky packstone occurs at 
several levels in the Glenelg-1 bore. This facies is interpreted to 
have been deposited in inner to outer shelf palaeoenvironments 
and contains a distinctive microfauna of the epifaunal Cibicides, 
Spirillina, Stomatorbina and Patellina, with the infaunal 
Trifarina. Moderate to low percentages of plankton occur. The 
prevalence of epifauna (such as Cibicides) and lack of plankton 
in this facies is inferred to reflect a low nutrient supply during 
deposition. The chalky substrate was suitable for low amounts 
of infauna such as Trifarina, but not for the bolivinids or 
Uvigerina (these taxa may prefer organic-rich or clay-rich 
substrates). Moderate reworking of this facies may have 
occurred, removing the organic material and some of the 
smaller foraminifera. 

Unsorted calcisiltite and calcarenite. Light grey, yellow and white 
bryozoan-poor foraminiferal packstone and grainstone depos- 
ited in inner to outer shelf palaeoenvironments typify this facies. 
No obvious rounding or sorting of the bioclasts has occurred. 
With the exception of Globocassidulina and Trifarina, infaunal 
foraminifera are rare. Epifaunal foraminifera such as Hetevo- 
lepa, Cassidulina and Anomalinoides are common. The variation 
in foraminiferal content (Fig. 11) and colour of this facies 

probably reflects fluctuations in wave energy and/or clay and 
organic content in the substrate at the time of deposition. 
Similar mixed grainstone and packstone facies in the Oligocene 
succession of Torquay, Victoria are thought to have been mid- 
to deep shelf storm and fairweather sediments deposited between 
swell wavebase and storm wavebase (Boreen & James, 1995). 
Storm wave-base and swell wave-base off the Otway coast today 
are around 250m and 130m, respectively (Boreen et al., 1993). 
Based on palaeoceanogeographical considerations these depths 
to wave-base are likely to have been shallower during Oligo- 
Miocene times. 

Sorted calcisiltite and calcarenite. White to yellow coarse-grained 
regular echinoid- and bryozoan-rich packstone to grainstone 
characterise this facies. Appreciable rounding and sorting of the 
bioclasts has occurred, leading to the preservation of robust 
spherical to discoidal epifaunal foraminifera such as Cibici- 
doides, Heterolepa, Pullenia, Gyroidinoides and Notorotalia. The 
spherical infaunal Globocassidulina also survived reworking. 
Other less robust infaunal and epifaunal foraminifera are rare or 
absent. Planktonic foraminifera are also rare. This facies is 
interpreted as representing inner to mid-shelf palaeoenviron- 
ments where reworking by intense wave action (either above 
normal wavebase or by storms) sifted out all smaller foramini- 
fera. This process favoured the preservation of the hydrodyna- 
mically stable foraminifera (spherical/discoidal) and created a 
substrate unsuitable for delicate infaunal foraminifera. Cross- 
bedded bryozoan grainstones (resembling this facies) in the 
Oligocene strata of Torquay, Victoria are interpreted by Boreen 
& James (1995) to be open-shelf sands deposited during high- 
energy swell/storm wave-base reworking. 

Global correlations, palaeoceanography and relative sea-level 
changes 
The neritic sediments of the Glenelg-1 bore and outcrops of the 
Clifton Formation near Port Campbell in southeastern Aus- 
tralia preserve biofacies signals relating to the evolution of the 
Southern Ocean at the Palaeogene/Neogene boundary (Fig. 1). 
Specifically, the base of the Clifton Formation preserves a shift 
in facies and foraminiferal faunas that correlates with the major 
sea-level fall at the mid-late Oligocene boundary (Haq et al., 
1988). It is well known that this sea-level fall is related to a major 
ice advance in Antarctica (Kennett, 1977; Prothero, 1994) which 
corresponds to Mid-Oligocene unconformities globally (Poag & 
Ward, 1987). The effects of this event have been documented by 
Moss & McGowran (1993) in South Australia, where biofacies 
changes occur without any appreciable species turnover in the 
Early-Late Oligocene neritic sediments of the Gambier Embay- 
ment of the Otway Basin. Moss & McGowran (1993) noted that 
plankton and infaunal percentages decrease and notorotaliids 
first appear at the Early-Late Oligocene boundary in the 
Gambier Embayment; a similar pattern occurs in the Glenelg- 
1 bore (Fig. 1). Other events occurring across the Early-Late 
Oligocene boundary in the Glenelg-1 bore (Figs 6 8 )  include: the 
LADS of S.  linaperta, T. gemma and C. cubensis; a reduction in 
Globoturborotalia and Paragloborotalia associated with an 
increase in Globigerina; a reduction in benthic taxa such as 
Uvigerina, Textulariids, Stomatorbina, Patellina, Heronallenia 
and Spirillina; and increases in Heterolepa, Siphonina, Discorbis, 
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Anomalinoides, Cibicides and bolivinids. 
The biostratigraphic and palaeoenvironmental utility of these 

