


EXXON EXPLORATION COMPANY 
BIOSTRATIGIWPHY REPORT 

EEC.27A.B10.96 
JUNE, 1996 

Palynology, Paleoenvironments, and Biostratigraphic 
Zonation of the Marlin A6 Well, Gippsland Basin, Australia 

Thomas D. Davies 

UNCLASSIFIED 

. . . 
111 



EXECUTIVE SUMMARY 

l The palynostratigraphy of the Marlin A6 well was studied to provide stratigraphic control 
based on age and stratigraphic position of cuttings and core samples from 2481 to 3289 m 
MD and environments of deposition from palynologic and biofacies evidence. , 

l Seven palynology zones and two subzones, ranging in age Erom early Eocene to early 
Paleocene, were differentiated for this well and tied to the other Turrum field wells studied. 
No definitive Late Cretaceous flora was observed. Very poor preservation, downhole 
cavings, abundant woody/coaly debris and mud additives, including walnut hulls, which dilute 
and mask index fossils, and limited marine palynomorphs, apparent due to the proximal 
position of this well, resulted in relatively low confidence in zonal assignments. Zonal bases 
are difficult to position, because of caving and poor preservation, and should be considered 
approximate. 

l Palynology demonstrates that: 1) Blue Grey SB, picked by EAL at 2587 m, occurs just above 
the top of probable Zone Rb, 2) Bottle Green SB, at 2653 m, occurs within the base of Zone 
Rb, 3) MFS “E” SB, pick by EAL at 2716.5 m, falls within Zone Rc, as in the other Turrum 
field wells, 4) Near Top L-200, picked at 2750.5 m, sits within the top of the section 
tentatively assigned to subzone Rdl, 5) Naples Yellow SB, placed at 2844 m, occurs within 
subzone Rd2, 6) Zone Re contains a flooding event associated with the Pink sequence, 7) 
Pink SB, placed at 2992.5 m, is within the base Zones Re (in the other Turrum Field wells 
studied this surface occurs near the boundary between Re and Rf and frequently within the top 
of Rf), and 8) the 450 FS Marker, placed at 3 155.5 m, falls about 30 m below speculative Rg 
recognized 309 1-3 106 m. Maastrichtian Zone Ma is not defined in this well. 

l In contrast to the other Turrum wells studied, only four of the “shales” studied, which are 
associated with the Marlin A6 reservoir sandstones, contain relatively common marine 
dinoflagellate cysts. Three of the four ‘marine’ intervals are associated with minor marine 
flooding events of the MFS “Et’ SB sequence, whereas the fourth is associated with a flooding 
event of the Pink-MFS “B” sequence. Most of the other samples studied from this well are 
barren or nearly barren of marine forms, and are interpreted to be nonmarine to marginal 
marine. 
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INTRODUCTION 

Marlin A6 Well 

At the request of Esso Australia Limited (Peter Glenton), thirty-four ditch cuttings and ten core 
samples were studied from the Marlin A6 Well, Gippsland Basin. Samples were analyzed for age 
and paleoenvironment, and the result of these analyses were integrated with Exxon’s Tumrm Field 
palynological zonation recently proposed by Davies (1995). 

The main purposes of this palynologic study were to provide: 1) stratigraphic control based on 
the agdstratigraphic position of cuttings and core samples relative to Exxon’s Gippsland Basin 
palynological zonation, and 2) constrains on the depositional environments. 

The age and paleoenvironmental interpretations are based on comparisons with materials from 
Askin, (1990); Besems (1993); Churchhill, (1973); Cookson and Eisenack (1965 and 1967); 
Damsa et al., (1994); Davies (1995, 1996a, 1996b, 1996c, and 19966); Davey et al., (1966); 
Esso Australia Ltd. (1988); Germeraad et al., (1968); Haq et al., (1987); Heilmann-Clausen 
(1985); Helby et al., (1987); Jolley (1992); Marshall, (1985); Muller, (1964); Partridge, (1976); 
Powell (1992); &over and Evans, (1973); Stover and Partridge, (1973 and 1984); Strong et al. 
(1995); Wilson, (1984 and 1988); and Wrenn and Hart, (1988). 

Interpretations of paleoecology were made based on observed changes in the spore-pollen (S/P) 
assemblages and biofacies analyses from kerogen slides. Relative abundance abbreviations used 
below are: VA - very abundant; A - abundant; C - common; F - few; R - rare; and VR - very rare. 
Other abbreviations used are: SP - spores and pollen, D - dinoflagellates, F ‘- foraminifera. 
Depths given are in meters, measured depth. 
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DATABASE AND PRODUCTS 

Approximately 140 microscope slides from thirty-five Marlin A6 ditch cuttings and ten core 
samples were examined for palynology and paleoenvironments. These samples were processed by 
EEC’s Biostratigraphic Lab in Houston. 

Microscope slides: Palynology and kerogen microscope slides from forty-five cuttings and core 
samples (2481 to 3289 m MD) from the Marlin A6 well are stored at EEC’s biostratigraphy 
laboratory in Houston. Unused sample will be returned to EAL. 

BIOSTRATIGRAPHY AND PALEOENVIRONMENTAL SUMMARY 

We studied approximately I40 microscope slide from thirty-five Marlin A6 cuttings and ten core 
samples in the interval from 2481 to 3289 m. 

Marine dinoflagellate cysts are relatively common in two uppermost samples studied at 248 l- 
2499 and 2508-2526 m. This section, which overlies the reservoir unit, is interpreted to be open 
marine to marginal marine. Compared with the other Turrum field wells studied (Davies, 1995, 
1996a, 1996b), only four of the “shales” associated with the Marlin A6 reservoir sandstones 
contain relatively rich marine dinoflagellate cyst assemblages, which indicate marginal marine 
depositional settings. These occur at 2649-2661, 2688-2700, 2706-2728, and 2932-2941 m. 
Most of the other samples studied from this well are barren or nearly barren of marine forms, and 
are interpreted to be nonmarine to ?maqinal marine. Marine dinocysts occur again, in small 
numbers, at the base of this well from 3267 to 3289 m. 

The palynostratigraphic subdivision, zone tops and ranges for the Marlin A6 well are listed below. 
Questioned depths shown in parenthesis, e.g. (?2673), denotes possible shallowest depth of the 
zone top. Very poor preservation, downhole cavings, abundant woody/coaly debris and mud 
additives, including walnut hulls, which dilute and mask index fossils, and limited marine 
palynomorphs, apparent due to the proximal position of this well, resulted in relatively low 
confidence in zonal assignments. Zonal bases are difficult to position, because of caving and poor 
preservation, and should be considered approximate. 

248 l-2525 
2560-2600 

Zone Sz 
Indeterminate 

2600-2661 
(?2673) 2688-2728 
2728-2749 
2749-2783 
2795-?2883 
28990?3002 

Prob. Zone Rb 
Prob. Zone Rc 
Indeterminate 
Possible Zone Rdl 
Possible Zone Rd2 
Possible Zone Re 
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(?3027) 3045-3063 Zone Rf 
3063-3289 Indeterminate (??Rg at 309 l-3 106) 

Intervals of maximum flooding occur in samples 2649-2661, 2688-2700, 2706-2728, and 2932- 
2941 mMD associated with MFS “Et’ SB and Pink SB sequences. 

