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INTERPRETATIVE DATA 

Introduction 

Eight new cuttings samples are analysed in Lindon-1 with seven samples 
from the Sherbrook Group and one sample from the Eumeralla Formation. 
This new data is integrated with previous work by Archer (1984a, b) and 
Morgan (1986) and a synthesised interpretation of the palynological zones 
and ages identified and their correlations to formations and new units 
identified in the well summarised in Table-l below. This is followed by 
discussion of methods, geological comments and basis of zone picks. 
Additional interpretative data on each of the new samples with zone 
identification and Confidence Ratings are recorded in Table-s, whilst basic 
data on cuttiz?gs lithologies, sample quantities, residue yields, preservation 
and diversity are recorded on Tables-3 and4. All species which have been 
identified with binomial names are tabulated on Tables-5 & 6. 

Table-l: Palynological Summary for Sher!wook Group 
in Lindon-1. 

PALEOCENE Not sampled 

DANIAN 
to 

MMSTEUCHTW 

MAASTRICHTIAN 

K/T Boundary 
Shale 

93%950m 

TIMBOON 
SAND 

950-990m 

Indeterminate 

Not sampled 

- 

M. druggii 
94Sm 

Not sampled 

EARJLY CAMPANLAN 
to 

SANTONIAN 

PAARATTE 
FOFZMATION 
990-l 199m 

N. senectus I 
990-1015m ’ 

T. apovexin u.4 
1070-1155m 

N. aceras 
101%1070m 

SANTONIAN 
BELFAST 

MUDSTONE 
1199-1226m 

T. apoxyexin us 
1200-1223.1m 

I. cretaceum 
1200-1210m 

- 

3 SANTONLAN 

ALBIAN 

Unnamed sand 
1226-1232m 

EUMERALLA 
FORMATION 

1232+ m 

Not sampled 

P. pannosus 
123Sm 

Not sampled 

No zones 

I I 1 I 

T.D. 3011m 
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Materials and Methods, 

between 10 to 24 grams (average 15.7 g) of the cuttings were collected by 

the author then forwarded to Laola Pty Ltd in Perth for process!nc. 
Moderated to high residue yields were extracted from most sampies. 
K(c.:tsgen slides were prepared with filtered and unfiltered fractions, and 
IV~CL’C slrt?icient res;&t c was recovered separate oxidised slides were 
prepared from frr&c zs cofjcectrated from the residues using 8 and 15 

microa Alters. Palynomorph concentrations on the palynological slides were 
mcstly moderate, while palynomorph preservation was generally good. 

CVCX&: spczc--pollen diversity was high averaging 32; species pc:r sample 
(T:~ble-4\. Microp!anL ‘-+cn ,ahundar;ce and diversity was !ow, averaging 8+ 
species per samp!e. The micrrr>,lsnkton abundance d?.ta presented in Table- 
2 was obtained from. count& m&i c on slides p;*r:pared using &nfcrnns frltsr 

cloth. 

The earliest ~alynolo~ical analysis of Lindon-l consists of two brief reports 
by Archer (1984a, b) in which six sidewall cores and two cuttings samples 
were analysed between 1206.83005m. Only the shallowest two samples 
were from the basal 30 metres of the Sherbrook Group. Because only limited 
species assemblages were recorded by Archer (oc. tit) the confidence in the 
age picks is low. Subsequently, Morgan (1986) reexamined Archey’s 
material and analysed 17 new samples (most of which seem to have been 
cuttings), over the Sam.. p interval of 1206.8-3005m. Only four side-all cores 
were examined from the Sherbrook Group. Morgan discusses his 
interpretation of the samples but only lists the key species supporting his 
zone picks. Unfortunately, in the copy of Morgan’s report made available for 
review there were no species lists for the individual samples, so it was not 
possible to confirm or challenge Morgan’s interpretations. 

Geological Comments 

1. The deepest cutting at 1235m gave a very h-dP. pa.unosusZone 
assemblage with only minimal coutamination by cavings. The top of the 
Eumeralla Formation can therefore be confidently picked at the break 
on the gamma, resistivity and bulk density logs at -1232m. The 
uncertainty in the exact depth is solely due to the small scale of the 
logs used to pick the formation tops. 

2. There is no evidence in the cuttings of palynomorph species dihgnostic 
of the Waarre, Flaxman or Morum Formations (the last is a new 
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formation containing the C. striatocuca.J Zone). Instead the caved 

element at 1235m suggest the Eumet-\l:n Formation is overlain by the 
*T. apoxyexinusand I. cretaceum Zones. The thin sand betulcen 1226 

1232m which has previously been identified as bclongiug Lo ttz Waarre 
Formation is now considered to be a new unit laterally equivalent to the 
Belfast Mudstone. 

3. l.he shale unit di~r;, 1199i226m can be confidently confirmed as age 
equivalent to the type section of the Belfast Mudstone as it contains 

the T. apoxyexhus *ssare-pollen and I. cretaceum microplankton Zones. 

Although the cutti;;gs tat 1 LN;n) i.n this interval contains/YczIronieIIa 

acer,zs; this species, on the taiance of evidence, is considered to be 
cagzd. The I. cretaceum Zone is also confirmed by ! he dinoflagellates 
A:~phidiadema dcnticulataand ZsnLelidizium cretaceumrecorded in 
the sidewall core at 1206.Sm (Archer, 1984a). 

4. The interval 990-1199m is confirmed as belczging to the broad concept 
of the Paaratte Formation. It contains both theT. apoxyexinzzsand 
IV. senectus spore-pollen Zones while theN. aceras microplanktou 7an.c 
was identified in the samples at 1015m and 1070m. More tenuousi? it 
is suggested that the more sxrdy interval between 1085119Sm can be 
corre;atzd to the Nullawarre Greensand and the more sha;y ieutcr~zi 
Sl;.trgcen 99Cr-108Sm to the Skull Crcc’k Mud::t~~: . T~(ZVZ :.;t$.er 
co;reiations are based on the associati;. ?I 13f the&: acerss Zone with the 
%kull Creek Mudstone ia the Port Campbell E.mbayment, and tbr 
absence of the X. australisZone in iindon-:. 

