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Eight biostratigraphie intcrvals are defined by the presenec of foraminiferal index taxa in
the Denison Trough lithostratigraphy. They are used to corrclatc 14 boreholes drilled in the
flanks and periphery of the Springsurc and Consuclo anticlines. The correlation is perfonmed
between intervals which contain the index taxon and/or the key specics associaled. A specics
diversity diagram caleulated in threc sequences shows diversity peaks here interpreted as
indicating climatic ameliorations, They correspond to the Pseudonadosaria serocoldensis Zone
contained in the upper Sirius Member of the Caule Creck Fonnation, Late Arinskian—Early
Kunguran in age; to the Pseudonodosaria borealis-Hillella marginodentata Zone, contained in
the Upper Ingelara-Catherine Sandstone Formations, of Kazanian age: and to the Lunucammina
maior Zone contained in 1he Catherine Sandstone-Lower Peawaddy Formations of Late
Kazanian-Midian age. The diachroneity shown through the biostratigraphic and lithostratigraphic

correlation is not considered to unrcasonably affect the chronological outcome.

RESULTS of research on Permian smaller fora-
minifera conducted in the Geological Survey of
Quecnsland since the 1970s werc published in the
last decades (Palmieri 1983, 1988, 1990, 1994;
Foster et al. 1985; Draper et al. 1990; Palmieri
et al. 1994). This paper complements the illustrative
work (Palmieri 1994) and constitutes the revised
framework for the distribution of thc Denison
Trough foraminifers. The tentative corrclation with
the Novaya Zemlya Gusinozemelian Suite of
Ufimian-Kazanian age (Kalashnikov et al. 1981)
given in Palmieri (1983: fig. 4) is here revised
after the recognition of Pseudonodosaria borealis
Gerke and 12 other nodosariid species of foramini-
fera of Kazanian age in sediments of the Ingelara
Formation, previously thought as corrclatablc with
the Ufimian. Similarly index species names pre-
viously given by the author (Palmieri 1990; Draper
et al. 1990) are here emended in agreement with
the subsequent nomenclatorial work.

In the absence of fusulinid foraminifers the
biostratigraphic value of the smaller Permian
foraminifers of the Denison Trough was determined
independently. 1t was then related, by recognition
of affinity with or identity to foraminiferal species
ranges, lo stratigraphie schemes from other
Permian basins of Australia. It is worth mentioning
here the monograph on Permian Foraminifera of
Tasmania (Conkin & Conkin 1993) which confirms,
cnlarges and refines their stratigraphic distribution.
According to this study, in the opinion of the
writer, in Tasmania the Malbina and Fern Tree
Formations contain foraminifers similar to some

respectively found in the Freitag and Ingelara
Formations; thc Berricdale and Mersey Formations
contain foraminifers similar to those found in the
Cattle Creek Formation; the Golden Valley Group
and Darlington Limestone Formation contain fora-
minifers similar to those found in the Fossil Cliff
Formation (Perth Basin); the Callytharra Formation
(Carnarvon Basin); and the Nura Nura Formation
(Canning Basin); and finally the Quamby Mudstone
contains foraminifers similar to thosc found in
parts of the Holmwood Shale (Perth Basin); the
Carandibby and Nangctty Glacial Formation
(Carnarvon Basin); and the Grant Group (Canning
Basin), Western Australia. In the management of
Australian Permian smaller foraminifers particular
importance is also given to the results of fora-
miniferal research in the Early Permian ‘arctic’
basins: the Canadian Sverdrup Basin in Mamet &
Pinard (1992); the Norwcgian Barents Sca Basin
in Groves & Wahlman (1997); and in the Late
Permian Russian platform and trans-Caucasian
arcas (Pronina 1988, 1994, 1996). In other words
it is implied here that cven if constrained by a
gencrally colder climate the rate of evolution of
certain smaller foraminifers of Australia may have
been comparable with the rate evolution of similar
smallcr foraminiferal faunas from the Borcal and
Paratcthyan regions. For the purpose of this paper
and also because thcy wcre found to contain the
foraminifers here discussed, only samples belonging
to selected fully cored borcholes drilled by the
Queensland Department of Mincs are here con-
sidered. These borcholes, located on a broken
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FORAMINIFERA ZONATION IN THE PERMIAN STRATIGRAPHY OF THE DENISON TROUGH

line, SSE-NNW directed and about 250 km
long (Fig. 1), are: GSQ Taroom 11-11A; GSQ
Eddystone 1; GSQ Taroom 10; GSQ Eddystone 4;
GSQ Eddystone 5; GSQ Springsure 2, 3; GSQ
Springsure 11, 12; GSQ Springsure 10; GSQ
Springsure 6-9; GSQ Springsure 19; and GSQ
Springsure 18, Stratigraphic drilling data and
references are reported in Noon & Coote (1983).
The Hithostratigraphic  boundaries adopted are
those reported in Gray (1976, 1980) and those in
Balfe (1982) with some modification in the Cattle
Creek Formation. As a provisional, working strati-
graphic scheme for the Denison Trough the one
reported in Roberts et al. (1996) is used here
(Fig. 2). A graphic correlation of the borcholes
based on formations and on foraminiferal zones is
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type section may not contain the index taxon
and in that case other key species have supported
the correlation.