DISCUSSION OF RESULTS 

Zone Sz is assigned to the interval from 2481 to 2525 m. Six core samples were examined from 
2509.9 to 2525.0 m. The palynological assemblage recovered in core samples 25 18.7, 2521.2, 
and 2525.0 m suggest possible penetration of Zone Ra at this level. Since this is highly 
speculative, this interval is retained in Zone Sz. Appendix A, following the references, gives a 
sample-by-sample listing of the distribution of important species and kerogen types. 

The zonation of the three cuttings samples from 2600 to 2661 m is not well established and fossils 
from the overlying section continue to be present. These three samples can only be tentatively 
assigned to Zone Rb, because of the absence of distinctive marker species (Appendix A). 

The top of possible Zone Rc is first recognized in sample 2673-2682 m. The interval from 2688 
to 2728 m is assigned to Zone Rc. Sample 2728-2749 m is poorly fossiliferous, contains a mixed 
assemblage, and is indeterminate for zonation. 

Zone Rd is subdivided into two tentative subzones. Tentative subzone Rdl is recorded in samples 
2749-2761 and 2777-2783 m. This zonal assignment is based on weak evidence, but the 
stratigraphic position, biofacies and microfloral assemblage, suggest that they are possibly in Zone 
Rdl (Appendix A). Caved marine dinocysts also occur, including Tubercdodinium vancampue 
Erom the upper Oligocene to Recent. Biofacies and the microfloral assemblage suggest possible 
penetration of Zone Rd2 at 2795 m. This assemblage and biofacies continues down through 2883 
m. Four core samples were studied in the interval from 2843.9 to 2850.9 m. The palynomorph 
assemblages and biofacies in these samples support this assignment (Appendix A). Marine 
dinoflagellates are very rare to rare in this section. 

The top of ?Zone Re is picked at 2899-2917 m. This assemblage continue down to about 3002 m 
(Appendix A). Zonal bases are difficult to distinguish, because of cavings and poor preservation. 
Sample 2932-2941 m appears to represent the maximum flooding event associated with the Pink 
SB recognized in the other Turrum well studied (Davies, 1995). 

Tentative Rf is picked in sample 3045-3063 m, based on the palynomorphs and biofacies. Rf may 
be as high as 3027-3045 m, but this is highly speculative. , 
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The remainder of the samples studied from this well from 3063 to 3289 m are considered 
indeterminate. However, based on biofacies criteria mainly, the sample at 3091-3 106 may 
possibly be in zone Rg. No definitive Upper Cretaceous forms were recovered. 

PALYNOSTRATIGRAPHIC CORRELATIdN 
t 

Although preservation is poor and caving and/or mud contamination middle-lower Eocene and 
Paleocene forms are prevalent, there are recognizable similarities in the palynological assemblages 
between this well and those reported from the other wells studied from the Turrum field (Davies, 
1995, 1996a, 1996b, and 1996c). These similarities allowed for recognition of seven biozones 
and two subzones, based on first, last, and peak occurrences, and concurrent ranges which were 
compared with ranges previously established in the area by Stover and Partridge (1973) Stover 
and Evans (1973), Helby, Morgan, and Partridge (1987), Wilson (1984, 1988), Wrenn and Hart 
(1988), and others. 

The zonation of the upper samples from 2481 to 2682 m is not well established. The lower 
Eocene to upper Paleocene Turrum zone Sz (Upper L. balmei zone equivalent) is recognized in 
the interval from 2481 to 2525 m. Samples from 2560-2600 m are indeterminate. Zone Ra was 
not recognized and placement of Zone Rb from 2600 to ?2661 m is tentative. The base of Zone 
Rb, as well as the other zones, is difficult to place because of cavings and poor preservation. In 
relationship to the physical surface, Blue Grey SB occurs thirteen meters above the top of 
provisional Zone Rb. This zone was recognized in Turrum-4, Turrum-3, Turrum-2, and in 
Turrum-5, Turrum-6, and Marlin A24 (Davies, 1995, 1996a, 1996b, and 1996c) and it typically 
occurs at or just below the Blue Grey SB. 

Bottle Green SB occurs within the base of the interval assigned to Rb. The top of Palynozone Rc, 
which typically is picked just beneath Bottle Green SB in the other Turrum wells, is very 
tentatively placed at 2673-2682 m about 20 m below the Bottle Green SB and definitively at 
2688-2700 m. The Rc assemblage also is recognized in samples down to 2710-2728 m. MFS 
“E” SB, pick by EAL at 27 16.5 m, falls within Zone Rc, as in the other Turrum field wells. 

The top of Subzone Rdl, which usually occurs near the Near Top L-200 surface, is provisionally 
placed in sample 2749-2761 m. Near Top L-200 surface picked by EAL at 2750.5 m, falls within 
this sample. Subzone Rdl was recognized in most of the Turrum well, except Marlin-2 (Davies, 
1995, 1996a, 1996b). Naples Yellow SB, placed at 2844 m, occurs within subzone Rd2, which 
was first recognized tentatively in sample 2795 to 2798 m. 

The top of tentative Zone Re was first recognized in sample 2899-2917 m and appears to 
continues down to about 3002 m. MFS” B” SB, which usually .occurs within this zone in the 
other Turrum wells, is picked at 2892 m by EAL and is approximately 10 m above the 
biostratigraphic pick for top Re. The biostratigraphic top of this zone may occur somewhat 
higher and sit within the unsampled interval between 2883 and 2899 m. This zone also contains a 
flooding event at 29322941 m, which probably correlates with the maximum flooding event 
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recognized in the other Turrum wells between Pink SB and Naples Yellow SB (Davies, 1995, 
1996a, 1996b, and 1996c). Subzones of this zone were not differentiated in this well. 

Pink SB, picked by EAL at 2992.5 m, occurs within the base Zones Re. In the other Turrum 
Field wells, this surface typically occurs near the boundary of zones Re and Rf, and within the top 
of Zone Rf The top of the probable Rf is placed in sample 3045-3063 m, but may go somewhat 
higher up to 3027,3045m . The base of Zone Re and top of Rf are difficult to place, because of 
cavings and poor preservation. 

MFS “A” SB, picked by EAL at 3092.5 m, occurs within the indeterminate interval below 
probable Rf However, based on the very rare re-occurrences of marine dinocysts and presence 
of abundant amorphous kerogen, this sample at 3091-3 106 m may possibly be in Rg. This is 
consistent with the placement of MFS “A” SB in other Turrum wells, such as Turrum-5 and 
Turrum-6 (Davies 1996a and 1996c). 

The 450 FS Marker, which typically sits within Rg, and the Oriental Blue SB, also fall within the 
Indeterminate zone at the base of the well. The only evidence for possible Upper Maastrichtian is 
the isolated occurrence of Omumentzjkra sentosa at 3 127-3 136 m. This species, although 
typically is reported from the Maastrichtian to Upper Campanian T. longus to T. lilliei zones, is 
reported to extends up into the very basal part of the lower Paleocene. Since this an isolated 
specimen and the sample is from a predominantly sandstone section, it is likely that this fossil is 
reworked. 0. sentosa also was recovered in Marlin A24 at 3273-3286 m just above Oriental 
Blue, in Turrum-6 at 2748-2750 and 2759 m above and below Oriental Blue, and in Flounder A2 
at 3553.6 m within the Lower T. Jongus zone. 