5. The absence of index species diagnostic of theT. Mlieior Lower 
T. longus spore-pollen Zones and,‘=. azstr*~fsand I. korojoaense 
microplankton Zones in any of the cr*ttings is eyzidence to suggest a 
major unconformity is present at -99(3m, at which most of Campanian 

and Early to Middle Maastrichtian is missing (ie. -15 million years). The 
sandy section above tt:is unconformity between 950-990m would then 
equate to part of the Timboon Sand. As the gamma log over this section 

shows two sands separated by a shaty spike it may even contain two 
sequences and another unconformity. For instance the interval 965- 
990m cou!d be interpreted as the Timboon Sand while the overlying 
sand between 95+965m cr,lild be equivalent to the Wiridji! Gravel of 
Tickell ct al. (1992, p.15). Unfortunately inspection of the cutx:l.y.g:c, 
samples over the interval 950-990m revealed no samples suitable for 
palynological analysis to test these speculations. 
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6. The palpnological assemblage from cuttings at 945m ccnfirms the shale 
between -93%95Om is the Cretaceous/Tertiary boundary shale 
reco&oed in the Port Campbell Embayment (Partridge, 1994). 
Although the spore-pollen assemblage is not diagnostic, being 
overwhelmed by caveti specimens, the key ~inoflagellate~~aumiella 
cofixzfa, M. stciandica and Yalaeoperidinium pyrophorumanc! were 
recorded. 

P. DinoDagellate abundznces (Table-2) in the cuttings samples anslysed 
are consistently below lCr% of the total palynomorph count. *This 
in;=lud.ss the s’tiallowest sample at 945m wtich is believed to be biased 
by a significant caved component in the assemblage count. Excluding 
the deepest sample at 1235m which is from the fluviatile Eumerallu 
Formation, all samples are considered marine, although more proximal 
to the Late Cretaceous shoreline tban bvells t;, tbc soutb. 

Biostratigraphy 

The zone and age determinations are based on the Auatr:\lia wide VIesozoic 
qzore-pollen and microplankton zonation schemes described by Helb~~, 
Morgan 6 Partridge (1987). Author citations fo? rnoqt spore-pollen species 
can be sourced from Hu!Ey, K~rgan b Pz.rtz~Jdge (1’3871, Dettmann (P363), 
Stovtr Q Tartr!Cg,e (3.973) or other references cited herein, whit& author 
citations for dinoflagellates can bc found in the index of Lentin % Williams 
(1993). Species names followed by “ins” are crcpu!~li:;hcd manuscript names. 

Manuml’ella druggii microplankton Zane. 
Intervai: 945 metres. 
Age: basal Danian to Early Maastrichtian. 
The sha!fowest occurrc ace of commonManumiella cotiora tn associated with 
rare specimens of M. seeiandica is the basis for identification of the 
M. drusiiZone. Both species are considered typical of microplankton 
assembiages from the near the base of the Cretaceous/Tertiary boundary 
shale. palaeoperidinium pyrophorum, Tubiosphael3 fifosaand ParaIecanieUa 

indentata are also known <ran, the Cretaceous/Terriary boundary shale, but 
the remaining species representing appsoximately 50% of all microplankton 
recorded in the count are considered to be caved. 

The associated spore-pollen in this sa:uple are not considered diagnostic. 
The presence of Malvacipollis spp. -4%; Haloragnciditcs harrisii-4°/J; 

IntratriporopofIenJtes notabikand Proterrcidites nasusTruswel1 8s Owen, 
1988, indicate significant caving from the Pember Mudstone above 915m. 
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No index species characteristic: of the UpperT. feq~sZ.~ae were identifxd 
to support the identification of the/V. druggiizoae. 

Nothofagidites senectus spore-pollen Lore 
Interval: 990-1015 metres. 
Age: Early Campanian. 
The combinca I,.. clxrence in both samples oWothofagiditesspp. and 
Forcipitss sabulosusis the basis for identificatiot of this zone. 
Nothofagiditeu ..r,.rnectus was recorded ‘I- ‘the decprr-r 3% r,ple andX endurus 
in the shallower. In both SampleslCrotencin.;:‘~~~~:. :< ‘,“‘% Is tbe dominant 

pollen in the a:: rr~;~!~l~~<-~. 

Nelsonieila aceras microplankton Zone. 
Interval: 1015-1070 metres. 
Age: Sate Santonian to Early Campanian. 
The two samples are confidently assigned to the& aceras Zone on the 
presence of the eponymous specie, c iu assemblages domix.ted bp 

Heterosphaeridiunrspp. Other microplankton species recorded are lr~~ge:, 

In the overlying sample at 99C)m the recorded micrsplankton are caved or 
non-diagnostic excr:st forHeterosphaeridium heteracanthumaad the 
manuscript species Ant?osphaeridium bullatum The latter was desclibcd 
from the Perth Basin ty Marshall (1985) where it is found in t3.q:. clccr~.~ 
Zone and lower part of the overlyfn%X ~*i~%i~i~Zone. Its shcrt range Zs 
sPr9ng s-ap_ -. 0: ‘xr clog cl. i&ace for a major uu;:on~~tx1:ty and missing section a% 

the log break aJ, PX-‘x. 

Tricolporites apoxyexinus spore-pollen Zone 
Interval: 1073-1223.1 metres. 
Age: Santonian. 
TI;e Sase of che T. apoxycxinusZone is identified on the oXest occurrence 
of Ornamentifera sentosain the sidewall core at f223.lm (Morgan, 1986) 
and cuttings at 1210m. The top is identified on the absence of younger 
index species. The spore-pollen assemblage counts are dominated by 
Gleicheniidites circiniditcs, PoziocarpiditesEpp. and Proteacidites spp. The 
high and increasing abundance ofProteaciditesspp. from 4% at 1210m to 
15% at 12OOm, culminating in a high 22% in the shallowest sample at 
1070m is considered typical of the upper part of this zone. 
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Isabelidinium crctaceum microplankton Tone. 
Interval: 1200-1210 metres. 
Age: Santonian. 
The microplankton component whilst not abundant contaice the index 
species I’sabelidinium cretazeum, I. belfastenseand I. thomasii(Table-5). 
The assemblage recorded oy Ar ;her (I.‘JWa) from the sidewall corC df. 
i2Q6.51~ with both I. cretaceum and Ara;?bidiadema denticu1a?:‘;7::zzfirms 
the assignment. The next shajlawest cuttings v.m~?lr: at 1. iLSzr, ca.?uot !:? 
confident!7 assigned KO a microplankton zon2. 