Southern Ocean Tertiary cool-water foraminiferal assemblages 
is enhanced greatly by parallel facies studies. An integration of 
biostratigraphic and facies data will lead to better stratigraphic 
correlations and palaeoenvironmental interpretations of strata 
in southeastern Australia, an area that was facing the evolving 
Southern Ocean throughout the Cenozoic. 

CONCLUSIONS 
This study integrates biofacies and foraminiferal analyses of an 
Oligocene to Miocene cool-water carbonate succession in the 
Otway Basin, southeastern Australia to conclude the following. 

The Early Oligocene Narrawaturk Formation consists 
initially of high-energy inner shelf facies and deepens 
gradually up-section to lower energy mid- to outer shelf 
marls with storm events and/or minor shallowing 
intervals. The uppermost bed of this unit was deposited 
in a high-energy shelf setting with faunal reworking. 
The Late Oligocene Clifton Formation was deposited in 
a relatively high-energy inner to mid-shelf environment. 
Clastic sedimentation dominated in the eastern Otway 
Basin, whereas no clastics occur in this unit in the west. 
The base of this unit overlies a hiatus (a phosphate 
horizon) inferred to have been caused by a sea-level fall. 
The Late Oligocene Gellibrand Marl Formation began 
with low-energy outer shelf cherty bryozoal marl 
followed by mid- to outer shelf calcisiltite. High-energy 
mid- to outer shelf conditions were established after a 
hiatus in the latest Oligocene. Deepening at the base of 
the early Miocene, caused deposition of lower energy 
outer shelf cherty marl. 
Oligo-Miocene strata are correlated with the relative 
coastal onlap curve of Haq et al. (1988) and several 
sequences (including their LSTs, TSTs, MFSs and HSTs) 
can be identified. The Narrawaturk Formation corre- 
lates with sequence TA 4.5. The TST of this sequence 
preserves mid- to outer shelf marl and calcisiltite, the 
MFS high plankton values and inner to mid-shelf 
calcisiltite and calcarenite represent the HST. The 
Clifton Formation correlates with sequences TB I .  Z 
and TB 1.2. The phosphate nodule band in this unit 
probably marks the TB I. l /TB 1.2 sequence boundary. 
The Gellibrand Marl Formation correlates to sequences 
TB I .2, TB I .3 and TB I.512. I .  
Four major carbonate facies with distinctive foraminif- 
era1 faunas can be distinguished. Grey bryozoal marl 
(wdckestone) formed in mid- to outer shelf low-energy 
conditions below the wave-base, with infaunal forami- 
nifera and high plankton values. Two marl assemblages 
occur: lagenids and Uvigerina are common in the 
Narrawaturk marl, abundant bolivinids and Astrononion 
occur in the Gellibrand marl. The variation is thought to 
relate to varying nutrient supply and organic material, 
depth or benthos turnover at the Early-Late Oligocene 
boundary. Chalky packstone facies were deposited in 
oligotrophic inner to mid-shelf palaeoenvironments and 
contain a high epifauna content. A bryozoan-poor 

