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PALYNOLOGICAL INVESTIGATION OF THE LATE JURASSIC TO LATE CRETACEOUS
STRATA IN THE VENTURE B-13 WELL, SCOTIAN BASIN, OFFSHORE EASTERN
‘ CANADA

Introduction

This report discusses the palynological analysis and appraisal of the
Late Jurassic to Late Cretaceous interval (15-5360m) in the Mobil et al
Venture B-13 well. This well is located on the Scotian Shelf in the
Sable Subbasin at 44° 02 minutes 11.6 sec north; 59° 32 minutes 03.5

sec West.

A total of 286 samples was analyzed for this study comprising 126

cuttings samples, 159 SWC and 1 core sample. The samples were
processed in the Eastern Petroleum Geology. Both the coarse fraction
(+20 microns) and the fine fraction (-20 microns) were analyzed for the

" SWC preservations. The fine fractions for these preparations had good

to excellent recovery-due to the recent upgrading procedures developed
in the EPG laboratory. The coarse fractions for the cuttings samples
were analyzed while the fine fractions were only checked briefly. The
fine fractions of these cuttings samples, which were processed before
these new procedures were implemented, contain predominantly densely
mounted finely dispersed matter which mask and diluted the assemblages.
Subsequently the fine fractions of 33 cuttings samples between the
intervals of 1535-2510m were upgraded utilizing the new procedures at
EPG laboratories and were then analyzed in detail. These upgraded
samples had generally good to excellent recovery.

In general, good to excellent recovery was found throughout the well
except for the Tlower portions of the well below 4820m. Between
4820-5070m recovery was generally poor with a number of barren samples
and the odd sample with good recovery. Below 5070m the samples were
generally barren or almost barren except for a cuttings sample at 5210m
which most likely is caved from higher strata in the well.
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Caved material is generally present minimally throughout the well and
is partically distinguished from the in situ populations by differences
in thermal alteration colours and staining properties. In the Tlower
portions of the well, below 5000m, palynomorphs from lignitic mud
additives are present in both the cuttings and the sidewall cores.
This material is easily identified by its bright red staining.

The palynological subdivision of the well mainly utilizes the highest
(1atest) occurrences of index species of dinoflagellates, spores and
pollen. The additional use of lowest (earliest) occurrences is
generally precluded because the samples available. for analysis are
mostly cuttings and therefore potentially contain caved fossils. The
lowest occurrences are however, utilized in intervals where the ranges
are supported by occurrences within sidewall cores. Specimens of
interesting or biostratigraphically useful taxa were ringed with

indelible ink.

" The index species and palynological zonations used for the initial

subdivision and age assignment of the well follows that of Williams
(1975), Bujak & Williams (1978, 1977) and Barss et al. (1979) for the
Jurassic and Cretaceous of offshore eastern Canada (Figure 1). This

has generally an accuracy to within a stage.

To further subdivide the zones, several palynological publications and
reports were utilized. The ranges of spores and pollen from the
Hibernia area (Davies & McAlpine, in press) and the miospore zonation

For the Oxfordian-Turonian of North America and Western Europe which is

primarily based on offshore eastern Canadian material (BDG Report
87-0142) were very useful especially in defining the ages of the
Kimmeridgian to Aptian strata. In this interval the traditional
dinoflagellate marker species were absent or rarely present. The
dinoflagellate assemblages of the middle Cretaceous are similar to
those described by Below (1981) from the Hauterivian to Cenomanian of
Morocco. The spores and pollen of the middle Cretaceous, especially
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the angiosperms, were similar to those described by Brenner (1963) from
Maryland and Doyle & Robyns (1977) from the Atlantic Coastal Plain.

A palynological zonation (Figures 2-10) is thus proposed to subdivide
the Venture B-13 well which is intended for the Tlocal use in the

Venture area.

A palynofacies model 1is proposed for the Barremian to.Cenomanian strata
based on the cyclic nature of the palynomorph assemblages.