Phimopollenites pannosus spore-pollen Z:ne. 
Interval: 1235 metres. 
Age: Late Albian. 
The one sample analysed from the Ecmeralla Formation was ali excellent 
representation of the ,?- pannosusZone and contarned an unufiualIg higi 
abundance of eponymous species (Phimopoflen ‘tes f,tnnosn@ 2%:/o). Otber 
index speciekq recorded were Coptospora paradoxaand Pilosisporites grandis 
whilst high abundances of Cica tr;‘cosisporites,/R~fi:diasporaspp. at -7%; 
Foraminiq w-is asymme tricusat -3?4,; .&.~a ttisporites scabra tusat >8%; and 

Microcachqidites antarcticusat 13O/c, make the composition of the 
asse-ublage quite distinct from the cuttings sc?z~ples from the overlying 
Sherbrook Groq?. Except fnr the fresh water ,kigal cystsfkzhizosporis 

reticula tuq Si@w170Llis ZarboGsaud S. his_l?idus the recorded 
microplankton are intc,rpreted as cared. 



Petroleum Development Unpublished Report 1997106 
-._- 

Refer.:nces 

page7 
-- 

ARCHER, V , 1984a. Palynology report of the Lindon-1 well for L’cach 
Petroleum Y/L. Gecl. Sum. Vict. Rept, 7p. (unpubl.). 

ARCH.ZX, V., 1984b (May). Palvnology report cr; sample? from the Linden 
140.1 well for Beach Petroleum N/L.Geol. SZJ-rv. Vicf. Rept, 3~. 
;trri2i:bl.). 

DET’XlArJ?i. %A.‘& 1.) ! 95:.1. ug +:r Mesozoic micrck;as Irot;l southeastar.u 
Austr:*‘ia. ljroc R . > F’sc. Evict . 77 1-148 t . 

HELEYY, R., MORGAN, R. & PARTI?IDG&? A.D., 1987. A palynological zonation 
of the Australian AKesozoic.Mem. ks. 131:.?troiizs. Fdwoatols 4,1-94. 

;cr:NTIN, J.K. 86 WILLIAMS, G.!,., ?~39’~. .J:. 1-11 Dk>flagellates: Index to 
genera and slver;tzs: 1993 ?‘<I: iu:r..~RSP Contribution Sedes No. 28,1- 
856. 

ldARSHAL;,, N.G., i3i3E. La’ ,e Cretaceo-us dinoflagellatez. i’:‘az d2e _ _ .:is p,, . 
B&sic; Fu;-~tc.q~ ALrtralia. Ph.D thesis, Universit,. crs: Western Australia 
297~. (uq~.‘M.). 

MORGATY, R., 1936. Otway Basin Oil Drilling: A selective paly?c::g~ review. 
La: The ?+- ., ., a’,eum Geologv CC ::l;e Otway Basin. A non-exclusive study 
by F. Connsi< Pty kd. Appendix 1 (unpuh!..). 

PARTRIDGE, A.D., 1994, Palycolc.#gical analy .ct< of Langley-l, Port Campbell 
Embayment, Otway Basin. Biclszrats Report 1994/14 l-28. 

STOVER, L.-X. 8a PARTRIDGE, A.D., 1973. Tertiary and late Cretaceous 
spores cc3d pollen from the Gippsland Basin, southeastern Australia. 
Proc, Ye ,3x. Vict. 05,237-286. 

Trc~~Er,L, S.J., EDWARDS, ,T. b ABEL& C., 1992. Port Campbell Embaymeat 
1: iO0 COO lvlap Geological Report. Geo.;‘?i?-!cal Survey of Victoria Report 
95, l-97. 

Tb.USflr?‘1’,- F 51. 8; OWEN, J.A., 1988. Eocene pollen from Buugonia, New 
Sloxrh Wales. l em. Ass. Auskalas. Palaeontols $259-284. 



Petroleum Development Unpublished Report 1997106 page8 

]r Lindon-1, Otway Basin. 

Sample Depths spore Pollen Zone CR* Comments and Key Species Present 

TYP= (Microplankton 
Zone) 

Cutting 945m 
8 

Cutting 990m 
S 

Cutting 1015m 
S 

Cutring 1070m 
S 

Cutting 1155m 
S 

Cutting 1200m 
S 

Cutting 1210m 
S 

Cutting 1235m 
S 

fM. drug&i) 

N. sencctus 

.V. senectus 
(N. acerasj 

T. apoxycxin US D’L 
fN. accras) 02 

T. a po.rycxin us 

T. apoxycxin US 
fI. crctaceum) 

T. apoxyexin us 
(I. cre ta ceumj 

P. pannosus 

D3 

D2 

Dl 
D2 

D2 

D4 
D3 

Di 
D2 

Dl 

Microplankton 12?&. 
Proteaciditesspp. 2 1%. 
Common kfanumielfa including index 
species M. conoratum and M. scclandica 
PaIacoperidinium pyroplioNmalso present 
but probably caved. 

Microplankton -6%. 
Amosopollis cruci/rmis< 19/o. 
Prvteaciditesspp. 20%. 
The occurrence of the distinctive 
dinoflagellate Anthosphaeridium bul(stum 
ms described from Perth Basin confirms an 
age no younger than early Campanian or the 
X, australis Zone. 

Microplankton ~4%. 
AmosopolIis cruciformis< 1%. 
Proteaciditcsspp. 18%. 
Zoue picked on frequentForclplfes 
sabulosus, LAD of NeIsoniclIa aceras and 
absence of younger index species. 