foraminiferal packstone and grainstone (calcisiltite/ 
calcarenite) facies enriched in epifaunal foraminifera is 
inferred to have been deposited in inner to outer shelf 
palaeoenvironments. The final facies type consists of 
well-sorted, coarse-grained regular echinoid- and 
bryozoan-rich packstone to grainstone (calcisiltite/cal- 
carenite). Infauna is absent in this facies, where most 
preserved foraminifera are robust spherical to discoidal 
forms. These facies were deposited in inner to mid-shelf 
palaeoenvironments where reworking by intense wave 
action (either above normal wave-base or by storms) 
winnowed out all smaller foraminifera. 
The strata preserve biofacies signals relating to the 
evolution of the Southern Ocean at the Palaeogene- 
Neogene boundary. The base of the Clifton Formation 
marks a shift in facies and foraminiferal faunas that 
correlates to the major-sea level fall at the Mid-Late 
Oligocene boundary, related to a probable major ice 
advance in Antarctica during this time. The base of this 
unit also correlates with Mid-Oligocene unconformities 
worldwide. 
The stratigraphic and palaeoenvironmental utility of 
these cool-water foraminiferal assemblages is improved 
greatly by facies analyses. Similar integrated studies will 
lead to better correlations and palaeoenvironmental 
interpretations of southeastern Australian strata and 
contiguous strata in the southern hemisphere. 
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APPENDIX A 
This Appendix gives a list of the foraminifera in the Glenelg-1 
bore. The inferred infaunal (i) and epifaunal (e) benthonic forms 
are listed in the lefthand column, where there is no designation 
(i.e. a blank) the benthonic habit of that particular foraminifer is 
unknown. The foraminiferal habits were classified using Murray 
(1991) and Moss & McGowran (1993). Note that the sample at 
587 ft (179 m) was statistically too small to be included in 
percentage values in Figs 7, 8 and 10, although the number of 
species and species diversity data were used in Figs 8 and 10. 

APPENDIX B 
Foraminiferal percentage data for the Glenelg-1 bore. The 
benthos values are calculated as a percentage of the total benthic 
rotaliids. The plankton values are expressed as a percentage of 
the plankton. 

APPENDIX C 
List of the foraminifera and their percentage values in the 
Clifton Formation type section, near Port Campbell (Fig. 4). 
The sample numbers 1 to 4 are those illustrated on the logged 
section on Fig. 4. The benthos values are calculated as a 
percentage of the total benthic rotaliids. The plankton values are 
expressed as a percentage of the plankton. 
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Table Al .  Benthonic rotaliid Foraminfera in the Glenelg-l bore. Note: Anomalinoides macrog = Anomalinoides macroglabra, Cibicidoides 
perforatu = Cibicidoides perforatus and Globocassidulin subglobo = Globocassidulina subglobosa. 
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Table A2. List of benthonic rotaliid, textulariid and milioliniid Foraminfera in the Glenelg-1 bore. Note: Gyroidinoides neosol = Gyroidinoides 
neosodanii and Heterolepa subhaid = Heterolepa suhhaidingeri. 
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Table A3. List of the planktonic foraminifera, suborder percentages and diversity values for the Glenelg-1 bore. The percentage of infaunal taxa is a 
minimum value as the benthonic habit of many of the taxa is unknown. Note: Paraglob. ampliapertu = Paragloborotalia ampliapertura and Subbotina 
angiporoid = Subbotina angiporoides. 
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0.3 0.4 1.2 0 
0.3 0.8 1.7 4.4 0.9 0.6 0 

7.7 0.8 0.8 1.6 0.5 a 
1.5 0.9 5.5 2.5 2.8 0.6 

0.6 

28 

2.8 2.5 2.1 2.4 1 

0.3 1.9 0.8 1.3 13 4 4  13 

0.9 0.8 

0.4 

I 
I 

3 

I 

1 

I 
f 

I 

I 

3 

I 
I 
i 
i 
3 

3 
3 

3 

3 

I 
i 
i 

3 

0.3 
0.4 0.5 

0.4 
0.3 0.4 0.6 0.5 0 

2 1 2  12 4.3 0.4 2.3 3.3 4.7 8.6 12 1 
0.6 

0.6 1.3 0.4 
17 2.6 6.7 2.4 7.4 0.8 9.8 1.3 3.5 11 

0.4 1.2 0.4 2.7 0 

0.4 
0.5 

1.2 0.8 
0.9 3.8 1.7 

4 0.6 
4 1 1.8 0.4 19 5.5 2 7.4 10 3.1 47 2.7 9.1 2 
6 1 0.9 0.4 1.9 3.6 7.7 1.2 14 5.1 2.5 4.7 16 7.9 8 