PALEOENVIRONMENTS 

Results indicate that deposition of the interval studied from the Marlin A6 well took place in a 
non-marine to marginal marine environment with periodic and short-lived marine floods. Marine 
dinoflagellate cysts are relatively common in the two uppermost samples studied at 248 l-2499 
and 2508 to 2526 m, which are interpreted to be open marine to marginal marine. In contrast to 
the other Turrum wells, only four “shales” associated with the Marlin A6 reservoir sandstones 
contain relatively rich marine dinoflagellate cysts assemblages. The middle and upper portions of 
the reservoir sequence above about 2728 m appeared to have experienced more numerous 
flooding event than the basal part of the well. These occur at 2649-2661, 2688-2700, and 2706- 
2728 m. Most of the other samples studied from this well are barren or nearly barren of marine 
forms, and are interpreted to be nonmarine to ?marginal marine. Marine dinocysts occur again, in 
small numbers, at the base of this well from 3267 to 3289 m. 

Three of the ‘marine’ intervals are associated with minor marine flooding events of the MFS “E” 
SB sequence, whereas the fourth is associated with a flooding event of the Pink&IFS” B” SB 
sequence. These flooding events also were recognized in other Turrum wells near the MFS “E” 
SB, including Turrum-3, Turrum -4, Turrum-6, and Marlin A24 and between Pink SB and Naples 
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. 

Yellow in Turmm-3, Turrum -4, Turmm-5, Turrum-6, Marlin-2, Marlin-4, and Marlin A24 
(Davies, 1995; 1996a, 1996b, 1996~). Appendix A gives the sample-by-sample interpretation of 
the paleoenvironments. 
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Appendix A 

-IN A6 
SAMPLE-BY-SAMPLE DESCRIPTION 

- 

Lower Eocene (Zone Sz) 
(2481-252s m) 

2481-2499 Palcocn~ marinctomt@nalmarine 
Kerogen: wodykoaly (C!); amo@ous (VA); biodegradcd tar. (C); S/P (C); 
dinoflagellates (A); pyrite (F) 
SPiniferites spp. 0% (R) 
?Spinidinium-typc (D) (R) 
Saxgalinium dilwynensc (D) (F-R) 
p~~mg 

Apedodinium hofnAphum (D) (F, caved?) 
Apectodinium hypeMwhum (D) (R, caved?) 
Nathofagiditcs spp. (SP) (R) 
Nothofagidites endunu (SP) (R) 
Australopollis obscwus (SP) (VR) 
Malvacipollii divasus (SP) (VR) 
Malvacipollis subtilis (SP) (VR) 
Roteaciditea spp. (SP) (F) 
Protacidii dilwyutsis sensu Stovcr and Evans, 1973, (SP) (F, caved?) 
Proteacidites pachypolus (SP) (VR, caved) 
Haloragacidites harrisii (SP) (R) 
Anacolosidites acutullus (SP) (VR) 
Cupanieidites orthotkhus (SP) (R) 
Pbyllocladidite mawsonii (SP) (R) 
Phyllocladidites mi -tlls (SP) 0 
Lygistipollcnitcs balmei (SP) (R) 
Lygktipollcnitcs florinii (SP) (R) 
Stereisporites antiqwsporites (SP) (R) 
Stereispdes (Trio) (SP) (R) 
Bobyocaccus spp. ew) w 

2508-2526 Palcoen~ margiMlmarinc 
Kcrogax woadykoaly (C-A); amo~@~~ (GA); biodeg&xl terr. (C); S/P (C); 
dinoflagellates (F); pyrite (F) 
spinifaites cf. splendidus (D) (I& caved) 
Sawgalinium dilwynensc (D) (VR) 
?Apeaodinim spp- 03 ow 
Apcctodinium parvum (D) (VR, caved?) 
Apectodinium homomo@um (D) (R. caved?) 
ApwtodGum hyperacanthum (D) (R, caved?) 
Nothofagidites spp. (SP) (R) 
Pro&acid&s spp. (SP) (R-F) 
proacidites cf. annularis (SP) (VR) 
Probcidites dilwycnsis m Stover and Evans, 1973, (SP) (F, caved?) 
Haloragacidites hanisii (SP) (R-F) 
Phyllocladidii mawsonii (SP) (R) 
Phyllocladidites mi txosacatlls m (R-F) 
Lygistipollenites balmei (SP) (R) 
Lygistipollcnites flcninii (SP) (R) 
stercisporitcs antiquaspoiites (SP) (R) 
Reinschospara spp. (SP) (VR, reworked) 

2509.9 Palcixn~: marginal marine 
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2509.9 
Kerogen: WOOdY/CO1LIy (A); ama&- 00; biodegraded tar. 0; S@ (0; 
dinoflagellates 0, pyrite (F-R); poor-fair prcserhon. 
WopQiella w. W M  W  
-dfim w. 0 (R-n 
s-fdfim ~lwyoerrpc PI @I 
Ginginodinim w. @I w 
Au8tralopollis obacwus (SP) (R-F) 
Nothofagidites spp. (SP) (VR) 
Nothof@dites anarcidwhctuw (SP) (VR) 
Pfdcaciditu spp. (SP) (F) 
pro(eacidites cf annularis (SP) (VR) 

Lygistipollmites florinii (SP) (R) . . 
s-w=- ~quaspontes (SP) OrR) 

2510.8 Pal~~mergihalmaritranotlmarine 
Kaogen: wloody/coaly (A); amOcphOuS 09; bodegradad ten. 0; SIP (A); 
dinofla8&3tcs (R); pyrite (R); fti preservation. 
s=%PlEm spp. @I (RI 
Aealopollis cl&swNs (SP) (R-F) 
Nathofagiditcs spp. (SP) (R-F) 
Nothofagidites cmarcidus-W (SP) (R) 
Gambierina rudata (SP) (VR) 
Preaciditcs spp. (SP) (F) 
Phyllocladidites mawsonii (SP) (R) 
Phyllofzladiditu miwosac4x tus (SP) (RI 
Lygistipoknitcs balmei (SP) (R-F) 
stue~ antiqussparites (SP) (VR) 

2514.7 Pal~~merinanotlmarine 
Kaagm: wW1c-b (Q e (C); bidgraded tar. (C); s/p CC); 
dinofla8ellatcs (C); pyrite 0; poor-fair presewation. 
SfwPl~~ w- m  (RI 
Scnc8alinium dill (D) (F) 
Ginginodinium spp. (D) (C) 
hdoqheidium &le (D) (VR) 
Austdopollis obscwus (SP) (R) 
Nothofagidites spp. (SP) (R-F) 
Proteacidites spp. (SP) (F) 
-ditu pachypolus (SP) (VR, caved?) 
Phyllocladidites mawsonii (SP) (R) 
Podosporites twarcticus (SP) (R) 
Lygistipollenitcs balmei (SP) (R-F) 

2518.7 . -:matginal 
?m: 

marine-m (possible Ra) 
wcmdykoaly (GA); mmphous (C); biodegradad tar. (C); S/p 0; 

dinoflagellates (A); pyrite (F); fair-poor pwwvatioh 
CyclopGella spp. (algal) (R) 
SaregalGm spp. 0 0 
Scncgalinium dilwynense (D) (F) 
Ginginodinium w- m  w 
Ausbalopollh obscwus (SP) (It) 
Nothofagidites spp. (SP) (R) 
Gambierina rudata (SP) (VR) 
Praeaciditcs spp. (SP) (F) 
Proteacidites CfI angulatus (SP) (VR) 
Phyllocladidites mawsanii (SP) (R) 
Podcrspwites antamticus (SP) (R) 
Pllyllocladiditcs miY (SP) (R) 
Lygistipollcnites balmei (SP) (R) 
Lygistipollcnitcs florinii (SP) (R) 
staeisporites antiquasporites (SP) (F) 
-m sp. (Tripunctisporis) (SP) cm 

