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ABSTRACT 

Palaeontological and biostratigraphic studies for each Phanerozoic system are briefly summarised 
for the entire Canning Basin, with emphasis on the Palaeozoic. Biostratigraphic analysis of six 
key wells on the Lennard Shelf (May River 1, Langoora 1, Meda 1, Meda 2, Blackstone 1 and 
Mimosa 1) are given in an Appendix. A synthesis of this infonnation has led to the identification 
of ten major stratigraphic breaks within the Palaeozoic succession on the Lennard Shelf: 

1. The entire Cambrian Period and most of the Tremadocian. 
2. Much of the Silurian and the Early Devonian (resulting from an Early Silurian age for the 

Worral Formation, and a Late Ordovician - earliest Silurian age for the underlying Carribuddy 
Group). 

J. Within the early Famennian (a break of variable duration in different parts of the study area). 
4. W~ the late Famennian (corresponding to the Upper postera, and Lower expansa conodont 

'--' 
Zones). 

5. Within the latest Famennian (Strunian - possibly representing the global sea-level fall in the 
Middle praesu!cata Zone, just prior to the DIe boundary). 

6. Within the latest Tournaisian-early Visean (between the Laurel Formation and the Anderson 
Formation; the least plausible stratigraphic break). 

7. Within the latest Visean-early Namurian (representing the maculosa assemblage). 
8. The late Westphalian and most or all of the Stephanian (representing the birkheadensis Zone). 
9. The early part of the Sterlitamakian Stage (between the base of the Nura Nura Member of the 

Poole Sandstone, and the top of the Grant Group. 
10. The latest Permian (Dorashamian = Changhsingian) Stage (representing the 
Protohaploxypinus microcorpus Zone; between the upper part of the Hardman Formation and the 
lower part of the Blina Shale). 

Biostratigraphic control provided by conodonts, ostracods, microvertebrates and spores has 
underpinned AGSO sequence analyses of seismic and well data for a new interpretation of the 
outcropping and subsurface Late Devonian reef complexes. Revised ages effect the 
understanding of the petroleum resource potential in the Ordovician sequence. Some fonnations 
within the Carribuddy Group may behave as effective seals to source and reservoir rocks in the 
Nita Goldwyer Fonnations. 
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INTRODUCTION 

Palaeontological detenninations, and the chronological framework they provided, contributed to 
the earliest investigations of the geology of the Canning Basin. Fossils collected by E.T. 
Hardman in 1883-84, and described by Foord (1890), indicated a probable Devonian age for 
strata exposed at Mt. Pierre, and a Carboniferous age for strata exposed in the Oscar and Napier 
Ranges. Apart from the descriptions of a nautiloid and stromatoporoids by Etheridge (1897, 
1918), no further publications on Devonian fossils appeared until Hosking (1933) described some 
Devonian brachiopods, and used them in a preliminary systematic account of the Devonian rocks 
of the Kimberley region. There remained some problems concerning the supposed Carboniferous 
age of limestones in the Napier and Rough Ranges, from which both Devonian and Carboniferous 
fossils had been described. These were resolved when a more detailed palaeontological 
investigation by Thomas (1957) was able to distinguish, on the basis of fossil content, a 
fonnation of Carboniferous age (the 'Laurel Beds'), in the Laurel Downs area, from the Devonian 
strata nearby. Another problem concerned the rocks in the Prices Creek area south of Gap Creek, 
originally interpreted (Blatchford 1927) as Carboniferous on the basis of earlier work, and 
supported by supposed Carboniferous brachiopods (Prendergast 1935). Redetenninations by 
A.A. Opik, of fossils from limestones in the Prices Creek area, led to strata of Ordovician age 
being recognised for the frrst time from the Canning Basin (Guppy & Opik 1950). 

More detailed palaeontological investigations of several groups of Devonian fossils (Delepine 
1935; Hill 1936, 1939; Ripper 1937, Fletcher 1943; Teichert 1939, 1940, 1941) led to the 
resolution of Givetian, Frasnian and Famennian age strata, and a preliminary biostratigraphic 
zonation for some groups. Without this palaeontological work Teichert's (1943, 1947, 1949) 
elucidation of the stratigraphic framework of the Devonian sequences in the Canning Basin would 
not have been possible. The same is true of course for all the other systems of the Phanerozoic, 
in which age control is provided primarily by fossil data. 

Over the past 40 years a steady accumulation of published palaeontological data has provided a 
stratigraphic framework for mapping and other geological and geophysical work in the basin. 
Much of this work was conducted by BMR between 1949 and 1972 (Brunnschweiler 1954, 1957, 
1960; Guppy et al. 1958; Veevers & Wells 1961; Druce & Radke 1979; Fonnan & Wales 1981). 
The work by the Geological Survey of Western Australia was mainly on the Lennard Shelf 
(playford & Lowry 1966; Playford et al. 1975; Playford 1980). Towner & Gibson (1983) and 
Yeates et al. (1984) summarised the results of basin-wide mapping carried out by BMR and 
GSWA, and Wells (1980) provided a useful summary of subsurface evaporite sequences. More 
recent general summaries of the geology of the Canning Basin are provided by Purcell (1984) 
and Middleton (1990). Devonian geology of the Canning Basin was summarised in the review 
of the Devonian of Western Australia by Cockbain & Playford (1988). 

The present investigation is part of palaeontological support for the Canning Basin Project, within 
the AGSO Onshore Sedimentary and Petroleum Geology Program. It provides an up-to-date 
review of the biostratigraphy and palaeontology, to establish a reliable time-framework, which 
is vital pre-requisite for the interpretative studies of the sequence stratigraphy and 
tectono stratigraphy of the Basin (Jackson et al., 1992; Kennard et al., 1992; Southgate et al., in 
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Fig. 1. Locality map for the Canning Basin, showing location of all wells mentioned in the 
text. Structural subdivisions after Shaw et al. (in prep.). 
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press). A major objective was to identify and date major stratigraphic breaks. Dating precision 
depend on sampling interval in wells. and whether samples were taken from cores. side wall 
cores or cuttings, and the positions of many stratigraphic breaks were approximated to the nearest 
formational boundary. The review is based on a literature-search. with previous data updated in 
tenns of present understanding of palaeontological and biostratigraphic research. In addition, 
some significant samples have been re-examined. 

In this record we present a brief summary of palaeontological and biostratigraphic studies for 
each Phanerozoic system for the whole basin (Fig.l). This is followed by a synthesis of results 
from biostratigraphic analysis of six key wells on the Lennard Shelf previously presented (Jones 
& Young 1990-92; Jones, Foster & Young 1991), which have already been applied to 
investigations of sequence stratigraphy on the Lennard Shelf (e.g. Jackson et at. 1992). This 
synthesis summarises evidence for 10 major breaks identified in the Palaeozoic succession on the 
Lennard Shelf. Palaeontological data from these wells, previously summarised by Jones & 
Young (1990-92) and Jones, Foster & Young (1991), are updated in the appendix. In some cases 
samples have been re-examined and redetermined. for conodonts (by R.S. Nicoll and G. Klapper). 
ostracods (p.I Jones), palynomorphs (C.B. Foster) and microvertebrates (G.C. Young), however 
a comprehensive re-examination of palaeontological samples has not been attempted. Nevertheless 
the age significance of many fossil determinations done over 20 years ago has changed with 
refmements in the biostratigraphic control of Australian sequences generally. and such 
infonnation is incorporated in the new interpretations presented here. 

Initially, paleontological data from well completion reports for 27 wells, many outside the 
Lennard Shelf(Fig. 1). were summarised. These data were used with new data produced by 
AGSO, to construct a generalised stratigraphic column for the entire Basin (Fig. 2). The 
dominant fossil groups used for biostratigraphic control are conodonts for the Ordovician to 
Devonian, and palynomorphs for the Carboniferous to Tertiary. Many other groups are also 
useful (eg., ostracods, microvertebrates. foraminifera). especially in samples without conodonts 
and palynomorphs. The Phanerozoic Timescale used in Figures 2, 3. 5 and 9 are based on the 
AGSO Australian Phanerozoic Timescales Series (1989-1991). 

PALAEOZOIC SYSTEMS 

1. Cambrian 

Cambrian rocks have not been identified in the Canning Basin, making it the only sedimentary 
basin on the Australian craton lacking strata of this age. It has been suggested that Cambrian 
sediments may be found with more detailed work (Shaw et at. 1992). 

2. Ordovician (Fig. 3) 

The review of the Ordovician of the Canning Basin presented by McTavish & Legg (1976) has 
been updated by more recent work. Watson (1988), reanalysed the Ordovician conodont 
biostratigraphy, and Nicoll et al. (1992) have summarised correlation and sealevel curves from 
the Early Ordovician part of the Canning sequence. Gorter (1992) shows generalised interbasinal 
correlation of the Canning with other Australian Ordovician sequences. 
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The :fIrst Ordovician fossil described from the Canning Basin (from the Prices Creek area; Fig. 
1) was the brachiopod Spanodonta hoskingae Prendergast 1935, later revised by Laurie (1987). 
The sequence in this area was then believed to be of Late Palaeozoic age until detailed 
palaeontological work by Guppy & Opik (1950) led to the recognition of Ordovician faunas. 
They named the Early to Middle Ordovician sequence the Prices Creek Group, consisting of the 
Emanuel Limestone and the Gap Creek Dolomite. Since then, the palaeontology of the nautiloids 
(Teichert & Glenister 1952, 1954; Collins 1959), conodonts (McTavish 1961, 1971, 1973; 
Lindstrom et aZ. 1972), a cystoid (Brown 1964), and trilobites and graptolites (Legg 1976, 1978) 
has been investigated. Recent investigations (Nicoll et af. in press) have recognised two new 
formations within the Prices Creek Group: a basal Kunian Sandstone, overlain by the Kudata 
Dolomite and a revised Emanuel Formation (Fig. 3). In the northeastern comer of the Canning 
Basin Casey & Wells (1964) figured a dikelocephalinid trilobite from Ordovician sandstones, 
assigned by McTavish an. Playford et af. 1975) to the Carranya Beds. 

The presence of Ordovician strata in the subsurface was flIst recognized when Glenister & 
Glenister (1958) identified Ordovician conodonts in the Roebuck Bay 1 (Fig. 1) and Dampier 
Downs 1 Wells. Ordovician sediments are now known in subsurface sequences in numerous 
wells drilled south and west of the Fitzroy Trough. The oldest subsurface Ordovician unit, the 
Nambeet Formation, was first recognized and defmed in Samphire Marsh No.1 Well (type 
section, 1240-2015 m), where it was dated as late Tremadocian-early Arenigian on the basis of 
conodonts (Glenister & Furnish 1961), graptolites, trilobites, and ostracods (Tomlinson 1961). 
It correlates with the outcropping Emanuel Formation and Kudata Dolomite, and subsurface 
Kunian Sandstone (Fig. 3). The Willara Formation (type section 2510-3142 m in Willara 1 Well) 
conformably overlies the Nambeet Fonnation, and was frrst de:fmed by McTavish (in Playford 
et af. 1975) to replace the invalid name 'Thangoo Limestone' (a junior homonym of the 
Devonian Thangoo Calcarenite). In the Kidson Sub-basin the Wilsons Cliff Sandstone was 
proposed by McTavish & Legg (1976) as a Willara equivalent. Recent work on conodonts 
(Nicoll, in prep.) shows the Willara Formation to have an Arenigian to earliest Llanvirnian age. 
The Goldwyer Formation is incomplete in its type section (Thangoo lA, 848-1060 m), but thicker 
sequences are present elsewhere, e.g. in Willara 1 (736 m), where it conformably overlies the 
Willara Formation, and in Blackstone 1 (739 m), the only well of the six dealt with here where 
the Ordovician has been intercepted. 

Fig. 2. Generalised stratigraphic column for lithostratigraphic units in the Canning Basin. 
The third column gives numbered 'sedimentary intervals' as used by Forman & Wales 
(1981; modified to accommodate age revisions for the Carribuddy Group as discussed in 
the text). The colunm on the right side numbers major breaks in the Phanerozoic sequence 
from 1-15. Palaeozoic breaks (1-10) are discussed in the text based OlD their occurrence in. 
six wells anaHysed for the Lennard Sbelf (see Fig. 10). Biostratigraphic evidence indicates 
that some breaks (e.g. 6,7) do not extend into the Fitzroy Trougb. Note that some 
stratigraphic relationships cannot be depicted on a generalised figure: in parts of the 
Lennard Shelf (e.g. Blackstone 1) the Anderson Formation is missing, and in Mimosa 1 both 
the Anderson and the Lower Grant Sequence are missing (see Fig. 10). The age of the 
Sahara Formation is uncertain, and some strata referred to it in the literature are known 
to be Devonian in age (see text). 
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The Goldwyer is conformably overlain by the Nita Formation (type section in Parda 1, 1184-1270 
m), which is well dated (on conodonts, graptolites, trilobites etc.) as of late Llanvirnian age. 
Watson (1988) has mono graphed the Ordovician conodonts (mainly the Barbwire Terrace), and 
other groups investigated include graptolites (Thomas 1960; Skwarko 1967, 1974; Legg, 1976), 
acritarchs (Combaz & Peniguel 1972; Playford & Martin 1984), and palynomorphs (Foster & 
Williams 1991). An adaptation of Watson's conodont zonation as it applies to the Ordovician 
sequence in Blackstone 1 is given in Fig. 4. However recent restudy of the conodont samples 
from this well, in the context of more detailed biostratigraphic analysis of the Australian 
conodont succession, now suggests an older (?Arenigian) age than determined by Watson (R.S. 
Nicoll, pers. comm.). 

On the Barbwire Terrace-Broome Platform, and in the Willara Sub-basin (e.g. Gingerah Hilll) 
the Nita is overlain by the Carribuddy Group, apparently without a major break (see discussion 
below). The name Carribuddy Fonnation was trrst proposed by Koop (1966: 108) for a basal 
claystone-evaporite unit 393 m thick in Sahara 1, but Lehmann (1984) raised it to group status, 
using the much thicker evaporitic sequence in Kidson 1 (1710 m) as a standard reference section, 
within which five new formations were defined. The age of the lower part of the Carribuddy as 
redefmed is poorly constrained, with a few conodonts (Nicoll, in prep.) and fish remains (Young 
et al. in prep.) of Ordovician aspect from the Bongabinni Fonnation or equivalents (in 
Frankenstein 1), which is consistent with the evidence of Foster & Williams (1991) of a latest 
Ordovician (Ashgillian)-Early Silurian age range for the Mallowa Salt (upper Carribuddy). These 
new data indicate that much of the Carribuddy is Ordovician (Figs 2,3), rather than Siluro
Devonian as interpreted by Lehmann (1984). 