1.8 0 
0.6 

4 1 .6 1 1.8 0.6 

6 3.1 2.7 1.8 1.9 8.3 7.3 1.6 27 B.6 3.8 16 8 6.7 4 
2 0.7 7.7 0.81.64.11.7 1.6 0.60 

0.4 1 

1.9 0.4 
4 22 15 12 3.8 20 27 25 1.6 11 18 6.8 6.2 7.9 6 

3.2 1.1 2.7 0.6 0 
0.3 0.4 0.6 

0.3 0.6 0.5 1 
4 7.7 0.8 12 1.2 1.6 2.3 5 3.1 2.7 9.7 

1.9 
0.9 0.5 1.8 

0.9 2.4 0.4 1.7 3.1 0 

0.4 
0.4 0.8 0.6 1 

7.5 
0.8 

Discorbd 0.5 
Discorbindla berthloti 1.4 2.4 0.6 1.5 0.5 0.6 2 
Discorbinella planomncava 0.9 5.3 
Disc&inellascopos 2 
Discorbbinella sp. I 2.2 0.5 2 8 0.6 
Discoftis balcombensis 0.5 
Discorbis sp. 0.6 2 
Discorotalia sp. I O 4  

Dymibicides biserialis 
LJymlbicides primitive 
Dyocibicides unisenalk 
DymibkMes sp. 
Ehrenbaqina sp. 
Elphidium sp. 
Eoeponidella zaalandlca 
Epistomella cassidulinoides 1.7 0.5 4.6 
Epistomeh sp. I 
Eponides mpandus 2.3 0 5  3.2 1.5 1.4 1.8 0.5 

Favulina hexagona 0.7 1.1 

Fissurina globosa 1.2 
Fissurina marginata 3.6 

0 0.9 1.8 
0.6 

0 9  

05 
Eponides lomansis 0.5 3 2.6 4.6 1.4 

Eponides sp. I 0.7 0.6 0.6 

0 

0.4 
0.6 

0.3 0.9 0.4 3.1 06 
4 1.8 4.8 0.8 0.8 5.1 1.9 0 

3.1 0.4 0 
1.5 2 
0.6 0.4 1.7 0.6 

Table B1. Percentage abundance of benthonic rotaliid Foraminfera in the Glenelg- 1 bore. Note: Anornalinoides macrug = Anomalinoides macroglabra 
and Cibiciduides perforatu = Cibicidoides perfuratus. 
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e 

e 
e 
e 
e 
i 
i 
i 
i 
i 

e 
i 
i 
i 
i 
i 
i 

e 

i 
i 

i 
e 
e 

Feet1812 m 7  790 770 746 720 688 Mi6 646 625 607 587 578 n 
i Ifissurina orbignyana 5.1 0.8 0.5 0.6 

Gyroidinoidec sp. 0.8 
Halkyardia bartrumi 
Heronallenia howifti 0.4 
Heronallenia lingulafi 0.4 1.4 1 1 
Heronelknia parri 
Heronallenia sp. 0.8 1.3 
Heronalhia wilsoni 0.5 5.3 
Hererolepa brevoralis 1.1 0.7 1.9 1.2 0.5 13 

Hetemlepa sp. 
Hererolepa subhaidind 0.4 8.5 0.8 3.2 0.6 0.5 1.8 
Homolohedra fawlina 0.5 0.9 
Lagena sp. 2.3 0.6 1.3 1.4 

0.7 1.4 0.5 2.4 1.2 1.4 

Hetaroleps novozelandims 0.5 0.5 0.8 

Lagana striala 0.7 0 6  0.9 
0.5 0.6 1 I 0.7 0.5 

Lagena sukata 
Lagenid 
Lamarckina gfencoensis 
Lentiwlina sp. I 2.2 1.1 3.1 1.9 
Maginuline duradna 0.8 

Marginulimpsis hydropnica 0.6 

Nodosaria sp. 0.5 0.6 

Marginulinopsis allani 

Nonbn sp. 

Notoroialia howhini 0.8 
Notomtalia sp. 