2521.2 Palcocn~ marginal~ 
Kerogen: wodyhaly (R-F); ~~O@OU (VA); biodegraded terr. (R); S/P (A); 

~flakellates (F-c); p@c (C); fair-poor presefva!.ion, common pyrite scars 
(Zerodinium sp. S (II) (R) 
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2525.0 

2360-2582 

2582-2600 

2600-262 1 

==el~~ w- @I 09 
Saqalinium dilwynensc (D) (R) 
oinginodinium spp* @) w 
?Apedodini~ w- @I (R-F) 
Auealopollis obacwus (SP) (F-c) 
Polycolpites 1angstoG (SP) (VR) 
Nothofagidites spp. (SP) (R-F) 
Nothofagidii auJurus (SP) (R) 
prceacidit.u spp. (SP) (F-c) 
-ditu adena&oidcs (SP) (VR) 

Lygistipoll& florinii (SP) (F) . . 
v dquasporites (SP) 0 

PaltoalW prob.llonma& 
Kaogen: woodykoaly (A); amwpbow (VR); biodcgnukd tar. 0; S/p (F); 
dinoflagellates (VR); pyrite (R); poor prcer4on 
Sencgalinium spp. (D) (VR-R) 
Au!&alopollis obscurus (SP) (F) 
Nothofagidites spp. (SP) (R) 
Pro&acid&s spp. (SP) (F) 
Phyllocladidites mawsonii (SP) (F) 
Phyllocladidites microsaw tus (SP) m 
Lygistip&nitcs balmei (SP) (R) 
!3tcfcisporites antiquasporites (SP) (F) 

In4letermlnate 
(2560-2600 m) 

Palcocn~ marginaImarinc 
Kerogen: woodykoaly (GA); amqhous (C-A); biodegraded terr. (Ch S/p (R); 
dinoflagellatu (R); pyrite (F) 
Wpectodinium spp. (D) (R) 
Apectodinium homomo@um (D) (R. caved?) 
PNteaciditu spp. (SP) (R-F) 
Pxukaciditu dilwymsis sensu Stovcr and Evans, 1973, (SP) (R, caved?) 
Proteacidites sp. L (SP) (VR) 
Prokacidites pachypolus (SP) (VR, caved) 
Haloragacidites harrisii (SP) (VR) 
Phyllocladidites mawsonii (SP) (VR) 

Palcocn~cnt: fuzmlakto?marginalmarine 
Kerogen: woody/coaly (C); amoqhus (A); biodcgradcd tcrr. (C); S/P (R-F); 
dinoflagellate (VR); pyrite (C); ?mud contam. fiwn Ft Union, common 
Apedodinium homomorphum (D) (VR, caved?) 
Prbacidites dilwycnsis suw Stovcr and Evans, 1973. (SP) (VR, caved?) 
Cupanieidites orthoGchu&najof (SP) (R, caved?) 

Upper Pakocaw (Prob. Zone Rb) 
(2600-2682 m) 

PalcoaI~ nonmaktomarginalmarinc 
Kerogen: woodyhaly (C); amorphous (A-C); biodcgraded tcrr. (C); S/p (Cb 
dinoflageIlatcs (VR); pyrite (C); ?mud contam from Ft Union? 
Cyclopsiella spp. (D) (VR) 
?Apectodinim spp. @I WI 
Apectodinium hyperacanthum (D) (VR, caved?) 
Hystkhokolpoma spp. (D) (V& awed?) 
Nothofagidites spp. (SP) (R) 
Malvacipollis divcrsus (SP) (VR, caved?) 
Proteacidites spp. (SP) (R-F) 
Pro&acid&s dilwyensis sensu Stovcr and Evans, 1973, (SP) (VR, caved?) 
Roteaciditcs pachypolus (SP) (VII, caved?) 
MyrcaCeidites tcnuis (SP) (VR, caved?) 
Australopollis obscurus (SP) (R) 
Haloragacidites harrisii (SP) (F, caved?) 
Tetracolporites cf. vcrruaxus (SP) (R) 
Phyllocladidites mawsonii (SP) (VR) 
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plIykmditu mi- (SP) (RI 
Ly8istipollalitcs d balmei (SP) (R) 
Lygistipollenites florinii (SP)(R) 

262 l-2630 . -nonmarineto?marginalmarinc 
Kaogen: -J-Jy (VA); ullocphwL (F-Q Godegnded tar. (RI; S/P (RI; 

diaoflqhtes (VR); pyrite 0; v. poor prcs. 
Apedodinim w- Gv (RI 
Nothofa8idh spp. (SP) (R) 
h4alvacipollis divu?w (SP) ga, caved?) 
Rutaciditu spp. (SP) (R) 
PNtulcidites cf annuhvis (SP) (vq caved?) 
Prokaciditu dilwycnsis sawu Stovcr and Evans, 1973, (SP) (VR, caved?) 

w . a&nanhoi&s (SP) (VR, caved?) 
i$E&!ii!i maursonii (SP) (VR) 

mi- (SP) c-w 
Ly8iz&llAites cf. balmei (SP)(R) 

2630-2646 

2649-266 I 

Pakoal~-to?nsarginamarine 
Kaogen: W/~Y (VA); ~~QMOUS 0; bioh=J=ltm. (R); S/P@); 
~fhpll- cm pyrite 0; v. poor p-. 
WJ-~~ w- @I (VR) 
Apeaodinum spp. (D) m caved?) 
Polysphhdium spp. (D) (VR+ caved?) 
oplxculodinium spp. @) (VI& caved?) 
Natbofagiditat spp. (SP) (VR) 
Cupanieidites orthchchushajor (SP) (VR, caved?) 
Malvacipollis subtilis (SP) (VR, caved?) 
Malvacipollis diversus (SP) (VR, caved?) 
PNtcaciditu spp. (SP) (R) 
Protaditu dilwyensis sensu Stow and Evans, 1973, (SP) (VR, caved?) 
Hakagacidites harrisii (SP) (F, caved?) 
Myrtaccidii spp. (SP) (VR, caved?) 
Pl@locladidites mawsaG (SP) (VR) 
Pbyhcladiditcs migosaccabus (SP) (R) 
Lygistipollahs florinii (SP) (VR) 

. -marginalmarine . 
Kaogen: woody/coaly (VA); amOrphOuS 0; biodegradad m. (RI; SP (R); 
dinoflagellatu 0; pyrite (R-F), some avings 
SP** spp. 0) (R) 
?Spinidinium-type (D) (R) 
senegaltim &lv-== 03 (VR) 
?Apedodinium w. CD) (R) 
Apedod~~ w- 0) w 
Nothofagidites spp. (SP) (R) 
Nothofagidites brachyspinulosus (SP) (VR) 
Australopollis obscwus (SP) (R) 
Protcxiditcs spp. (SP) (R) 
F+laaciditu angulatus (SP) (VR) 
Protaciditu dilwya~is wtsu Stovcr and Evans, 1973, (SP) (piece, caved?) 
Myrtaceiditu spp. (SP) (VR, caved?) 
Malvacipollis subtilis (SP) (VR, caved?) 