3. Silurian (Fig. 3) 

As just noted, the Late Silurian age for the lower part of the Carribuddy Group, presumed by 
Purcell (1984) and Middleton (1990) based on seismic and lithological correlations of Lehmann 
(1984), is controverted by new palaeontological data. In the Willara Sub-basin, a unit identified 
as equivalent to the Mallowa Salt of the upper Carribuddy (in Gingerah Hill 1) may range up into 
the Early Silurian (Foster & Williams 1991), and on the Barbwire Terrace earliest Silurian 
conodonts are known from strata referred to the 'Worral Formation' in Acacia 1 (Nicoll & Jones 
1982). The Worral Formation was defined by Lehmann (1984: 274), with its type section (457-
613 m) in Barbwire 1, where it unconformably overlies the Nibil Formation of the Carribuddy 
Group (type section 3501-3905 m in Kidson 1), and is unconformably overlain by the Tandalgoo 
Formation (see below). However, both the Mallowa Salt and the overlying Sahara Formation 
lack fossils in their type sections (in Kidson 1) as defmed by Lehmann (1984), and some strata 
interpreted as 'Sahara Formation' are known to be of Devonian age (see below). However we 
cannot exclude that the type Sahara in the Kidson Sub-basin is the equivalent of the Worra! on 
the Barbwire Terrace. An attempt to illustrate these various uncertain stratigraphic relationships 
is given in Figs 2 and 3. Additional Silurian sediments may be identified with more detailed 
biostratigraphic analysis of strata referred to the 'Carribuddy Group', which are widespread south 
of the Barbwire Terrace (e.g. Wells 1980, fig. 48). 
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Fig. 3. Summary stratigraphic column for the Ordovician and Silurian of the Canning 
Basin. Timescale calibration (column 1) is from Webby & Nicoll (1989). Column 2 shows 
standard series against the Australian graptolite stages (abbreviated in ascending order: 
Lancefieldian, Bendigonian, Chewtonian, Castlemainian, Yapeenian, Darriwilian, 
Gisbomian, Eastonian, Bolindian). Abbreviations in column 3 represent Australian 
conodont zones (after Nicoll et al. 1992, Nicoll in prep.). 
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Fig. 4. Correlation of conodonts from th~ upper Goldwyer and Nita Formations with 
established graptolite and conodont biozones. Adapted from Watson (1988) and modified 
from Jones & Young (1990c; see caption to their fig. 2 for more details). Nicoll (in prep.) 
has identified the Histiodella holodentaia conodont zone from the uppermost Willara and 
lower Goldwyer, and the Phragmodus-Plectodina zone from the upper Goldwyer and Nita 
Formations. The boundary between these zones approximates to the Da2/Da3 boundary of 
the Victorian graptolite sequence. 
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4. Devonian (Fig. 5) 

Since Teichert's studies mentioned above there have been many major systematic and 
biostratigraphic contributions on the Devonian of the Canning Basin, including brachiopods 
(Veevers 1959a, Strusz 1992), bryzoans (Ross, 1961), corals (Hill 1936, 1954; Hill & Jell 1970), 
stromatoporoids (Cockbain 1984), conodonts (Glenister & Klapper 1966; Seddon 1970; Druce 
1976; Nicoll & Druce 1979; Nicoll 1980), ammonoids (Delepine 1935; Glenister 1958c, 1960; 
Petersen 1975), foraminiferids (Crespin 1961), radiolarians (Glenister & Crespin 1959; Nazarov, 
Cockbain & Playford 1982), sponges (Howell 1952; 1956; 1957), fish (Gross 1971, Miles 1971, 
Miles & Young 1977, Miles & Dennis 1979, Dennis & Miles 1979-1983, Gardiner & Miles 
1975, Gardiner 1984, Long 1985-1988, Young 1984, 1987, Young et al. 1989), crustaceans 
(Briggs & Rolfe 1983), plant microfossils (playford 1976; Balme 1988, Grey 1991, 1992). and 
phytoplankton (Colbath 1990). 

Major Devonian formations are summarised in Fig. 5. As just noted, some beds previously 
regarded as equivalent to the upper part of the Carribuddy Group ('Carribuddy A', equivalent to 
the Sahara Formation of Lehmann, 1984), are shown by microvertebrate and conodont evidence 
to be Devonian in age (Nicoll & Young 1987; Nicoll, in prep., Young et al. in prep.). These 
may be equivalent to the Tandalgoo Sandstone on the Broome Platform (type section 1128-1727 
m in Sahara 1; Koop 1966), and/or the Poulton Formation (type section in Blackstone 1; see 
appendix) on the Lennard Shelf (Foster & Williams 1991; see also Wells 1980). The age of the 
Tandalgoo is based on microvertebrate remains from Wilson Cliffs 1 (Gross 1971), from a level 
considered by Creevey (1971) to be Tandalgoo Formation. 

Age control for the Devonian is based primarily on conodonts. The biostratigraphic evidence 
afforded by this group (e.g. Seddon 1970) led to a major revision (Roberts et al. 1972) of the 
earlier brachiopod zonation of Veevers (1959). The brachipods of the Crurithyris apena Zone 
were shown to be late Frasnian, rather than earliest Frasnian (Roberts et al. 1972), and Strusz 
(1992) recently indicated some Oscar Range localities, in which the conodont evidence (Nicoll 
1980) showed they range into early Famennian. Figure 6 shows the range of biostratigraphically 
useful conodont species from the Late Devonian of the Canning Basin against the standard 
conodont zonations of Ziegler & Sandberg (1984) and Austin et al. (1985). 

A detailed ostracod zonation for the Middle-Late Devonian of Europe and South China has been 
developed using entomozoacean ostracods (Groos-Uffenorde & Wang 1989). This group, 
reported from wells on the Lennard Shelf in Napier 5 (Jones, in Roberts et al. 1972) and recently 
in Mimosa 1 (Jones & Young 1992), has considerable correlation potential for the Canning Basin. 
The entomozoacean zonation is shown in Fig. 7 against the standard conodont zonation. 

Ammonoids have also been widely used for biozonation in the Devonian. Using new data from 
the Canning Basin, Becker et al. (1991b) have developed a detailed goniatite biostratigraphy for 
the Frasnian, consisting of 12 divisions for international correlation, and a fmer division (21 
biozones) for regional correlation within the basin. Their scheme, integrated with conodont zones 
and sealevel changes within the Canning, is reproduced in Fig. 8. 
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Fig. 5. Summary stratigraphic column for the Middle Palaeozoic (Eifelian-Visean) of the 
Canning Basin. Palynological zonation for the Givetian-Frasnian after Young (1989) and 
Grey (1991); for the Famennian and younger based on Kemp et al. (1977). 

- AUSTRALIAN GEOLOGICAL SURVEY ORGANISATION 

~ ., 
-' • I ., 
~ 
~ 

I -r 
~ 
~ 
~ -r 
~ 
.! 

.. 

.! 

.! 
;J 
~ 

I 
~ 

1 
~ 

~ 
1 

~ 
1 

~ 



• • 
• 
• 
• • • • • • 

• 
• 
ill 

• • • 

11 

C/l W STANDARD 
DEFINITION OF W (!) FORMER CONODONT a: < ZONATION ZONES 

LOWER LIMIT BY 
w I- APPEARANCE OF: 
C/l C/l (Pelagic Biofacies) 

Protognathodus L U Pro kockeli 

r 1 i i t . 
praesulcata M ~OQth;o"dfv~~~rlg Pa. 

I ~ 
L S. praesulcata I costatus M 

- U B. ultimus I 

L expansa M B. aculeatus I U L Pa. gracilis expansa 

styriacus M U Pa. gracilis manca 
,....- postera 

L L Pa. perlobata postera 

Z U U PS. granulosus 
oCt f-- trachytera 
Z velifer M L Pa. rugosa trachytera 
Z 
w L Urn Sc. velifer velifer 

Z ::E 
oCt oCt U marginifera ti:ih~~~¥1nifera 

I 

Z LL marginifera f--
U .l.. 

0 
> L L Pa. m. marginifera 
w 
0 U Pa. rhomboidea 

Key to genera rhomboidea 
a: L Pa.poolei w An. c Ancyrognathus 
a. A. - Ancyrodella a. U Pa. glabra glabra 
:::J B. _ Bispathodus I T 

I. -Icriodus crepida M Pa. termini I I 
-r :z taxa of the genus L Pa. crepida 

PelekysgnaJhus that 
have triple-row U Pa. tenuipunctata 
platform (I) elements 

K. _ Klapperina triangularis M Pa. delicatula clarki 
M. _ Masotax;s 

L Pa. triangularis 
f-- P. _ PelekysgnaJhus 

Pa • • Palmatolepis Urn Pa. linguiformis 
POl . ." Polygnathus gigas U An. asymmetricus 

Z Pro e Prolognathodus 

oCt Ps. _ Pseudopolygnathus L Pa. gigas 
Z s. _ Siphonodel/a 
C/l An. triangularis An. triangularis 
oCt Sc. _ Scaphignathus 
a: Sch .• Schmidtognathus U A. curvata LL 
., No formal zone M Pa. punctata 

asymmetricus 
L A. rotundilobata 

Lrn M. falsiovalis 
.~ .!l! .<::: 

~ ~ Jg '§ ~ '" ~ .!!l .<::: .!l! .!l! ~ '" Q) ,i:! ~ ~ 
.!!l .!!; 

.!l! ~ 1l: .~ .!l! ~ '" '" '" '" '" c:: 
disparilis ~ '" g, '" '" c:: Q EO 

Q) c:: '" K. disparilis '" ,c.. ~ E: .!l! .!l! .~ E c.. Q) E g> ~ ~ ~ 0 '" 0 
~ EO ."" 0 a '" .S ,i:! E 

~ ~ '" 
;--: '" 0 ·S g. '" c.. '" ~ '" <> a:i '" a:i l!! .!!; 0 c:: " ~ c:: c.. <> 

.!l! c:: 
.~ .!!; & 1l c.. ~ ~ '6, Z hermanni· U Pol. cristatus 

~ ~ .~ '6 c:: '" ., & .!!; 
oCt Z ~ ~ c:: '" '" '"ci' eri 

~ .~ ~ 
c:: 

Z oCt cristatus ~ 0 E .!l! 
;, 

~ 
L Sch. hermanni '" ..; ~ E '" 

-: 0 .g :S E 
0 ~ '" <> 0 

~ '" E 0 Cl.. c:: 
> W :S l!! <> '" §, 8 w > U Pol. latifossatus ~ '" 

, -: a:i 8:. ~ 0 a c:: :-: 0 & ~ a.. ~ 
:E varcus M Pol. ansatus (,) 

'" c.. 
L Pol. timorensis « 

ensensis 
20fW/>JS2 

Fig. 6. Biostratigraphically useful conodont species from the Late Devonian of the Canning 
Basin shown against the standard conodont zonation (modified from Jones & Young 1990a, 
fig. 3). The conodont zonation is based on Ziegler & Sandberg (1984) and Austin et ale 
(1985). There is a more recent revision of the zonal subdivision for the Frasnian proposed 
by Ziegler & Sandberg (1990), which is shown in Fig. 8. 
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Fig. 7. Summary entomozoacean zonation for the Middle-Late Devonian based on Groos
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from Buggisch et ale (1986: 28; coarsely dashed line) and Buggisch et ale (1978: 109; finely 
dashed line). From Jones & Young (1992, fig. 2). ' 
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Fig. 8. Suggested eustatic facies movements which affected reef development in the Canning 
Basin (adapted from Becker et al. 1992, fig. 10, with their faunal divisions for ammonoids 
and conodonts shown in the left column). Conodont zonations of Ziegler (1962) and Ziegler 
& . Sandberg (1990) shown on the right for comparison. 
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5. Carboniferous (Figs. 5,9) 

Prior to 1935, the investigations of field geologists E.T. Hardman (1884, 1885) and T. Blatchford 
(1927) had indicated that most of the outcropping limestone of the Fitzroy Basin was 
Carboniferous in age. However the first detailed palaeontological studies, of goniatites by 
Delepine (1935) and corals by Hill (1936), showed that in fact most of the limestone is 
Devonian. Authentic Carboniferous rocks were later recognized in 1955 from subsurface 
(Anderson Formation) by Opik (ill McWhae et al. 1958), and in 1956 from outcrop (Laurel 
Fonnation) by Thomas (1957; 1959c). 

Several fossil groups have since been studied in the Carboniferous part of the sequence, including 
brachiopods (Veevers 1959b; Thomas 1971), bryozoans (Ross 1961), corals (Hill 1954; Hill & 
Jell 1970), conodonts (Glenister 1960; Nicoll & Druce 1979), ammonoids (Glenister 1960), 
forarniniferids (Crespin 1961), 1982), sponges (Howell 1952; 1956; 1957), and plant microfossils 
(playford 1976; Balme 1988). Ostracods were used to provide correlations for Carboniferous and 
Late Devonian rocks encountered in petroleum exploration wells in the Canning Basin (Jones, 
1959, 1961a, 1962a,b). Three Tournaisian zones derived from study of Carboniferous ostracods 
from the Bonaparte Basin (Jones 1989) can be applied in the Canning (Jones 1991, chart 1), and 
a summary conodont zonation for the Carboniferous is given by Jones (1991, chart 2). 
Lithostratigraphic units of Carboniferous age are shown in Figs. 5 and 9. 

6. Permian (Fig. 9) 

The earliest record of Penman brachiopods from the Canning Basin was by Hosking (1932), who 
described two orthotetaceans, Streptorhynchus /uluigui, now regarded as an index fossil for the 
Hardman Member of the Liveringa Formation (Thomas, 1958, p.565), and a Derbyia-like form. 
Since then, Penman brachiopods have been monographed by Coleman (1957), Thomas (1958, 
1971), Archbold (1988), and Archbold & Thomas (1984, 1985a,b, 1986, 1987). Dickins (1963) 
described the Permian pelecypod and gastropod faunas of the Canning Basin, bryozoan faunas 
were described by Crockford (1957), and crinoid faunas by Teichert (1949) and Webster & Jell 
(1992). The palynological zonation for the Permian of Western Australia given in Fig. 9 (Kemp 
et al. 1977; Foster & Waterhouse 1988) is based largely on the succession in Blackstone 1 
worked out by Balme (1968). Recently Archbold & Dickins (1991) have summarised the Permian 
stratigraphy of the Canning Basin against ammonoid, bivalve, brachiopod and palynomorph 
zonations, and Jones & Truswell (1992) have correlated a new palynomorph zonation from 
eastern Australia with Late Carboniferous-Early Permian sequences in the west, including those 
from the Canning. 

