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ENCLOSURE 1 : Species distribution charts

1
SUMMARY

1980 / 85 m (cutts) : N. senectus Zone, middle subzone (N. aceras Zone) : Campanian : marginal marine

2045 / 50 m (cutts) : N. senectus Zone, lower subzone (N. aceras Zone) : Campanian : nearshore marine

2135 / 40 m (cutts) : apparently N. senectus Zone, lower subzone (I. cretaceum Zone, upper “a” subzone) : Santonian : nearshore marine

2140 / 45 m (cutts) : T. apoxyexinus Zone, upper subzone (I. cretaceum Zone, upper subzone) : Santonian : shelfal marine

2
INTRODUCTION

The status of the Late Cretaceous Otway Basin palynology zones is discussed in Morgan (2002) and is summarised in Figure 1.  These zones are presented within the earlier framework of Helby, Morgan and Partridge (1987).  Lithostratigraphic framework and a comparison with the zonation of Partridge (1998) is shown in Figure 2.  As part of an Otway Basin review, Geoscience Australia supplied 4 cuttings samples for a blind study, identified by depth and sample type, but not identified by well.  After preliminary results, well identity was provided for this report.  The study was supervised by Eric Monteil.  Table 1 summarises the palynological details of the new microscope examination.

A total of 4 new cuttings sample has been studied from Normanby-1 for Geoscience Australia.  The results of the new sample is discussed in isolation in 3.  PALYNOSTRATIGRAPHY, and in context in 4.  INTEGRATION DISCUSSION.  The original palynology for the well completion report was by Morgan (1985).  The slide set was sent to BP but cannot now be located for restudy.

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 two versions of Appendix 1.  The data are based on a 100 and a 250+ 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.  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%.

TABLE 1

SUMMARY PALYNOLOGICAL DATA : NORMANBY-1

	DEPTH

(m)
	SAMPLE

TYPE
	AGE
	PERCENTAGE
	DIVERSITY *1
	SPORE-POLLEN

ZONE
	DINOFLAGELLATE ZONE
	ENVIRONMENT

*2

	
	
	
	FRESHWATER ALGE
	SALINE ACRITARCHS
	SALINE DINOCYSTS
	SPORE-POLLEN
	SALINE MICROPLANKTON
	SPORE- 

POLLEN
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	1980 / 85
	CUTTS
	CAMPANIAN
	8
	0
	4
	88
	LOW
	HIGH
	N. SENECTUS, MIDDLE
	N. ACERAS
	MARGINAL MARINE

	2045 / 50
	CUTTS
	CAMPANIAN
	2
	1
	10
	87
	MODERATE
	HIGH
	N. SENECTUS, LOWER
	N. ACERAS, UPPER
	NEARSHORE MARINE

	2135 / 40
	CUTTS
	SANTONIAN
	1
	0
	16
	83
	MODERATE
	HIGH
	APP. N. SENECTUS, LOWER
	I. CRETACEUM, UPPER A
	NEARSHORE MARINE

	2140 / 45
	CUTTS
	SANTONIAN
	2
	1
	34
	63
	MODERATE
	HIGH
	T. APOXYEXINUS, UPPER
	I. CRETACEUM, UPPER
	SHELFAL MARINE


	
	*1 DIVERSITY
	
	*2 ENVIRONMENTS
	SALINE MICROPLANKTON CONTENT %
	SALINE MICROPLANKTON DIVERSITY

	
	VERY HIGH
	30+ SPECIES
	
	OFFSHORE MARINE
	67 to 100
	VERY HIGH

	
	HIGH
	20-29 SPECIES
	
	SHELFAL MARINE
	34 to 66
	HIGH

	
	MODERATE
	10-19 SPECIES
	
	NEARSHORE MARINE
	11 to 33
	MODERATE

	
	LOW
	5-9 SPECIES
	
	VERY NEARSHORE MARINE
	5 to 10
	MODERATE-LOW

	
	EX LOW
	1-4 SPECIES
	
	MARGINAL MARINE
	<1 to 4
	LOW-VERY LOW

	
	
	
	