Oolina amaciala 

parre//ina sp. I 
Pawicarinata comnata 2 

Nonionia I 0.6 

Nmalides sp. I 0.6 0.5 

Parrellina crsspinae 4.2 

Patdlina annactens 0.5 0.9 

1.7 0.9 0.8 1.3 4.1 2.4 0.8 

0 5  0.6 

x) 5.8 12 2.4 1.4 37 4.8 10 

e 
e 
e 
e 
i 
I 
j 

Paiellina mrrugata 0.5 1.2 6.5 4.1 4.7 11 6.2 4.8 2 
patelha sp. I 0.5 

Planulina papiiiata 0.5 2 
Polyrnorphinid I 0.8 

Plenulina biconcave 0.6 

Pmerdagena cyiindtucostafa 
Pseudopoymrphina sp. 

2 

14 

I 

e 
e 
e 

i 
e 

i 
i 
i 

e 
e 

i 
i 
i 
i 
e 

Reme& sp. 
Rosalina australis 0.6 2 
Rosalina bradyi I 0.8 

Rosalina sp. I 0.7 0.6 1.3 

SigmkMa kagaensis 0.8 3.1 0.5 
sigmoidella sp. I 0.5 
Sigmorphina willjarnsoni 1.7 0.9 1.3 

Siphonma australis 
Sphaemdina variablis 0.6 
Sphaamidna bulMdes 0.7 2.3 0.5 1 .8 
Spirillina sp. I 0.7 0.5 0.8 4.5 1.5 6.1 4.1 10 1.8 4.8 4 
Stomatorbina conmntrica 1.8 11 5.1 7.1 12 

streb/us nanus I 1,4 
Trifarina braw 1.4 1.7 0.9 4.8 3.9 0.5 2.4 4.1 0.5 1.2 

UvgeMa miocenia 0.7 1.2 

Rosalina concinna 0.7 

Sigmoidella elaganfisslma 

Trifarina sp. 0.8 0.5 4.7 

Uvigarina proboscidae 0.6 0.6 3.1 

Vicloriella mnoidia 2.8 

Vagocibkides sp. I 3.2 

I wadet/a g/obiformis 
I1w 1 w  100 loo 1 w  1w 1 w  loo 100 1 w  1 w  1w 1 w  I 

63 158 151 142 132 125 119 112 106 S4 TI 59 52 46 41 
54 517 404 465 432 410 Jw 368 348 310 253 182 172 152 13 

0.3 0.9 0.8 
0.5 1.8 2. 0.9 0.4 2.5 

1.6 
0.4 0.8 0.5 1 . 2 1 .  

!O 10 13 33 17 7.1 12 8.8 1.8 8.5 3.8 11 4.4 8.5 9. 