MESOZOIC AND CAINOZOIC SYSTEMS 

7. Triassic to Cretaceous (Figs. 2,9). 

The earliest Triassic fonnations include the Millyit Sandstone (probably crossing the 
Permianffriassic boundary on unpublished palynological data), and the Blina Shale. The latter 
is well dated on its flora (palynomorphs reported by Balme 1962) and diverse fauna, including 
fish remains, forams, conchostracans, lingulid brachiopods (fasch & Jones 1979), and amphibian 
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Fig. 9. Summary stratigraphic column for the Late Carboniferous to earliest Triassic of the 
Canning Basin. Palynomorph zonation after Kemp et ale (1977) and Foster & Waterhouse 
(1988). 

- AUSTRALIAN GEOLOGICAL SURVEY ORGANISATION -



16 

remains (e.g. Cosgriff 1965). The overlying Culvida and Erskine Sandstones are dated on 
macrofloral remains (Yeates et at. 1975; White & Yeates 1976). 

Palaeontological publications on the Late Jurassic - Early Cretaceous include Brunnschweiler's 
(1960) systematic study of a Jurassic marine fauna from the Dampier Peninsula, the Late Jurassic 
forams reported from Yulleroo 1 by Bischoff (1968), and a diverse marine fauna of brachiopods, 
bivalves and ammonoids reported from the Alexander Formation (see Towner & Gibson 1980). 
The Jurassic-Cretaceous Broome Sandstone contains dinosaur footprints (Long 1990). 

The overlying formations (Parda-Ankertell Sandstones) have yielded microfaunas and belemnites, 
and the Bejah Formation contains Radiolaria (Veevers & Wells 1961), of Early Cretaceous 
(Aptian! Albian) age. 

8. Cainozoic (Fig. 2). 

Forams, ostracod, vertebrate and macroplant remains occur in various formations which are 
poorly constrained biostratigraphically. Fossiliferous deposits include the Oakover Beds (with 
undetermined ostracods), and the Warrimbah Conglomerate, with macropod and crocodilian bones 
including Diprotocion australis recorded by Hardman (1884) from the Lennard River (Veevers 
& Wells, 1961). Crocodilian and turtle remains from the same area were described by Gorter 
& Nicoll (1978). 

MAJOR STRATIGRAPHIC BREAKS IDENTIFIED ON THE LENNARD SHELF 

Detailed biostratigraphic analyses of six wells on the Lennard Shelf were presented previously 
(Jones & Young 1990a-c, 1991, 1992; Jones, Foster & Young 1991). These indicated the 
presence of a number of major gaps in the sedimentary sequence. In three of these wells (May 
River 1, Langoora 1 and Meda 1) Devonian rocks rest unconformably on Precambrian basement, 
two (Meda 2 and Mimosa 1) were terminated in the Devonian, and only Blackstone 1 
encountered Ordovician rocks, but did not reach Precambrian basement. 

Here we summarise and update conclusions of previous professional opinions in a synthesis 
which shows ten major gaps in the Palaeozoic sequence on the Lennard Shelf, as numbered (from 
oldest to youngest) in Fig. 10. 

Stratigraphic break 1 

The oldest stratigraphie break in the Basin (1, Fig. 2) brackets the entire Cambrian Period, and 
most of the Tremadocian, and is included in the long (pre-Devonian) hiatus represented in May 
River 1, Langoora 1, and Meda 1 (Fig. 10). 

Lehmann (1984) postulated a major stratigraphic break between the top of the Nita Formation 
and the base of the Carribuddy Group (Bongabinni Formation). There is no palaeontological 
evidence to support this opinion, and subsurface data from the Willara Sub-basin indicate 
gradational contact between the Nita and 'Carribuddy', which presumably reflects changes in 
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relative sealevel, from onlap to offlap, marking a transition to non-marine deposition (Nicoll et 
al. 1988). 

Stratigraphic break 2 

A major break (2, Fig. 2) occurs between the top of the Upper Ordovician Carribuddy Group and 
the base of the Middle Devonian Poulton Formation (or its equivalent, the Tandalgoo Formation, 
in the Kidson and Willara Sub-basins). Blackstone 1 is the only well of those examined by us 
that penetrated a pre-Devonian sequence, and as this well contains the type section of the Poulton 
Formation, we place the break at 7285 ft (in the top of core 16), at the base of the fonnation as 
originally defined by McTavish (in Playford et al. 1975). 

Stratigraphic break 3 

Jones & Young (1990a) noted good palaeontological evidence in Meda 1 for a break within the 
6175-6686' interval, between cores 11 and 13, which is probably equivalent to the crepida and 
rhomboidea conodont zones of the early Famennian (Fig. 6). This is consistent with sequence 
boundaries used by Southgate et al. (in press), placed by them at the 6621' level (see Fig. 10 
inset). However the overlying conodont assemblage could be as young as lower expansa zone 
(Jones & Young 1990a). In Mimosa 1 the equivalent break is more extensive because all of the 
early Famennian is missing, and the underlying strata contain Frasnian conodonts. The ostracod 
evidence above the break (eocostata zone) corresponds to the uppennost marginifera-Iower 
postera conodont zone (Fig. 7), that is, within the range of the conodont fauna from Meda 1. In 

May River 1 and Blackstone 1 the break may be more extensive (duration of at least 14 m.y. 
suggested by Jones & Young 1990c), but this depends on the age control of the underlying 
Poulton Formation, which is unconfirmed in its type section (Blackstone 1; see appendix), and 
unfossiliferous in May River 1 (called 'Poulton' by Forman & Wales 1981, but perhaps a 
correlative of the May River Conglomerate, which is also unfossiliferous in its type section in 
Meda 1). In Meda 2 Jones & Young (1990b) identified a major gap between two levels (7506', 
7628') dated on conodonts by McTavish (1968a), but the older of these dates (referred to the 
middle Givetian 'Polygnathus cristata Zone') remains unconfmned, and may be incorrect (based 
on re-examination of a conodont slide from 7509' level; see appendix). There is strong evidence 
from sequence stratigraphy that Stratigraphic Break 3 is not present in Meda 2, because strata 
below the supposed break is interpreted as the lowstand systems tract at the base of the 'Fam l' 
sequence of Southgate et al. (in press). This new interpretation is followed in Fig. 10. 

In Meda 1 there is stratigraphic evidence of a break at the top of the May River Conglomerate, 
which if present must be an older and separate event to the one in the early Famennian. However 
age control is so uncertain that for the present we infer only one break in the Meda 1 succession 
(Fig. 10). We note that Grey (1991) reports miospore and conodont evidence of a mid-Givetian 
(or older?) commencement of Pillara cycle reef development on the Lennard Shelf (left side of 
Figs. 2,5). The stratigraphic interpretation of an underlying Poulton Fonnation would thus imply 
an early Givetian or older age for this formation. 
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Stratigraphic break 4 

The evidence for this break comes from Mimosa 1, where the oldest confIrmed Famennian 
horizon is the mid-Famennian ostracod fauna at 2385 m mentioned above, which occurs just 
below a major seismic reflector placed at the 2376 m level (Jones & Young 1992). The lowest 
accepted occurrence of the late Famennian spore Retispora lepidophyta is 13 m higher than the 
ostracod horizon, and above this reflector, at 2372 m. The highest occurrence of R. lepidophyta 
is at 1294 m. The base of lepidophyta zone approximates to the middle expansa conodont zone 
(young 1989), so this seismic reflector could represent a break of two conodont zones (upper 
postera, lower expansa), or possibly more if the spore occurrence does not represent the base of 
the lepidophyta zone in this well. However lepidophyta ranges over a 1078 m interval up to the 
interpreted Die boundary in this well at 1290 m, so duration of the break was probably short. 

We note that this interpretation is at the current limits of biostratigraphic resolution, and the 
possibility that the identified ostracod zone corresponds to the first occurrence of lepidophyta in 
our region cannot be excluded. Since an equivalent break is not manifested in other wells, this 
interpretation is heavily reliant on the strong seismic reflector mentioned above. It is assumed 
that this reflector has been properly placed in the well, and is clearly above the stratigraphic 
break 3 discussed above. 

Stratigraphic break 5 

In Meda 1, a possible break (?5, Fig. 10) representing a sea-level fall in the middle praesulcata 
Zone was discussed by Jones & Young (1990a, p. 9). This break was correlated by McTavish 
(1968a) with a break at 1500 m (4920') in May River 1, and at 5555' in Blackstone I, where he 
showed a major unconformity, and he interpreted this break to be present in various other wells. 
However there are no palaeontological data available to us supporting this interpretation. Jones 
& Young (1990b) noted a much thicker section in Meda 2 than Meda 1 at about this level. This 
could be sequence 3A of Southgate et al. (in press), which so far has not been identified in any 
other well on the Lennard Shelf. 

In Blackstone 1 McTavish (1968a) shows a possible unconformity at about 5300' ,just below core 
5, within the interval we identify as Yellow Drum Sandstone, but no palaeontological evidence 
for this is available to us. This may approximate to the D-C boundary, which lies within the 
upper part of the Yellow Drum (Druce & Radke 1979; Jones unpubl.). However we know of no 
evidence supporting such a break, so it is not included in Fig. 10. This may represent the same 
shallowing event in the middle praesulcata conodont Zone discussed above for Meda 1. 

Stratigraphic break 6 

This break is shown in Fig. 10 to occur in three wells (May River, Langoora, Meda 1) in 
accordance with a widely held stratigraphic interpretation (e.g. McTavish 1968a; Fonnan & 
Wales 1981) of an unconformity between the Laurel and Anderson Formations. However there 
is no palaeontological evidence for the presence or absence of this break on the Lennard Shelf, 
and in the Fitzroy Trough (e.g. Yulleroo 1) there is apparent conformity between the Laurel and 
Anderson. More recent stratigraphic interpretations (e.g. Goldstein 1989) do not recognise this 
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break, which may be better interpreted as a conformable lithological change from carbonates to 
clastics associated with transgression-regression cycles (J. Kennard, pers. comm.). In Blackstone 
1 the whole of the Anderson Formation is apparently missing. 

Stratigraphic break 7 

A break in Meda 1 between the Anderson Fonnation and the 'Lower Grant Sequence' (previously 
'Unnamed Formation'; Jones & Young 1990-92) has been inferred from the fact that in its type 
section the upper part of the Anderson Formation contains the G. jrustulentus microflora, which 
together with associated conodonts (Bischoff, in Jones et al. 1973) implies a Visean age (A. 
largus assemblage equivalent). The overlying 'Lower Grant Sequence' contains the S. ybertii 
spore assemblage (in the wells dealt with here identified in Langoora 1, Meda 1, Blackstone 1), 
which implies the absence of the intervening G. maculosa assemblage. This break therefore 
covers the late Visean and early Namurian. We note that in Mimosa 1, which lies off the edge 
of the subsurface Famennian platform (Southgate et al. in press, fig. 1), both the Anderson and 
the Lower Grant Sequence are missing. In contrast, in some other wells in the Fitzroy Trough 
(e.g. Fraser River 1, Grant Range 1) the intervening G. maculosa assemblage occurs in an 
apparently complete palynomorph succession (powis 1984). As noted above for stratigraphic 
break 6, the break between the Anderson and 'Lower Grant Sequence' may have been restricted 
to shelf areas (e.g. Lennard Shelf), although the more extensive break in Mimosa I is an 
exception, perhaps indicating tectonic activity. 

Stratigraphic break 8 

This break occurs below the base of the Grant Group (referred to Balme's Palynostratigraphic 
Unit I; see Fig. 9), and above the top of the 'Lower Grant Sequence' just discussed (with the S. 
ybertii Assemblage). The break encompasses the Westphalian-Stephanian boundary and most or 
all of the Stephanian, and palynologic ally the birkheadensis Zone of Powis (1984), which has not 
been recognised in any of our six analysed wells. However dating of the lower part of the 
overlying Grant in these wells is poor. Unspecified Permian spores are recorded in Langoora I, 
and in Blackstone 1 the succeeding zone (the Granulatisporites confluens Zone of Foster & 
Waterhouse 1988) occurs within the Grant, but the lowest 400' interval is unfossiliferous. The 
best biostratigraphic evidence is in Mimosa I, where the G. confluens Zone occurs 13 m above 
the base of the formation. 

Stratigraphic break 9 

Forman & Wales (1981) identified a break between the Nura Nura Member of the Poole 
Sandstone and the Grant Group in several wells on the Lennard Shelf, which is consistent with 
other evidence in outcrop of an erosional break at the base of the Nura Nura (e.g. Dickins, 
Towner & Crowe 1977). This hiatus lies within Unit ill of Balmes scheme, equivalent to early 
Sterlitamakian. It occurs in the following wells (depths approximate): May River I (1604'), 
Langoora 1 (1950'), Meda 1 (2426'), Blackstone 1 (2620') and Mimosa 1 (675m). 
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Stratigraphic break 10 

The youngest Palaeozoic stratigraphic break in wells examined by us is represented by a hiatus 
between the lowest part of the Blina Shale and the upper part of the Liveringa Group (Hardman 
Formation). The extent of this gap includes the Protohaploxypinus micro corpus Zone of Foster 
(1982), which is equivalent to the latest Permian Dorashamian (=Changhsingian) Stage. It occurs 
in the following wells (depths approximate): May River 1 (120'), Langoora 1 (418'), Meda 1 
(714'), Blackstone 1 (1048') and Mimosa 1 (118 m). 