	BRACKISH
	LOW SALINE ACRITARCHS ONLY
	EXTREMELY LOW

	
	
	
	
	NON-MARINE (UNDIFF)
	NO SALINE MICROPLANKTON, LOW FRESHWATER ALGAE
	NIL

	
	
	
	
	NON-MARINE (LACUSTRINE)
	NO SALINE MICROPLANKTON, HIGH FRESHWATER ALGAE
	NIL


	WITHIN THE NON-MARINE SECTION, ENVIRONMENTS ARE RECOGNISED ON BINT AND HELBY (1988)

	CRITERIA, NAMELY

	FLUVIAL:
	LEAN, SANDY, SACCATES DOMINANT

	FLOODPLAIN:
	RICH, SACCATES DOMINANT, SPORES SUBORDINATE AND DIVERSE, NO OR

	
	VERY FEW FRESHWATER ALGAE

	SWAMP MARGIN:
	RICH, SACCATES AND SPORES CO-DOMINANT, SPORES VERY DIVERSE,

	
	MINOR FRESHWATER ALGAE <3%

	SWAMP:
	RICH, SPORES DOMINANT AND LOW DIVERSITY, MINOR FRESHWATER ALGAE <3%

	LACUSTRINE:
	RICH, FRESHWATER ALGAE 10%+, SACCATES USUALLY DOMINANT, SPORES

	
	SUBORDINATE WITH USUALLY MODERATE TO LOW DIVERSITY
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FIGURE 1

CRETACEOUS ZONATION USED HEREIN (Morgan 2002)
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3
PALYNOSTRATIGRAPHY

3.1
1980 / 85 m (cutts) : N. senectus Zone, middle subzone (N. aceras Zone)

Inertinite and probably lost circulation material (LCM) dominate the assemblage with useful palynomorphs rare.  Spore pollen subzone assignment is indicated by oldest Forcipites sabulosus without younger markers.  Common are Falcisporites similis and Microcachryidites antarcticus with frequent Cyathidites australis, Cyathidites minor, Dilwynites “pusillum”, Phyllocladidites mawsonii, Podosporites microsaccatus, Proteacidites spp. and Vitreisporites pallidus.  Rare elements inlcude Australopollis obscurus, Nothofagidites senectus and F. sabulosus.

Dinoflagellates are rare but include Nelsoniella aceras without younger markers, indicating the zone.  The absence of older markers suggests the upper subzone, but without continuous data, is very tentative.  Most numerous are consistent Heterosphaeridium spp.  Rare elements include N. aceras, Odontochitina cribropoda, Palaeohystrichophora infusorioides and Trithyrodinium “marshallii”.
Marginal marine environments are indicated by the very minor dinoflagellates amongst dominant and diverse spores and pollen.

3.2
2045 / 50 m (cutts) : N. senectus Zone, lower subzone (N. aceras Zone)

Assignment is indicated by Nothofagidites endurus considered in place without younger markers.  Common are F. similis and Proteacidites spp. with frequent C. minor, Dilwynites granulatus, D. “pusillum”, M. antarcticus, P. mawsonii and V. pallidus.  Rare elements include Clavifera triplex and N. endurus.

Dinoflagellates include N. aceras and Odontochitina “obesa” without older markers, suggesting the upper subzone.  However, without a full subzonal sequence subzonal assignment is tentative.  Frequent is Heterosphaeridium “solida”.  Rare elements include Maduradinium pentagonum, N. aceras, O. “obesa”, Odontochitina cribropoda, P. infusorioides and T. “marshallii”.

Nearshore marine environments are indicated by the dominant and diverse spores and pollen, and minor dinoflagellates.

3.3
2135 / 40m (cutts) : apparently N. senectus Zone, lower subzone (I. cretaceum Zone, upper “a” subzone)

Spore pollen assignment appears to be N. senectus Zone, lower subzone on oldest N. senectus without younger markers, but the dinoflagellate data suggest that a T. apoxyexinus Zone is more likely, with the N. senectus caved.  Common are F. similis and M. antarcticus with frequent C. australis, C. minor, D. “pusillum” and Proteacidites spp.  Rare elements include A. obscuris, Clavifera triplex and N. senectus.