BIOSTRATIGRAPHY

This is a local biostratigraphic zonation based,
where feasible, on first occurrence, in stratigraphic
but not neceessarily continuous order, of index
species of foraminifers, usually sclected among
calcarcous hyaline tests. Where these are not avail-
able, as for instance in Early Permian sequences,
local range of sclected agglutinating foraminifers
are considered, as the final aim is to establish
a local, workable chronostratigraphic scale. First

given respectively in Figs 3 and 4. It is to be
noted that the zonal intervals correlated with the  and/or last appearance of index species gives then,
1 BIOSTRAT. UNITS SYs- STAGES LITHOSTRAT. UNITS
MA [AFP FORAMINIFERS TEM : b
245 06 R
Zso| 05 TATARIAN BLACK ALLEY SHALE
04 GGG A — A AN PH
5 L_maior . —_— PEAWADDY FORMATION
gg P. borealis/H. marginodentata :‘é KAZANIAN CANER SR = INGELARA FORMATION
o1 | A. conrugarus 7 = FREITAG FORMATION .~
______ - & ——
~ a. ~
3 P = —
- = - - UPPER
260 |4 _ - UFIMIAN - ALDEBARAN
- - SANDSTONE
e ~
< —— — — — ] F— 1 — —— — — e — —
1 > ~ LOWER
~ ~- ALDEBARAN
>~ KUNGURIAN ™~ _ SANDSTONE
~
3 ~ ~
270 S ~
~ ~
3 ) et = - -t —-—_—_
P. serocaldensis = CATTLE CREEK
— & ARTINSKIAN FORMATION
P, radioston w
V[ H_rigida ;
H. woodwardi : REIDS DOME BEDS
280 Y — ] st | e—_——_——_——
2 SAKMARIAN
T, clivedi
|t
A. vonahensis ASSELIAN
es YV (O
300 J
Fig. 2. Stratigraphic scheme for the Permian of the Denison Trough (odified after Roberts et al. 1996).

Fig. 1. Locality map.
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in this context, zonal levels not neeessarily
isochronous. They are, however, illustrative of
environmental change. An example is given by
Ammodiscus corrugatus whose whercabouts may
be followed from the Freitag to the Peawaddy
Formations: it is, however, important in detecting
a shallow marginal marine environment of
deposition for a Late Permian formation.

A broad biostratigraphic scheme for stadial sub-
division is provided in Fig. S5: it is obvious that
the Asselian and Sakmarian ranges do not concern
the Denison Trough.

Figures 6-8 illustrate the diversity of the
foraminiferal faunas as number of species with
agglutinating, ealcareous hyaline and ecalearcous
imperforate per sample.

Finally, Figs 9-22 arc foraminifers range charts
for 14 of the 16 mentioned GSQ borcholes. These
foraminifers are stored in the GSQ Mierofossil
Collection.

V. PALMIERI

The index taxon is found in GSQ Springsure 9 g¢
171.6 m (31 m above the fresh water Reids Dome
Beds) in mudstones of the Mostyndale Member,
Cattle Creek Formation. Originally it was found
in the upper Fossil Cliff Formation, Perth Basip,
then in the upper Callytharra Formation, Camarvop
Basin, both of Late Sakmarian-Early Artinskian
age. In GSQ Springsure 9 the zone interval ig
about 80 m. The assemblage eomprises 25 species
of whiech 5 are calearcous and 20 agglutinating.
The caleareous Protonodosaria tereta, Earlandig
condoni are known from the late Sakmarian-carly
Artinskian of Western Australia. The zone may
represent sediments deposited following the firsg
sea ingression in the Denison Trough.

Key species.  Ammobaculites woolioughi, Hyper.
armnina elegantissima, Earlandia condoni, Progo-
nodosaria tereta.

Distribution.  GSQ Springsure 9: from 171.6 (o
99.4 m, type seection; GSQ Springsure 8: from
455.0 to 411.4 m; GSQ Eddystone 4: from 792.9

Howchinella woodwardi Zone
to 7249 m; GSQ Taroom 10: from 1080.9 o
Synonymy. Assemblage Zonc Al (Palmieri 1983). 10354 m.
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Fig. 5. Provisional biostratigraphic/evolutionary scheme for stadial subdivision from Assclian to Kazanian,
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Howchinella rigida Zone is found in GSQ Springsurc 8 between 424.3

and 396.5 m. Of particular importance is the only

Synonymy. Assemblage Zone A2 (Palmier 1983). presence of Hemigordius schlumbergeri in GSQ

Springsure 9 at 91.4 m and Meandrospira sp. at

The index taxon appears in GSQ Springsure 9 at 83.8 m. An Early Artinskian age is attributed to
99.4 m and is absent from 77.4 m. This interval this interval.
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Key species. Hemigordius schlumbergeri, Mean-
drospira sp., Nodosaria raggatti, Sacculinella
australae, Mooreinella recurvata.

Distribution. GSQ Springsure 9: from 99.4 to
77.4 m, type seection; GSQ Springsure 8: from
424.3 to 411.4 m; GSQ Springsure 7: from 411.4
to 361.6 m; GSQ Eddystone 4: from 7243 to

Pseudohyperammina radiostoma Zone

Synonymy. Assemblage Zone A3 (Palmieri 1983),
The index taxon appears in GSQ Springsure 7 gzt
356.5 m and continues until 288.3 m. The taxon,
which has its origin in the Carnarvon Basin Byro
Group, was found in the upper Holmwood Shales,

713.4 m; GSQ Taroom 10: from 10354 to Perth Basin, and the Noonkanbah Formation
961.2 m. Canning Basin, Western Australia. In the Denison
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Fig. 7. Foraminiferal diversity diagram for GSQ Springsure 2 and 3 (combined). Legend as per Fig. 6.
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Trough this zone assumes a biofacies aspcct and
the index acts as a local marker. An Artinskian
age is assigned to this zone. Pseudohyperammina
radiostoma is found, occasionally in abundance, in
mudstones of the Moorooloo Member of the Cattle
Creck Formation.

Key species. Mooreinella  bookeri, Thurammin-

oides sphaeroidalis.

Distribution.  GSQ Springsure 8: from 46.9 to
33.5 m; GSQ Springsure 7: from 356.5 to
288.3 m, type section; GSQ Eddystonc 4: at
713.4 m; GSQ Taroom: at 913.5 m (index taxon
not found).
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Pseudonodosaria serocoldensis Zone
Synonymy. Assemblage Zones A4 & A5 (Palmieri
1983).

The index taxon has its origin in the Sirius Member
of the Cattle Creek Formation. It was then found
in the latc Artinskian of all the other marine basins
of Australia exeept Tasmania, however a key
species of the zone (Dentalina grayi) is reported
from the Berricdale Limestones (Conkin & Conkin
1993: p. 23, pt. 6, fig. 17). A profound change
is manifested in or just before the zone with a
steady increase in the number of calcareous hyaline
foraminifers. Many appear for the first time
togcther with the index taxon.