FORMAT

The format of the report includes a section on the conclusions of the
investigation. A second section is devoted to the zonal discription.
A third section describes the paleoecological model. Two appendices
are included. Appendix A is a complete 1ist of palynomorphs in the the

- well. Appendix B 1ists the samples and their sample type, i.e.

cuttings, sidewall core, or conventional core. Appendix C lists the
important species occurrences which comprise the bases for the

subdivision of the well.

A palynological analysis chart is included with this report as Table 1.
Listed on the chart are the palynological zones and their inferred
ages, the important sample depth, the significant palynological events,
the sample levels where a solid line equals sidewall core and a partial
line equals a cuttings sample and a C equals a conventional core and
the dinoflagellate and miospore diversity plots. Original computer
drafted colour copies of the palynological analysis chart are available
from the Bujak Davies Group.

Two palynological range charts are included to document the occurrences
of the dinoflagellate species and the miospore species within each

sample.
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Species "files" on each taxon is also supplied. Each file consists of
a5 X 8 file card with at least one illustration of the species and a
record of its well location, horizontal depth, name, photomicrographic
film and frame number and magnification.

Appendix D contains brief descr1pt1ons of new and/or informal taxa.
Appendix E contains a key to the ringed specimens for each slide with
identifications. These have already been submitted to Eastern
Petroleum Geology.
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PROPOSED ZONATION

The zonation which has traditionally been applied to the Scotian Shelf
(Figure 1) was devised for broéd regional correlations. The Tlocal
variations were not taken into consideration. In wells such as Venture
B-13 many of the traditional marker species such as Kiokansium polypes,
Chichaouadinium cf. vestitum, Pseudoceratium pelliferum, Ctenidodinium
elegantutum, Phoberocysta neocomica, and Ctenidodinium panneum are
rare, have more restricted ranges or may be absent. This results in a

necessity to rely frequently on other fossils which are often more
consistently present. In general the larger part of the palynoflora,
terrigenous spores and pollen, were not utilized in the zonation which
is primarily based on marine dinoflagellates. This leaves a wealth of
potential marker species left to be utilized for further subdivision

" and interfacies correlations.

The zonation proposed herein utilizes the zonal subdivisions of the
traditional zonation in order to provide continuity in zonal
assignments. These zones may require re-definition and insertion of
new zones if the type sections of the tradional zones are found to be
more stratigraphically restricted.

The zones are subdivided into subzones. Species named for these
subzones have been selected on two criteria: firstly, repetitive
occurrences throughout the subzone in the Venture B-13 well and
widespread occurrence in other wells on the Scotian Shelf based on
personal experience.

The subzones are further subdivided through the use of successive
biohorizons. These are the highest occurrences of selected species
which have a strong potential to be utilized for detailed resevoir
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correlations within the Venture area. A few peaks in species

occurrences are also included.

The strict definition of the biostratigraphic units can not be made at
this time since further testing on their Tlaterial continuity is
required. Each zone is illustrated as a separate figure with subzones
and important biohorizons jndicaﬁed in Figures 2 to 10. Due to the
large diversity of dinoflagellates and miospores present within the
Chichaouadinium vestitum cf. Zone, separate figures are given for the

different fossil groups.



Bujak Davies Group

1510-1510m:

1535-1535m:

1565-1567m:

1595-1595m:

1625-1685m:

© 1702-1835m:

1857-1925m:

1955-2200m:

2230-2260m:

2281-2470m:

2500-2500m:
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BIOSTRATIGRAPHIC SUMMARY

H. truncigerum to 0. operculata Zones (Santonian to
Campanian)

Oligosphaeridium pulcherrimum Zone (Coniacian)

Surculosphaeridium longifurcatum Peak Zone
(Turonian)

Kiokansium polypes Zone (Cenomanian)

Chichaouadinium vestitum cf. Zone: 0. totum totum
Subzone (late Albian)

Chichaouadinium vestitum cf. Zone: S.
microreticulata Peak Subzone (middle Albian)

Chichaouadinium vestitum cf. Zone: C. vestitum cf.
Subzone (middle Albian)

Chichaouadinium vestitum cf. Zone: S. pirnaensis
(Kalyptra) Subzone (early Albian)

Chichaouadinium vestitum cf. Zone: 0. perforatum
perforatum Subzone (early Albian)