Lygistipollcnitcs cf. balmei (SP) (VR) 
Lygi$pollcnites florinii (SP) (VR) 
staaqmh antiquasporites (SP) (R) 

Upper Pakocene (?zonC Rc) 
(2673-2682 m) 

2673-2682 Paleoena lKtnmahto?marginalmaline 
Kaogen: woadyhaly (R-F); amqhous (VA, inmase); biode8raded tcrr. (R); S/P (R-F); 
dinofkvll- VW; pyrite (Cl; some cavings; Ft. Union Flora mud contam. 
!hcgalinium dilwyncnsc @) (VR) 
?Apectodinim spp. 0% (RI 
?cerod%um sp. s (D) (VR) 
Nothofagidites spp. (SP) (VR) 
Australopollis obscurus (SP) (R) 
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2688-2700 

2706-2710 

2710-2728 

l%deaciditu spp. (SP) (R) 
Tctracole cf vurucdwu (SP) (VR) 
Phyllocladidites mawsanii (SP) (R) 
Phyllocladidites mi- (SP) (RI 
Podoqolh antahcus (SP) (F) 
LygisGpollenitcs balmei (SP) (VR) 
Lygistipollaha hinii (SP) (VR) 

upper Pakaxene (zme 
(2688-2728 m) 

W  

Palcoen~ marghalmalinetomarine 
Kerogen: woody/coaly (GA); amoqhus (C); biodegradcd terr. (R); S/P (R-F); 
dinoflagellates 0; pyrite (C); some cavings; poor pfes. 
SPiniferite spp. @) (RI 
~~~~l~@)(vR) 
?Apectodini~ w- @I (R) 
Apeaodinium we 0 (R) 
Apectodinium parvum 0) OR ==m 
Apectodinium homomo@um (D) (VI& caved?) 
Polysphaaidium spp. (D) (VR, caved?) 
Opuculodinium spp. (D) (VR, caved?) 
‘IPalaeocystodinium spp. (D) (VR) (piece) 
Areosphaetidiumcf aramtum (D) (V& caved?) 
Diphyes colligerum (D) (VR, caved?) 
Nothofagidites spp. (SP) (VR) 
Australopollis obscwus (SP) (no higher than basahxt Eocene) (F, slight increase) 
Mahcipollis sub& (SP) (VR, caved?) 
Mahacipollis diversus (SP) (VI& caved?) 
Pfotaciditu spp. (SP) (R) 
Prokacidites angulatus (SP) (VR) 
Proteacidites dilwyensis sensu S. & E., 1973, (SP) (R, caved?) 
Protaciditu aqeropolus (SP) (VI& caved?) 
Haloragacidites harrisii (SP) (R) 
Myrtaceidites spp. (SP) (VR, caved?) 
Phyllocladidites mawsonii (SP) (R) 
Phyllocladidites verrucosus (SP) (R) 
Phyllwhdidites mi CNsacatus (SP) (RI 
Podosporites ankucticus (SP) (F) 
stereisporitu antiquaspolitcs (SP) (R) 

Paleoen~ marginal marine to marine 
Kerogen: woodyhaly (F); amoqhou (VA); biodegradad tm. (R); S/p (R-F); 
dinoflagellates (F); pyrite (A);cavin@; poor pres. 
SPiniferites spp. @) (R) 
Senegalinium dilwynerw (D) (R-F) 
?Apcctodinium spp. (D) (F) 
Apectodinim w. 0) (F, -a 
Apectodirlium homomo@um (D) (R, caved?) 
~aphyrocysta spp- 0 0 
Glaphyocysta retihtcxta (D) (VR-R) 
Polj7iphakdium spp. (D) (VR, caved?) 
operculodinium spp. (D) (-VI& caved?) 
Nothofagidites spp. (SP) (R) 
Australopollis obscwus (SP) (F) 
Malvacipollis subtilis (SP) (VR, caved?) 
Tubcrculodinium MIIc8mpo8e 0) OR =vad) 
Protaciditu spp. (SP) (R) 
Proteacidites dilwyensis sensu S. & E., 1973, (SP) (VR, caved?) 
Pmteacidites grandis sensu S. & E., 1973, (SP) (VR, caved?) 
Haloragacidites harrisii (SP) (R) 
Myrtaccidites spp. (SP) (VR, caved?) 
Phyllocladidites mawsonii (SP) (R) 
Phyllocladidites microsaccatus (SP) (R) 
stueisporites antiquasporites (SP) (R) 
Lygistipollenites cf balmei (SP) (VR) 
Lygistipollenites florinii (SP) (VR) 

Paleoenvironmerlt: marginalmaIine 
Kerogen: w&y/coaly (C); amoqhus (GA); biodegraded ten. (R); S/p (R-F); 
dinoflagellates (R-F); pyrite (A); some cavings; very poor pres. 
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saregalinim ~lwynarse 0 (RI 
‘IApeaodtrim spp* @I WV 
Apcddhium homomqhum (D) (R, ad?) 
-u-Fwww 
=wPw@a w- 0 ow 
GhphyNqacf.utiintexta@)(vR) 
Notbof~dites spp. (SP) (R) 
Ausbalopollis obwluus (SP) (F-c, krease) 
PNteaciditu spp. (SP) (R) 
-y$- angul- (SP) Pw 
Protadm dilwyds Sam s. & E, 1973, (SP) (R, caved?) 
HaIoragacidiw barrisii (SP) (R) 
Phyllocladiditc8 mawsonii (SP) (R) 
Pbyllocladiditcs miawraocaau (SP) (F) 
Podqo&M antar4cus (SP) (F) 
Lygistipollenites CfI balmei (SP) (VR) 

IIMletelmlnat.e 
(2728-2749 m) 

2728-2749 . -:marginalmarinc 
K: woodyhaly (C); amaphou (C); biodegradcd ten. (R)’ 
dinoflagellates (VR-R); pyrite (C-A); some cavingr; very poor pk 

SIP (R-F); 

spinifaites spp. @)  o-1 
Apeaodinium homomorph~ 0 m =vm 
Glaphyrocysta cf. rctiintexta (D) (VR) 
Nothofagidites spp. (SP) (VR) 
Ausb&pollis obscwus (SP) (R-F) 
Proteacidites spp. (SP) (R) 
Halwagacidites harrisii (SP) (R) 
Phyllocladidites mawsonii (SP) (R) 
Phyllocladidites mi croaacatus (SP) (R-F) 
Podoqkks anta&cus (SP) (F) . . 
w  antiquasporites (SP) m 

Lmwr Pakocene (??Zone Rdl) 
(2749-2783 m) 

2749-276 1 Palecwkmewmarginalmaline 
Kerogen: woodykoaly (VA); amorphous (R); biodcgraded terr. (VR); S/P (R-F); 
dinoflagellates (R); wr;te (C); same cavings; poor pres -SP 
Sencgalinium dilm (D) (VR) 
?Apectodiium spp. (D) (VR) 
caodinium sp. S (D) (VR) 