. 

Microj-: ;kton 69/o. 
Proteaciditesspp. 22’/r. 
Zone pick on oldest occurrence of 
diuoflagellates Nefsoniell,? accrasand 
Odontochitina poriicraand absence of 
younger Xenikoon australis 

Microplankton 7%. 
Proteacidiresspp. >17’%. 
Significant tertiary caving present. 

Microplankton ~3%. 
AmosopoUis cruciformisc 1%. 
Proteaziditesapp. 15%. 
Mixed asscmblagc with index species 
Nothofdgidites srnectusand dinoflagellate 
Nefsoniella acerasinterpreted as caved. 

Microplankton 7%. 
Amoso~voUis cruciformis9?/0. 
Proteaciditesspp. -4%. 
A diverse assemblage was recovered with ~10 

species indicative of section older than 
Belfast Mudstone. 

Microplankton <20/b. 
Well preserved and highly diverse 
assemblage characterised by abundant 
Pimopolleoitcs paanosusat -22%. 
Microplankton are non-marine types and 
calculated abundance excludes obviaus 
caved species. 

‘CR = Corrfidence Ratings 
LAD = Last Appearance Datum 
FAD = First Appearance Datum 
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Confidence Ratings 

The Confidence Ratings assigned to the zone identifications on Table-2 are 
quality codes used in the STRATDAT relational database being developed by 
the Australian Geological Survey Organisation (AGSO) as a National Database 
for interpretive biostratigraphic data. Their purpose is to provide a simple 
relative comparison of the quality of the zone assignments. The alpha and 
numeric components of the codes have been assigned the following 
meanings: 

Alpha codes: Linked to sample type 
A Core 
B Sidewall core 
C Coal cuttings 
D Ditch cuttings 
E Junk basket 
F Miscellaneous/unknown 
G Outcrop 

Numeric codes: Linked to fossil assemblage 
1 Excellent confidence: High diversity assemblage recorded 

with key zone species. 

2 Good confidence: Moderately diverse a.c dblage 

recorded with ke 5 species. 

3 Fair confidence: Low diversity assemblage recorded with 
key zone species. 

4 Poor confidence: Moderate to high diversity assemblage 
recorded without key zone species. 

5 Very low confidence: Low diversity assemblage recorded 
without key zone species. 
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BASJC DATA 

SAMPLE DEPTH 
TYPE fbfetres) 

LITHOLOGY SAMPLE RESIDUE 
WT (al YIELD 

Cuttings 945.0 Sandstone 50%; qiItstone/shaIe 509/o. 24.0 High 

Cuttings 990.0 Quartz sandstone 609/o; siltstone/shale 40”& 20.7 Moderate 

Cuttings 1015.0 Quartz sandstone 50%; oiltstone/shale SO’& 15.5 Moderate 

Cuttings 1070.0 Dark grep mudstone >90%. 

Cuttings 1155.0 Dark grey mudstone >90%. 

15.7 High 

13.2 Moderate 

Cuttings 1200.0 Mudstone/shale 35%, sandstone 65% including 
yeNow quar+z. 

10.2 Moderate 

Cuttings 1210.0 Mudstonc/siltstone 90%; sands< one 10%. 

Cuttings 1235.0 Felspar 80%; sandstone 20%. 
-* 

11.5 High 

14.4 High 
e-p 

Table-4: Basic Palynomorph Data for Linden-1, Otway Basin. _c___- I__ c 
SAMPLE DEPTH Palynomorph Palyuomorph Number Microplaukton Number 

TYPE (Mctrcs) Concentration Preservation S-P Abundance MP 
Species’ Species* 

Cutting 945.0 Moderate Fair-good 21+ Common 12% 7+ 
S 

Cutting 990.0 Moderate Good 25+ Common 6% 5+ 
S 

Cutting 1015.0 Moderate Fair-good 39+ Frequent ~4% 8+ 
S 

Cutting 1070.0 Moderate Poot-good 32+ Common 69; 10+ 
s 

Cutting 1155.0 Moderate Fair-good 31+ Common 7 % 7+ 
S 

Cutting 1200.0 High Fair-gcod 34+ Frequent ~3% 12+ 
--e& 

S 

cuttiq 1210.0 Moderate Fair 34+ Abundant 26% :3+ 

S 

Cutting 1235.0 High Good 45 ?,: Rare <2% 3+ 

*Diversity: very low = 1-5 species 
Low = 6-10 species 
Moders:e = 11-25species 
High = 26-74specics 
Very high = 75+ species 
N-R = Not recorded in sample 

Note: Spore-pollen and Microplankton diversity 
excludes reworked and obvious caved 
species in samples. 
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RW = Reworked 
A = Abundant 
c = Common 
F = Frequent 
X = Rare to present 
Caved = Specimens caved from higher in well 
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Table-S: Lindon- 1 - Range Chart for Spore-Pollen --_-_.- _ 
*-- - - ._.. . -- .------__- __._. 

6 3 a R 6 5 a t3, 
SPECIES/SAMPLES : g 2 %  z E ; E OI 4 r( 4 d rl d .---__- --_ 

SPORE-POLLEN SPECIES 
AEQUITRlFMDITES spp. #### #I### __~__ I- ----- ____ - ---_-. . -- -----..- --I - .- _---.--- .-. __ t---f---___ 
Aequitriradites n.sp. X  _______ -- -- . .-.__---..- _- .--. . - - ---- ----.*----______ 
Aequitriradites spinulosus X  X  x X’ _._ .p_---------- _ _ -----.. - --.. _ --_ ----_-L .- -.-- -- 

I&quitriradites tilchaensis x ~__ __-.- .----- - _- _.- .- ----- .--_- - . -. -- --. . .--..-- ----.. I 
Aequitriradites verrucosus I-- __..__ -__ -- : _---_-.--_ *. - 
Anacolosidites acutullus __ -- -.~- - ---- - -- -. -- 

I Annulispora folliculosa R W  - -.- _-_-. -.-___ ---- .- - - -- . . - --- _------ 
Araucariacites australis* #### x x x _-______-_-- -..-- - -- . __-. 