Chichaouadinium vestitum cf. Zone: 0. asterigerum
Subzone (early Albian)

Subtilisphaera perlucida Zone: Stiphrosphaeridium
#EA Subzone (late Aptian)
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2505-2530m:

2560-2613m:

2620-2770m:

2800-2900m:

2925-2968m:

2985-3089m:

3105-3218m:

3225-3350m:

3370-3576m:

3585-3696m:

3705-3795m:

venture B"13 e ® @ e 8

Subtilisphaera perlucida Zone: P. trichopapillosus

Subzone (mid-Aptian)

Subtilisphaera perlucida Zone: C. attadalicum

Subzone (early Aptian)

Subtilisphaera perlucida Zone: S. terrula Subzone

(early Aptian)

" Aptea anaphrissa Zone: P. gochtii Subzone (late

Barremian)

Aptea anaphrissa Zone: C. boreas Subzone (early

Barremian)

Ctenidodinium elegantulum Zone: M. staurota Subzone

(1ate Hauterivian)

Ctenidodinium elegantulum Zone: Kleithriasphaerium
#EA Subzone (early Hauterivian)

Phoberocysta neocomica Zone: 0. diluculum Subzone
(1ate Valanginian)

Phoberocysta neocomica Zone: Occisucysta #EX
Subzone (early Valanginian)

Phoberocysta neocomica Zone: Muderongia sp. A
Subzone (late Berriasian)

Phoberocysta neocomica Zone: A. metaelliptica
' Subzone (early Berriasian)
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3825-3835m:

3855-4369m:

4395-4624m:

4635-4677m:

4683-5060m:

~ 5072-5190m:

5210-5210m:

5210-5360m:
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Phoberocysta neocomica Zone: C. granuligerum

Subzone (late Tithonian to early Berriasian)

Ctenidodinium panneum Zone: C. culmulum Subzone

(1ate Portlandian)

Ctenidodinium panneum Zone: C. speciosum Subzone

(early Portlandian)

Ctenidodinium panneum Zone: G. dimorphum Subzone

(early Portlandian)

Hystrichoonyaulax cladophora Zone: Subzone not

differentiated (Kimmeridgian)
Indeterminate (Late Jurassic)
Indeterminate (possible Oxfordian)

Indeterminate (Indeterminate)
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PALEOECOLOGY

Palynological facies model has not yet been described in the published
Titerature which allows the detailed  description of the
paleoenvironments of Cretaceous rocks. The status of paleoecological
papers with respect to dinoflagellates was reviewed by Davies, Bujak &
Williams (1982). Recent works by Davies & Bujak (1987) on the
Plio-Pliestocene of northern Gulf of Mexico demonstrated cyclcity in
the dinoflagellate and the miospore assemblages responding to the
glacial-interglacial climatic cycles of North America. This approach
has been demonstrated in the Neogene sediments of the Beaufort Sea
(in-house studies of the Bujak Davies Group) . The appraisal of
Barremian to Albian cyclcity 1in response to transgressive and
regressive events of the Ellerslie and Ostracode Zone of western Canada
has been described by Banerjee & Davies (in press). Similar cyclcity

- js also evident within the Aptian to Cenomanian sediments of the

Venture B-13 well. The following facies model is based on the varying
diversities and abundances of dinoflagellate cysts and secondarily by
the miospores and by the imperical recognization of reoccurring
palynomorph assemblage successions.

Initially for the assemblages of all the samples, several indices were
calculated and illustrated 1in a histogram-log format: marine

" dinoflagellate index, terrigenous pollen index, freshwater -

brackishwater algae index and the fern spore index. These were
calculated by counting the diversity weighted by abundances for the
various groups. For examp]é, if in one sample there were five species
of dinoflagellates with abundances of present (1), rare (2) common (3)
abundant (4) dominant (5) the sum would be fifteen and the index would
be divided by four to give a rounded integer between 0 and 15. The
divisor 4 is an arbitrary number based on the maximum sum of 60 found
within this well. The miospore sums were divided by 2, the freshwater/
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brackish water algal sums were divided by 1 and the fern spore sums
were divided by 2.5. Each cycle was then examined to resolve this
succession in the type of palynomorph assemblage. The cycles were
composited into an idealized cycle and then subdivided into typical

assemblages and grouped into four phases.