Dinoflagellates are minor but include frequent Heterosphaeridium “solida” and rare Isabelidinium belfastense “belfastense” and I. belfastense “rotundata” indicating the assignment.  Other rare elements include Isabelidinium cretaceum “cretaceum”, Odontochitina porifera, Trithyrodinium glabra, T. “marshallii” and presumed caved N. aceras.

Nearshore marine environments are indicated by the dominant and hightly diverse spores and pollen and the minor moderately diverse dinoflagellates.

3.4
2140 / 45 m (cutts) : T. apoxyexinus Zone, upper subzone (I. cretacum Zone, upper subzone)

Assignment is indicated by frequent Proteacidites spp. without younger markers.  Common is F. similis with frequent C. triplex, C. australis, M. antarcticus, P. mawsonii and Proteacidites spp.   Rare elements include A. obscuris and Coptospora “pileosa”.

Dinoflagellates include rare I. belfastense “belfastense” indicating the zonal assignment.  Common is H. “solida” with frequent Odontochitina costata and Trithyrodinium glabra.  Rare elements include Heterosphaeridium cf. laterobrachius, I. belfastense “belfastense”, M. pentagonum, O. cribropoda and Trithyrodinium spp.  Rare N. aceras is considered caved.

Shelfal environments are indicated by the abundant and diverse dinoflagellate with the dominant and highly diverse spores and pollen

4
INTEGRATION DISCUSSION

The four new samples provide more detail than the original report, but the two sets of data compliment each other.

1980/85 m is assigned herein to the N. senectus, middle subzone and the N. aceras Zone.  Morgan (1995) assigned a cuttings sample at the same depth to the N. senectus Zone (and recorded N. senectus and F. sabulosus exactly as in the new data), but did not record N. aceras.  The new data thus provides better resolution and higher confidence.  However, key elements in both preparations could be caved in cuttings.

2045/50 m is assigned herein to the N. senectus, lower subzone and the N. aceras Zone.  Morgan (1995) assigned swcs at 1923.56 m, 2032.99 m 2083.03 m to the T. apoxyexinus upper subzone and no dinoflagellate zone as he did not record N. endurus or N. aceras.  These 3 swcs did have lean yields and very few dinoflagellates and so were not high confidence assignments.  In addition, Nothofagidites spp. are very rare near their base range but might be caved at 2045/50 m (herein).  Notably, top I. cretaceum Zone markers first occur downhole at 2087.92 m swc (Morgan 1995 data) and these are normally associated with topmost T. apoxyexinus spore-pollen Zone.  On balance the new data is considered more reliable, suggesting assignment of the interval 2032.99 m (swc) – 2045/50 m (cutts) to the N. senectus, lower subzone and N. aceras Zone.

2135/40 m and 2140/45 m herein are assigned to the I. cretaceum, upper subzone on the presence of I. belfastense “belfastense”.  Morgan (1995) assigned 2087.92 m swc to 2417.51 m to the I. cretaceum Zone, and the presence of I. belfastence and A. denticulata (2087.92 m swc – 2147.64 m swc, Morgan 1995 data) also indicates the upper subzone with the remainder (2210.06 m swc – 2417.51 m swc) now assigned to the lower subzone (Morgan 1995 data).  Since the new cuttings herein lie within the upper subzone interval, they are entirely compatible.

The above discussion results in the following refinement of the Normanby-1 breakdown.

1980/85 m (cutts) : N. senectus, middle subzone (N. aceras dinoflagellate Zone)

2032.99 m (swc) – 2045/50 m (cutts) : N. senectus, lower subzone (2045/50 m N. aceras dinoflagellate Zone)

2087.92 m (swc) – 2147.64 m (swc) : T. apoxyexinus, upper subzone (I. cretaceum, upper dinoflagellate subzone)

2210.06 m (swc) – 2417.51 m (swc) : T. apoxyexinus, middle subzone (I. cretaceum, lower dinoflagellate Zone)
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