X  -~ --- .._ -- .-.-. ---____- 
caved 

R W  -~ _--.- .-.. ____~ 
#### #### ###I# --------I 

Balmeisporites glenelgensis x x x x x y---w.- -- __. c_L-_ .__ 
Balmeisporites holodictyus X  ~__.~---_--~_-.____--~---_----_~~ 
Callialasporites dampieri R W  -_-_._ --- ~__------- ---c_-- 
Ceratosporites equalis x ####,####i ------ ---_-.-. 
CICATRICOSISPORITES spp. ’ t#### #### ####’ #GE-- ~-__-_-_- ____ --_.-_---- 
&atricosisporites australient”R W  R W  x --~~_ _. -. _- --..-- - I-. -_ ~- - 
Cicatricosisporites cuneiformis X  X  ~___- _______ __ _ -._ .___-- __ - ---__- 
CicatricosisForites pseudotripartitus X  X  ~.____ ____ _ __ _. _ _- __. 
?3catricosisporites rhodanos ms x ’ Fe_______c______--_ ---- -- - ------- 
Cwollenites hugherii x .-____ -~.. _--___ --c_-e- ------- - _._ --____---~-~ 
Clavifera triplex x #### x #I### #### x p_____--__-__- .---- - --- .---.- 
Clavifera vultuosus ms 

----/ 
x X  _____. -___--.___ -_----. - - - __---_- ---- -I--- 

doptospoa paradoxa I x _____- ____._ --._- ___. - ----- --- .- -- . _ -.--. _-- ---- - -- _~ ____ 
Corollina torosa ###4 #### #### ----- _ ____ -__ --. ._. .__._ -- - _. -. --- -. ---A- - 
Crybelosporites striatus R W  ’ ##?t# ._-___ ~_~__----.- .--_--- .-~-. --.. -- __ - 
Cupanieidites orthoteichus caved --_- __~__. _______ ._--.--~-_.--_-_.~. - -__------ ----- 
Cupressacites sp. x ?t### #4## #### #### __- ___ --__ -__- ____ - -_ -- _. .- -- _- -. ------_--_---- 
Cyatheacidites annulatus caved ___-__- - ..__._. -_I_--- -- --- - --.. ------- - __-. -_ 
Cyathidites asper X  
Cyathidites australis (>40pm) ##!#a #### x #####+I #+I## ##?## #### ##P# - -- ___-_- _____-- ---- c-- 
Cyathidites minor (=+&11x1) #### #### #### ###I# #### #### #### #### ---- -~_______--___ _ _-___-_--. --- -._- - _--_ -_ ____P --. 
Cyathidites punctatus x x _. ____ _____ -.-.---_-.--__. _-A-- _ ___ _ __ _ _- _ . ._ ____ __-___ _ 
Cyathidites splendens x x ave , aved ___-.---- .---- ~- ~--- _----~ _- .- . - - f__---_~---. .-. ___-__-.-_ 
Densoisporites velatus X  __-_ _ ____A__ --L-- - --._ --.- --. -.-- . --- __--..--- -____-.__ -_ 

IDicotetradites clavatus --_- --- 
DICTYOPHYLLIDITT~ spp. _p-_p--- - - 
Dictyophyllidites crenatus 

‘Dictyotosporites speciosus -- __-____ --__-. 
Dilwynites granulatus 
Dilwynites pusillus ms (sm. _ .._- __ _ ._ _ .---_ _-- --- 

#### -- 

. . - 

va -- 

#### x ______. _ -__ .---- ----..- 
#### ####I !I### #?#I## #### ___-_ - _ ~_-- e-d 

X  
RW-- - 

_ ___. -- --.- ---- - 
R W  _-- -_- - - ------ 

#### #### ##I## #4#% #+I##’ _-_- --_. -.- _ _ _~ .c-__._- 
%#I## #### ,___ _ - . -- ----- -------- 

X  

_.- - 
ave 

Dilwynites tuberculatus x x x x x x 5 _ __ .. _ .__--_r_ ___-. . .--..-. __ _ _ __ _ _. _. _ 
Dryptopollenites semilunatus X  ave e.ved -_ - c -- ----- 
Dulhuntyispora spp. RT.’ R W  _------.- -. ___.. . _ _ _ _ ~ -. - -. __.__ ._-- -_.. -_.--- _ - _---- -- 
Ephedripites notensia X  ._ __-. __. -_.. . . ..-- ---- ----* _ 
Foraminisporis asymmetricu d### 

FbRClPiTti spp. 
_- --- _ -----. 

#### 4### #I###’ . _ --_ - --. 
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Table-S: Lindon-1 - Range Chart for Spore-Pollen 1 
I .- .--- --_ ---. h---q.- _L..__. -‘----L--71---- _____ 

a a a a a a a ai 
SPECIES/SAMPLES 3 E $ $ z g z ; ’ 

Fi 4 4 r4 s4 d 
.-__--_. _ 

Forcipites 1 Ingus aved I 
Forcipites sabulosus 

_- -- -----.. -.._._ -__-_- __ *___ .________ 
x x X  

Foveogleicheniidites confossus X  ,- ------.-----.. . .- -.--_-_-~- __-_. -_.__._ 
Gambierina rudata #### ave ave -- ---_- __-___ ~~- - ..- - ---.-- -----.- ----__ .--- ______.____ 
Gleicheniidites circinidites nnun ###I #### ###I* #### ?#### #if## ####$ -___ _- _-._ -_c- _~__ _.--____ -._-- __-_ 
Granulatisporites trisinus R W  R W  __ ____ -_--__.-_ - -------.-.- ----- ------_ .-__ -___ ___.. 
Haloragacidites harrisii aved cave ave ave aved -_-___ ______-_--- -.- _. - - ___ 
Herkosporites elliottii* X  X  X  X  - ---- --- - _ - ------.-_---- ---- -_ --.- _-__._ __._.__ 
Ilexpollenites primus ms X  - --_ -- -- - _------- . -- --- - .- -_--*_ _-__ 
Intratriporopollenites notabil, aved , 