The succession marine to freshwater algal communities and of the
terrestrial floral communities thfough an idealized transgression-
regression cycle can be expressed by a palynological succession which
is divided into four phases and ten assemblages (Figures 11-13). The
four main driving forces for this cyclity are: 1) sediment influx; 2)
freshwater influx; 3) water temperature (air and sea); 4) static sea
level changes. It is difficult however to discern the independent
response to these forces without collaboration with parallel
sedimentological and a foraminiferal studies. For simplicity it is
assumed that the cycles expressed by the palynological assemblages
represent eustatic sealevel changes associated with transgressive and

- regressive events. In the northern Gulf of Mexico these cycles

correspond to climatic interglacial cycles which parellel transgressive
and regressive events. Cycles wusually terminate at sequence

boundaries.

Similarities in the morphotypes of dinoflagellates found between the
same phases in Plio-Pleistocene cycles and the middle Cretaceous cycles
is clear. Subtilisphaera replaces Niadinium; Chichaouadinium replaces
Geiselodinium; Oligosphaeridium replaces PRolysphaeridium; Qodnatia
replaces Tuberculodinium; Florentina/Silicisphaera replace
Hystricholopoloma. This suggests that climate is at Tleast partly
responsible for the cyclical nature of the palynomorph assemblage
successions. The following cycles can be recognized within the Floral

Development Chart (Figure 14):
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Depth Cycle
1702-1567m X
1830-1782m IX
1923-1830m VIII
2029-1923m VII
2170-2029m VI
2470-2170m . v
2605-2470m IV
2702-2605m 111
2850-2702m 11

3035-2850m 1

In the lower portions of the well a different model must be devised.
Due to the thermomaturation in the deepeét portions of the well, this
type of paleoecological analysis would prove to be ineffective due to
the low recovery of palynomorphs.
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APPENDIX A

Alphabetical Listing of Species Shown on Occurrence Chart:
Marine Dinoflagellates