Glaphynxysta d retiintexta (D) (VR) 
Diphyes colligerum (D) (VR, caved) 
Tuberculodinium Mncampoae @I w -v4 
Australopollis obscunU (SP) (R) 
Prokaciditcs spp. (SP) (VR) 
Protaciditu dilwy&s sensu S. Q  E., 1973, (SP) (R, caved?) 
PhyUocladiditcs mawsonii (SP) (R) 

2777-2783 Pakoalvir<nnnent: maqinal marinetonomlwine 
Kerogen: woodykaaly (VA); amoqhow (R); biockgraded terr. (R); S/P (R); 
dinoflagellates (R-VR); pyrite (Cb some cavings; poor prcs -SP 
SPinifen’tes w- 0 (VR) 
senegalinium dilw (D) (VR) 
Apedodiium spp. (D) (v& caved?) 
W~=Y- mhtexta 0) (RI 
Au!&alopolli!? ObscunU (SP) (R) 
Protaciditu spp. (SP) (VR) 
Prokacidites angulatus (SP) (VR) 
Haloragacidites harrisii (SP) (R) 
Myrtaccidites spp. (SP) (VR, caved) 
Cupanieidites a&oteichu&najor (SP) (VR, caved) 
Phykladidites mawsonii (SP) (R) 
!Bereisporites antiquasporites (SP) (R) 
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Lamer Pdeocene (??Zane Rd2) 
(2795-2883 m) 

2795-2798 Paleoarvirannent: margiMlmarinetonormrarine 
Kaogar: woody/coaly 0% ==ph- 0; biodtgroded m. (R); S/P 0; 
dinoflagellatea (R); pyrite (C); some wings; v poor prca 
SpinGitcs spp. (D) (R-F, caved?) 
-f4M~~~lwynarse@)(vR) 
Apeadnium spp. (D) (VR, caved?) 
Afmcahium hypaaadum (D) (VI& caved?) 
-~v.www 
Diphyes colligerum @) (VR, caved) 
Australopollis obwwus (SP) (F) 
Gambierina nulata (SP) (VR) 
PNteaciditu spp. (SP) (R) 
probaciditu angulatus (SP) (VR) 
Protaciditu dilwyeusis ~~IWU Stovcr & Evans, i973, (SP) (VR, caved?) 
Haloragaciditu harrisii (SP) (R) 
TetWOipUiks vammam (SP (VR) 
Phyllocladidites mawsonii (SP) (R) 
Phyllocladidites microsaccshrs (SP) (R-F) 
Stereispodes antiquasporks (SP) (R) . . 
stemspontes (T~Wsporis) (SP) (RI 

Paleoenx4Nnmcw margkal marineto- 
Kmqcn: woodyhaly (C); amophou (C); biodegraded terr. (R); S/p (F); 
dinoflagellates (R); pyrite (C); some cavings; v poor pres 
spinifk&s spp. (D) (IL caved?) 
Salegalinillm dihvynawe (D) (VR) 
?Apea~~~ w. 0) (VR) 
-~sp.s@)ow 
~laphyrocysta spp* @I PI 
Australapollis obscwus (SP) (F-C) 
Proteacidites spp. (SP) (R) 
Haloragacidites harrisii (SP) (R, caved?) 
Myrtaceiditu spp. (SP) (VR, caved) 
Tetmcolporites vcrxucosu~1 (SP) (R, slight increase) 
Phyllocladidii mawsonii (SP) (R) 
Phyllocladidii miuwacca tus (SP) (R-n 
Lygistipoknites balmei (SP) (VR) 
Lygistipollenitcs florinii (SP) (VR) 
!3t4xcisporitu antiquasporites (SP) (VR) 

PaleoenvkonmeW nonmark 
Kerogen: woodykoaly (C); amorphous (F-C); biodegraded terr. (C); S/P (F-C); 
dinoflagellatea (barren); pyrite (F-c); v pow prcs. 
Australopollis obscurus (SP) (F-c) 
PNteaciditu spp. (SP) (T) 
IMeaciditca angulatus (SP) (VR) 
Gambierina edwardsii (SP) (VR) 
Tetracolporites vemwisum (SP (R) 
Phyllocladidites mawsonii (SP) (F) 
Phyllocladidites miaosaccahrJ (SP) (R-F) 
Lygktipollenitcs balmei (SP) (VR) 

Quasporites (SP) WV 

Paleoenvirolrmaa: rwnmalkto?marginalmarine 
Kerogen: woody/coaly (C); amqhous (GA); biodegraded tcrr. (R); S/P (F); 
dinoflagellates (VR); pyrite (C); some cavings; v poor pres 
spin&ites spp. (D) m caved?) 
Apectodiium spp. (D) (VR, caved?) 
Australopollis obscwus (SP) (F-c) 
Roteacidites spp. (SP) (R) 

. Protaciditu dilwyensis sensu S. & E., 1973, (SP) (k caved) 
Haloragacidites hanisii (SP) (R, caved?) 
Phyllocladidites mawsonii (SP) (R) 
Phyllocladidites mirrosaccatus (SP) (R) 
Lygktipollenites balmei (SP) (R) 
Lygistipollenites flofinii (SP) (VR) 
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2848.5 

2849.7 

2850.9 

2868-2883 

2899-2917 

. ooeawoamad:-to?marginrlmarine 
iio@n: woodykoaly (C)- amoqhus (F-c)- biodegnukd tar. (F’); S/P (C-A); 
dinoflageUatcsorR);py&F); fairtopoolT~ 
*@sum w- @I ow 
Australopollis chcurus (SP) (A) 
Protaciditea spp. (SP) (F-R) 
plrhaciditu angulatus (SP) (VR) 
TChCOlpOlitCs - (SP) tw 
Tricolpites gillii (SP) (VR) 
PhyUocladidites mawsooii (SP) (F) 
Phyllocladidites mim (SP) (R-F) 
Lygistip&nitcs balmei (SP) (VR) 

Palmvhlment 
Kerogen: woody/kTe (VA); biodegraded terr. (R); S/p (GA); 
dinoflageUatca (barren% wr;te (C); fti-poor pfes. 
Australopollis obscwus (SP) (C) 
Prokacidites spp. (SP) (F) 
Protacidites angulatus (SP) (R) 
Tetracolporites vemxusum (SP) (R) 
Tricolpites gillii (SP) (VR) 
Phyllocladidites mawsonii (SP) (F) 
PllyUocladiditcd mi- (SP) (F-c) 
Podosporites spp. (SP) 0 
LygistipoUenitcs balmei (SP) (R) . . 
stmlspontes antiquasporites (SP) (RI 

Paleoenvirommnt: lummahe 
Kerogen: woodykoaly (A); amaqhus (R); biodegraded terr. (F); S/P (C); 
dinoflagellates (bar@; pyrite (R); fair to poor presew. 
AustralopoUis obscure (SP) (GA) 
Pro&acid& spp. (SP) (F) 
Protaciditu angulatlu (SP) (VR) 