Similar assemblages occur in the Late
Artinskian-Early  Kungurian of thc Westemn
Australia basins, i.e. in the Carynginia Formation
(Perth Basin), in the Byro Group (Carnarvon
Basin), and in the Noonkanbah Formation (Canning
Basin). In the Denison Trough the Pseudonodosaria
serocoldensis Zone is part of the Sirius Membcr
of the Cattle Creek Formation whcre it represents
a significant marine ingression and amclioration
of the elimate from cold to cold temperate. The
assigned age is late Artinskian to possibly early
Kungurian.

Key species. Dentalina grayi, Howclinella aulax,
H. costata, H. hillae, Ichthyolaria sutilis, Nodosaria
springsurensis.

Distribution.  GSQ Springsure 6: from 222.6 to
194.2 m, type section; GSQ Eddystone 4: from
654.7 to 612.8 m.

Ammodiscus corrugatus Zone

Synonymy. Assemblage Zone B (Palmieri 1983).
The zone occur in the Freitag and Ingelara For-
mations of Late Permian age. As stated above this
zone is facies controlled and is related to the estab-
lishment of agglutinating pioneering foraminifers
along with transgressional seas. The index taxon
was separated from the similar, but not identieal,
Ammodiscus oonaliensis of the earliest Permian of
Tasmania and South Australia where it may have
a similar environmental meaning in periglacial scas.
This index taxon has a major importance in the
Denison Trough because it initiates the access of
late Permian faunas from a southeastward direction.
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It is in faet often associated with Hyperammina
ef. hebdenensis, which, together with Glomospirella
nyei iteratively follows the sea ineursions to the
Northern Bowen Basin in the sediments of the
Blenhcim Formation. The zonec is recognised in
GSQ Springsure 3 from 256.0 to 227.6 m. In out-
crop reaches about 100 m in thickness in the
Freitag—Ingelara Formations seetion at Aldebaran
Creek (South Braneh) (Dickins & Malone 1973).
The zonc may cnecompass the Ufimian-Kazanian
age.

ef.

Key species. Hyperammina hebdenensis,

Glomospirella nyei.

Distribution.  GSQ Springsure 3: from 256.0 to
227.6 m, type scetion; GSQ Springsure 10: at

V. PALMIERI

Springsure 19: from 765.3 to 737.0 m; GSQ Eddy-
stone 5: from 760.3 to 754.1 m; GSQ Eddystone
1: from 789.7 to 786.4 m; GSQ Eddystone 4: from
215.9 to 213.6 m; GSQ Taroom 10: from 808.2
to 798.0 m; GSQ Taroom I1: from 2225 to
217.2 m. All intervals belong to the Ingelara
Formation.

Pseudonodosaria borealis—Hillella marginodentata
Zone

Synonymy. Assemblage Zone C1 (Palmieri 1983).
Pseudonodosaria minuta Zone (Palmieri 1990).
Hillella marginodentata Zone (Palmieri 1994).
Pseudonodosaria borealis Zone (Palmieri et al.

384.0 m; GSQ Springsure 18: at 499.7 m; GSQ 1994).
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The zone is defined by the interval between the
first occurrence of Psetfdonodosaria borealis and
the last occurrence of Hillella marginodenr{zra. The
index taxa appear in the same sample in GSQ
Taroom 10 in the Ingelara Formation at 798.0 m,
that is 10 m above the appearance of Ammodiscus
corrugaus in the same borchole, and Hillella
marginodenlala is absent above 750.0 m. The zone

was recognised in GSQ Springsure 3 between 227.6

cf.N.RAGGATT!

PSEUDONOODSARIA ANTIQUA
MOMWCMINELLA RIGIDA n.sp.
MYPERAMMINA ELEGANTISSIMA
PRDTONODDSARIA TERETA

AMMODISCUS MULTICINCTUS
GLOMDSPIRELLA sp.cf.G.UMBILICATA
MYPERAMMINA HEBOENENSIS

MYPERAMMINA FLETCHERI
SACCAMMINA sp.

HOWCHMINELLA WOOOWAROI
NOOOSARIA sp.

MYPERAMMINA FUSTA
THURAMMINA sp.
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and 150.4 m and in GSQ Springsure 18 between
483.7 and 448.3 m. In nearly all the other bore-
holes the zone is recognisable through the
associated assemblage if one or both the index
taxa are missing. The zone represents the first
means of biostratigraphic correlation with Kazanian
foraminifers faunas from the Russian Platform.
1t has no equivalent in Australia outside the Bowen
Basin perhaps with the ecxeeption of the fora-
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Fig. 10. Foraminifera distribution in GSQ Springsurc 8. Range-chart of presence/absence by lowest appearance.
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minifers faunas from the Kulnura Marine Tongue
of the Northem Sydney Basin. New nodosariid
and lagenid species make their first appearanee.
The zone represents in the type section of GSQ

Taroom 10 a suite of sediments deposited in
a
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Kazanian age. Generally the interval belongs g
the upper Ingelara Formation, however, it eneom.-
passes on the fringe of the Springsure Shelf
sediments which have been attributed (Gray 1976)
to the Catherine Sandstone. Where the Catheripe
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FORAMINIFERA ZONATION IN THE PERMIAN STRATIGRAPHY OF THE DENISON TROUGH

Sandstone does not exist it eontinues in the lower-
most Peawaddy Formation. Roberts et al. (1996)
assign an absolute age of 253.4 3.2 to a sample
taken at about 480 m in GSQ Springsurc 18.

Key species. Eocristellaria initialis, Howchinella
striatosulcata, Lingulinodosaria arctica, Nodosaria
draperi.

Distribution. GSQ Taroom 11: from 217.2 to
172.3 m; GSQ Taroom 10: from 798.0 to
750.9 m, type scetion; GSQ Eddystone 4: from
118.7 to 100.7 m; GSQ Eddystone 1: at 786.4 m;
GSQ Eddystone 5: at 745.8 m; GSQ Springsure
19: from 737.4 to 657.4 m; GSQ Springsure 18:
from 483.7 to 448.3 m; GSQ Springsure 10: from
384.0 to 373.9 m; GSQ Springsure 3: from 227.6
to 1504 m.
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185
Lunucanimina maior Zone

Synonymy. Assemblage Zone C2 (Palmieri 1983).
Lunucammina maioris Zone (Palmieri 1990).
Lunucammina maioris Zone (Draper et al. 1990).