Taxa leowation index
Index numbers are the columns in which the taxon appears

Index
number Taxon names
214 Achomosphaera neptunii : p 7 Cordasphaeridium fibrospinosum
1 Achomosphaera ramuli fera 8 Cerdosphaeridium gracile
122 Achomosphaera sp. indet, 28 Corontfera occeanica @ p
4€ Alcesicdinium 'antaocularum' @ p 178 Corrudinium HEA
Z+ Alterbia balmei : p 190 Corrudinium HER
26 Alterbia sp. indet. : p 117 Cribreperidinium #E£X : p
235 Amphorula HEA 171 Cribroperidinium boreas : p
256 Amphorula HEE €8 Cribroperidinium edwardsii : p
215 Amphorula metaelliptica @ p 22% Cribroperidinium ehrenbergii
25 Amphorula sp. indet. P 96 Cribroperidinium episomum : p
166 Aptea annaphrissa . 205 Cribroperidinium globatum @ p
&% Aptea polymorpha @ p 226 Cribroperidinium granuligerum : p
1539 Aptecdinium aqgrande : p ’ 218 Cribreoperidinium muderongense
101 Apteadinium granulatum 172 Cribroperidinium sepimentum : p
2237  Aptecdinium nuci forme 267 VCribroperidinium sp. F @ p
169 Apteodinium sp. indet. : p 127 Cribroperidinium sp., indet. : p
2 Arecligera senonensis : p -9 OCribroperidinium wetzelii @ p
2 Areoligera taulema : p 115 Ctenidodinium #ES : p
‘91  Astrocysta BEA @ p 269 Ctenidadinium chondrum @ p
ES Astrocysta cretacea @ p . 207 Ctenidodinium culmulum @ p
170 Astroscysta #iEechinata @ p 208 Ctenidoadinium elegantulum : p
254 Atopodinium prostratum : p 222 Ctenidadinium panneum : p
124 Balmula tripenta : p 227 Ctenidodinium rugulatum : p
225 Breedoxiella #EER : p 238 Ctenidodinium schizaoblatum @ op
47 Laddasphaera halasa : p i €9 Ctenidodinium sp. indet. ¢ p
48 Callaiosphaeridium asymmetrica 33 Cyclonephelium attadalicum : p
&6 Canningia minar : p 87 Cyclonephelium attadalicum of. ¢ p
4%  Lanningia ringnesicorum @ p 26 Cyclanephelium brevispinatum : p
161 1Canningia sp. indet. : p 10 Cyclonephelium distinctum @ p
1E€0 Canningia sp. indet. : p 209 Cyclonephelium distinctum #Dgiganteum
2532 Cantulaodinium HEA @ p 90 Cyclonephelium eisenackii tp
247 Cantuladinium speciosum @ op 111 Cyclaonephelium sp. indet. : p
201 Cassiculosphaeridia HEimperfecta 1 p S2 Cyclonephelium vannopharum @ p
182 Cassiculosphaeridia magna, Duxbury : p 186 Cymososphaeridium sp. I : p
4 Ceratiopsis spezinsa : p ' 198 Cymosasphaeridium validum @ p
€ Chatanqiella victoriensis : p 129 Dapsilidinium #EA : p
S Chichasuadinium HEA : p 132 Dapsilidinium #HEcaminatum : p
110 Chichaouadinium #Eqlobasum @ p 52 Deflandrea limpida cf.
126 Chichaouadinium HEX : p 27 Deflandrei cooksonii of Benson 13976
3% Chizhaouadinium boydii : p 194 Dingxdinium cerviculum : p
144 Chichaouadinium sp., indet. : p- 251 Dingodinium jurassicum : p
102 Chichacuadinium vestitum cf. : p 264 dinoflagellate indeterminate : p
S0 Chlamydophorella nyei 1l Diphyes calligerum
B1 Chlamydophorella nyei, Singh 197f : p 2459 Egmontadinium ovatum : p
253 Chlamydophorella sp. A, Davies '82 : p 2 Ellipscidictyum reticulatum @ p
25 ©Chlamydapharella sp. indet. : p 193 - Endoscrinium pharo i
27 Cleistosphaeridium aziculare : p 70 Epelidaosphaeridia spinosa @ p
51 (fLleistosphaeridium huguoniotii : p 249 Escharisphaeridia pocockii @ p
&7 LCometodinium whitei @ p 244 Escharisphaeridia sp. indet. : p

270 Compositosphaeridium polonicum 28 Exochosphagridium bifidum @ p
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APPENDIX A (Cont'd)

x Alphabetical Listing of Species Shown on Occurrence Chart:
- Marine Dinoflagellates

] Taxa luocation index
Index numbers are the cclumns in which the taxen appears

o 120 Exochosphaeridium strioclatum @ p Meicursgenyaul ax deflandrei
i 23 Florentina cooksoniae : p Meicourogonyaulax sp. indet. : p
Meiour wgonyaulax staveri : p

| 112 Florentinia laciniata @ p
b 23 Florentinia radiculata : p

Muderongia #HEA @ p

100 Florentinia resex : p Muderocngia asymmetrica : p
- 134 Flaorentinia sp. indet. : p Muderongia californica : p
[ 105 Fromea amphovrula @op Muderongia imparilis : p
i 54 Fromea atlantica : p Mudercngia mcWhaei @ p
Ll 12 Fromea fragilis : p 175 Mudercocngia simplex microper forata @ op

140 Gardodinium eisenackii : p 176 Muderconqia simplex simplex : p

193 Gardodinium trabeculosum @ p 206 Muderongia sp. A, Davey 1378 : p
v 106 dGinginodinium sp. indet. : p 173 Muderongia staurcota 'perforata’ @ p
| 260 Glossodinium dimorphum @ p 88 Nummus #EOQ : p
U 210 Gonyaulacysta diutina @ op 108  Nummus monoculatus