Gambierina edwardsii (SP) (VR) 
Tetracolporites vanwosum (SP) (VR) 
Phyllocladidites mawsonii (SP) (F) 
Phyllocladidites microsaccatus (SP)(C) 
Lygistipoll&tes balmei (SP) (R) 
Stereisporites antiqusporh (SP) (R) 

PaIeomvirollmcrrt: xlonmak 
Kerogen: woodykoaly (A); amarphous (C); biodegraded ten. (R); S/P (F); 
dinoflagellates (VR); pyrite (C); some fwings; v. poor pfes. 
spiniferitca spp. (D) (R. caved?) 
Nothofagidites spp. (SP) (VR) 
AusbalopoUis obscwus (SP) (F-C) 
Pmtcaciditcs spp. (SP) (R) 
Protaciditu angulatus (SP) (VR) 
Pmteacidites dilwyensis sensu S. & E., 1973, (SP) (R, caved) 
Haloragacidites harrisii (SP) (R, caved) 
Tetracolporitcsvemuwsu m (SP) (VR) 
PhyUochdidites mawsonii (SP) (R-F) 
Phyllocladidites microsaccatus (SP) (R-F) 
Lygistipoknites balmei (SP) (R) 
Lygistipollahs flofinii (SP) (VR) 
stercisporites aIIt.iquasporites (SP) (R) 

Laner Pakacene (??Zone 
(2899-3045 m) 

W 

Pahenvironment: nonmar& 
Kerogen: woody/coaly (A-C); amoqhus (C); bi&graded terr. (R); S/P (F); 
dinoflagellates (WI); pyrite (C); some cavings; v poor pres 
?Apedodini= w. 0% tw 
AustralopoUis obscurus (SP) (R) 
Gambierina ~data (SP) (VR) 
Pmeaciditu spp. (SP) (R) 
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Haloragacidites harrisii (SP) (R, ad?) 
Phyllocladidites mawsonii (SP) (R) 
Phylloc~dita mi- (SP) (RI 

2920-2932 Pal-m 
Kaoeen: W00dy/COISIy (Ali Ul lOIPhOUS (C)i Gohded a~. 0; Q’P 0; 
dinoflagellates 0; pyrite (C); some avings; v poor preo 
Spinif& spp. (D) (R1 caved?) 
Apectodinium w. @) Wk ati?) 
-~sp.~@ww 
Gh&mcpta dintcxta (D) (WI, piece) 
opacul-~ w. m  t-1 
Au-boll~ ObscuNs (SP) 0 
Paeacidites spp. (SP) (R) 
Prokaciditu dilwyah saw S. & E, 1973, (SP) m  caved) 
PhyIlocladiditcs mawsor$ (SP) (R) 
Phyllocladidites miaoraocatus (SP) (R-F) 

2932-2941 pakoalm margidmafinc 
K-gem woodykoaly (A); amorphs (C); biodegradal tcrr. (R); S/P (F); 
dinoflagellates (F); pyrite (C); some avings; v. poor pfcs 
spiniferitcsspp.@)(vR,rppearstobcin-placc) 
?Spinidinium-typc (D) (VR) 
Spinidiiumcf. densispinatum@)(F) 
senegalinium dilwynense (D) (VR) 
?Apectodinium w. @I 0 
Nothofagidites spp. (SP) (VR) 
Australopollis obsculu (SP) (R-F) 
Prokaciditcs spp. (SP) (R) 
Protaciditu pachypohls (SP) (M1 caved) 
Tricolpites cf. confw (SP) (VR) 
Phykhdidites mawsonii (SP) (R) 
Phyllofhdiditeo microssccatus (SP) (R-F) 
Podospocites 8lnumtials (SP) (R) 
Stcrciqxuitcs 8ntiquaspwitcs (SP) (R) 

2947-2972 Pakoenvirarunent: marginal to non marine 
Kerogen: wdykoaly (C); amorphous (C); biodegmded tcrr. (R); S/p (C); 
dinoflagellates (R); pyrite (C); same avinp; v. poor prcs 
?Spinidinium-typc (D) (VR) 
spinidinium cf. densispinatum (D) (R-VR) 
senegalinium dilwyncnsc (D) (VR) 
Ausbxlopollis ohxuus (SP) (F-R) 
Protaciditu spp. (SP) (R) 
Myrtaceiditcs spp. (SP) (WI, caved) 
Phyllocladidites mawsonii (SP) (F-C) 
PhyIlocladiditcs mi uo6acatus (SP) 0 
Podoqorh antaxticus (SP) (R) 
Lygistipollcnitcs balmei (SP) (VR) 
Lygistipolhites florinii (SP) (VR) 

2990-3002 Paleoen~: rkomnaktomarginalmarinc 
Kaogen: woodyhdy (A); amo@ous (C); biodegraded tcrr. (F); S/p (F); 
dinoflagellates (VR); pyrite (C); some avings; v. poor pm 
SpinifhiW spp. (D) (VR, aved) 
Spinidinium cf cknsispinatum (D) (VR, caved?) 
Salcgaliniumdil~@)(vR) 
Allshlopollis obsavus (SP) (R-F) 
Gambiuina NdIlh (SP) (VR) 
Prokacidites spp. (SP) (R) 
PNteaciditu angulatus (SP) (VR) 
Tticolpites spp. (SP) (VR) 
Phyllocladidites ma&i (SP) (F) 
Phyllocladidites microsaccatus (SP) (R) 

her Paleocene (Possible Zone ru) 
(3027-3045 m) 

3027-3045 Palm- ltonmaktomarginalmarine 
Kerogen: woodykoaly (C); amorphous (C); biodegraded terr. (F); S/p (C); 
dinoflagellates (VR-R); pyrite (C); some avings; v. poor pres 
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spinidiniumcf denrispi(D)(vR) 
Caodinium sp. S (D) m caved?) 
Awtdopollis ObsavuJ (SP) (R-F) 
pmteacidites spp. (SP) (R-F, slight incease) 
Protaciditu anglllatus (SP) (VR) 
Tricolpitca spp. (SP) (VR) 
Trico~pitcs gillii (SP) (VR-R) 
7rficolpitu cf. dusus (SP) (VR) 
Phyllocladidital mawsonii (SP) (F) 
PhylIocladiditcs miaosrccrtus (SP) (R-F) 
LygistipollaGtcs florinii (SP) (VR) . . 
staersporrtes ~quaspwites (SP) m 

Lmwr Pdeocene(prohbk 
(3045-3063 m) 

3045-3063 . eoenvuoamad:norrmarineto?marginalmaline 
%gen: woody/coaly (C); amqhus (C); biodegdad terr. 0; S/P (C); 
dinoflagcllatcs (VR); pyrite (C); some avings; v. poor prcs 
salegaunium dilwynense (D) (VR) 
Aus?ralopollis obtxurw (SP) (R-F) 
?Gambiuina rudata (SP) (VR) 
Protaciditu spp. (SP) (R) 
Roteaciditu angulatus (SP) (F, iwcasc) 
~~~~t~” (R-F) 