The index taxon appears at 141.2 m in GSQ
Springsure 3 and becomes absent at 59.0 m. It
represents the continuity of iterative evolution of
foraminifers in the late Kazanian-Murgabian, with
the initial development of relatively larger lunu-
camminids possibly in response to shallowing of
marine waters and the incoming of restricted
conditions. The zone is represented in the Catherine
Sandstone and Peawaddy Formation. Particular
impontanee is given to the presence of the species
Pilarnmina sp., now under study by the author.
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Fig. 12. Foraminifera distribution in GSQ Springsure 6.
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186 V. PALMIERI

This speeies occurs in: GSQ Springsure 3 at  Formation); an outerop sample of the Flat Ty
59.0 m (lowermost Peawaddy Formation); GSQ Formation, southeast Bowen Basin, and of
Taroom 10 at 7349 m (lowermost Peawaddy Gigoomgan Limestone, Gympiec Basin.
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FORAMINIFERA ZONATION IN THE PERMIAN

Dentalina  habra,

species. Calvezina sp.,
incisa,

jepthyolaria  laevicostata,  Howchinella
pilaniming sp., Trochammina laevis.

pistribution.  GSQ Springsure 3: from 141.2 to
59,0 m, type scction; GSQ Springsure 2: at
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STRATIGRAPHY OF THE DENISON TROUGH 187

243.0 m; GSQ Springsure 10: from 242.1 to
145.0 m; GSQ Springsure 19: from 657.0 to
655.0 m; GSQ Eddystone 4: at 7344 m; GSQ
Eddystone 1: from 774.2 to 759.0 m; GSQ Eddy-
stone 4: at 99.2 m; GSQ Taroom 10: at 734.9 m;
GSQ taroom 11: at 141.2 m.
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Fig. 14. Foraminifera distribution in GSQ Springsure 2. Range-chart of presence/absence by lowest appearance.
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Howchinella mantuanensis Zone

Synonymy. Assemblage Zone C3 (Palmieri 1983).
The index taxon represent the last stage of the
evolutionary lincage of the howehinellid in the
Permian of Australia and it may feature a eertain
amount of endemism. Abundant Agatharmmina
pusilla and Cryptoseptida caseyi give affinity with
assoeiation of Midian age (Pronina 1988). The zone
include sediments of the Mantuan Productus Bed
and the very first glaueonitic sandy siltstone of the
Black Alley Shale. The latter rcpresents the last
stage of a shallow restriected marine environment
with the area subjected to uplift and consequent
ercation of a lacustrine environment.
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Key species. Agathammina pusilla, Cryptoseptig,
caseyi, Hemigordius harlioni, Maiclelina sp.,
Plummerinella sp.

Distribution. GSQ Springsure 2 from 1157 ,
114.3 m, type section.

CONCLUSION

Sediments drilled in the Denison Trough (a Sup.
Basin of the Bowen Basin) ean be subdivided ip
foraminiferal zones which serve o independem]y
correlate the stratigraphy of the borcholes. The
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Fig. 15. Foraminifera distribution in GSQ Springsure 10. Range-chart of presence/absence by lowest appearance.



FORAMINIFERA ZONATION IN THE PERMIAN STRATIGRAPHY OF THE DENISON TROUGH

amount of diachroncity pcrecived, which has to be
expected when considering the migration and the
sctilement of the fauna, docs not sccm to have
reached unreasonable proportion. This simple bio-
stratigraphic sehcme may work as a basis for
further and more rcfined rescarch, perhaps requiring
the establishiment of field stratigraphic sections for
multidisciplinary studies, including the corrclation
with eoeval section of thc Borcal Hemisphere. For
example, the record of the first occurrence of a
speeies of the genus Pilammina hese reportcd may
point to such achievement.

ACKNOWLEDGEMENTS

The writer wishes to gratcfully acknowledge the
assistancc  of Gerhardt Hofmann, Ceeil Murray
and John McKellar of the Qucensland Geological

189

REFERENCES

Bavri, P E., 1982, Permian stratigraphy of the Spring-
sure-Arcturus Down area. Queensland Government
Mining Journal 83: 133-159.

ConkiN, J. E. & ConkiN, B, M., 1993. Permian
Foraminifera of Tasmania. University of Louisville
Studies in Paleomology and Strasigraphy 21: 1-36.

DRrAPER, J. J., PALMIERL, V., PrICE, P. L., Briccs, D. J.
C. & ParrreYy, S. M., 1990. A biostratigraphic
framework for the Bowen Basin. In J. W, Beesion,
ed. Bowen Basin Symposium 1990: 26-35.

Foster, C. B., PALMIER], V. & FLEMING, P. J. G., 1985.
Plam microfossils, Foraminiferida and Ostracoda
from the Fossil Cliff Formation (Early Pernian,
Sakmarian), Perth Basin, Westem Australia. In
Stratigraphy, palacontology. malacology (papers in
honour of Dr Nell Ludbrook), J. M. Lindsay, ed.
South Australian Departnent of Mines and Energy.
Special Publications 5: 61-106.