82 Gonyaulacysta sp. indet. : p 5% Nummus sp. indet.

12 Hafniasphaera cryptovesiculata @ p 77 Nyktericysta arachnion : p

- 204 Heslertonia heslertonensis @ p 200 Occisucysta HEX @ p
i 211 Hystrichodinium lanceatum : p 187 Occisucysta distincta

2 Hystrichedinium pulchrum : p 158 Oeccisurysta sp. A, Bujak & Williams

250 Hystrichodinium sp. indet. : p =20 cisuzysta sp. indet.
ZE1 Hystrichogonyaulax cladophora 241 Occisucysta tentoria @ p
= 320 Hystrichosphaeridium difficule 41 Odontochitina costata @ op
165 Hystrichosphaerina schindewzl fi @ p o} Odontachitina operculata @ p
265 Imbatodinium attenuatum : p 322 Oligosphaeridium anthophorum, RBrid?’?21 @ p
= 25 Imbatodinium micrapodum @ op 141 Oligosphaeridium asterigerum : p
Imbateodinium pomuam @ p 17 Qligosphaeridium complex
pore Imbatodinium sp. indet. : p 185 Oligosphaeridium complex of., Will.,?7S @
}j: Isabelidinium bel fastense : p 188 0Oligosphaeridium dilucwdum @ p
V. Isabelidinium = f. bel fastense, B4 '78 : p 177 Oligosphaeridium dividuum
b Isabelidinium coolisani ae 142 Oligosphaeridium fenestratum : p
Isabelidinium magnum : p 197 O0Oligosphaeridium heilongjiangense @ p
. Kiokansium #EA : F 155 O0Oligosphaeridium macratubulum @ p
8 Hiokansium polypes : p 118 Oligosphaeridium per foratum colum @ p
I Kiokansium williamsii : p 126 ODligosphaeridium per foratum per foratum
[N Kleithriasphaeridium #EA : p 172 Oligosphaeridium poculum @ p
Kleithriasphaeridium carrugatum : p 44 DOligosphaeridium pulcherrimum : p
- ¥Kleithriasphaeridium eninodes : p 258 Oligosphaeridium pulcherrimum cf. : p
b Kleithriasphaeridium loffrense : p 37 Oligosphaeridium reniforme @ p
?: Lanterna bulgarica : p 21 Oligaosphaeridium reniforme 'minar’ @ p
- Lanterna sp. indet. : p 32 0Oligesphaeridium sp. indet. : p
Lanterna sportula @ p 112 0Oligosphaeridium tenuiprocessum @ p
Le jeunecysta hyalina : p 137 Oligosphaeridium totum 'poarus! @op
15 Lejeunecysta spinulasa GO Oligosphaeridium totum minar @ p
262 Leptodinium aceras : p 71 Oliqaoasphaeridium totum totum @ p
146 Luxadinium #EA : p 121 Oligosphaeridium vasi forme
189 lLuxadinium #EVE : p 147 Oligosphaeridium verrucosum @ p
102 Luxadinium primulum 114 Oligosphaeridium '‘recurvatum! @ p
I 76 Luxadinium propatulum : p €Y Oodnadattia tuberculata @ p
i S Luxadinium sp. indet. : p 123 Oveidinium scabrosum @ op
&'- 1€ Manumiella cretacea : p 104 Ovoidinium verrucosum : p

e

Lo




. Bujak Davies Group Venture B-13 . . . . 17

B APPENDIX A (Cont'd)

Alphabetical Listing of Species Shown on Occurrence Chart:
Marine Dinoflagellates

Taxa location index

% Index numbers are the columns in which the taxan appears

| 18 Palaencystadinium australinum @ p 99 Subtilisphaera pgrlucid; :p

} 84 Palaechystrichophora #EA @ p 116 Subtilisphaera pxrnaensls'(kalyptran HE -}
! 62 Palaeshystrichophora infusericides @ p 86  Subtilisphaera senegalensis : p

150 Subtilisephaera sp. indet. @ p
Subtilisphaera terrula @ p .
Surculosphaeridium longi furcatum @ p

19 Falaecperidinium basilum
20 PFalaecperidinium pyropharum

[ 168 PFalaeostomocysta fragilis @ op 2y 1ol b

N Z1 Palambages sp. indet. : p Surculosphaeridium longi furcatum of, ¢ p
iV‘ 216 Paresdinia ceratophaora : » Surculosphaeridium sp. IIL : p

= =3 Ferisseiasphaeridium #EA : p Surculosphaeridium sp. indet.