Fig. 10. Correlation of lithostratigraphic units idenified in six key wells on the Lennard 
Shelf (arranged geographically from W to E). Circled numbers in the right band column 
show the position of 10 stratigraphic breaks identified primarily from biostratigraphy and 
correlation of the Palaeozoic succession in each well, using information modified and 
updated from Jones & Young (1990-1992) and Jones, Foster & Young (1991). The 
'unnamed formation' of previous usage is now termed the 'Lower Grant Sequence'. fuset 
shows detailed correlation of tbe Devonian and Early Carboniferous part of the sequence 
in Meda 1 and 2 and Mimosa 1. Numbers and letters for the Meda 1 colunm refer to the 
stratigraphic sequences identified by Jackson et aL (1992), and Southgate et all (in press). 
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APPENDIX: UPDATED BIOSTRATIGRAPEUC S~ARIES OF 
SELECTED WELLS ON THE LENNARD SHELF 

The following summaries are in the same fonnat as previously provided for the same six wells 
by Jones & Young (1990-1992) and Jones, Foster & Young (1991). However the infonnation 
and interpretations have been updated and revised for Meda 1, Meda 2, Blackstone 1, and 
Mimosa 1. The wells are arranged geographically from W to E, as in Figure 10. Infonnation 
is based on well completion reports and various other published and unpublished sources which 
update the original information. In some cases palaeontological samples have been re-examined. 

For each well every level from which palaeontological information has been recorded is listed, 
with stratigraphic unit name and age specified where this information is available. If several 
horizons containing fossils indicate the same age, the stratigraphic unit name and age are given 
beside the lowest level. Depths have been converted to the nearest metre, with the original depth 
in feet in parentheses. Stage names for the various geological periods conform to usage in the 
'Australian Phanerozoic Timescales' series published by the Australian Geological Survey 
Organisation (preliminary editions, 1989-1990). Throughout, 'E', 'M', and 'L' are abbreviations 
for Early, Middle and Late subdivisions of units of geological time. 

Type sections for two fonnations have been defined in the wells dealt with here: May River 
Conglomerate (2588-2599m in Meda 1), and the Poulton Formation (1941-2220m in 
Blackstone 1) 

DEPfH FORMATION AGE 

1. MAY RIVER NO.1 WELL (from Jones & Young 1991) 

1266-68 (4154-62') Laurel Toumaisian 

Remarks: From core 1 Balme (1967) reported a microfloral assemblage of undiagnostic age, 
which he referred to the Lower Carboniferous because of the absence of 'Leiozonotriletes 
naumovae' (now referred to Retispora lepidophyta; the nominate species of the latest Devonian 
R. lepidophyta Assemblage of Playford, 1976). This would probably now be referred to the 
Tournaisian Grandispora spiculifera Assemblage of Playford (1976). 

1349-53 (4425-39') Laurel Toumaisian 

Remarks: Balme (1967) suggested an Early Carboniferous age for the microfloral assemblage 
from core 2, based on its general composition, and the presence of Dibolosporites distinctus (as 
revised by Playford 1972, 1976), and Dictyotriletes cf. jitzroyensis' Fowler, both also in BMR 
No 2 well (Laurel Downs, 250-52') and Meda 1 (5055-63'; see Jones & Young 1990a). Although 
D. distinctus is a component of Visean microfloras in the Bonaparte Basin, its occurrence as part 
of the Grandispora spiculifera Assemblage in the Laurel is regarded by Playford (1976: 56) to 
be no younger than late Tournaisian. 
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1428-30 (4686-93') Yellow Drum Dev.Carb. 

Remarks: Granulatisporites frustulentus identified by Balme (1967) from core 3 ranges from late 
Famennian (Fa 2d) to Visean (Kemp et al. 1977) so this level can only be dated within broad 
limits. 

1510-14 (4955-68') Nullara Famennian 

Remarks: Core 5 comes from within 'unit D' of Johnson & Brownhill (1967). Balme (1967) 
considered the microfloral assemblage from core 5 to have a marked Upper Devonian aspect, 
although diagnostic forms were absent Fossil fragments, including forams, ostracods, crinoid 
ossicles, brachiopods, pelecypods, and fish remains, were mentioned by Johnson & Brownhill 
(1967) as coming from limestones within their 'unit D' (4920-5175'; subsequently assigned to 
the Gumhole Fonnation by Druce & Radke 1979). No further details on these determinations 
are available. 

A Late Devonian age is confinned by conodonts from core 5. Pelekysgnathus 'nodosus' identified 
by Seddon (1970) from core 5 was placed in synonymy with P. inclinatus by Sandberg & 
Dreesen (1984). These authors show this species to have a minimum age in the upper 
praesulcata Zone. Seddon (1970) also included within his species the material referred to 
Pelekysgnathus sp. by Glenister & Klapper (1966) from outcrop samples (BMR locality K289, 
in the Horseshoe Range). These specimens were referred by Nicoll & Druce (1979, p. 17) to their 
new species P. australis, which has a more restricted stratigraphic range, with a slightly older 
upper age limit (in their Icriodus platys Zone, equivalent to the lower praesulcata Zone; see 
Jones & Young 1990a, fig. 3). The lower limit of P. australis is determined by early occurrences 
in the Nullara Limestone ('unnamed zone in birdseye limestone' of Nicoll & Druce 1979, p. 17) 
in which it is associated with Polygnathus communis collinsoni (see Nicoll 1980). The latter 
species first appears in the lower styriacus Zone (Druce 1976; cf. Jones & Young 1990a, fig. 3, 
where the indicated lower limit of this species down to the marginifera Zone is now considered 
doubtful). The presence of P. australis in core 5 is cannot be established because of poor 
preservation of the available specimens, but we note the close comparison of Seddon~s figured 
material (1970~ pI. 11, figs 25, 26) with the type figures of Nicoll & Druce (1979, pI. 1). 

2. LANGO ORA NO.1 WELL (from Jones, Foster & Young 1991) 

37-128 (120-420') Bona Shale E.Triassic 

Remarks: Gorter (unpublished) examined cuttings taken over this interval which have yielded 
conchostracans (reported. as pelecypods by Gardner 1963), lingulid brachiopods and 
microvertebrate remains (fish scales and teeth, ?amphlhian vertebrae, and coprolites), megaspores, 
and wood remains. This assemblage resembles that discussed by Jones (in Tasch & Jones 1979) 
for the Blina Shale in Meda 1, and by Jones & Young (1990c) for the same unit :in Blackstone 
1. As discussed previously (Jones & Young 1990a,c), the conchostracans require derivation from 
a nonmarine (lacustrine or estuarine) environment. The absence of the foram Ammodiscus (which 
is common in the upper parts of the Blina Shale in Meda 1 and Blackstone 1) suggests a 
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reduction in marine influence, so perhaps only the lower part of the Blina Shale is represented 
in Langoora 1. 

577-81 (1894-1907') Poole/Nura Nura L.Sakmarian-E.Artinskian 

Remarks: Fowler (1963a) concluded on the basis of the presence of Granulatisporites cf. 
trisinus, Verrucosisporites cf. pseudoreticulatus, Apiculatisporites cornutus and Punctatisporites 
gretensis that core 1 is of late Sakmarian to early Artinskian age. Recent re-examination of an 
existing palynological slide from this core revealed a Stage 3a-3b assemblage, indicating an Early 
Permian age (see Appendix). 

916-919 (3004-14') Grant E.Permian 

Remarks: Fowler (1963a) reported sparse and poorly preserved spores in core 3, which she 
regarded as undoaubtedly Permian in age. The spore content was insufficient to determine 
whether it was Sakmarian or Artinskian. The relevant slide was not among those received for 
re-examination. 

1225-1230 (4018-34') Lower Grant Sequence LCarbooiferrus 

Remarks: From core 6 Fowler (1963a) reported a poorly diversified spore assemblage dominated 
by the distinctive spore informally named Apiculatisoris cf maculosis. A re-examination of the 
original slides (see appendix) now shows this taxon can be identified as Spelaeotriletes ybertii, 
a key index of the Grandispora maculosa and S. ybertii Assemblages of Kemp et al. (1977). 
Core 6 is referred to the latter assemblage. Fowler compared these spores to a similar 
assemblage in the upper part of the Anderson Formation in Fraser River 1 well. As both the 
maculosa and ybertii assemblages occur above the top of the Anderson Formation, as defmed in 
the type section in Grant Range 1 (powis 1984, fig. 2), we assign the ybertii Assemblage in core 
6 of Langoora 1 to the 'unnamed formation' CLower Grant Sequence') previously mentioned for 
this assemblage in other wells (e.g. Blackstone 1, Meda 1). 

The identification of Anderson Formation between 4147-4290' on lithology (see Fig. 10) is not 
supported by any palaeontological evidence available to us. 

1369-1478 (4491-850') Laurel Tournaisian 

Remarks: Fowler (1963b) suggested an Early Carboniferous age for the microfloral assemblage 
over this interval based on the presence of Dibolosporites distinctus (reported as Apiculatisporis 
turriculaeformis) from core 7 (4491-502') and core 8 (4552-560'), and Dictyotriletes 'jitzroyensis' 
(Fowler MS name) from core 9 (4845-50'), also in the Laurel Formation in BMR No.2 well 
(Laurel Downs, 250-252'), Meda 1 (Jones & Young 1990a), Meda 2 (Jones & Young 1990b), 
and May River 1 (Jones & Young 1991). Spores reexamined from cores 7 and 8 (with 
Dibolosporites distinctus andD. medaensis) now suggest a Tournaisian age (see appendix), within 
the Grandispora spiculijera Assemblage of Playford (1976). The slide examined from core 9 
was barren. 
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1526 (5006') ?Tournaisian 

Remarks: The presence of Granulatisporitesjrustulensis and Dibolosporites medaensis in a SWC 
taken at this depth indicates an Early Carboniferous (Toumaisian) age, but the spore yield is very 
low, and the lithology at this level according to the Well Completion Report is different from that 
of the SWC (see appendix by Foster in Jones et al. 1991). It is therefore considered likely that 
this flora is derived from a wash-out of a higher horizon in the well. 

Druce & Radke (1979) referred the sequence of dolostone with minor siltstone in the 1484-1551 
m interval to the Yellow Drum Sandstone. As the indeterminable ostracods reported by 
McTavish (1963) from the SWC at 1521 m are the only fossils defInitely recorded from this 
interval, they should be re-examined. 

1550-59 (5086-114') L.Devonian 

Remarks: The palynomorphs from core 10 were recorded by Fowler (1963a) as long-ranging 
Late Devonian - Carboniferous forms. Recent re-examination of the original palynological slides 
indicates the presence of a Late Devonian assemblage containing very few spores and abundant 
acritarchs (see appendix). McTavish (1963) noted arenaceous foraminifera from this core which 
also suggested a Late Devonian age because of some similarity with the fauna described by 
Crespin (1961) from the Gogo and Virgin Hills Formations. Marnet & Playford (1968) assigned 
foraminiferal assemblages from Langoora 1, Meda 2, and two outcrop localities to three 
Quasiendothyra Zones (Qu. bella/Quo ex gr. communis, Qu. communis/Quo leonensis, and Qu. cf. 
kobeitusana-Klubovella). These zones range in age from the late Famennian upper Palmatolepis 
marginifera Zone to the late Strunian upper praesulcata Zone, but the precise content of the 
Langoora assemblage from core 10 was not specified. A small dipnoan (lungfish) toothplate 
(BMR V712) from this horizon is consistent with a Late Devonian age. 

3. MEDA NO.1 WELL (modified after Jones & Young 1990a) 

73-82 (240-70') 
180-6 (590-610') Blina E.Triassic 

Remarks: Balme (1962) recorded the Early Triassic Lueckisporites microflora from both these 
levels. Jones (in Tasch & Jones 1979: 10) recorded fish remains associated with foraminifera 
from 80-310' down the well, and Conchostraca, lingulid brachiopods and fish fragments in 
cuttings from the 310-714' interval (see Jones & Young 1990a, fig. 2). The conchostracans 
indicate derivation from a non-marine (lacustrine or estuarine) environment, with forams 
indicating marine influence in the top of the sequence. Identified conchostracan taxa (also known 
from the Early Triassic of the Bowen Basin) confmn the age indicated by spores. 
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L.Permian 

Remarks: Balme (1962) recorded a 'Thoiosporites microflora' (= Dulhuntyispora Assemblage 
of Balme 1964) from these horizons, indicating a Late Permian age. His subsequent work placed 
the upper 40 m or so of the Liveringa Formation in this well, and in Blackstone 1, in the 
informal palyno-stratigraphic Unit vm of Kemp et at. (1977). Palynological evidence for fixing 
the limits of Unit VTII within the Late Permian was discussed by (Kemp et al. 1977: 189). The 
apparently younger Protohapioxypinus microcorpus Zone was included above Unit VIII in the 
Canning Basin succession by Gilby & Foster (1988, fig. 4). Foster & Jones (in prep.) have 
summarised evidence now indicating that the Playfordia crenulata Assemblage Zone previously 
recognised in eastern Australia is probably equivalent to most or all of Unit VTII. This confirms 
that the upper 40 m interval in Meda 1 and Blackstone 1 is a lateral equivalent of the marine 
Hardman Formation (Kemp et al. 1977: 188), which is regarded as Late Permian (Dzulfian) in 
age (Archbold & Dickins 1991). The major break indicated by palynology between the 186 and 
241 m levels (610-790') identified by BaJrne (1962) was thought to represent the contact between 
the Blina Shale and the underlying Liveringa Group (placed within these limits at the lithological 
break at 714'). The new evidence now indicates that this break probably only represents the latest 
Permian Dorashamian Stage (= Changhsingian) Stage. The lower part of the Liveringa Group 
is referred by Kemp et al. (1977, fig. 5) to their palyno-stratigraphic unit vn, which may extend 
down into the late Early Permian (see also Archbold & Dickins 1991). 

390 (1280') 
393 (1289') 
407 (1336') 
409 (1344') 
422 (1383') 
430-436 (1410-30') 
480-482 (1576-81') Noonkanbah Artinskian 

Remarks: Balme (1962) recorded a Striatites microflora (= Vittatina - Assemblage of Balme 
1964) from the above horizons, with a minor break between 381 and 390 m probably 
corresponding to the base of the Liveringa Formation. Foraminifera from the 430-436 level (core 
1) also indicate Noonkanbah Formation (Crespin 1962). Brachiopods from the same core indicate 
a Permian age (Thomas 1962). The top of the Noonkanbah in Blackstone 1 is made equivalent 
to the top of palynostratigraphic unit VI of Kemp et al. (1977, fig. 5), but Archbold & Dickins 
(1991) show it possibly extending above this into the base of Unit Vll. 