0.3 1.5 0,4 
P.4 2.2 

!.4 1.5 3.1 3.2 4.3 1.6 1.7 8.2 1 
0.4 0.8 

0.4 
1.8 

0.4 0.8 0.5 0.9 1.2 0 
0.6 0.6 1 0.9 0.8 0 

1.4 0.6 0.4 
0.3 
0.3 

i.8 12 13 2.8 1.9 1.2 2.4 2.7 4.9 0 4.4 6.3 9.7 2.4 3 
1.2 0.4 0.6 0.3 0.4 

1.9 
1.8 5.9 0.9 7.7 0.8 2.7 7.4 1.7 1.3 2.1 3.5 1.2 4 

0.4 0.4 2 0.8 1.8 
0.4 0.4 0.8 

0.3 
0.3 0.3 0.4 0.4 0.6 1 

1.4 1 2  

!.4 8.8 2.7 2.2 5.8 1.2 7.7 4.7 0.8 1.1 3.1 0.5 2.7 0.8 0 
1.4 

0.4 
0.4 0.6 

0.3 

6 13 3.9 1.9 4.3 8.1 9.4 2.3 1.3 0.5 0.9 0.8 0 
1.7 

0.3 
).8 19 

1.4 

).8 0.3 1.8 

03 
03 

2 2.4 0.4 
).4 1.2 

1 2  0.4 

0.7 

0.4 

0.4 0.8 1.1 1 

2.5 

0.4 

1.1 8.9 
0.6 

0.6 
1.1 1.3 0.5 

2.3 

0.8 0.5 

4 

0 

0 
3 

0 

0 

4.4 0.5 1.8 0.6 1.8 1.2 0.9 0 0.4 0.8 1.6 

0.3 0.4 0.8 0.8 1.2 2 
0.9 1.9 3.2 0.8 4.9 1.3 0.5 0.9 0.8 5 

3.8 0.4 0.4 2.3 
3.4 

4.2 0.4 7 7  8.3 0.4 1.1 1.9 2.6 0.9 0.6 

0.9 

. .- 
IW 1 w  loo iw 100 100 loo 1 w  1 w  1 w  1 w  100 100 loo 1 

Table B2. Percentage abundance of benthonic rotaliid Foraminfera in the Glenelg-l bore. Note: Globocussidulin subglobo = Globocassidulinu 
subglobosa, Gyroidinoides neosol = Gyroidinoides neosodanii and Heterolepa subhaiding = Heterolepa subhaidingerr. 
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Fedl8l2 W 7W 770 746 710 680 686 646 625 607 687 678 LI 

I PERCENTAGE OF PLANKTONIC FORAMINIFERAL SPECIES - 
IChllC9UemPW!lclCUbWnSlS 7 6  4 5  3 5  7 1 18 13 
Globigerina brevis I 5.7 
Globigerine dpsmensis 
Globigerim falconensis 
Globigerim prawbdloidas 
Globigerinoides prinwnlius 
Gbboquadrina dehiscens 
Globoquadrina larmeui 
Globoquadrina sp. I 
Gbboquadrina ft!parrita 
Globomtalia sp. I 
Gloiwmfaloides suferi 0.6 
Gbborafe/aides festanrgosus 1 .I 
Globofurbomfalia angulisufuralis 
Gbbofuttmmfalia euapwmra 
Globo/u~orofelia labiacrassafa 
GlobofutbomfaWe woodl mnecra 
Globotu~mfalia wadi  woodi 
Globotuttmmfalia sp. I 
Guembellfifia sfevensis 
lndelerminate Planktonics 2.4 11 
paragbtumta/h a m 4  13 6.1 2 3 
Pafagbtumfalia opindnana 
Pseudohastigerfna micre 0.3 
Subbotinaan@pon%d 88 4 5.7 
Tenuite//agemme f 1.8 1.1 
Tenuitelkr minut/ssims 
Tenuifella mund&$uvenw/is TI 4a 

Tenuitinellids I 20 
Tenuitinellinafa anoustiumbiiicafa 

3.6 

18 34 5.9 2.2 32 

2.4 
23 15 13 16 20 18 
3.2 2.4 9.1 

1.8 7.1 2.2 4.5 

9.7 
3.2 4.7 11 4.7 

32 56 30 44 6s 27 
29 2.4 6.7 9.1 

4.2 

M 2t 

2 - 5 4  

8.3 

13 8.3 
4.2 

63 158 151 142 132 125 110 112 1W 04 77 59 52 46 4 

3.4 3.6 3.3 3.4 3.6 6.4 5.3 6 
1.8 5 3 4.3 

19 22 13 9.5 27 3 3  10 16 14 7.1 1 
1.2 33 

2.4 1 
1.4 1 2  

0.9 

3.3 

4 2 4 . 2  1.2 2.1 
5.1 1 4  2.4 4.6 13 6.7 
5.1 

1.2 16 0.7 1 
8.5 3.6 23 1 
1.7 0.7 

1.2 
23 11 17 29 43 13 18 39 1.2 23 16 12 9 

3.4 0.9 1 2  3.3 

0.8 2.4 0.9 
23 43 05 37 I S  27 68 26 84 40 53 40 4 
5.1 5.6 3.6 
6.8 4.3 7.1 10 1.7 6 3.6 5.5 6 

.1 0 . 8 1 1  1.7 1.7 8.4 4.5 5.3 0.7 I 
M o i w  i w  100 100 100 100 loo im iw iw 100 100 11 

Table B3. Percentage abundance of planktonic foraminifera in the Glenelg- 1 bore. Note: Puruglob. amp1 = Paruglobororalia ampliupertura and 
Suhhotinu angiporoide = Subhotina angiporoides. 
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1 
5 
4 
11 
2 