Systematonphasra areclata of., Davey Q2 : p
Systematophora sp. indet. HE |
Systematophora turonica
Taeniophora BEA @ p
Tanyosphaeridium isaclamus @ p
Trithyrodinium sp. indet.
Tubhotuberella eqgemenii : p
Vesperopsis mayi : p

Xenascus H#EA @ p

Xenascus ceraticides @ p
Xiphophoridium alatum : p

242 Perisseiasphaeridium sp. indet. : p
218 Perisseiasphaeridium sp. of Davey : p
212 Fhoberacysta neccomica nvexsa @ p
8 212 Phoberocysta peoccamica nescomica 1 p
[ 223 Phoberocysta ap. indet.
195 Paolystephanaphorus sp. indet.
119 Prolisxosphaeridium ep. indet. : p
[ 162 Pseudoceratium gochtii @op
(- 156 Pseudoceratium pelliferum
L‘ © 98 Pteradinium aliferum : p
196 Pterospermella helicos : p
22 Senegalinium laevigatum : p
T 262 Senoniasphaera jurassica : p
78  Senoniasphaera micraoreticulata s
42 Senoniasphaera reticulata : p
32 Sencniasphaera rotundata
184 Senoniasphaera sp. indet.

o 23 Sentusidinium cuculliforme @ p

: 221 Sentusidinium filiatum : p
2535 Sentusidinium ricultii @ p

e 242  Sentusidinium sp. indet.

4% Silicisphaera feraox : p

e 1£2 Silicisphaera sp. indet.

T 72 SGilicisphaera tenera : p

o 92 Silicisphaera torulaosa : p
Lo 107 Spiniferites lEaspinocsum : p

143 Spiniferites dentatus : p

79 Spiniferites membranaceus : P

24 Gpiniferites ramosus ramosus n
41 Spiniferites sp. indet, : p

(19 Spongadinium #115A

120 Spongodinium tEcerebrus 3]
120 Spongodinium sp. indet. o)
72 Stephaodinium coronatum n
154 Stiphrosphaeridium IHEA 4]
80 Stiphrosphaeridium anthophoram @ ]
174  Stiphrosphaeridium arbustum : 4]
217 Stiphrosphaeridium dictyopharum : n

£
L

g 148 Stiphrosphaeridium sp. indet. : n
= 164 Subtilisphaera #EA : p
{j €2 Subtilisphaera foliacea : n
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- APPENDIX A (cont'd)

Alphabetical Listing of Species Shown on Occurrence Chart:
Pollen and Spores

~ Taxa laocation index
Index numbers are the columns in which the taxon appears

) Index
o number Taxon names
. Z Abiespollenites microreticulatus @ p 242 Chasmatosporites major @ p
115 Acanthotriletes varispinosus @ p 241 LChasmatosporites spp. @ op
107 Acritosporites ewcavatus : p 52 Cicatricosisporites HEAA @ o p
142 Aequitriradites H#Eprocibaculatus @ p Cicatricasisporites dEAE @ p
232 Aequitriradites baculatus Cicatricosisporites HEAL @ p
198 Aequitriradites conisimilis : p Cicatricosisporites #EAK : p
[ 184 Aequitriradites caoksonae @ p atricosisporites #EAL @ p
: Z50 Aequitrivadites sp. indet. : p csisporites HEAL of. 7t p
{ 194 Aequitriradites spinulosus @ p »sisporites HEF @ p
- 289 Aequitriradites subverrucosus : p HEM : p
240 Aequitriradites verrucosus wsisporites #EO : p
o 98 Afropollis jardinus @ p sisporites #EW : p
191 Afropollis zonalis @ op sisporites abacus
' 192 Ajatipollis sp. A @1 p 1 sigpurites angicanalis
- 192 Alatipollis #EA & p ‘" Cicatricosisporites annulatus @ p