Gray, A. R. G., 1976. Siratigraphic relationships of late
Palacozoic strata between Springsure and Jericho.
Queensland Government Mining Journal 77: 146~

Survey, and Clinton Foster of AGSO. 155.
0
- ]
4 a ~
a - )
o a z )
) - 0 w a ~ a
o) o J Z z 4 +
0 - - D = o o= c a
D0 ¥ wa ~ a 0w oo F . w -
A wa k IC - crYmaCaoua v z
C~=TITTQTCWOkFHFW~GTC +aWwnow~aon ~ 0 w
VOWOoLJIITCT IO ~CTII O ~J ~ k@O «0X
D>k M D0 WIHEKIO ~K =0 C oL ~ae k- + 0«
¥ Zw O~TIT®W 0L OKEO + & X Fm~waaozd
¢ J 10 ZF 0O~XZQTFO%O0Ow~DKALOL~T=D
0DQCULWDOID~~QCCOI~=0LW®0IU Jnacaguoecwd
ox 4 o zZ J a Wy aa -t
1QC =4 JlgaCaeCeadaCaaCE~aacooen «QCC
W OWwzZozZovWwudddddLIZE~Q ocazxJd
DI ~=Zw~ODZ J 4 J I I=~TEE¥OTTOO 4
0O ~2ZI T OO WWWWwwwWsEJdaasze-=e=ao T u
WWeXIIIwozZzzZZIZZZIXI0JllOoEEZIXIIZ
“~ = D E LT~k =mm@eem—nwdT>00ITTO0C L
00 aTALO~NITIIIIIINMTI>>D N NWOTIWTI
COXIWEe>>000000000WFEFFDOODL 40O
IroeoOsJXrJiIIIIIIILIITIZOOWO LI
IXIJ>TITO0OICO0O0O0000>0O0OU~000W=D0
CCVLIFFCOITITITIIIII ~wowqJ4ZZ0LEITIT
448.3 B et
[‘70'0 ] . . . . . . . (] . . . -l- . . . . . -II [‘70'0
479.6 l4796
483.7 . Y . . 483.7
ERRRENNNRRREREE 3.7

Fig. 16. Foraminifera disiribution in GSQ Springsure 8. Range-chant of presence/absence by lowest appearance.



190 V. PALMIERI

GraY, A. R. G, 1980. Stratigraphic relationships of KarLasnikov, N. V., Koropa, N. A., Macaror, K. K,

Permmian strata in the southern Denison Trough. MoLAN, V. A., MUROMSCEVA, V. A., SOSIPATROVA,
Queensland Government Mining Journal 81: 110- G. P, Ustrinsky, V. E., FeEporova, L. A. &
130. Yernik, G. E,, 1981, Permian deposits of Novaya
Groves, J. R, & Warman, G. P, 1997, Biostratigraphy Zemlya. Akad. Nauk. SSSR, Komi Filial Institut
and evolution of late Carboniferous and early Geologii, Leningrad, 1-152.
Permian smaller foraminifers from the Barents Sea  MAMET, B. & PINARD, S., 1990. Note sur la taxonomie
(offshore arctic Norway). Journal of Paleontology des petits foraminiferes du Paleozoique superieur.
71(5): 758-7179. Bulletin de la Societé belge de Geologie 99(3-4):
373-398.

a
.
a
] 6]
w -
(] o] )
- a - -
(1] o o} o
zn [ 0 o I
4] 1] W o (4] - 3
3 ~ z J J Ja . .
= lad [ ] w c J = [/} &) +
8] '4 C Z 2 O =~ 0w o w o . a u
r4 W J W - 0+ ocx ®n ¢ I - = T
- 0 I dZ T = - = C =~ - 00 8} n c
030 ~ W OoWwIZXCIXxJrad ¢ g = hel
- 0O+ 2 02 > ~ C ~ 0 = v .Q~232 0
Lo B U I ) 400 Z . J ¥ 0kFQCC 0w oowo .
- Jd0 W T JF OV ~=QC® ¢ Z a
A =-L®WAaALIOQCU=~CHUINLE Z C 02 aJn 4]
I Zz C ® o J 14 CqC=~aCduu W
Ca « JcCcccacevwJdJddICTCr «Q
WOwZOCZTZOWZJIIIIw~ 0O J JuuwzZZe—~QnzIx
32 =0 Z === JJJraccoWwwoeaae—=e=4JJHun -
0Oo0oX «~ L T 0= I WWuwuwedagewoOikr k- ~ I I 2 I
WOwIXIIIOLLEIrZZZJEZEEZLXIIOXTI
= CCLTCC~NCU~~="0D0DQCOoOUWWNCTCCTCCTC
Co0oXICICOOEK~III>®NWNOD>0IAMIMOITI
cowWLOOWOIWKOOOFODIOOIL®L>OVOLRO
I I2000LIOCQLOIXITIXTIIIOWIIOOJLOTIOO
II>WaCE>IXIJ>o0000000IT WO I W
CCI OV FICLIWIII~ZLICCULESF OO~
503.0 R R A IR LS
513.8 - I SR SE -
513'9 . . . . . . . . . . . . . . . . . . . . . . . . 513'9
514.6 ¢« e et e e e e C e e e e e e « e e e . . 5l4.6
572.0 I I - T4 2
605.0 B I © ¢« 4 4 4 4 v e e 4 e e e« e .. b605.0
610.3 l . l ¢ 4 4 ¢ 4 s & s ¢ 4 4 4 4 4 e s s 4 e s e 4 . 610.3
613.0 e e e e e e e e 4 4 4 e e e e e e e e e . . 613.0
654.4 J IEEEEECEEEREREPER IR B § SRR
655.0 1 IR .
657.0

C e e e e e e e e I . I « o« . 655.0
- ! . . . . . . . . . . . . . . . . . 657.0
657.4 l I l l l

737.0 R M B R
Y BUDREN | SELEEL L F e
1131.2 ....I.I...................1131.2
1198 0 JRURERR e e

Fig. 17. Foraminifera distribution in GSQ Springsure 19. Range-chart of presence/absence by lowest appearance.



FORAMINIFERA ZONATION IN THE PERMIAN STRATIGRAPHY OF THE DENISON TROUGH

Noon, T. A. & CooTg, S. M., 1983. Review of Depart-
mental  Stratigraphic  Drilling  in - Queensland,
Queensland Government Mining Journal 84: 417~
453.

PaLMIERI, V., 1983. Biostratigraphic appraisal of Permian
foraminifera from thc Denison Trough-Bowen
Basin (central Quecnsland). In Permian Geology
of Queensland, 139-154. Geological Society of
Australia, Qucensland Division, Brisbane,

PALMIERI, V., 1988. Globivalvulinid foraminifera from thie
Permian of Queensland. Alcheringa 12: 27-47.

PALMIERI, V., 1990. Permian foraminifera of Australia.
Geological Society of Australia Abstracts 25:
53-54.

