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Table 1
Individual Sample Summary – Flaxmans-1. 

Figure 1

Cretaceous Zonation used herein (adapted from Morgan, 2001)


Figure 2
Comparison of Zonations of Morgan (1992, 2001, herein) and Partridge (1998).  Lithostratigraphy from Partridge (1998)

APPENDIX 1 : Species distribution chart

1
SUMMARY

This sample set includes some samples clearly out of order.  Most samples appear to be in order and on depth.  The out of order samples may be from rubble on the top of the cores as suggested by Partridge (1997), or from core mistakenly placed back into the wrong core box.  The assemblages are too clean to be mud cake.  As studied, the results are as below.

1944.62 m (6375’-6380’) core 17 – 1946.15 m (6380’-6385’) core 17 : O. porifera Zone, upper subzone : Santonian : mid Belfast equivalent

[2008.6-11.7 m cutts) : C. striatoconus Zone in Partridge (1997)]

2018.08 m (6616’-6621’) core 19 – 2019.60 m (6616’-6626’) core 18 : very lean P. infusorioides Zone, upper subzone : Turonian : upper Flaxman equivalent

2021.43 m (6626’-6632’) core 20 : N. aceras Zone, lower subzone : early Campanian : usually basal Skull Creek Mudstone, possibly rubble on top of core

2022.65 m (6626’-6636’) core 20 – 2030.88 m (6663’) core ?20 : P. infusorioides Zone, upper c subzone : Turonian : upper Flaxman equivalent

2084.22 m (6832’-6838’) core 21 : I. cretaceum Zone, upper b subzone : Santonian : usually Nullaware Greensand and equivalents, presumed to be rubble

2094.89 m (6871’-6873’) core 22 : N. aceras Zone, middle subzone : Campanian : usually Skull Creek Mudstone, presumed to be rubble 

2103.72 m (6882’-6902’) core 24 : I. cretaceum Zone, lower a subzone : Santonian : usually Belfast Mudstone, presumed to be rubble

2107.07 m (6902’-6913’) core 25 – 2107.08 m (6902’-6913’) core 25 : P. infusorioides, upper aii subzone : Turonian : lower Flaxman equivalent, possibly slightly caved rubble

2128.30 m (6982’6”-6982’7”) core 26 : P. infusorioides, middle a subzone : Turonian : Waare C equivalent

2129.06 m (6985’0”– 6985’1”) core 26 – 2133.60 m (6999’10”-7000’) core 26 : extremely lean and indeterminate

2196.99 m (7204’– 7208’) core 27 – 2197.00 m (7204’-7208’) core 27 : P. infusorioides, lower b subzone : Turonian : Waare B equivalent

2220.65 m (7220’) core 27 – 2283.87 m (7473’-7493’) core 28 : P. infusorioides Zone, lower a subzone : Cenomanian : Waare A equivalents, bottom sample possibly caved rubble on Eumeralla Formation

2
INTRODUCTION

The extensive sample suites studied in the Thylacine-Geographe wells have produced a much improved Late Cretaceous Otway Basin palynology zonation, as summarised in Figure 1 from Morgan (2002) within the framework of Helby, Morgan and Partridge (1987).  As part of an Otway Basin review, Geoscience Australia supplied 24 processed samples for a blind study, numered in depth  order but not identified by well or depth.  After preliminary results, well name and depths were supplied for this report.  The study was supervised by Eric Monteil.  Where multiple samples were taken and given the sample depth range in feet, metric conversions depths of the base of the listed depth interval have been adjusted by 1cm to preserve the depth order on the charts and figures.  Samples are listed and discussed only by this metric conversion of the base of the cored interval.  Figure 2 compares the new zonation with that of Partridge (1998) and the lithostratigraphy of Partridge (1998, 2001).  Table 1 summarises the palynological details of the new microscope examination.  The well was last studied by Partridge (1997).

All informal species names are shown in quotation marks.  Names are given in full when first mentioned in the text, but only the genus initial and full species name is given when subsequently mentioned.

Raw palynological data are included in Appendix 1.  The data are based on a 100 specimen count from which an indication of marine microplankton to terrestrial palynomorph proportions can be derived.  The microplankton percentages are listed in Table 1, which also summarizes other palynological details.  Environmental assessments are derived from the palynomorph counts using content and diversity of saline taxa (dinoflagellates and spiny acritarchs), other microplankton (mostly freshwater algae), and terrestrial spores and pollen.  The criteria for these assessments are defined in Table 1.  However, dinoflagellate content and diversity in the Otway Basin are lower than might be expected from other data sources, especially sedimentology in the offshore marine shales.  It may be that dinoflagellate productivity is suppressed by lowered salinity or restricted oceanic circulation caused by the enclosed nature of a long narrow marine gulf.  Environments interpreted here may therefore underestimate marine influence in this section with environments really being more marine than interpreted here.  In running text, frequency of taxa is discussed in the following intervals:  Very rare = <1%, Rare = 1-3%, Frequent = 4-10%, Common = 11-29%, Abundant = 30-49%, Super-abundant = 50-100%.
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3
PALYNOSTRATIGRAPHY