emlasml (SP) ow 
Phyllocladidii mawsonii (SP) (F) 
Phyllocladidii microsacca tus (SP) m 
Lygistipollenitcs florinii (SP) (VR) . . 
S-q-- ~quasporites (SP) (RI 

Indetemllnate 
(3063-3289 m) 

3063-3072 Paleomvirrnnnmt: fmnmake tomarginal marine 
Kerogen: woody/coaly (C); amorphous (C); biodegraded terr. (F); SIP 0; 
dinofla8ellates (VR); pyrite (C); some cavings; v. poor pres 
?Apectodini~ w- @I (RI 
Australapollis c&scwus (SP) (VR) 
Haloragacidites harrisii (SP) (VR, caved) 
Proteacidites spp. (SP) (R) 
Roteaciditu angulatus (SP) (VR) 
Prokaciditu dilwyemis sensu S. & E., 1973, (SP) (VR, caved) 
Phyllocladidites mawsonii (SP) (F) 
Phyllocladidii miaosacca tus (SP) 09 
Lygistipollenitcs balmei (SP) (VR) 
Lygistipoknites florinii (SP) (VR) 
steNisporilg antiqua(ipwrtes (SP) (R) 

3072-3084 palm- lKMmwhetomarginalmaline 
Kerogen: woody/coaly (F-C); amorphous (A); biodegraded ten. (F); S/p (C); 
dinoflagellates (VR); pyrite (Q some avings; v. poor pfes 
Saq#niumdilwynense@)(vR) 
?b=t-m w. @I (RI 
Apedodinium spp. (D) (VR+ caved?) 
Glaphm rctiintexta (D) (VR, piece) 
Australopouis ObscuNs (SP) (R) 
Gambierina rudata (SP) (VR) 
Protacidites spp. (SP) (R) 
PNteaciditu angulatus (SP) (VR) 
Protaciditu dilwyensis sensu S. & E., 1973, (SP) (VR, caved) 
Tricolpites spp. (SP) (VR) 
Tricolpites cf. confessus (SP) (VR) 
Tricolpites gillii (SP) (VR) 
?Tetracolporites vuTllcosus (SP) (VR) 
EphedripiteJ w. (SP) (VR) 
Phyllocladidii mawsonii (SP) (F) 
Phyllocladiditu micNsacca tus (SP) 09 
Lygistipollenites balmei (SP) (VR) 
Lygistipollenites flofinii (SP) (VR) 
Stereisporitu antiquaqmrites (SP) (R) 
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3091-3 106 

3118-3127 

3 127-3 136 

3148-3158 

3173-3182 

Pal- mmlwine to marghal marine; (??Rg) 
lkogen: woody/colly (C); anmphou (GA); biodegmded Tut. (F); S/P (C); 
dinoflagellaka (VR-R); pyrite (C); some avings; v. poor pres 
SulegaliniumdilwynaIse(D)(vR) 
caodiniwr ap. S (II) (VR, aved?) 
Austmlopouii ObacuNs (SP) (R) 
Protacidites spp. (SP) (R) 
protctcidites angulatus (SP) (R) 
Tricolpitu spp. (SP) (R) 
Tricolpites gillii (SP) (VR) 

Lygistipol!cnitca fkinii (SP) (R) . 
s--Pa- =%=Pa- (SP) (RI 

. -:- 
p&en: woodyhaly (A); amoqhus (F-R); biodegradcd terr. (F); S/P 0; 
dinoflagellatea (barren); pyrite (F); some avings; v. poor prcs 
Australopouis ObscuNs (SP) (R) 
Prokacidites spp. (SP) (R) 
Protaciditea angulatus (SP) (R) 
Haloragacidites harrisii (SP) (VR) 
Tricolpites spp. (SP) (R) 

Lygistipollcnitcs florinii (SP) (R) 
stcreii antiquasporites (SP) (VR) 

PaI- nomnahq (??Rg-??Ma) 
Kerogen: woodykoaly (C); amo@ous (A); bkxkgraded tcrr. (F); S/P (F); 
dinoflagellates (barren); pyrite (C); minor avings; v. poor pres 
Austrabpouis ObscuNs (SP) (R) 
Proteacidites spp. (SP) (R) 
Protaciditu angulatus (SP) (R) 
Protacidii dilwycnsis sensu S. & E., 1973, (SP) (R, caved) 
Tricolpites spp. (SP) (R) 
Tetracolporites vemwusum (SP (R) 
Phyllocladidites mawsonii (SP) (F) 
Phyllocladidites miaosaccahu (SP) (F) 
Lygistipollcnitcs balmei (SP) (VR) 
LygistipoUcnitcs flofinii (SP) (VR) 
olmmmtxm sentosa (SP) (VR, rcwofked?) 
Stereisporites antiquasporites (SP) (R) 

Palecrmvimtlmerrt: IKmmarh 
Kerogen: woodykoaly (C); amoqhus (A); biodegradcd tcrr. (F); S/p (F); 
dinoflageUatca (barren); pyrite (C); minor avin&mud amtam.; poor prcs 
Alwnhpollis obswrus (SP) (R) 
Prokaciditcs spp. (SP) (R) 
Protacidites angula!us (SP) (R) 
Tctracolporitcsvmucdsu m (SP) (RI 
Phyllocladidites mawsonii (SP) (F-R) 
Phyllocladidites micnxw&us (SP) (F) 

Pakoal~~mrmnatinetomarginalmarine 
Kerogen: woodykaly (C); amoqhus (C); biodegraded terr. (F); S/p (F); 
dinoflagellates (VR); pyrite (C); annmon avings; v. poor pru 
Cerodiium sp. S (D) (R, caved?) 
Polysphridium spp. @) (VR, caved) 
Australopollis obscwus (SP) (R) 
Prokaciditcs spp. (SP) (R) 
Proteacidites angulatus (SP) (VR) 
Prokacidites dilwyensis sensu S. & E., 1973, (SP) (R, caved) 
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3188-3212 

32123231 

3267-3289 

Protaciditcs grandis sensu S. & E., 1973, (SP) (VR, aved) 
Tetracolporites VB (SP) (R) 
Phyllocladiditu mawsanii (SP) (F) 
Pllyllocladidites mim (SP) (F) 
LygistipollaIites bnlmei (SP) (VR) 
Lygi!Jtipoualitcs flolinii (SP) (VR) . . 
staetspotltw -hwa-i- (SP) (RI . meto’hnarginalmal-ine zogen: wcdy/coaly (C); alnqhow (CX biodegmkd tar. 0; s/P (F); 
dinoflagellates (VR); pyrite (C); some a*, v. poor prw 
?Apectodinium spp. (D) (R, aved?) 
AUstmlopollis obsuuus (SP) (R-F) 
?Gambierina rudata (SP) (VR) 
Protaciditea spp. (SP) (R) 
7r~lpolites - (SP) 0 
Phyllocladidites mwsonii (SP) (R) 
Phyllocladidites miuosaca tus (SP) 0 
?Lygistipollenites balmei (SP) (VR) 
Lygistipollenitcs florinii (SP) (VR) 
Stereispork antiquasporites (SP) (R) 

PaleQenvironment: l lamladto?marginalmarinc 
Kerogen: woody/axly (C-A); amorphous (C); biodegraded tee. (R); S/P (F); 
dinoflagellates (VR); pyrite (C); some avings; v. poor prcs 
Spiniftitcs spp. (D) (VR, caved) 
Apectodinium spp. (D) (VI& caved?) 
Apectodinium hyperacanthum (D) (WI, caved?) 
Australopouis ObscuNs (SP) (R-F) 
Proteacidites spp. (SP) (R) 
Myrtaccidites spp. (SP) (VR, caved) 
Tricolpites d: conf’essus (SP) (VR) 
Phyllocladidites mawsonii (SP) (F) 
Phyllocladidites microsaca tus (SP) 09 
Lygistipollenites balmei (SP) (VR) 

Paleocnvifomw& ncmmarktoma@nalmarine 
Kerogen: woody/coaly (F); amorphous (VA); biodegraded terr. (R); S/p (F); 
dinoflagellates (F); pyrite (A); fkq. avings; v. poor pres 
Spiniferites spp. (D) (R-F, aved?) 
?Apectodinium spp. (D) (R, caved?) 
Apectodiiutn spp. (D) (R, awl?) 
Apectodinium homomo@um (D) (VI& aved?) 
Ccrodiium sp. S  (D) (VR, caved?) 
Glaphyroqsta retiintexta (D) (VR, piece) 
Pdaocystodinim spp. 0 t-w 
Australopollis obscwus (SP) (R) 
Proteacidites spp. (SP) (R) 
Protacidites dilwyensis sensu S. & E., 1973, (SP) (R, aved) 
Tricolpites spp. (SP) (R) 
Tricolpites cf. cotksus (SP) (VR) 
Phyllocladidites mawsonii (SP) (R) 
Phyllocladidites mi CNsaccatlls (SP) 0 
Lygistipollcnites florinii (SP) (VR) 
Stereisporites antiquasporites (SP) (R) 
Stereisporites (Tfipunctisporis) (SP) (VR) 
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