PaLmMierl, V., 1994, Penmian foraminifera in the Bowen
Basin, Qucensland. Queensland Geology 6: 1-125.

PALMIER], V., FOSTER, C. B. & BONDAREVA, E. V., 1994,
First record of shared species of Latc Permian

191

small foraminiferids in Australia and Russia: time
correlation and plate reconstruction. AGSO Journal
of Australian Geology and Geophysics 15: 359-
365.

ProniNA, G. P, 1988, The late Permian smaller fora-
minifers of Transcaucasus. Revue de Paleobiologie
vol. spcc. Benthos *86: 89-96.

PronINa, G. P, 1994, Classification and Phylogeny of
the Order Hemigordiopsida (Foraminifcra). Pale-
ontological Journal 3: 13-24,

PrONINA, G. P., 1996. Foraminifera. In Upper Permian
Stratotypes and their Subdivisions, N. K. Esaulova
& V. R. Lozovsky, eds, Kazan State University
Publication, Kazan, 246-257. (In Russian.)

ROBERTS, J., CLAOUE-LONG, J. C. & FOSTER, C. B., 1996.
SHRIMP zircon dating of thc Permian Systcm of
castern Australia. Australian Journal of Earth
Sciences 43: 401421,

0]

- )]

U’) (]

z J

W awn

a 0D 0]

Jn " - 0 ~

0 w z o - J a

o n ~ a v a - -

0z 3 0 W e T w o~ 0

¢ W W w Tz - VI

n wz CI J~IT WaCaTowmwm=ztraa

20 W VOWEFOLOIDdI@OD~0O0GC I

a a = 0O J0D > Jwaoo

- o @M~ Wwuna W20 QCWIWw IO~

FewJd Y JWwwvwon L Z -~ 0«

~ ¢ I JOLOVLWOWOWIIDEK JCTaTIZX

zZ a w o -~ T o uweca a J

n ach C 0O~ - CnwaCJddacda

w oz wzz O~ CZO0ZWWwWadagz

IO~ I~ TZTJIJZrH0OwwZZ Jmwm

DOXFOI XIRHDIDNIOSXLIEWOEEUWTE

nZEIXr~WIIEIOEXXZXIOOZTI

~ 0 CoL~NEIdCEXZTCETCOQCrF~-C

oo WO ENKNCOTCLOI~®NIDO

OO Ww~OWLWOEOOL>DODOLOLOLDD

rwaegxtLaoOo0XTo0JdJwoda23Z

rFvM >wWwsE>»>X0IICOonmEaTTODD

COLIS>CIIZEFHTCOLEOLEOOTIUJ
734.4 l llll 734.4
745.8 . l....745-8
751"1 s 8 & @ . . l ------751"1
760'3 l-l- I l lll-l---l760'3
1220.6 . I.ll-lll--l--lll1220'6
1279.1 e e e e e e e e e e 1279.1

Fig. 18. Foraminifcra distribution in GSQ Eddystonc 5. Range-chart of prcscnce/absence by lowest appearance.



V. PALMIER!

192

SIY 3208 YIAUYSOOONOON3ISd
sds Y¥yId4dSOHON9

SISNINIOA3IH 30 UNIHHUaILAH
SNOILIN SNOSI0O0HHY
SITTYOI0HIYHAS SIOIONTIHHUANHL
BLY8TINONN YNIWHYBJdATIOL

SIN3IYT UNIWHUHOOAL

*ds S3I0IOHIOBHHJONdYH
Y1dg1S00 YITMINTHOMOH
Y1IYIN3I0OONIOdYH BIN3IIH
I143HOLINd UNIWHBAIdAH
SALONIDILINH SNOSIO0OHKHY
SITILAS YIAUYTIOAHLIHOT

I3AN Y3 YIJASOH0D
SALYONAA0D SNISIAOHKHY
IHLY3IH YININHOLIDIYD

1730 YAIdsSIyAN

sds YUNIWWBHOOJL

1023UMO00M YI3INIHOMOH

RYINY YININIHOMOH

W T ONMOMNOODOOMNMNNWODITUONNNOOW
NN AR IMANTMONG O M ®
OMNNMNOOHRHNNSTWOMOUNOOOOMmMT
VDO OUONNNRNNNNANNMNNNENSNNSNN~NODOO
I--n---l--n--
I--------- -
- - - - - - c c o+ v o+ s e = s .
s o o o o o o o - ° = = o = = & o =
I----I-n- s e = 8 @
e o e o o -IIE- - - - ° = = ° o =
-----I-I----
« o o ® s s ® o s o o - IHEB- - - = °= °*= -
e e s s e e e s o & e s o - HE- = - < -
n--n--n--I---
e e s & s s e e s s e o s+ .EE-EE- - °
-Pm- - - - -HEE- - - - -EE- - -
-c-------nl-
nl--------In
-------n-lnlc
e ® ® ®© = 8 ® & ® s @® s = ---I
--I---- -o-l
8/4823837900725/457006
ANNMAOOROIMANIMONGOM®
O NMNOODODAFANNITUONOUNODOOOMMN T
DO O ONNRKNRNNNNNKNMNNNMNNOOO

Fig. 19. Foraminifera distribution in GSQ Eddystone I. Range-chart of presence/absence by lowest appearanee.