3.1
1944.6 m (6375’-6380’) core 17 – 1946.15 m (6380’-6385’) core 17 : O. porifera Zone, upper subzone

Assignment is indicated by the presence of Isabelidinium rectangulare ”rectangulare” and Odontochitina porifera without younger markers.  Common are Heterosphaeridium spp. with frequent Isabelidinium rectangulare “contractum”.  Rare elements include Aptea “gigantis”, Chatangiella victoriensis, I. rectangulare “diversum”, Odontochitina cribropoda and Trithyrodinium “marshallii” as well as the taxa mentioned above.  Very rare Aptea cf. griphus is considered reworked.  Amospollis cruciformis is frequent to common.

Spores and pollen are abundant and diverse with common Cyathidites minor and Falcisporites similis and frequent Dilwynites “pusillum”, Microcachryidites antarcticus and Vitreisporites pallidus.  Rare elements include Camarozonosporites ohaiensis, Phyllocladidites mawsonii and Proteacidites spp.  These features plus the frequent to common A. cruciformis, indicate the T. apoxyexinus Zone, lower subzone sensu Morgan.

Intermediate (shelfal) marine environments are indicated by subequal proportions of terrestrial spores and pollen and saline dinoflagellates and acritarchs.

These features are usually seen in the Belfast Formation and equivalents.  This sample is consistent with core 17 in Partridge (1977).  Partridge (1977) recorded the C. striatoconus Zone from 2008.6-11.7 m (cutts), usually seen in the Belfast Formation, but this might be caved slightly from between the cores.

3.2
2018.08 (6616’-6621’) core 19 – 2019.60 m (6616’-6626’) core 18 : very lean P. infusorioides Zone, upper subzone

These samples are extremely lean presumably from sandy lithologies, but are assigned on the consistent presence of Kiokansium polypes and a single A. cf. griphus, without other markers.  Spiniferites ramosus is the most numerous, with Circulodinium spp. and Heterosphaeridium spp. also numerous.  Rare elements include K. polypes, A. cf. griphus and Chlamydophorella nyei.

Spores and pollen are very minor and not zone diagnostic.

Environments are marine based on the presence of dinoflagellates, but too few palynomorphs were seen for more accurate environmental assessment.

This subzone is usually seen in the upper Flaxman Formation (Banoon Sand Member of Partridge 2001) and equivalents.  The assignment is consistent with that of Partridge (1997).

3.3
2021.43 m (6626’-6632’) core 20 : N. aceras Zone, lower subzone

Assignment is indicated by Nelsoniella aceras with very common Heterosphaeridium “solida”.  Very common is H. “solida” with frequent Palaeohystrichophora infusorioides.  Consistent are O. cribropoda and O. porifera.  Rare elements include Canningia rotundata, Maduradinium pentagonum, N. aceras, Odontochitina “obesa” and T. “marshallii”.  A. cruciformis is absent.

Spores and pollen are abundant with common F. similis and frequent C. minor, D. “pusillum”, M. antarcticus and V. pallidus.  Rare elements include P. mawsonii.  These features and the absence of A. cruciformis are consistent with the T. apoxyexinus Zone, upper subzone.

Environments are intermediate (shelfal) marine based on subequal proportions of moderately diverse terrestrial spores and pollen and moderately diverse marine microplankton.

This subunit is usually seen in the basal Skull Creek Mudstone and so is here considered out of place probably from rubble on top of the core.  The other samples from the same core and discussed below are considered in place and are consistent with Partridge (1997).

3.4
2022.65 m (6626’-6636’) core 20 – 2030.88 m (6663’) core ?20 : P. infusorioides Zone, upper c subzone

Assignment is indicated by Aptea cf. griphus (frequent to common) and K. polypes (consistent), without older markers.  Common is A. cf. griphus (2030.88 m) with frequent Heterosphaeridium heterocanthum, S. ramosus, Nummus spp. and P. infusorioides.  Rare elements include Dinogymnium acuminatum, K. polypes and O. operculata.  A. cruciformis is frequent.

Spores and pollen are dominant with common Cupressiacites spp., D. “pusillum”, Dilwynites granulatus and M. antarcticus and frequent C. minor, F. similis and O. wellmanii.  Rare elements include Balmeisporites holodictyus and P. mawsonii.  These features are consistent with the T. apoxyexinus Zone, lower subzone.

Intermediate (shelfal) marine environments are indicated by the subequal proportions of terrestrial spores and pollen and saline dinoflagellates and acritarchs.