7 

Anomeiinddes sp. 
Asfmnonion sp. 
Astmonion usmanensis 
aagaina sp. 
Indenemirate benthic mtalikis 
BoliViIla affiliata 
Boiivina 
Bolivina 

0 3.38 0 0 
0 0.48 0 0 
0 0 0 0.44 
5.31 0 0.83 2.22 
0 0 0.83 1.78 
0 6.28 10.4 4.89 
0 0 0 0.89 
0 0.48 0.41 0 
0 0 0.833.11 
0 0 0.41 0 
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i 
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e 
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e 

i 
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i 
i 
e 
e 
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e 
e 
e 
i 

e 
I 

I 

I 

e 

i 
i 
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E 

1 
1 
6 

2 
3 

Bolivina 
Boiivine 
Bulimina 
Buliminid 
CancrLs 
Cancris 
Cassidulina 
CassMulinoides 
Casshlufimides 
Chi!asfomella 
cibicides 
Cibiddes 
Cibides 
Cibicides 
Cibicides 
CiLlkW 
Cibicides 
cibiddes 
Cibicides 
cibicidoides 
C i b M a s  
Dentalina 
Denlalina 
Discorbhelia 
DiSCOIbinella 
Discurbinella 
DiSCUltli.5 
DiScorbis 
!2yo&icides 
Eponides 

fissurina 
FiSUrina 
Fssurina 
FiSSUrine 
Gavebnopsis 
GaveUinalla 
Glabrafella 
Glanduiina 
GlobOw&uUna 
Gk&xa&lina 
GuUHna 
GutWina 
GuMina 
GUnJina 
Gyrdinoides 
Gymidhides 
Gymidiimides 
Hemnallenia 
Hemnailenia 
Heferolepa 
Hetardepa 
Heferdepa 
Lagana 
Lagana 
Lenthlina 
Nodosariid 
Nonioniii 
Notomtaiia 
Nutlalides 
Nottelidas 
Panailina 
Paneilina 
Planodismrbis 

z2E 

0 0 0.41 0 
0 0.97 0 0.44 
0 0 0 0.44 
0 1.93 0.41 2.67 
0 0.97 0 0 
0 0 0.83 0.89 
0 0.97 7.05 1.33 
0 0.97 0 0 

alafa 
finlayi 
iapsus 
reticuiafa 
w w i a  

1 

1 
1 

1 

2 

24 
1 
1 
2 

0 0 0 0.44 
0 0 1.24 0 
0 0.97 0 0 
0 0 0.41 0.44 

0.88 1.45 0 0.44 
1.77 0 0 0 
0.88 0 0 0.44 
0 0 0.41 0 
0 0.48 0 0 
0 0.48 0.83 0 
0 0 0 0.89 
0 0.48 0 0 
0 0 0.41 0 

6.19 5.8 7.88 10.7 
1.77 0 0 0.44 
0.88 0 0 0.44 
0 1.93 0 0.89 

Si&onina' 
Sphaenidina 
Svratina shauni 

1 

1 
2 

2 

2 
3 

quinquelobe 
cuncinna 
sp. 
kagaensis 
williamsoni 
auslraiis 
buiiaides 

0 0 0 0.44 

0 0 0 0.44 
0 0 0 0.89 
0 0 0.41 0 
0 0 0.41 0 
13.3 3.38 1.24 0.89 
0 0.48 0 0 
0.88 0.97 1.66 0.89 
0.88 0.48 0 1.33 
0 0.48 0 0 

0.88 0.48 0 0 

aunculus 
w. 
iaev$ata 
campana 
chapmnni 

2 
2 
1 
1 

1 

1 

sp. 
CalIilUS 
CI. remra ra  

0 0 0.41 0 
0 0.97 0 0.89 
0 0 0.41 0.89 
0 0 0 0.44 
0 0 0 0.44 
0.88 0 0 0 
0 0.48 0 0 
0 0 0.41 0 
0.88 0 0 0 
0 0.48 0 0.44 
0 0 1.24 0 
0 1.45 0 0 
0 0 0 0.44 