592-598 (1943-63') 
650-660 (2134-64') 

Noonkanbah 
Noonkanbah or Poole 

Artinskian 
E.Artinskian 

Remarks: The upper interval yielded some scarce forams, a spiriferid brachiopod fragment 
(Thomas 1962), and a spore assemblage provisionally assigned to the 'Cirratriradites microflora' 
(Balrne 1962). Species of Cirratriradites dominate from the 650 m level, in this respect differing 
notably from assemblages higher in the section. Balrne (1964: 61) noted the high abundance of 
such spores in the late Sakmarian-early Artinskian interval within his Nuskoisporites Assemblage 
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(palynostratigraphic unit IV of Kemp et at. 1977), and in Meda 1 Balme (1962) assigned this 
microflora an early Artinskian age, and referred these levels either to the lower Noonkanbah or 
the Poole Sandstone. 

661 (2170') 
669 (2195') 
671-672 (2200-06') 
686-687 (2250-55') Poole E.Artinskian 

Remarks: Balme (1962) again identified the 'Cirratriradites microflora' at these levels, which 
he assigned to the Poole Sandstone, except for the lowest level which was very poorly preserved. 

720-724 (2361-75') 
747 (2450') Poole or Grant L.SakmarianmE.Artinskian 

Remarks: The 'Cirratriradites microflora' was identified at both. levels by BaIme (1962). In the 
upper level (core 3) a foraminiferal assemblage was recorded by Crespin (1962), with a 
suggestion that this could be equivalent to the Nura Nura Member of the Poole Sandstone. The 
Nura Nura in Blackstone 1 straddles the boundary between palynostratigraphic Units III and IV 
of Kemp et al. (1977). 

748 (2455') 
750 (2460') 
761 (2496') Grant L.Sakmarian 

Remarks: A Nuskoisporites microflora was provisionally identified at 748 m, and this microflora 
is confirmed at 750, indicating Grant Fonnation at this level (Balme 1962). On palynological 
evidence a precise upper limit for the Grant was difficult to place, but he suggested that it 
occurred somewhere in the 687-750 m interval (2255-460'), The upper part of the Nuskoisporites 
microflora is equivalent to unit III of Kemp et al. (1977) which is Late Sakmarian (see Archbold 
& Dickins 1991). 

No palaeontological evidence has been recorded from this well for identifying the lower part of 
the Grant (equivalent to unit II of Kemp et at. 1977), which in Blackstone 1 is represented by 
some 340 m of section (2752-3864' interval). 

1233-1237 (4045-60') 'Lower Grant Sequence' Carboniferous 

Remarks: Both Ahrensisporites cristatus and the nominate species of the Spelaeotriletes 
(Anabaculites) ybertii spore Assemblage of Kemp et al. (1977) have been recorded from core 6 
(playford & Powis 1979, 378, table 1). The age limits of the ybertii Assemblage are unclear, and 
could lie anywhere in the early Namurian-Westphalian interval. 

140' below this core, the Anderson Fonnation has been identified on lithology to occur between 
4201-935' (see Jones & Young 1990a, fig. 1), but we know of no palaeontological evidence 
supporting this. 
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1524-27 (5000-10') Laurel E.Carboniferous 

Remarks: Jones (1962a) identified the ostracod Cryptophyllus from cuttings at this level, which 
indicates a minimum age of Early Carboniferous. The same species also occurs in core 9 (see 
below). Jones (1962b: 11) erected the species Cryptophyllus diatropus for this material, and 
referred specimens from other bores (BMR 2 Laurel Downs; Sisters 1, Meda 2) to the same 
species. In the Bonaparte Basin this species is apparently confined to Tournaisian strata (Jones 
1962b, 1989); it ranges up into the Septimus Limestone (middle Tournaisian) but is replaced by 
another species in the Milligan Beds (Visean). This evidence therefore indicates a Tournaisian 
age for this level. 

1541-43 (5056-62') Laurel E.Carboniferous 

Remarks: Playford (1972: 312) recorded two spore species from this level (core 8) which were 
referred by Playford (1976) to the genus Dibolosporites (D. distinctus, D. medaensis). These 
forms were first recorded by Balme (1967) in May River 1. Both species belong to the 
Grandispora spiculiJera Assemblage of Playford (1976), giving a Tournaisian-Visean age range 
for this interval. 

1597-99 (5239-45') Laurel M. Tournaisian 

Remarks: Glenister (1958a) recorded a large and well preserved fauna of conodonts and ornate 
fish remains from core 9. In a recent re-examination of the material, O. Klapper (pers. comm.) 
has identified Clydagnathus darensis and Pseudo polygnathus primus (the former species he 
considers not synonymous with Cl. cavusformis; cf. Nicoll & Druce 1979: 22). The same two 
species occur in association in Meda 2 in the 5438-45' interval. In the Bonaparte Basin Druce 
(1969) recorded the lowest occurrence of Cl. darensis in the Septimus Limestone (middle 
Toumaisian in age). In cuttings from this same level (5239-45') in Meda 1 Klapper has 
identified Clydagnathus cavusformis and Pseudo polygnathus primus. The ostracod assemblage 
from this level, including the same Cryptophyllus species as in the previous sample (Jones 
1962a,b; see above), was placed by Jones (1961a,b, 1962b) in his Assemblage C, which is also 
middle Tournaisian (Tn2; see Jones 1989, fig. 9). Playford (1972) recorded elements of his 
Grandispora spiculijera Assemblage (playford 1976; see above), and Thomas (1962) recorded 
an Early Carboniferous brachiopod assemblage including Orbiculoidea (also known from BMR 
2 and other wells; see Thomas 1959a; Jones 1961a,b). 

1735-38 (5694-703') ?Nullara Famennianffwmaisian 

Remarks: Klapper (pers. comm.) records a single juvenile specimen of Polygnathus from Core 
10, probably P. inornatus, but the range of this species could be as old as expansa Zone (see Fig. 
6), so the age of this level is inconclusive. 

1882-85 (6175-85') Nullara M.-L.Famennian 

Remarks: Core 11 yielded a few poorly preserved conodonts and a fish plate, which initially 
suggested a Tournaisian rather than Late Devonian age to Glenister (1958a), but he later (1958b) 
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processed additional material which yielded a more significant conodont fauna. This was 
described by Glenister & Klapper (1966), and included the genus Pelekysgnathus (,P. 
communis'), a species subsequently synonymised with P. inclinatus by Anderson (1966). 
Sandberg & Dreesen (1984: 161) give this species an upper range limit in the upper praesulcata 
Zone. The associated 'Polygnathus znepolensis', recorded from this horizon by McTavish 
(1968a; presumably the Pol. cf. P. obliquicostata listed by Glenister & Klapper 1966 from core 
11, which was referred to P. znepolensis by Druce 1976: 205), has an upper limit in the lower 
praesulcata Zone (Ziegler & Sandberg 1984). The same authors give its lower limit as middle 
expansa Zone (Ziegler & Sandberg 1984: 182, fig. 3), but the Canning Basin material is not 
conspecific (O.Klapper, pers. comm.), and is probably a new species, referred to by Klapper as 
P. aff. znepolensis, which apparently has a much earlier appearance in the Canning Basin, where 
it is known to be associated with Palmatolepis quadrantinodosa inflexoidea (Nicoll 1980, table 
2). According to Ziegler & Sandberg (1984, fig. 2) the latter species is restricted to the lower 
Palmatolepis marginifera Zone (see Fig. 6). 

Playford (1962) suggested that the D-C boundary in Meda 1 may lie at a lithological break at the 
5483' level, but biostratigraphic limits for the boundary are still between the levels of core 9 and 
core 11. Druce & Radke (1979) considered the D-C boundary to lie within their Yellow Drum 
Sandstone, which they identified in Meda 1 between the 1623 and 1649 m levels (i.e. slightly 
above Playford's suggested boundary). 

2014-017 (6606-16') 

Remarks: From core 12 Glenister (1958a) recorded only the fish Holmesella sp., a form common 
in both Upper DevoTrian and Lower Carboniferous strata. Glenister (1958b, Glenister & Furnish 
1962) recorded indetenninate conodont remains which were not age diagnostic (confrrmed 1992 
by G. Klapper, pers. comm.). 

2038-44 (6686-706') ?Windjana Lmst.l 
?Pillara E.Famennian 

Remarks: The conodont Palmatolepis triangularis is recorded from cores 13 and 14, in the latter 
associated with subspecies of P. delicatula which combination suggests an early Famennian age 
equivalent to the Middle to Upper triangularis Zone (G. Klapper, pers. comm. 1992). 

2098-128 (6883-980') ?Windjana Lmst./ 
?Pillara E.Famennian 

Remarks: Core 15 (2098 m) contains fish material including Holmesella, which has not been 
analysed, but core 17 (2126-28 m) again has the conodont Palmatolepis triangularis, which 
indicates a zonal position not below that of the earliest Famennian conodont zone, the Lower 
triangularis Zone (G. Klapper, pers. comm. 1992). Palmatolepis triangularis ranges from the 
lower triangularis to the lower or middle crepida conodont Zones (Glenister & Klapper 1966; 
Druce 1976), whilst the associated Palmatolepis delicatula from core 14 has a narrower range, 
from the middle triangularis to the lower crepida Zones. Thus the Frasnian-Famennian boundary 
must be just below core 17. 
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2161-64 (7089-101') ?PiIlara ?L.Frasnian 

Remarks: Two conodont taxa recorded by Glenister (1958a) from core 18 (Hindeodel/a and 
?Icriodus) have broad ranges, but G. Klapper (pers. comm. 1992) regards them as indetenninate, 
so the close similarity Glenister (1958a) noted to fonns in the Gogo Formation cannot be 
substantiated. The ostracod 'Aparchites' (now Fel/erites) suggested a correlation with the Sadler 
Fonnation and possible equivalence to the upper part of the saltica brachiopod zone according 
to Jones (1958, 1962a). A brachiopod assemblage from this core was referred by Veevers (1962) 
to either the apena or the saltica Zones. It is more likely to belong to the apena Zone (as 
revised by Roberts et af. 1972), which from conodont evidence is late Frasnian in age. Strusz 
(1992) has recently shown that the upper part of the apena Zone extends into the early 
Famennian, but as core 17 belongs to the Lower Palmatolepis triangularis Zone, it is probable 
the core 18 lies within the late Frasnian part of the apena Zone 

2195-98 (7200-10') L.Frasnian 

Remarks: Klapper (pers. comm. 1992) reports that cuttings from this level have yielded 
conodonts including Polygnathus /odinensis, which is known from the late Frasnian (Montagne 
Noire Zones 11-13). 

2204 (7230') L.Frasnian 

Remarks: McTavish (1968a) shows a to11 (ammonoid zone) age at this level, presumably from 
cuttings (but biostratigraphic evidence is not given), which is consistent with the apena Zone age 
mentioned above (see Young 1989). 

2323-41 (7620-80') E.Frasnian 

Remarks: From cuttings Klapper (pers. comm. 1992) has recorded a small conodont fauna 
• including one specimen of Mesotaxis sp. indet. This genus is restricted to the early Frasnian. 

• • • • • • • • • • • • • 

2347 (7700') ?L.GivefianlE.Frasnian 

Remarks: McTavish (1968a) showed a to1a (?) possibly Givetian age below 7700', presumably 
based on material from core 21 (7718-7728'), but we have not been able to confirm this (G. 
Klapper, pers. comm. 1992 records indeterminate conodont fragments from cuttings at 7700-10'). 
The to1a ammonoid Zone ranges from the middle varcus conodont Zone of the middle Givetian 
into the earliest Frasnian lower asymmetricus Zone. Beneath this level there is no 
biostratigraphic age control in Meda 1. However Lehmann (1984) defmed a new formation in 
the lowermost sediments intersected by this well as the May River Conglomerate (type section 
2588-2699 m; but total depth is 2684 m!), which was described as a pre-Pillara clastic unit 
possibly equivalent to the Tandalgoo Formation. However we emphasise that the cited evidence 
for age, that Givetian-Frasnian spores occur in the overlying formations in Tappers Inlet 1 
(Lehmann 1984: 275), cannot be reliably extrapolated to this well. 
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2377-80 (7800-10') ?Devonian 

Remarks: G. Klapper (pers. comm. 1992) records conodonts including the Famennian species 
Alternognathus regularis from cuttings at this level, which is assumed to represent caving from 
higher in the well (?May River Shale at 6150-80', or perhaps higher at 6275'). 

4. MEDA NO.2 WELL (modified after Jones & Young 1990b) 

1294 (4245-46') Anderson Carboniferous 

Remarks: From cuttings at this level Balme (1959) reported large quantities of fragmentary 
wood, and rare spores belonging to the genera Cyclogranisporites, cf. Lycospora, and 
Punctatisporites. These suggested a Carboniferous age, but the assemblage was considered 
insufficiently diverse for reliable comparisons to be made with Meda 1. 

1609-11 (5280-87') Laurel M.Toumaisian 

Remarks: An ostracod assemblage from core 1 is similar to that from the top of the Laurel in 
BMR 2 (Laurel Downs), which indicates a middle Tournaisian age (p. J. Jones, unpublished). 
Glenister (1959) recorded abundant fish plates and teeth from this core, which he considered 
similar to those of core 9 in Meda 1. McTavish (1968b) recorded ostracods and fish from the 
5286' level in this core. 

1611-15 (5287-98') Laurel Tournaisian 

Remarks: From core 2 Thomas (1959a) reported a brachiopod assemblage (including 
Linoproductus and Orbiculoidea) , which is comparable to that in core 9 of Meda 1 (Jones 
1961b). This suggests a horizon near the top of the Laurel Formation (mid-Tournaisian). 
McTavish (1968b) recorded conodonts, rare gastropods, and abundant fish from the 5288 and 
5296' levels. 

1615-17 (5298-304') Laurel Toumaisian 

Remarks: From core 3 Balme (1959) reponed an abundant spore assemblage with cf. Lycospora 
as a dominant fonn, associated with Cyclogranisporites sp., Punctatisporites spp., Apiculatisporis 
and a new genus. Although not very diverse, this microflora compared closely with samples from 
B1vIR Laurel Downs 2 bore (250-52' interval). which indicated an Early Carboniferous age (see 
Balme 1960). The 5303' level in core 3 produced the same two species of Dibolosporites as in 
cores 8 and 9 of Meda 1 (playford 1971, 1972). These species (D. distinctus, D. medaensis of 
Playford 1976), rrrst recorded by Balme (1967) in May River 1, belong to the Grandispora 
spiculijera Assemblage of Playford (1976), consistent with a Tournaisian age (see discussion in 
Jones & Young 1990). 