This subzone is usually seen in the upper Flaxman Formation and equivalents.  Assignment is consistent with Partridge (1997).

3.5
2084.22 m (6832’-6838’) core 21 : I. cretaceum, upper b subzone

Assignment is indicated by Isabelidinium belfastense “belfastense” without older markers and supported by common H. “solida” and rare Trithyrodinium glabra.  Common is H. “solida” with frequent P. infusorioides.  Rare elements include C. rotundata, C. victoriensis, I. belfastense “belfastense”, O. cribropoda, O. porifera, Trithyrodinium “thick retic”, T. glabra and T. “marshallii”.  A. cruciformis is also rare.

Spores and pollen are abundant with common F. similis and frequent Araucariacites australis, C. minor, M. antarcticus and V. pallidus.  Rare elements include B. holodictyus, Proteacidites spp. and Peninsulapollis gillii.  These taxa with rare A. cruciformis indicate the T. apoxyexinus Zone, upper subzone.

Intermediate (shelfal) marine environments are indicated by the subequal proportions of terrestrial spores and pollen and saline dinoflagellates and acritarchs.

This subzone is normally seen in the Nullaware Greensand and equivalents and so is considered to be out of place.  Partridge (1997) considers the entire core to be caved rubble and discusses earlier records of the C. striatoconus Zone at this level, presumably from a different pebble amongst the rubble.

3.6
2094.89 m (6871’-6873’) core 22 : N. aceras Zone, middle subzone

Assignment is indicated by the presence of N. aceras with common (14%) H. “solida” and without older markers.  Common is H. “solida” with frequent H. heteracanthum and N. aceras.  Rare elements include Areosphaeridium suggestium, C. victoriensis, M. pentagonum, O. cribropoda, O. porifera, P. infusorioides and T. “marshallii”.  A. cruciformis is absent.

Spores and pollen are dominant with common F. similis and frequent C. minor, D. “pusillum”, M. antarcticus, Proteacidites spp. and V. pallidus.  Rare elements include Australopollis obscurus, Clavifera triplex, P. mawsonii, Tricolpites confessus and P. gillii.  These taxa with the absence of A. cruciformis, suggest the T. apoxyexinus Zone, upper subzone.  However, the N. senectus Zone, lower subzone might have been expected from the associated dinoflagellates.

Intermediate (shelfal) marine environments are indicated by the subequal proportions of terrestrial spores and pollen and saline dinoflagellates and acritarchs.

This subzone is usually seen in the Skull Creek Mudstone and correlative and so is considered out of place, presumably from rubble on the top of the core.  Partridge (1977) also records the N. aceras Zone at this level, which he considered rubble.  He also recorded a deeper P. infusorioides Zone assemblage from the same core, considered in place and in Partridge (2001) assigned it to his I. evexus subzone, typical of the upper Waare C Formation. 

3.7
2103.72 m (6882’-6902’) core 24 : I. cretaceum Zone, lower a subzone

Assignment is indicated on Isabelidinium cretaceum “cretaceum” without younger markers.  No dinoflagellates taxa are common, and frequent are H. “solida”, I. cretaceum “cretaceum”, O. porifera, S. ramosus, T. “thick retic” and T. “marshallii”.  Rare elements include M. pentagonum, O. “obesa”, P. infusorioides and Trithyrodinium suspectum.  A. cruciformis is absent.

Spores and pollen are abundant with common C. minor and F. similis and frequent D. granulatus and M. antarcticus.  Rare elements include C. ohaiensis, P. mawsonii and Proteacidites spp. which suggest the T. apoxyexinus Zone, middle subzone sensu Morgan.

Intermediate (shelfal) marine environments are indicated by the subequal proportions of terrestrial spores and pollen and saline dinoflagellates and acritarchs.

This subzone is usually seen in the Belfast Formation and so is considered out of place, presumably as rubble.  Partridge (1997) did not study this core.

3.8
2107.07 m (6902’-6913’) core 25 – 2107.08 m (6902’-6913’) core 25 : P. infusorioides Zone, upper aii subzone

Assignment is indicated by rare Aptea spp. especially Aptea sp. “spiny” and A. cf. griphus with fair dinoflagellate content but without other markers.  The marked influx of H. heteracanthum “short” was not seen, and so the assignment is of lowered confidence.  H. heteracanthum was frequent.  Rare elements include A. sp. “spiny”, A. cf. griphus, C. nyei, K. polypes, Nummus spp. and P. infusorioides.  A. cruciformis is common to abundant.  A single Cribroperidinium edwardsii at 2107.07 m is considered reworked.