0.88 0 0 0 

m O N l l i  
ihungla 
IObatUiUS 
mediocrs 
mOlsStUS 

w. 
vortex 

SP. 
w. 
stdata 
befmeioti 
=*s 
sp. 
balmmbensis 
w. 
UfliSerieliS 
repandus 
SP. 
hexagona 
mapnata 
orbignyana 
sp. 
subcircularis 
sp. 
sp. 
sp. 
iaavigafa 
SP. 
SUbglobase 
Problems 
silvestrii 
sp. 
yabei 
ailani 
subzalacdca 
zealandiw 
linguiata 
wilsoni 
bravorabs 
spa- 
subhaidingeri 
SP. 
Sfriata 
SP. 

pertoratus 

e 
e 
e 
i 
i 
e 
e 
i 
i 

howchini 
llorielis 

Planorbulinella 
Pianularia 
Planuiina 
Polymorphinid 
Pullenia 
Rosaiina 
Rosafina 
SigmMeila 
Siammmhina 

sp. 
craspinae 

5 
9 

1 

SP. 
ineguiaris 
johannae 
pianulata 
papilkla 

0 0.48 0 2.22 
0.88 1.45 0.83 4 
0.88 0 0 0 

I 
2 
1 

4 

6 

1 

6 

8 
7 

6 
33 

1 
2 
1 

7 
2 
1 

1 

15 

1 
1 

1 

1 

1 

1 

1 

6 

I 

4 

1 

2 
20 

7 
1 

13 

1 

7 
22 
1 

23 
26 

2 

4 
2 

2 
2 

2 

3 

1 
1 

I 

12 

4 

I 

7 
1 
2 
1 
1 
2 

3 

2 

1 

1 

3 

1 
3 

1 
4 

3 
2 
1 
2 
1 

4 
10 

2 
2 
25 

1 
2 
1 

6 
21 

6 
38 
34 
1 

1 

2 
17 

3 

1 

1 

2 

1 
19 

1 
1 
3 

4 

3 

3 
1 

1 

1 

3 

2 

I 0 0.48 0 0 I 
0 0 1.24 0 
0 1.93 0.83 0.44 
0 0 0.41 0 

3.54 0.48 0.83 0 

0 0.48 0 0 
0 0 2.49 0.89 

0 0.97 1.24 0.89 
0.88 0 0 0 

Table C1. List of benthonic rotaliid foraminifera and their percentage abundance in the Clifton Formation type section. 
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% PLANKTON 
%Infaunel Benlhlcs 

linon tomason type sacticn Port Campbell 1% DATA 
Outcrop SampleNumbed 1 2 3 4 ] 1 2 3 4 

I i lrrifarina bradvi I 6 3 1 I 0 2 9  . . .  124 0 4  

1679 24.32 1525 15.66 
2807 3484 304 3629 

..... ... . ._ 
3 

SD. I 1 

SP. 1 
crespinae 1 

E @ d a  
e Gaudryina 
e Gaudwina 

IndEl. bgglut. 1 1  
e Ternlaria semkannata 1 

4 
1 14 8 12 

I Globigenna cipammsk I 1  7 3 
G M b r i n a  pmebulbides 1 16 10 30 
Globigerinoides primordius 8 1  
Globoquadrina larmeui 1 
Globoluttmrotalia anguiisuluralis 5 
GWluhomtalia lsbiscrassata 4 
Paragkbrotalia opimahana 1 
Tenuilella mund&wnalis 16 22 14 5 
Jenuilinellinata angustiumbilkata 1 
G.(Globotuttmmtalia)euaperhrra 1 2 2 
Tuihrotalia obasa 2 1  
P L A N m A L  23 71 45 44 

137 292 295 281 

0.73 4.795 2.712 4.27 
%MILIOLINIIDS 0 0 0.339 0 

A ot Planktonic species 
I 

4.35 9.86 6.67 0 
4.35 22.5 22.2 68.2 

. . .. 

0 11.3 2.22 0 
0 1.41 0 0 
0 0 11.1 0 

17.4 0 0 0 
0 0 2.22 0 

69.6 31 31.1 11.4 
0 1.41 0 0 

4.35 2.82 4.44 0 
0 2.82 2.22 0 - 

Table C2. List of planktonic and benthonic rotaliid, milioliniid and textulariid foraminifera in the Clifton Formation type section. The percentages of 
planktonic, benthonic rotaliid, infaunal and foraminifera1 suborders are listed. 
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