From the 5299' level McTavish (1968b) recorded rare conodonts, ostracods and gastropods, and 
abundant fish remains. 
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M.Tournaisian 

Remarks: From core 4 Balme (1959) reported a similar but more diverse micro flora than that 
from the 5298' level, with species of Convolutispora, cf. Endosporites, and Retusotriletes again 
indicating an Early Carboniferous age. 

A conodont fauna associated with ornate fish plates and teeth, including the genus Holmesella 
were recorded by Glenister (1959) to indicate and 'Osagean (late Toumaisian-middle 
Mississippian)' age. The assemblage was said to be 'almost identical to that from Core 9 in Meda 
1'. G. Klapper (pers. comm. 1992) records the conodonts Pseudo polygnathus primus Branson 
& Mehl and Clydagnathus darensis Rhodes, Austin and Druce from this core, which in local 
stratigraphic terms would support a middle Toumaisian age (see previous discussion for Meda 
1). 

1661 (5450') Laurel Tournaisian 

Remarks: McTavish (1968a) recorded fish remains at this horizon, apparently to define the base 
of a unit within the Laurel Formation, but no further details are available. The top of the 
underlying unit on his section is defined by the presence of an ostracod identified as 'Cavellina 
sp. 2', but this species is not known to extend into the Carboniferous, so in the absence of further 
information we regard this evidence as very doubtful. 

1705 (5595.5') 
1706 (5598') 
1709 (5607') Laurel M. Tournaisian 

Remarks: Both cores 5 and 6 have the spore species Dibolosporites distinctus of Playford 
(1972), which indicates a Tournaisian age, no older than the spiculi[era Assemblage of Playford 
(1976). McTavish (1968b) also recorded rare conodonts, fish, ostracods, bryozoans, and abundant 
gastropods from the 5595.5' and 5598' levels (core 5), and conodonts, fish and gastropods from 
5601' and 5605' levels (core 6). These have not been studied. 

1798-1823 (5900-980') M.Tournaisian 

Remarks: A re-examination of the original slide of microfossils from cuttings taken from this 
depth revealed ostracod species (belonging to the genera Graphiadactyllis, Lichvinella, and 
Cavellina), which are the same as those reported from core 9 in Meda 1 (Jones 1962a). 

2018-21 (6620-29') L.Famennian 

Remarks: From core 7 comes a conodont assemblage including Bispathodus aculeatus, and 
Polygnathus communis (Glenister & Klapper 1966). If the latter is P. communis communis it 
indicates an age in the upper praesu!cata Zone (uppermost Devonian) or younger (Ziegler & 
Sandberg 1984). However if it belongs to the subspecies P. c. collinsoni it is probably no 
younger than the lower praesulcata Zone (see below). Interpreted in the context of adjacent 
wells, the latter alternative is favoured here, but this requires confIrmation with re-examination 
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of the actual specimens. McTavish (1968b) also records conodonts from core 7 (6621' level), 
associated with fish remains. 

Forams discussed by Marnet & Playford (1968) from Meda 2, Langoora 1 and two outcrop 
localities were assigned to three Quasiendothyra zones (Q. bellalQ. ex gr. communis and Q. 
communislQ. konensis, Q. cf. kobeitusana-Klubovella; late Famennian and Strunian), but the 
precise content of the Meda assemblage (from core 7) was not specified. Veevers (1959c) 
reported brachiopods which could either be of Late Devonian or Early Carboniferous age. 

2621-23 (6629-37') L.Famennian 

Remarks: One specimen of the conodont Polygnathus was recorded by Glenister & Klapper 
(1966) from core 8, but its age was indetenninate. However the brachiopod provisionally 
identified as Cyrtospirifer by Thomas (1959b) would indicate a Late Devonian age. This genus 
is very abundant in the Gumhole Fonnation (Druce & Radke 1979), but is not known from 
Carboniferous horizons. More precise evidence of age has been obtained from a sample processed 
for ostracods, which has yielded a fragmentary bairdiid, possibly Orthobairdia orliensis, and a 
juvenile Shishaella, reminiscent of the new species listed by Jones (1987: 288) from the Buttons 
Beds in the Bonaparte Basin. Both taxa have also been recorded from the Canning Basin, in 
'Assemblage A' of Jones (1961a). In the Bonaparte Basin these taxa indicate an age within the 
range of the Retispora lepidophyta palynoflora (Jones 1987). This is consistent with the 
conodont evidence for age from cores 7 and 9, which indicate the lower praesu!cata Zone as a 
maximum and minimum age respectively for these cores. 

2624-29 (6639-57') L.Famennian 

Remarks: From the 6640' level in core 9 Glenister & Klapper (1966) recorded the conodont 
Apatognathus varians, whilst McTavish (1968b) recorded abundant conodonts and common fish 
from this level. Nicoll (1980) referred Glenister & IGappers species to the subspecies A. varians 
varians, and also identifed Polygnathus communis collinsoni, and P. webbi. Elsewhere P. c. 
collinsoni occurs with P. znepoiensis, which has an upper limit in the lower praesu[cata Zone 
(Nicoll 1980). Veevers (1959c) again reported brachiopods which could either be of Late 
Devonian or Early Carboniferous age. 

2031-32 (6662-67') L.Famennian 

Remarks: From core 10 comes a conodont fauna containing Bispathodus aculeatus and 
Apatognathus varians (Glenister & Klapper 1966), the latter indicating a Late Devonian age, and 
the fonner a maximum age in the middle expansa Zone. In the light of evidence from preceding 
cores this horizon is considered to be probably assignable to the upper expansa Zone (lowermost 
Strunian). Thus a duration of about 0.5 m.y. can be suggested for the deposition of the section 
between cores 7 and 9 (see Jones & Young, 1990b, fig. 1). 

2032-38 (6667-85') 

Remarks: Veevers (1959c) also reported brachiopods from this horizon which could either be 
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of Late Devonian or Early Carboniferous age. 

2284·88 (7494·506') M.Famennian 

Remarks: From core 13 Glenister (1959) recorded the conodont cf. Hindeodella sp., but it was 
too fragmentary to give a restricted age. However McTavish (1968a) recorded a middle 
Famennian (toTIl) age (presumably based on conodonts) from this level, but no further details are 
available. 

2288 (7509') ?Devonian 

Remarks: One conodont slide said to be from core 15 at the 7509' level contains two badly 
etched specimens of Polygnathus sp. indel. (R.S. Nicoll, pers. comm.), which provide no age 
infonnation. H the given level is correct, then this sample possibly represents the evidence used 
by McTavish as discussed in the next section (it lies between the two dated levels previously 
quoted; see Jones & Young 1990b). If so, no reliability can be placed on the Givetian age. 

2332 (7650') ?Givetian 

Remarks: At this level near the base of the well on McTavish's (1968a) chart he shows a pre
Frasnian age, with a reference to conodonts of the 'Polygnathus cristata Zone' (presumably 
hermanni-cristatus Zone; middle Givetian). Apart from the comment in the previous section no 
further details are available on this determination (the actual depth is also uncertain, since total 
depth for the well is given as 7628'). Under these circumstances no reliability can be placed on 
the Givetian age. 

• 5. BLACKSTONE NO.1 WELL (modified from Jones & Young 1990c) 

• 
• 
• 
• • 
• • • 
• 
• • 
• • 
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73·320 (240·1050') Blina E.Trias 

Remarks: Gorter (unpubl.) examined cuttings taken over this interval, which have yielded 
fragmentary conchostracans, lingulid brachiopods, fish remains, megaspores, pyritised wood, and 
the foraminiferid Ammodiscus. This assemblage closely resembles that discussed by Jones (in 
Tasch & Jones 1979) for the Blina Shale in Meda 1. As discussed previously (Jones & Young 
1990a), the conchostracans require derivation from a non-marine (lacustrine or estuarine) 
environment, with forams indicating some marine influence. 

Balme (1968) identified his Taeniaesporites Assemblage (Balme 1964) in sidewall cores cut in 
the interval 178-320 m (585-1050'). This marine basal Triassic palynofloral assemblage is clearly 
differentiated from the underlying Permian assemblages by a marked palynofloral break (Balme 
1964), although there is no evidence to judge its precise age. Balme (1990, fig. 10) illustrates this 
by depicting the base of the Taeniaesporites Assemblage above a slight hiatus at the base of the 
early Griesbachian. 
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335-485 (1099-1582') Liveringa L.Permian 

Remarks: Sidewall cores from this interval produced the Dulhuntyispora Assemblage of Balme 
(1964), which was considered to encompass the whole of the Liveringa Formation except 
probably for its lower part (Balme 1968). Subsequently Balme (in Kemp et al. 1977) divided this 
assemblage into two informal palyno-stratigraphic units: Unit VIII in the upper 40 m of the 
Liveringa Formation, and Unit vn beneath (between 1350 and 1582~). The base of the latter was 
considered to possibly represent the base of the Liveringa Fonnation. The sharp palynological 
break between the two units may reflect a sedimentary hiatus between the Noonkanbah Formation 
and the Light jack Formation of the Liveringa Group, or a break within the Noonkanbah itself. 
However Archbold & Dickins (1991) place the boundary between the two units somewhat higher~ 
within the Condren Sandstone or its correlatives. The relative abundance of acritarchs in Unit 
VITI could indicate strata that are lateral equivalents of the Hardman Formation (Kemp et al. 
1977: 188). 

511-86 (1676-1921') Noonkanbah Artinskian 

Remarks: Sidewall cores from this interval (Balme 1968) produced the Vittatina ill unit of the 
Vittatina Assemblage of Balme (1964). This was renamed by Balme (in Kemp et at. 1977: 186) 
as his informal palynostratigraphic unit VI, defmed by the high relative frequency of the trilete 
spore Granulatisporites trisinus. This unit was considered to represent the upper part of the 
Noonkanbah Formation. excluding its top. Archbold & Dickins (1991) place unit VI in the 
Noonkanbah Formation, and assign it an Artinskian age. 

648-725 (2126-380') Noonkanbab/?Poole Artinskian 

Remarks: The Vittatina II unit of the Vittatina Assemblage of Balme (1964) was encountered 
in sidewall cores from this interval (Balme 1968). Again Balme (in Kemp et al. 1977: 186) used 
this interval in Blackstone 1 to define his informal palynostratigraphic unit V, considered to 
represent the middle part of the Noonkanbah Formation. However on the chart of Archbold & 
Diekins (1991) unit V encompasses the lower part of the Noonkanbah and the upper part of the 
Poole Sandstone. 

734-74 (2408-2540') Poole E.Artinskian 

Remarks: Sidewall cores from this interval (Balme 1968) produced the Vittatina I unit of the 
Vittatina Assemblage of Balme (1964), renamed by Balme (in Kemp et al. 1977: 186) as his 
infonnal palynostratigraphic unit N, considered to represent the lower part of the Noonkanbah, 
and the Poole Sandstone (excluding its lower Nura Nura Member). 

812-28 (2663-715') Grant Sakmarian 

Remarks: The Nuskoisporites III unit of the Nuskoisporites Assemblage of Bahne (1964), 
encountered in sidewall cores from this interval (Balme 1968), is now referred to informal 
palynostratigraphic unit ill of Balme (in Kemp et al. 1977: 186). This unit straddles the 
GrantIPoole boundary, encompassing the upper shiller part of the Grant Group, and the Nura 
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Nura Member of the Poole Sandstone, with the age of its upper part based partly on ammonoids 
from the Nura Nura described by Glenister & Furnish (1961). Unit III is now regarded as 
Sakmarian in age by Archbold & Dickins (1991). In Blackstone 1 the base of the Nura Nura 
Member is picked at 799 m (2620'). Diversification of the microfloral assemblage compared to 
those lower in the sequence was considered to reflect amelioration in climate, with the presence 
of spinose acritarchs indicating some marine influence (Kemp et al. 1977: 186). In some places 
there is an erosional break at the base of the Nura Nura (e.g. Dickins, Towner & Crowe 1977). 

839-1178 (2752-3864') Grant Asselian 

Remarks: The Nuskoisporites IT unit of the Nuskoisporites Assemblage of Balme (1964) was 
encountered in sidewall cores from this interval (Balme 1968), and assigned a Late 
Carboniferous-Early Permian age. This assemblage is now the infonnal palynostratigraphic unit 
IT of Balme (in Kemp et al. 1977: 186), which was referred to the Late Carboniferous, but 
subsequent revison now indicates an Asselian age (Archbold & Dickins 1991). Unit II (Plus 
lower Unit III) corresponds to the Granulatisporites confluens zone of Foster & Waterhouse 
(1988; 1M. Dickins, pers. comm.). 

1448-62 (4750-97') 
1464-79 (4803-51') 'Lower Grant Sequence' L.Carboniferous 

Remarks: In the first core cut from this well (core 1), Balme (1968) reported a highly diverse 
assemblage of mainly undescribed species, for which he tentatively suggested a 'Moscovian' age 
(Late Carboniferous). Subsequently (in Jones et al. 1973) Balme referred this interval to the 
'lower Grant', on the basis that it represented a correlative of the Grandispora maculosa 
Assemblage, but later (in Kemp et al. 1977: 186) he revised this opinion, referring this interval 
to the younger Anabaculites ybertii Assemblage (Namurian-Westphalian; Kemp et al. 1977, fig. 
2). This assignment was later confirmed by Playford & Powis (1979), who described four species 
of trilete miospores (Spelaeotriletes ybertii, Ahrensisporites cristatus, Anapiculatisporites amphus, 
and Waltzispora polita) from core 1 (4792'). These authors also identified the Spelaeotriletes 
ybertii Assemblage at a slightly lower level in sidewall cores (4803-4851'). The age limits of 
this assemblage are unclear (most described taxa are long-ranging), and on available evidence 
we consider it could lie anywhere in the Namurian-Westphalian interval. Immediately beneath 
is the Laurel Fonnation, but this core seems not to be an Anderson equivalent. In Grant Range 
1 (containing the type section for the Anderson Fonnation) both the maculosa and ybertii 
assemblages occur above the top of the Anderson (playford & Powis 1979, table 1). Thus a 
major break is indicated with the whole of the Anderson Fonnation apparently missing from 
Blackstone 1. This may correspond to the break shown at the 4876' level by McTavish (1968a). 
The interval between the top of the Anderson and the base of the Grant in Grant Range 1 was 
fIrst identifed as an 'unnamed unit' by Gorter (1980). Roberts (1985: 96) discussed this unit and 
its occurrence in various wells in the Canning Basin, and reached the same conclusion regarding 
its age as given here. 
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1532 (5025-27') 
1532-41 (5027-55') 
1541·42 (5055·60') Laurel Tournaisian 

Remarks: McTavish (1968a) assigned the above three continuous cores (cores 2-4) an 'Early 
Osagean' age, but this is not considered reliable, and the fossil evidence on which it is based is 
unavailable to us. Presumably it was based on analysis of some of the abundant fossils 
(brachiopods, pelecypods, fish, polyzoans, crinoids, echinoids, ostracods, etc.) reported by 
Johnson (1968: 13) from below the 5010' level. In Meda 2 McTavish (1968a) assigned an 'Early 
Osagean' age to horizons known to be within the Tournaisian (presumably middle Tournaisian), 
so we have assumed a similar age here. Druce & Radke (1979) assigned the interval 1486-1579 
m to the Laurel Formation. 