____L.-- _-_- -e.----.-L-------p-.-- ..________ 
Laevigatosporites spp. nuun #### ##ff#. +I###, #### #### #?## %i###, -__--- ._____-c--_--.____c- A-----_-_ 
Latrobosporites amplus x x x ___- ----._____ 
Latrobosporites ohaiensis X  X  -t---- --~-~ _- .-. ___-_--.-----~----____-._____/ 
Leptolepidites venucosus X  / 

___- ~- _.-___----__~-_---_ ------ __.-- _-___-_ 
LILIACIDITES spp. X  .--- c.--__-- --- __-_ -_ ___-- _--_-.--A- __ ____ 
Lygistepollenites balmei ’ x aved --c- ---- _-.- -- --__-__.- _----_ ____.___ -_ .____ 
Lygistepollenites florinii ##nnn ###It x #### ####I #### ####I -c_--l___.---___ _--.-___-_. -__- 
Malvacipollis diversus ave ave d cave i aved ---_--. .___-___- -- -_.____-__ -_- ___ 
Malvacipollis subtilis I ave we aved caved 
Marratisporites scabratue 

__-- ---.----.-- m--- ~------ I_ 
#### #### cr### ####I --- ---- -.- ---- -_- .--.. __-.__-_~-___ __ 

Matonisporites cooksoniae X  . -__- -- _- - - ----- -___-. ---.c.--~ b-M --_- 
Microbaculispora spp. R W  X -..- .-.._ -_- ---_-~~----~ - ~__------ 
Microcachryidites antarticus #### #### #### #### #### #Y## #### -- - - -.- --~ 
Myrtaceidites parvus/meson aved 

__-__-__-- ~~--_I__ 
caved -- --- --___ ~ ___ ---- - _~_--- -- ---_-..--------- -----_---I---__ 

Neoraistrickia truncata X  _-.____________--. .- - ._ ------- ._ ._.- - 
Nothofagidites endurus X  
Nothofagidites senectus ---- 

-. _.. .-. -_ -.- - - --.-.- -.--_ ____ - ____._._____ 
X  X  _ _____-__________ _. _ . --_ - ----_-- --- - --- --.-.-.-*-_-_-- -_ _. 

Ornamentifera sentosa X  X  --- -.__- --- - ~- - . __- - - .._-p---- .-.-~--- -._ -- ---.-_-_ 
Osmundacidites wellmanii ##rt# #### ##*# d### 
l%&nsulapollis gillii 

_.- _--.-_ - .----_--._~-..~_.---- ---~~--~---.~-_------ 
#I### ##U# x -.._____-__ ___ __-_. - __ __-_ _- --.. _.--~- .------ ----.- -- -_ _-.._---__-- 

PEROMONOLITES spp. %##Y ave ____ -_._ __-_ .- _--_-_ _----.-- ---- --- ---. - -- -... ._._ -...-__-_ 
Peromonolites deasus x x ~_ __ __ __._ - ---_.-- --__--.----~ ----___. ._-- ___.._ ___ 
Peromonolites vellosus caved ______ _______ -__ --- _ -_-_~_.--_--_--- .---. -- -.--. _ - ~-_---_-__ 
Perotrilites jubatus X  - ._--__- _____ _ - _ _.. --_---_-- ---- --------- --__--. --.------ 
Perotrilites majus X  ._ - .__ _ - _ - __.- - _.- - -._ ~ .__. --- _.__ - ____ -.~ 
Phimopollenites pannosus #### ._ --.--_-_____ ..-. . -- 
Phyllocladidites eunuchus m  

- _ _ . -. _- -~.-_. _--_-- -- _. - 
#rn# ~_L --- _ .- _. .- - _ __---_ -.-- -- --.___-_ ----- __.---_ .- - 

PhylZocladidites mawsonii #### #### ###it #### x ###II #f#4 _ _ _-._-_ r -.-- ~__.. - --- -__-. -_ ._.--- - - 
Pilosisporites grandis X  --_--- - 
Pilosisporites notensis R W  -- 

__ _- _ _--_.--- ---. ---- .._ -_ --___- ___--~--. 
R W  ._ __- ____---___---- ---- - - - -- ----- --- - 

Plicatipollenites spp. R W  R W  R W  R W  R W  R W  -_- .-_--.-_--- .---- ___ -.._ ~----- -..--.-- 

caved . . - .caved. . -- _.__ -_.--- - 

-. 
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I’able-5: Lindon- 1 - Range Chart for Spore-Pollen --_- --_-- 

---- --_ 
‘roteacidites ornatus caved _ ----. - --- - .----- . 
‘rotoha@oxypinus spp. RW * - ’ 1.. ___ -_- _ --_ .__-----._ - ._ -- _ : _ : - - RW *-- - - -.-- . _ ._. -.-_I_____ 
‘seudoreticulatispora pseudorcticulata RW RW - - ~__---- ---. ------ _ _-.- _ _ -.. - _ -. 
ZETITNLETES spp. 

x #it## #*#*. ###;- -x. -#### .--..__-- - -_ 
____-_--- __.-----. - 
xetitriletes austroclavatiditcs ’ 

_-- _-- _ . ..-_ ._ - --. .- _. 
X x x -_ ___I-~-c_- ----- . - _ . . . - .- - -r-z-- ._______ 

xetitriletes eminulus x” ---- 
Retitriletes nodosus 

------- .__. .- - -_ _ 
x - 

. ------.---__ 
X _____ ____ ---_-- .- __ ----_-_ _-. --. __-. ._ - -- . . ..-- - __~__ 

Rotverrusporites stellatus X caved _____--_______---- - ---.---- -- - .~ - --- - . _.--- .-- _._.___- 
Rugulatisporites mallatus x x X X _----- ----- --___ --__ _.-_.--.-. ..- - -. -- ..-- _--. - -__-_~ 
jTEREISPORITES spp. #W## ##d? #### #### #### ##nn-#### #### --- ~-- -- --_---- ~--.- -._-- - - --- .- . .--- __________ 
Stereisporites (Tripunctispori -___ X cave aved - ---- *-_-----_~-.-~_-~ -- - --- ..__ --__--_ 
Stereisporites antiquiaporite X X x x x x x, --~--- ---. -_ _- ----_- -_-_- 
Stereisporites virioaus X I --_.-_____ --- - _. ..- .- _ -._ __- - -- --. ___._ __._. 
Striatoabieites multistriatus RW RW 
~IUCOLP~TE~/TRIC~LPORIT.#~Y~#‘~~#~~####~~#~'####-##~- -m-ef----eP~e #### ___-________---.- -- ---- ---- --_ _---- ____ ____ 
rricolpites confessus 3 X 
Tricolpites phillipsii X caved -____ __.---_f_-_-_-- --._ - -_ ___-- -- - -.--c.-- ____._____ 
rricolpites waiparaensis X 
I’RILETES undiff. 