FORAMINIFERA ZONATION IN THE PERMIAN STRATIGRAPHY OF THE DENISON TROUGH 193

PP N OO et D@D OO MOWNONe™
N N AN AN Ne BN ANB LN LTONNANO AN On NG N @
O MM O M D @ etV N O OAD A NNO RO @~
Ottt A NN N ) N OO O O OVO OO OO
SISNITTUILSNY SISJO0TVIILINL : B+ © ° ¢ o ¢ o o o o o = o 8 ® e o ° s & o s e = o o & o o & o
Thoucde FOTUM UNIWUNGUDANNT & . - ¢ - o o L L A L B R I
SITILNS YIWYIOANLNDT ¢ Bl ¢ ¢ ¢ = ¢ ¢ s o s s s o s = s e e oo e e s s e s
1 ¥IdUYND YINYSOOON : == - @ e e e o s @ o o o = e o - s o s s s e e e o o o o =
S1793¥08 YINUSOOONOONISY § BEEEEEER: - - - = © - - sttt e e e e e s s
YiYINIOONIOHNUN 6IIITVIN 8 « cHEEEe - * * * * % e e o = & s e o o o o v e e s e s e > o =
SNIIFLNIDDI SILIVNIVEOHHY : - - - - * * * ° o e o &t s s+ 8 e o 2 & = o = e s = o = o =
SIA3YT UNINNUNDONL 7 EEE- - - - CEEEC c s s s c et e e e s e e
Y11T0WNT YINUYIOANLNDL o LR cElle © ° o o+ - o & o o ¢ s s s e e s s s e = = = o
Y1YLS0D YITINININOK ¢ e o e o s o - * - - - o - o & o o o o 2 e e o e = e = e o =
I3AN Y38 I«4SONOTD : ® e ® = s s e & o o e o s e s = e s = = o o o
SALYDNYI SNISI0ONNY * e e e e o o cEEIc ¢+ ° s+ + + = & + o o o o v e s s e = o = o o =
SA1YDNSN0D SNDSI0O0MNY § - Emmmmmg - - EEE- - - - s oo s s s s e e e e e s o
SISNIIIUONYM 2D SILITNIYEOHHY ¥ e e e e ¢ CEEEEN- - * * ° * * c = & + 4 o o s o = e 2o+ = o =« .
SISHNINIOEIN 13 UNINNUYNIJLAN E BN - Y- - B -l - - ¢ =+ = = : e o s s s o o o + c o o = o cg
IAYHD UNITIWINIO : e e e s s s e o o s o o oW - * = * - ° o o o = o = o = = - = g
Y710 TNd UNINNUNDIOHL e e e e e e e e e e e SEE-EEe -+ - s - s s s e s - e e e g
SISN3I0T0D0¥3S YINUYSOOONOONISd ! “ e s e e e s s e e s s cEE-EE - v v o o s e = e = o o o = = &
SISNININNT YINYSOOONOLONG ! P T R I I A =3
SNININOY*D °3I3°ds ¥IIILNIATID YD . e s e s s s+ + e o » e e & & e * * 5 s s & & s s = 4 s s s = o
INLUIN YITIINNOLIDIWD ¢ e e e e = e e s o o o ¢ o o o - ° ¢+ s+ s o + s s e s o s o = g
YO1d4NIT YINUIOANLINDT # e cmEm- - - - - o KN | L
YAD11INY Y1NUSOOONOONISL ! L L I ] « e e e e .. o
SISNISNSONTSLS Y1sUSOOON ! L I I R « e e e e e e D
SIHYINONYINL UNINNUINNNT & C R T « e e e e .. 8
cde UNINNYIDUS H L L e e - e e - - 5
YITINGHY UNINNYDIUS ¥ A~~~ KN — L _8
UNOLSOIOUN YNINNUNILANOONISY & L D g
Y1YDINSOLYINLS YIIININIMON & B « e e e e e . ]
_z’dt YMIdSTuIN ! L e e e e e e . 2
tde vyldSiudn H LI R ] e e e o e s - 2]
19930 wal<451830 0 L e e e e e .. =%
SITYOI0HIYNAS SIOIONINNUANL & B0 - mommemm - - - - B LR
SISNINOCANUYNBUD UNINNULIITIIONISS ¥ L e e e e e e =
¥34SYENS KUNLOIY ! - - om- - - - - « e e e e .. E
SANTSSTLONMIN NUNJO3Y # L e v e e e e . S
Y1YANNDIIN YIIINIINOON ¥ L e e e e e e . é)o
143X00@ Y173IN1INOON * L L = P ) g
$30107708 YNIINATYNIEOTD & L L - P o
cde YUNINMULD3IIJOHILSIROTD ¥ L L . P <
BilYINOTI YIIINNOLLIDTND ¥ L I ] - e e e e e e °
ISNINDI0 YIIINN0LIDTuD ! e e e - - s s & s = g
SNOILIN SNDSIOONNY ! e - - - - o+ = - = 5
111900Yy WINYSOOON ! SO -EREE - - - - - - =z
10591000 YIIANINDINON | e R I E
YOIDId YIIINININON 8 e S S R o
KUINY YIIINININON & e - - - - - - - 3
YSNLA0EAS 33 UNINMUNIONL ¥ - e - M- - - - - - G}
T3AN "2 WIIINILSSOHOTD T CEUEENERESMEY - - - - - - o
“de S3ILITINIVAONNY : o - o OINTEEE - - ¢ - - - -
1L1uD0u¥ N33 -de yisysooON ! - - -m- - -EM- - - .5
S3010%1450H0TD YNITIILHINOUMY ¥ - D - - g - - =
IHMINONTIOON S$S31I9NJVB0ONNY : . e e o o o -EE: - - -g
INOONOD YIONUTNu2 ! - e e e e e e e o M- - 7
YIYTINONN YNINNUYGLATIOL : - T - - - - o
YIS0 YHIYNJSONNYSY 4 . cercse s e s oM g
SISNINIOBIH UNITHHUHILAH H [ -] | =~ IR | 2
TH3INILITNS UNIHNGUILAN & L] [———— — RN — KN ] §
SALONIDILINN SADSTOOMHY &  Dommm - - - S - W - 1 - remm————— - - T
L] E
H S
H I
: .
H <
: NRMNTeo Mt nYenrorsoenenanonewnn O
Segssfgdnsgngsnsingesadidigsgdidnd o«
Pt A M N NNCCN NI OOOOOOOORNNNNA~N~ND DO L




194

‘de UNINNGIIY
SISHIHYNLHYH YUII3IHIHONOH
‘de S3I0IONITAONYJIS
SISNIANSONIHDS YINSSOOON
SIT14NS YINYIOAHLIHDI
YiWITINSOLYINLS UIATNIHIHINON
IYINIH YITINIHONON
‘de yNITINL1N903
YSIONT UI13HIHIHOM
“)o-de YINIINIJISOHOD
UANISNG YHIUHJGEOHHYS O
de wIIaANI3INO0ON