The next two cores down, Cores 5 (5250-85') and 6 (5540-47'), have not yielded any fossils. 
Druce & Radke (1979) referred the 116 m of section above contact with the Gurnhole Formation 
(at 1699 m) to the Yellow Drum Sandstone. 

1714-27 (5622-67') ?GumholelNullara L.Famennian 

Remarks: Johnson (1968:14) reported a diverse assemblage including ostracods and conodonts 
from core 7, and McTavish (1968a) identified Quasiendothyra communis and Umbellina from 
this core, which he assigned a ?to VI age. In core 7 of Meda 2 these taxa have indicated a Late 
Famennian age (see Jones & Young 1990b: 2). Druce & Radke (1979) regard this level in 
Blackstone 1 as Gumhole Formation (cf. Forman & Wales 1981, who include it in the Nullara; 
see Fig. 1). 

1804-18 (5920·65') 
1818-21 (5965-75') ?GumholeINullara L.Famennian 

Remarks: From core 8 Johnson (1968: 15) recorded a palynoflora! assemblage including the 
index species 'Leiozonotriletes naumovae' (= Retispora lepidophyta), which gives a Late 
Famennian age (playford 1976). McTavish (1968a) also records the conodont Polygnathus 
znepoiensis, which has an upper limit in the lower praesulcata Zone (see Jones & Young 1990a, 
fig. 3). This conodont-spore association thus flXes the age of this interval to middle expansa -
lower praesulcata. Cores 8 and 9 lie within the Gumhole Formation as identified by Druce & 
Radke (1979). 

1888-94 (6193·215') 
1894-99 (6215·30') NuUara L.Famennian 

Remarks: From these two cores (cores 10, 11) McTavish (1968a) recorded Umbellina (a long
ranging taxon), but no other fossil evidence of age. Previously Jones & Young (1990c) suggested 
that these cores may lie somewhere within the expansa Zone, perhaps in its upper part. However 
In WAPET internal report no. 1756, McTavish (1968b) mentions fish remains of Devonian age 
from core 11 (6219-21' interval), which he considered similar to those from the Thangoo 
Calcarenite (type section 1022-1116 m in Roebuck Bay 1). These are not mentioned in the WCR 
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and have not been examined, but the Thangoo Calcarenite specimen is regarded by Turner et af. 
(1981) to be probably an actinopterygian scale referable to Ligulalepis, a form known from the 
Early Devonian of eastern Australia (Schultze 1968, Turner 1991) and Late Silurian-Early 
Devonian of South China (Wang 1989, 1992). This material needs to be examined to clarify its 
age significance. 

1975-84 (6480-510') Poulton ?Givetian 

Remarks: Core 12 is within the type section of the Poulton Formation as defined between 1941 
and 2220 m by Playford et al. (1975). Fish fragments are recorded (W APET WCR, p. 22) from 
two levels within this core: 6486.5' (possible) and 6502' (abundant). These have not been 
studied. McTavish (1968a) also records a ?Givetian microflora, but no details are available to 
us. Presumably this microflora is of Givetian/Frasnian age. If correct, a large break: is indicated 
between cores 11 and 12 as shown on the section in McTavish (1968a). In core 13 some fmer 
fish fragments than in the previous core are recorded from 6710.5' level in the W APET WCR 
(p.23). 

Further down the section, but still within the type section of the Poulton Formation, Lehmann 
(1984) used seismic evidence to identify an unconformity at 6895', which he used to separate 
units he interpreted as the 'Mellinjerie Formation' above, from the 'Worral Formation' below. 
This interpretation is not supported by palaeontological evidence (see comments on Carribuddy 
Group above). Lehmann included cores 15 and 16, previously placed at the Ordovician-Devonian 
boundary, within the 'lower carbonate member' of his 'Worral Formation', and picked its base 
at 7337' (2236 m). However, In WMC Acacia 1, presumed equivalents of the lower Worral have 
been dated on conodonts as Early Silurian (middle Llandovery) (Nicoll & Jones 1982), which 
implies that the 'lower carbonate member' on the Barbwire Terrace should be correlated with the 
top of the Carribuddy Group, as in Figs. 2 and 3. In Fig. 10 we follow McTavish's (1968a) 
original interpretation of this well, with the Poulton/Nita boundary placed at 7285' (in the top 
of core 16). 

2220-29 (7285-7312') 
2289-91 (7510-17') ?Nita E.Ordovician 

Remarks: Conodont evidence establishes an Ordovician age for cores 16 (Nicoll, in prep.) and 
core 17 (Watson pers. comm. 1990). Ordovician conodonts (e.g. Drepanodus) come from 
unspecified horizons within the 7284-312' interval of core 16 (Nicoll, in prep.). Watson (pers. 
comm. 1990) records a small conodont fauna from core 17 which includes Proto panderodus 
nogamii. This species ranges across the boundary between the two assemblages identified by 
Watson (1988) in WMC Santalum lA on the Broome Platform. He correlated the base of the 
upper assemblage with the base of the E. suecicus Zone, and the lower assemblage with the upper 
part of the ?E. variabilis Zone, both within the Llanvirn series of the British sequence (see Fig. 
4B). McTavish & Legg (1976) reported Eoplacognathus foliaceus from their zone DCJ in 
Blackstone 1, but did not specify the horizon, so its occurrence in core 17 cannot be confirmed. 
Watson (1988) noted this reported occurrence of E. foliaceus as the highest North Atlantic 
Ordovician zonal species known from the Canning Basin, but in his material only one 
fragmentary specimen was tentatively referred to this species. This was associated with the 
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conodont Eoplacognathus suecicus, defIning the underlying zone in the North Atlantic zonal 
scheme (Fig. 4), so a precise younger age limit for the Nita Formation in the Canning Basin is 
uncertain. 

Nicoll. et al. (in press) note new conodont evidence apparently at variance with the graptolite
trilobite evidence for the age determined by Legg (1976). They suggests the 2221-2600 m 
interval is better referred to the Gap Creek Formation, which is considerably older than the Nita 
(Fig. 3). New palaeontological infonnation is required to resolve the apparent discrepancy 
between the conodont and trilobite-graptolite age determinations (see also below, and Jones & 
Young 1990c). 

2368-77 (7770-800'; core 18) 
2455-63 (8055-80'; core 19) ?Goldwyer E.Llanvirn 

Remarks: Johnson (1968: 17) noted the presence of palynomorphs and conodonts in cores 18 
and 19, which he assigned to his 'Unit B' of Middle Ordovician age. Subsequently McTavish & 
Legg (1976 :464) assigned the 2310-3050 m interval in Blackstone 1 to the Goldwyer Fonnation, 
based on the palaeontological evidence presented by Legg (1976, 1978). From cores 18 and 19 
Legg (1978, fig. 2) reported his Fauna 6, considered to be Late Darriwilian (upper Da3-Da4) in 
age. He noted (p. 332) that the graptolite Didymograptus stabilis was associated with the 
conodont E. foliaceus, which suggests occurrence of the latter in core 19 (the youngest 
occurrence of D. stabilis; Legg 1976). However this is within the Goldwyer, and thus contradicts 
the earlier comment of McTavish & Legg (1976), as discussed above. Nicoll et al. (in press) 
consider that the 2606-3050 m interval is more likely correlated with the Emanuel Fonnation, 
which is three conodont zones older than assumed age of the Goldwyer (Fig. 3). Watson (pers. 
comm. 1990) recorded the conodonts Drepanoistodus sp. from core 18 andD.forceps? from core 
19. The upper limit of D. forceps approximates to the top of his lower assemblage (Watson 
1988, fig. 4), which suggests an age in the upper part of the E. variabilis Zone (Fig. 4). This 
corresponds to the Da2 age given by Legg (1976, 1978) based on graptolites (see Webby & 
Nicoll 1989). Legg (1978. fig. 7) showed his faunas 4-6 ranging from Da2 to Da4 of the 
Victorian graptolite sequence, but all these faunas are more probably of Da2-early Da3 age or 
older. As noted above, the apparent discrepancy between the conodont and trilobite-graptolite 
age determinations cannot be resolved without access to the original and/or new faunal data. 

Palynomorphs from these cores were mentioned by Johnson (1968), but no details were given. 
Foster (pers. comm.) advises of an abundant palynomorph assemblage of Micrhystridium in core 
19, which he correlates with core 7 of Willara L 

2582-85 (8470-80'; core 20) 
2585-682 (8780-98'; core 21) 
2740-43 (8990-9000'; core 22) 
2833-38 (9293-310'; core 23) ?GoIdwyer E.Llanvirn 

Remarks: Graptolites from cores 20-23 (identifIed by J.G. Tomlinson) were said by Johnson 
(1968: 17) to indicate an age of 'very late Lower Ordovician to early Middle Ordovician'. Legg 
(1976) showed the youngest definite occurrence of the graptolite Amp/exograptus confertus in 
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core 20. According to Vandenberg (in Webby & Nicoll 1989, fig. 2) this species ranges from the 
top of Da2 to the top of Da3. Legg (1976) showed his fauna 6 occurring in cores 20-23, and he 
defmed the base of this assemblage zone by the first appearance of Didymograptus anus. 
According to Vandenberg (in Webby & Nicoll 1989) this is equivalent to the original 'D. bifidus 
Zone' of the British sequence (i.e. lower Llanvirn). 

There is no further information on palynomorphs from cores 20 and 21 mentioned by Johnson 
(1968). As noted above Nicoll et al. (in press) suggest that the 2606-3050 m interval is more 
likely correlated with the Emanuel Formation. 

2912-15 (9555-565'; core 24) 
3008-11 (9870-80'; core 25) 
3046-50 (9995-10005'; core 26) ?Goldwyer E.Llanvim 

Remarks: Cores 24-26 are the lowest cores at the bottom of the well. Johnson (1968: 17) used 
the graptolite Amplexograptus sp. (identified by J.G. Tomlinson) from cores 25 and 26 to indicate 
correlation with the Goldwyer Fonnation. Legg (1978) assigned assemblages from cores 24-26 
to his Fauna 5, the base of which was defined by the first appearance of DipJograptus allesi and 
Amplexograptus confertus. The former indicates a Da2 age because in the British sequence it 
is restricted to the 'D. bifidus Zone' (Legg 1978: 331). The latter (as Pseudamplexograptus 
confertus) first appears in the top of Da2 in the Victorian sequence (Webby & Nicoll 1989, fig. 
2), but it may have an earlier first appearance in the Canning Basin, suggesting that the bottom 
of Blackstone 1 is still of Llanvirnian age (Fig. 4). However Nicoll et al. (in press) would 
correlate the whole of this interval with the Emanuel Formation. There is no new information 
on palynomorphs from core 24 mentioned by Johnson (1968). 

6. MIMOSA 1 WELL (modified from Jones & Young 1992) 

105m Blina Shale E.Triassic (Griesbacbian) 

Remarks: Dolby et al. (1973) reported a palynoflora in a side wall core taken at this depth, 
which contains several species known to straddle the Penniantrriassic boundary (e.g. 
Nevesisporites fossulatus, Playfordiaspora crenulata, Densoisporites playfordiz). This contains 
a rich acritarch assemblage with strong affinities to those found in the Kockatea Shale, Perth 
Basin, and therefore, it probably belongs to the Early Triassic (Griesbachian) Kraeuselisporites 
saeptatus Assemblage Zone (of Dolby & Balme, 1976). 

lOS-110m Blina Shale E.Triassic (Griesbacbian) 

Remarks: Gorter (unpublished) examined cuttings at these depths which yielded fragmentary 
conchostracans, ribbed 'palaeoniscoid' fish scales, and a trilete megaspore. 
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120 
150 
180m Liveringa Group (Hardman) L.Permian (Dzhultian) 
Remarks: Dolby et al. (1973) noted that the acritarch assemblages from cuttings taken from 
these depths are a mixture of Triassic Blina Shale varieties and Late Permian types. The 
proportion of Permian miospores increases with depth between 120m and 180m, and the presence 
of Triassic species was thought to be due, in part, to caving. The spore/pollen assemblage was 
reported to be similar to those previously recorded (Balme, in Kemp et aI., 1977) from well 
samples taken from the upper part of the Sue Coal Measures in the southern Perth Basin. This 
assemblage would now be placed in the Playfordiaspora crenulata Zone (Foster, 1982), the 
penultimate palynoflora! zone of the Permian of Australia. The palynofloral taxa listed by Dolby 
is also indicative of Unit VITI of Balme (in Kemp et ai., 1977). Palynological evidence for fixing 
the limits of Unit VITI within the Late Penman was discussed by Kemp et al. (1977: 189), and 
Foster & Jones (in prep.) have summarised evidence now indicating that the Playfordiaspora 
crenulata Assemblage Zone, previously recognised in eastern Australia, is probably equivalent 
to most or all of Unit vm. 

In the original well completion report Osborne & 0' Shaughnessy (1973) interpreted this horizon 
as undifferentiated Liveringa Group. On the new evidence just discussed it is probalbe that these 
levels represent the Hardman Formation, which is Dzhulfian in age. The Permian/Triassic hiatus 
is between 110 and 120 m (taken as 118 m in Fig. 10), and now is thought to represent only the 
latest Pennian stage (Dorashamian = Changhsingian; see Archbold & Dickins 1991). 