Spores and pollen are slightly dominant with common F. similis and M. antarcticus and frequent Cupressiacites spp., D. “pusillum”, D. granulatus, O. wellmanii and V. pallidus.  Rare elements include Cicatricosisporites australiensis, C. triplex, Laevigatosporites “musa”, and P. mawsonii, which with abundant to common A. cruciformis, indicate the T. apoxyexinus Zone, lower subzone sensu Morgan.

Nearshore to intermediate marine environments are indicated by the slightly dominant spores and pollen, rare dinoflagellates and common to abundant saline acritarchs (A. cruciformis).

This subzone is usually seen in the lower Flaxman Formation.  Partridge (1997, 2001) assigned this core to his I. evexus subzone, and the Waare Formation.  The current samples might be out of place as slightly caved rubble on top of the core.

3.9
2128.30 m (6982’6”-6982’7”) core 26 : P. infusorioides Zone, middle a subzone

Assignment is indicated by very rare dinoflagellates but including Palaeoperidinium cretaceum without older markers.  Consistent are Oligosphaeridium complex and H. heteracanthum “short” with rare P. infusorioides and P. cretaceum.  A. cruciformis was absent.

Spores and pollen are dominant and include common F. similis with frequent A. australis, C. australis, D. granulatus, M. antarcticus and O. wellmanii.  Rare elements include Appendicisporites distocarinatus, C. australiensis, Hoegisporis “trinalis” and P. mawsonii.  These indicate the P. mawsonii Zone, lower subzone sensu Morgan.

Very nearshore marine environments are indicated by the minor low diversity dinoflagellates amongst the dominant and highly diverse spores and pollen.

This subzone is usually seen in the lower part of the Waare C Formation.  Partridge (1997) found this core to be barren and assigned it to the Waare Formation.

3.10
2129.06 m (6985’0”–6985’1”) core 26 – 2133.60 m (6999’10”-7000’) core 26 : extremely lean and indeterminate

These four samples all from the same core contain few recognisable palynomorphs, many of which are clearly caved (N. aceras, I. cretaceum at 2130.25 m, O. porifera, T. “marshallii” at 2133.60 m) and are presumed mud penetration of the sandy core.  Very rare dinoflagellates considered in place include Heterosphaeridium spp. and S. ramosus.

Spores and pollen are also rare and considered mostly caved.  Most frequent are C. minor, D. pusillum, F. similis and M. antarcticus.

Environments are unreliable with the obvious caving, but nearshore to very nearshore environments are suggested by the meagre assemblages seen.

These features are consistent with a near barren sandy Waare Formation.  Partridge (1997) found this core to be barren.

3.11
2196.99 m (7204’-7208’) core 27 – 2197.00 m (7204’-7208’) core 27 : P. infusorioides, lower b subzone

Assignment is indicated by the acme of Cribroperidinium edwardsii (2-3%).  Common is P. cretaceum with frequent C. edwardsii.  Rare elements include Nummus spp., Cyclonephelium compactum, O. operculata and Oligosphaeridium complex.  A. cruciformis is rare.

Spores and pollen are dominant and diverse with very common F. similis, common A. australis and frequent C. minor, D. granulatus and M. antarcticus.  Rare elements include H. “trinalis” and L. “musa”.  P. mawsonii was not seen and these features indicate assignment to the A. distocarinatus spore-pollen zone, sensu Morgan.

Nearshore marine environments are indicated by the dominant and diverse spores and pollen and less numerous low diversity microplankton.

This subzone represents a marine peak and is usually seen in the Waare B Formation.  This is consistent with Partridge (1997,2001).

3.12
2220.65 m (7200’-7220’) core 27 – 2283.87 m (7473’-7493’) core 28 : P. infusorioides Zone, lower a subzone

Assignment is indicated by consistent dinoflagellates to the interval base, below the C. edwardsii acme.  Consistent to common is P. cretaceum with other dinoflagellates rare including Cassiculosphaeridia reticulata, C. nyei, C. edwardsii, Cyclonephelium compactum, Nummus spp., O. operculata and S. ramosus.  A. cruciformis is very rare.

Spores and pollen and dominant and include common to abundant F. similis with common A. australis, C. minor, D. “pusillum”, D. granulatus, O. wellmanii and V. pallidus.  Rare elements include A. distocarinatus, H. “trinalis”, Phyllocladidites “eunuchus”, Triporoletes reticulatus and Trilobosporites trioreticulatus.  These taxa, without P. mawsonii, indicate the A. distocarinatus Zone.  Minor Permian and Triassic reworking were seen.

Nearshore to very nearshore marine environments are indicated by the dominant and diverse terrestrial spores and pollen, and the minor low diversity dinoflagellates.

These features are usually seen in the Waare A Formation and equivalents.  Partridge (1997,2001) found core 27 to be barren and did not study core 28 but assigned it to the Eumeralla Formation on the earlier work of Dettmann (1964) and Evans (1966).  The current sample might be from rubble on the top of the core.
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