“de YINUYSOOONOTINAWIT
YOIJdNIT YINYIOAHLINDI
UNILIUSSUYD YINUIOAHLHOI
SITVYILINI UlHdUYITNI3ILS1H203
SI0I0UIGSONOTD UYHITIILAINOHNY
SAJIMANIDDI SILITNIYBOHHY
SIT¥33¥08 YIHWYSOOOHOON3ISJ
11199998 YIHYSOOON
I1¥34UHO YIHYSOOOH
RKUYINY U IIIHIHIOMOH
YIYINIOOHIOHYH YINIANTIH
1AYH9 YHITIYIW3O0

YD IMIYHISIHIH UNIHHUIOUS
YLITNOdHI YINYIOAHLHOI
SISNINI0AIH “ IO YUNIHHUYNIIAH
I3AH YINAUILSOHOID
SNi1YONAIHOD SNISIVONHY
SITMYOI0AIYHCS SIOIOHINNUANKHL
SISHINIOE3IH YHIHHWAIAJIAH
YITININd UNINHUNDONL

1 de uUNIdSOHONYIAN

Y1 INdHY YHIHKWUYI2US

YW13¥31 YINYSO000ONOLOHd
SISNIHINYI YUIAUYSO00OHOL0dd
Y3L10dd YIII21AINOHLNO
I111Y09YY"H s D °de YIAYSOOON
SNIWIYHOY YAIJSOHOD

YINNIH YIONUYIIdu3

THAYIHW YIN3INNOLID WD
YiYONOTII UIIIHA0LID YD
SNLOHIDILINH SNDJSI00HHY
Y1IUINOHN YNIHHYJATIOL
SIAYINIONUYINL UNIHHUYINHAA
YUNISSIALHYOI3 UYHINNUNIJGAH
108YNO00H YI1IINIHIMOH
INOLINUN SNIOCHOODTIHIN
SHIAIANOY H¥I1ILAINIITIVD
IHONOHTI00N S311TNOYAOHKHY
“de UNINHUDIDUS

143X0008 YI13IHIIHNOO0H
TAIHNDLI N4 UNINHUNILAH

I3AN 3D Y31 4S0NOTD
SNOILIN SNISIQOHNY

YivwdII1aNn -9

"ds-u

ENrZSSCrESECEEEECSEECCSCEEAECCSCCOSECSSESESSEESEEEECSEEZOISSECECOCEEEEEIECEEREEEESESSREIEEZESESETIESER

686.9
734.9

e e« % 4 o e« « NN - ° cHEHE- - - <« o .
e o o o o ® e s s w o ® e o o o EE- - <+ .
© o o & & s & a @« @« a = @« o - §EE . e .
« s o s s s 8 e @ @« ® = o o o o pmm - - .
« o - DU+ - ° - ° ° ° o o = = . . .
e o 4 e« o o « s % e o e e s+ o o o o .
e« « o o s o s = 8 8 = @ o o S EEEe o o o
e o o o s o 8 « 8 8 @« @ a e« o <EE- - o =
« e o o o EEMe o e+ ° o o < + < -mEEe - - .
e o e & 2 & o e s e @« e e« @« = cPEENg - - -
« e e o s 8 8 8 8 + s a @ o o s o EEe o+ o
e o o o o ® a s e s s = ° e o o PENNE- - .
“ ® % s o s e a ° ® s ® e = = o NN - -
“ % s s o o o s s @« = ® o o o o o EE-e - -
“e o a s & & @ @@ ® = o o -EN-N- -E- -
c-------.---------.-.

- OO~
N O C O ANV M NNMTON v e e .
A T T
NOMNMNTN O O~MNMOOVDOOG— MO0 —~
NN O NP OO VA NMNNOUOD OO NN
NSNS ANNOOCGOOOOONO O et

V. PALMIERI

.

Foraminifera distribution in GSQ Taroom 10. Range-chart of presence/absence by lowest appearance.

Fig. 21.



195

FORAMINIFERA ZONATION IN THE PERMIAN STRATIGRAPHY OF THE DENISON TROUGH

SIN3YT UNIWHHUBHOONL

H1lYNAONN UNIHHUGATIOL
SI1TUY3308 UYIAYSOOONDOOISd
IH1IY3H UT3NAJ01I0YD
Y1lWINDOTI3 UII3INA0OLIDYD
SISNINIOBIH ‘IO UNIWNWUAIJAH

I1¥34UB0 UIAYSOOON
SINUTINONYINL UNIWHWUIANAT
Y1U3INSOLIBIARLS BITINIHIMOH
USIONI YI13INIHOMOH

KUTNY YIINIHOMOH
SITHUILINI HI¥YIIILSINOOI
1116998 YI1dUYSOOON
SITI1NS YUIAUIOAHLHOIL
UOIdHIT WUINYIO0OAHLHOI
1¥dYd YIIANIHOMOH
Y1Y1S02 UT1INIHIOMOH
BIUINIAONIONEBH $373771H
INIHOLINY UNIHHUAIJAH
I0¥YMO0OM HIIINIHOMOH
3UITIH UTIINIHOMOH

I3AN UTI3BIdSONDTD
SNLINITILTINKH SNOSIOOHKWY
SN1YONAADD SNISIOOHHY

NN OO NNNG0
N B NSO~
TN ONOO AN
o o NN
B -« - . e o
W - - e . . .
e Bl - o o
c o s - - -
c s cEEe - o+ -
e M- - -
cmm - -BE- -
- s opmM-WE- -
uuuuolu-
e+ o EEI-mEI- -
o NN - MM - W -
e e s s omm- -
- NI - OO - Dme -
- - - NN - RS -
s . BRI - DR -
Y O
- HN - DM - D -
e o o ENM- - -
KN KR REEE |
c - - - pmTmTey
NN -MM- - - DN
N - WS- BN - - B
- -3
NV O ONKNNG
~~® NSO NN
VO ND O~ N
—_ oo - NN

Foraminifera distribution in GSQ Taroom 11. Range-chart of presence/absence by lowest appearance.

Fig. 22.