-___-____._.-_.- ---- -_- ----._.. _. ----_. _ 
#### ##if* #### #### ##I## ###a 4### ####a ---___ 

l’rilobosporites trioreticulosus 
______-_----___-_-- -. ----.._ .__-_--______ 

X --__--~ _-- _.__ ___-__ -. -.- ~_-. _- . - - - -.. c__.__ ____ __ 
Triporoletes laevigatus X 
T-riporoletes radiatus 

--.- --- _ __-_._ --* ---_ _ _--. -. -~- _________~ ____ 
###I# __--.-__-.-----_ _____.----_c --- -- ---- - - -....- ----____ 

Triporoletes reticulatus X X x x x, --_-*-_-_. --- _-_ -- --.-. _. - ---.-_- t--_L__ ____ 
Triporoletes simplex x i .--. -__~-.- -.__ _____- ------- -L-.-- -- --_._-. --.-1-- 
TRIPOROPOLLENITES sqp. #%## #### #### ##I## ###I! -.-- --__ ---_--_-__---_.-_----- ------ ------- --___ 
Verrucosisporites kopukuens X X caved - _____ -__---- -__ _.._ -_. . _.________..... __ __ - ---. ..- -- -_-_ *.__- -.______ 
Vitreisporites pallidus X x x x _-_ - .___ ----__ ----- _ _----.. - ___. _-.-.- . - - -- ---- -- .-- _--.-.____ ---__ 

-- ---. .-_ -------- - . - .-- .-_. -_-_-. .--..----. --.-- -__-__-_.-_-- ---- _._ 
COUNT SPORE-POLLEN (in s 98 113 i34 144 104 116 105 236 --_ f. .--- -- _ -.-. - . -._--__. _____ 
_-.-~ __-.-..-_----.- . - _-- 
SPORES as % of S-P 31% 25% 22% 35% 27% 309’0 39% 47% ___~----___----- . . - L -__ .-_ ----_ . --- -- -- ---_. -_-- ----- ----_._ 
ANGIOSPERM POLLEN as % o 27% 49% 39% 28% 43% 40% 52% 32% 
GYMNOSPERM POLLEN as % 43% 35% 39% 37% 30% 30% 9% 22% ; ___ -- 
________ - -._ _ _-_-.- --- -- - __---_---. .-._ _ .- - .- --.-------f------------ 

Spore/Pollen as % of TOTAL 66”6 68% 89% 83% 72% 80% 70% 96% . .- - _.-_--- Lo.- __. . --. _ _-- _..-.*. _ -_--_ --- --. 
. _--- _-... ------ -- ---- _ - -.-. .- - ----_--.--_ 

MICROPLANKTON undiffere 896 496 3% 5% 69/o ##dt! 16% #### _._- _______- .-_ ----_ - .-. - _ - _ -_-- -- -._.- . ._- - .--- -_ -. ---_ _-.- .._.__ -___ 
Amosopollis cruciformis ##Pa ##d# ###d 99/o 

8Y0 . 
__.--_ -- 

COUNT MICROPLANKTON (i 5% 3% ‘-5q,, - --6O;b _ -2% 25% ###a -- ---- . -----_--._ --. -. -----. - -_ __ _- _.______ -__ 
. . -- -~.- 

Fungal hyphae 3 % 7% --####’ -5% # # # # -2% - i##f/“ go%---------- 
_..__ __ ___- .- . - ____ ---_-_ - _-_--- -.-- --.- _~-. -_ -.- ____._ _~___ 

Fungal sposes 7Ob 896 5% 2% #### 2% __--_----___ ._ -- - -. ..- _ ----. .-_ -.. __ - . ._-- ..- . -_.--.---._--_-_ 
Fruiting bodies x x x x x x _ _ ---- . - - .- - - . . _ .---- . .- - . . . . _ _ . -. ._ _-. ----. -__ -- -_ _ 

., -. _~ .-_- . .-.- 2%-- 

3% 

- 

#### #### ###W 
15?b’13?/o #### 5% 199’0 14% - -. #### - _- _.... - . -- . ::‘:_Is 1 

REWORKED Spore-Pollen 
CAVED PALYNOMORPHS .- . 

TOTAL COUNT - ALL PALYNG’ 149 . 167. 156. 174. 144. 145 - 151 246 *d 
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Table-6:  L indon -  1  - R a n g e  Char t  for Microplankt  
- _ - - - -__- -_* - - -___ 

S P E C IE S /S A M P L E S ; 
4  r (  : r -4  I -4 

D I N O F L A G E L L A T E  S P E C I E S  
An thosphae r i d i um  bu l l a tum ms  X  

-_ -~_ -__c  _ _ _ -  
’ ---- - - . - -~____- -  _---  ---- -- -. _. 