201 
300m Liveringa (?Lightjack Fm) Permian (?Kungurian-Kazanian) 

Remarks: A side wall core from 201 m depth produced the Dulhuntyispora Assemblage of 
Balme (1964, 1968), and from species listed, would correspond to Unit vn of Balme (in Kemp 
et at., 1977). AIchbold & Dickins (1991) showed Unit VII palynofloras occming in the 
Liveringa Group, of latest Early Permian (Kungurian) to Late Pennian in age. 

Cuttings from 300 m, not mentioned in the original well completion report, have provided a 
Lower Stage 5 palynoflora (Foster & Jones, in prep.), which supports the age for Unit VII given 
above. 

406m Noonkanbah E.Permian (Artinskian) 

Remarks: Dolby et al. (1973) reported a side wall core from this depth which produced the 
Vittatina ill unit of the Vittatina Assemblage of Bahne (1964, 1968). This unit was renamed by 
Balme (in Kemp et al., 1977: 186) as palynostratigraphic unit VI, being defined by the high 
relative frequency of the trilete spore Granulatisporites trisinus. This unit was considered to 
represent the upper part of the Noonkanbah Formation, excluding its top. Archbold & Dickins 
(1991) place Unit VI in the Noonkanbah Formation, and assign it an Artinskian age, as did Dolby 
et al. (1973). Bascanisporites undosus, listed by Dolby et al. (1973) in this assemblage, may 
indicate downhole contamination or could be misidentified (Foster & Jones, in prep.). 
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541m 

Remarks: A side wall core from this level produced a palynoflora determined by Dolby et al. 
(1973) to represent the Vittatina I unit of the Vittatina Assemblage of Balme (1964, 1968), 
renamed by Balme (in Kemp et al., 1977: 186) as his palynostratigraphic unit IV. 

732 
982 
1075 
1085m Grant Group E.Permian (Asselian) 

Remarks: The upper three side wall cores produced a palynoflora determined by Dolby et al. 
(1973) to represent the Nuskoisporites II unit of the Nuskoisporites Assemblage of Balme (1964), 
now the informal palynostratigraphic Unit II of Balme (in Kemp et al. 1977: 186). This was 
referred to the Late Carboniferous, but subsequent revison now indicates an Asselian-Sakmarian 
age (Archbold 1982; Archbold & Dickins, 1991). Unit II corresponds in part to the 
Granulatisporites confluens Zone of Foster & Waterhouse (1988). 

The side wall core from 1085 m was judged by Dolby et al. (1973) to be unreliable in view of 
the lithology (light-grey, fine grained sandstone), and of indeterminate age, as it contained a 
mixture (unlisted) of Early Carboniferous spores, and Early and Late Permian spores and pollen. 
We note that Osborne & O'Shaughnessy (1973) included this level within the Grant Group, 
above a major break at 1088 m, separating the Grant from the Laurel Formation below. 

lU5m 
1145m 
1155m 
1170m Laurel Formation Tournaisian (Tn2) 

Remarks: Dolby et al. (1973) reported a Toumaisian spore assemblage with minor acritarchs 
from SWC's at 1125 and 1145 m, assessed as no older than lower Tournaisian (TnlbB). The 
assemblage includes Dibolosporites distinctus and D. medaensis (reported under their previous 
generic name Umbonatisporites), and is now referred to the Grandispora spiculijera Zone of 
Playford (1976). 

Cuttings from 1125 and 1155 m contain conodonts identified by McTavish in Dolby et al. (1973) 
as Spathognathodus tridentatus and Clydagnathus cavusiformis, which he considered to indicate 
the Spathognathodus tridentatus Zone of Druce (1969). This zone, originally established for the 
lower 35 m of the Septimus Limestone in the Bonaparte Basin, was considered to indicate a 
middle Toumaisian (Tn2c) age (e.g. Jones et al. 1973). The concept of this zone is no longer 
reliable because the nominate species was placed by Ziegler et al. (1974) in synonymy with 
Bispathodus aculeatus aculeatus, a proposal accepted by Nicoll & Druce (1979). Bispathodus 
aculeatus aculeatus has a wider range (Sandberg et al. 1978; Ziegler & Sandberg 1984), from 
the Late Devonian (middle expansa Zone) probably to the lower Siphonodella crenulata Zone 
(middle Tournaisian). G. Klapper (pers. comm. 1992) records the conodonts Clydagnathus 
cavusformis and Bispathodus aculeatus from cuttings at 1125 m, indicating a Tournaisian age. 
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McTavish noted a rich associated fauna of ostracods~ fish remains (teeth and plates), and 
microscopic gastropods, of which only the ostracods have been restudied. These confinn a 
middle Tournaisian age. A slide containing ostracods from cuttings taken at 1125 m includes 
internal moulds (steinkerns) of Cavellina cf. taidonensis, Graphiadactyllis sp.nov., and 
Cryptophyllus diatropus. Cuttings from 1170 m (not mentioned in the original report) have 
yielded ferruginous steinkerns of ostracods identified (by P.I.Jones) as paraparchitids possibly 
belonging to Chamishaella subinornata Busbmina, 1986 and Shishaella electa Tschigova, 1977. 
The ostracod species from both horizons are characteristic of the upper (Tn2) part of the Laurel 
Fonnation. From the 1170 m cuttings G. Klapper (pers. comm. 1992) has identified two 
conodont genera (species indeterminate). 

1200m LuIuigui Formation L.FarnennianfToumaisian (Tn2) 

Remarks: McTavish in Dolby et al. (1973) suggested a slightly older age (Tnlb-Tn2) for 
conodonts from cuttings at this level, presumably based on the absence of 'Spathognathodus 
tridentatus', although Spathognathodus sp., Clydagnathus cavusiformis, and a similar microfauna 
to the 1125 m level was listed. As noted above the Spathognathodus tridentatus Zone of Druce 
(1969) is no longer reliable, and the other listed species are long ranging and first appear in the 
latest Famennian. Conodonts present are only indeterminate fragments (G. Klapper, pers. comm. 
1992). 

1230m Luluigui Formation FamennianlTournaisian 

• ,. 
• • 
• 
• • 
• • 
• • 
• • • • • • Remarks: Fossiliferous cuttings from this depth not mentioned by Osborne & O'Shaughnessy 

(1973) have yielded a small ostracod fauna typical of the Laurel Fonnation (Foster & Jones, in • 
prep.). • 

1245m 
1260m 
1275m Luluigui Formation FamennianIToumaisian 

Remarks: Dolby et al. (1973) reported palynomorph assemblages from cuttings at these levels 
similar to those from the SWC's at 1125 and 1145 m, but with some Permian caving. The 
species 'Zonotriletes' explanatus was cited as characteristic of the early Tournaisian, although 
he noted that this form first appears in the late Famennian (doVI) in Europe. It is now referred 
to Hymenozonotriletes expianatus, and first appears in the Canning Basin in the Grandispora 
spiculifera Assemblage (playford 1976). 

1290m Laurel/Lulugui Formations Dev.lCarb. boundary 

Remarks: Cuttings taken from this depth yielded both a very poor and sparse spore assemblage 
with Dictyotriletes sp. and Punctatisporites sp. indicating an Early Carboniferous age, and a 
conodont fauna with rare ostracods and fish remains indicating a late Famennian (doVI) age 
(significant species listed include Spatlwgnatlwdus stabilis and S. cf. wernerz). The spore 
assemblage could be due to caving, and on the conodont evidence we regard this horizon as latest 
Devonian, but possibly straddling the DIC boundary. 
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late Famennian 

Remarks: A SWC from the upper horizon provided only two spore specimens, one being 
identified in Dolby et al. (1973) as Spelaeotriletes /epidophytus (Kedo), now the nominate species 
of the Retispora lepidophyta Zone of Playford (1976). Cuttings from the lower horizon yielded 
spore species also belonging to the Retispora lepidophyta Zone. 

1320m Lulugui Formation late Famennian 

Remarks: This horizon, not mentioned in the original well completion report, contains abundant 
ostracods, mainly steinkerns. Taxa identified belong to the genera Cavellina, Knoxiella, 
Shishaella electa, and one specimen of Tulenia sp. (previously reported as Coeloenellina cf. 
fabi/ormis in Jones, 1968) all typical of the latest Devonian (,Strunian') in the Canning Basin. 

1391 
1425 
1480.5 
1500 
1560 
1620 
1716 
1798 
1876 
1890 
1950 
2070 
2201.5 
2238 
2319 
2370 
2372m LuluguilClanmeyer L.Famennian 

Remarks: SWC's from 1391, 1480.5, 1560, 1716, 1798, 1876,2070,2201.5,2238, 2319,2370 
and 2372 m levels contain palynomorph assemblages including Retispora lepidophyta (Foster & 
Jones, in prep.). These include the assemblages from some of these horizons originally listed by 
Dolby et al. (1973) which are all now referable to the Retispora lepidophyta Zone of Playford 
(1976). At 1500 m cuttings yielded a conodont assemblage with bryozoans, crinoids, fish remains 
and ostracods, not age diagnostic within the Famennian. The 1890 and 1950 m level contain 
ostracods, not mentioned by Osborne & O'Shaughnessy (1973), which are consistent with the late 
Famennian age. Cuttings from 1425, 1500, and 1620 m levels have yielded indeterminate 
conodont fragments or elements (0. Klapper, pers. comm. 1992). 

2385 m M.Famennian 

Remarks: As noted by Jones & Young (1992), Mimosa 1 was drilled to evaluate the reservoir 

- AUSTRALIAN GEOLOGICAL SURVEY ORGANISATION -



44 

potential below a suspected unconfonnity marked by a deep seismic reflector at 2743 m, which 
after drilling was assumed to lie at 2376 m, beneath the lowest identified level of R. lepidophyta 
at 2372 m, and above a supposed late Frasnian conodont fauna at 2400 m. On the 
palaeontological evidence a hiatus was inferred by Osborne & O'Shaughnessy (1973), which 
represented the whole of the Famennian older than the lepidophyta Zone. New evidence is 
provided by abundant ostracods retrieved from 2385 m. and not recorded by Osborne & 
O'Shaughnessy (1973), which indicate a mid Famennian age, even though they are beneath the 
supposed unconformity at 2376 m. The fauna consists mainly of poorly preserved 
kloedenellaceans, and some bairdiaceans. However, two specimens of entomozoaceans are 
sufficiently preserved to be determined (by P.J.Jones) as Richterina (Richterina) eocostata Wang, 
1983. This species is the nominate species of the eocostata Zone, which is present in the middle 
Famennian of South China (Groos-Uffenorde & Wang, 1989). In tenus of the conodont zonation, 
the eocostata Zone ranges from the Uppermost marginifera Zone to the Lower postera Zone (Fig. 
7). 

2400 
2426·34 m ?FrasnianlFamennian 

Remarks: From the 2400 m level McTavish (in Dolby et af. 1973) identified the conodonts 
Icriodus alternatus, ?Palmatolepis subrecta, Polygnathus decorosus, and Belodella sp. from 
cuttings, which he regarded as Late Devonian (late Frasnian - probably doy) in age. Re
examination of the original slide (by R.S. Nicoll) did not conf'rrm these determinations (Foster 
& Jones in prep.), but (G. Klapper, pers. comm. 1992) has identified Palmatolepis and 
Ancyrodella (both species indeterminate), which nevertheless indicate a Frasnian age. 

Dolby et al. (1973) also reported on three samples taken from core 1 (2426,31, 34 m) yielding 
rich spore assemblages, but extremely poorly preserved, which they determined as pre- do VI in 
age (in present day tenns, older than the Retispora /epidophyta Zone). The material from the 
2426 m level has been reexamined, but is indetenninate (Foster & Jones, in prep.). 

2451 m Frasnian 

Remarks: A 'core slice' taken at 2451 m yielded a rich palynoflora listed by Dolby et al. (1973), 
which on the presence of Archaeoperisaccus sp. was determined as Frasnian rather 
than an early Famennian in age. This form is not known to occur in post-Frasnian strata in 
Australia (B. Balme, pers.comm.), and on the basis of late Givetian ostracods from 3570 m (see 
below), this level is interpreted as Frasnian in age (Foster & Jones, in prep.). 

2631 
2745 
2760m ?Frasnian 

Remarks: These three fossilisiferous horizons are attributed to downhole contamination. 
Retispora lepidophyta, which would indicate a late Famennian age, is represented by a few 
crushed specimens supposedly from a SWC at 2631 m, and in cuttings from 2745 m, but neither 
is considered reliable (Foster & Jones, in prep.). Cuttings from the 2760 m level contain a late 
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Famennian or younger ostracod, which is also attributed to downhole contamination (caliper logs 
confmn the strong likelihood of contamination). 

3570m M.Devonian (?late Givetian) 
Remarks: A single entomozoacean ostracod detennined from cuttings taken at this depth 
indicates the torleyi Zone, of late Givetian-earliest Frasnian age in Germany and South China 
(Groos-Uffenorde & Wang, 1989). In terms of the conodont zonation, this zone ranges from 
within the Upper hermanni-cristatus Zone to within the Lower asymmetricus Zone (Fig. 7). 

3600 
3660 
3955 
4108- 4117 m ?Givetian 

Remarks: Cuttings from 3600 and 3660 m contain small numbers of ostracods apparently 
indicating younger ages (Foster & Jones, in prep.), and therefore considered due to 
contamination. Indeterminate Devonian spores were obtained from a SWC at 3955 m (Foster & 
Jones, in prep.). 

A palynomorph assemblage from core 3 (4112.4-113.2 m level) was listed by Dolby et al. (1973) 
to contain Archaeoperisaccus sp. and Ancyrospora sp., and assessed as 'possibly mid-Frasnian' 
in age. Re-examination confirms the presence of Ancyrospora (relatively common) and absence 
of Geminospora lemurata, but 'Archaeoperisaccus' could not be found (Foster & Jones, in prep.). 
A Givetian age is not inconsistent with ranges shown on the Devonian chart of Young (1989) 
and is required by the new ostracod evidence from 3570 m listed above. 

A sample of calcareous clasts taken from core 3 (4108-4117m) was reported to contain various 
corals and stromatoporoids suggestive of the Pillara Limestone or its equivalents, but the 
inference that the clasts may be significantly older than the surrounding sandstone at this level 
is no longer supported by the biostratigraphic evidence. 
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