A P E C T O D I N I U M  sp. 
P- - -e  _ _  

cave aved  ca  ved  -- - - - -_~ -_ -__ - -______  --__-.  
Apec tod in i um  h o m o m o r p &  ave  ave  

--- 
ave  I a ved  - -___- - - - -___ - -_-_-- -_ -- -------_ _ _ _ _  -__-_.  - -_ 

C a n n i n g i a  bassens is  X  _ _ _ - _ _ _ _ -  - - -.. _  ._-- 
C le i s tophaer id ium ancor i fe rum __ -__ -  -_____- - -  
Co rdosphae r i d i um  sp. X  - ~ - -___- - -  - 

-- 
X  --- 

CRIBROPERID IN IUM spp.  ___ -__ .  .-- 
Cyc lonephe l i um dist incturn ---- 
& f l and rea  medca l i i  , aved?  -- ---. 
De f l and rea  ob l i qu ipes  ( l ong  ho rn )  cave -- - - _ _ _  
Exochosnhae r i d i um  ph raami tes  s.1. 

--- 
X  

ave  i 

--.- 
caved  __ .  -- -- ---- _ _ _ _ _  

_ -_  - 
X -  -.- .-_.- _  

_-.- .- 
aved  ~- -  __ -  

x ’ 

-_  

. -d -d  _ _ _ -  -_ .___  -_--.- _ _ - _ _ _ _  
H E T E R O S P H A E R I D I U M  spp.-  X  X  1  A  I A  C  A  ave  -- - ~  e--t- -----I _ _  
He te rosphae r i d ium emns i i  ms  1x:x ’ 
He te rosphae r i d ium he te racan thum 

---- -- 
------T X : X  X  X  A ’ -_c_-- - -c_c__ 
[SABEL ID IN IUM spp.  X  1  x X  -Y-------L----.- __ . -_ -___  
Isabe l id in ium be l fas tense i X  ave  - -_-__-  --- 
I sabe l id in ium cookson iae(3 )  X  ave  -- - -c__-._- . -__-_* 
I sabe l id in ium c re taceum ’ X ’ ’ ‘X ,C  - - -__c__ 
Isabe l id in ium rectangular is  

------ - -c_c-_ 
I___.-  _ - _ _  X  - -~  

homas i i  *cf. x -p-e-  - - -__~- .__*  
K iokans ium po lypes  cf. - -_~-- -  - -_- - - - -__.-__ ---- -_  
M A N U M I E L L A  spy caved  - ___-_ - - - . -_ -_ -_C__ -_  _ _ _ _  
M a n u m i e l l a  conora ta  X  aved  caved  ___ .  _ _ _ _ - _ _ _ _  _.- -.---- 
M a n u m i e l l a  see land ica*  X  
Ne lson ie l la  aceras  

e- - -P--  ------L----_ 
x x F cave - - - _____ -___ I____  _ -_ -  . - ______  - _ _ _ _  

Odon toch i t i na  costata x x X  __-- -__-- - -  _ _ _  _--_. -__.-_-  ._-_-  - - -~  --- 
Odon toch i t i na  por i fe ra  X ’X  x x --e.--- ----.-- ~  
Fa laeohys t r i chophora  in fusor io ides*  

----- ---- 
X  - _ _ _ _ _ _ _ _  _____L___- -__ -c - . -__ -_  - ~  - - -_.- .__ 

P a l a e o p e r i d i n i u m  py ropho r  ----- X  - -____- . -__-  .-.__-- - * - -__-__ 
Pa laeostomocyst is  ret iculata X  _ _ _ _ - - _ _  
Para lecan ie l Ia  indenta ta*  X  

~-_- . . . -_-_-- . - . - -__-___ 
X  X  --_-* _ -_ -_ -_ -_ .__  ._.- - - - - ---- ~_. - - ._  

SPINIDINIUM spp.  X  -. - -____-_ ._ -_ - -_L -__-___ .  -- --.- -. ._- -c__ -__  
SP IN IFERITES  spp.  ‘X  x X ’X  c x - - _~~ -  * -____- - -  ----.-_ _  - . _ - - ____ -__  
Sps tema topho ra  p lacacant  aved  - - __ -________ - - ___ - - ___  
TRITHYRODINIUM spp.  X  X  - _ _ _ _ ~  - --- _ - - - -__ --.-.--... _  -. -. -- --- -. . .-_---_ 
Tr i thyrod in ium vtrmiculata x x _ _ _ _ _ _ _ - _ _ _  _  _ _ _ _ _ _  -___-- . -  __- .  ---_--- -* -... _  -- - - - -___ _ _ _  -.. . -. -- r ua iospnae ra  xnosa  A  _ _ ~ _ _ _ _ _  _ _ _ -  __c_.  -.------ .-.-.. * - -- ---. -. ~ - _ - _ _  
____- - I__-  .--- -  -.--- -_- -  ----- -_-..- . . .-_ .- --  _ -  - _. . - -__ 

A L G A L  S P E C I E S  - - _ _ _ _ _ _ _ _ _ _  - ._--..-.--- _ _  --._ __-_ ._ -  . . ._ --._. - -_ _  .- _ _ _ _ _  
Amosopo l l i s  cruci formis X  X  A  ------- .__ --_-_--..- - -.. - .-_ __- - -  . -__-  ---- 
Circul ispor i tes parvus  x - ~  -- - - - -__ .---_----__- .._ ._-_ _ _  --- _  _ _ _ -  ---. 
M ICRHYSTRID IUM spp.  X  X  X  .-- .___-- ____-- - - - .  . _~  ..-_ - - - - -__-__ _ _  _  . _ ._  ._ ..- ._.---_~ 
Sch izospor is  ret iculatus X  _ _ _ -  - - ____  --__-.  ---.-- .---_- _.  _  _--  _.  _  - _  _ _  _  .~  . .~ ._-_ -- __- - -  
S igmopo l l i s  carbon is  X  ___ .  __- ._  _ - -_ -_  --_--_.-. - - _---  .._ ~ - - -_ -_  -- _ _  -- . . . _.  .-- - -_-- ._ 
S igmopo l l i s  h isp idus  X  _. .- -__-  ___ .  --._--.. -..- -.-- -__.  ._- -- - - . . - --- -.- 

_  - _ _ _  _-- ._ __- . - -_  -... __-- - -~. . -_ _  ._- 
M I d R O F O R A M I N I F E R A L  L I N E R S  

.-- - _ . _ .___~  
x x - _ _ _  ..- __- .  - __  _ _  