Cicatricosisporites apiteretus @ p
Cicatricosisparites augustus : p

isporites australiensis : p
sigporites cocononiensis @ op
sisporites crassiterminatus
sieporites delicatus : p

isporites exiliaides Dorh '71 @ p
sisporites globosus @ p
sisporites gondiodontus @ op
atricosisporites graboawensis @ op

310 Alisporites #EG
21 Alisporites bilateralis : p
2 Alisporites qrandis : p
Alisporites thomasii @ p
32 Aratrigporites monosacatus @ p
22z Aratrisporites ocellatus @op
. 1 Araucariacites australis : p
{_ 2E0 Araucariacites punctatus : p

13
SR
r

78 Asteropollis #Econate @ o p
73 Asteropollis asternides @ op

93 Astercpollis trichotomosulcatus @ op Cicatricosisporites hannoverana aff.
aumensis : p G5 Cicatricosisporites hughesii @ p

199 Raculatisporites

[ 124 Balmeisporites h ictyus 295 Cicatricosisporites magnus @ p
- 181 Balmeisporites trictyus : p 168 Cicatricosisporites mohricides @ p
ti: £1 DBiretisporites potoniae @ p 29 Cicatricosieporites nankingensis : p
249 nfallialasporites #EFS @ p 88 Cicatricosisporites patomacensis @ p
195 Callialasporites dampieri @ p %7 Cicatricosisporites purbeckensis
r“ 228 Callialasporites infrapunctatus @ p 247 ‘ivatricosispoarites purbeckensis of.,
e ZOE Callialasporites moncalasporus @ p 252 Clcatricasisparites reticicatricosus : p
'’ 5 Callialasporites segmentatus : p .2 GLicatricosisporites sp. indet. @ p
261 Callialasporites trilobatus & p ) iz: ﬁ§C5:Y§Cﬁ5§SPGY§:es s:ernum
218 Callialasporites turbatus : p ELE Sicatricosisporites striatus @ p
302 Callialasporites turbatus cf. : p iég E?ca:Y§CD5§spor§:es sugrgtundus tp
127 Camarozonosporites dakotaensis @ op = -icatricasisporites undatus @ p
23 Camarczoncsporites insignis @ p B80. Cicatricosisporites venustus : p
148 tCampenia HEA : p 243 Dlavatipollenites iEdensus : p
306 rardiangulina HEA : p . 51 Clavatipollenites hughesi : p

8% rlavatipallenites minutus

140 Clavatipollenites retundus

32 Clavitipollenites #Edensus : p
ncaviesimieporites cotidianum @ p

ncavissimisporites informis @ p

225 Concavissimisporites longiverrucatus

1530 Concavissimisporites minor @ op

203 Concavissimisporites multituberculatus [s]

2339 Cedripites #EA : p
ol Cedripites canadensis : p
300 Ceratispora sp. indet. : p
22 Cerebropollenites HER 374
125 LCerebropollenites #EC : p =63

241 Cerebraopollenites #Eminutus @ p
219 Cerebraopollenites macroverrucosus @ p
2 CLCerebreopollenites meso

-
L
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APPENDIX A (cont'd)

B Alphabetical Listing of Species Shown on Occurrence Chart:
t Pollen and Spores

Taxa location index
Index numbers are the columns in which the taxon appears

,-——-——~

= Concavissimisporites punctatus @op 74 Ephedripites sulcatus : p
y\ Concavissimieparites robustus 24 Ephedripites virginiaensis : p
. ncavissimisporites sp. indet. @ p 4 Eucommiidites minor :op
n-cavissimisporites variverrucatus @ p 15 Eucommi idites sp. indet. : p
caviesimisporites verrucatus @ p 117 Exesipallenites scabratus : p
cavissimisporites verrucatus cf. : p 118 Edesipollenites tumulus : p
Contignisporites soniae @ op E& Flagellisgpora sp. indet.
Contignisporites dorsostriatus @ p 170 Faraminisparis asymmetrica : p
- Contignisporites glebulentus @ p 82 Foraminisporis dailyi @ p
Contignisporites notabilis Z Faraminisporis wonthaggiensis : p
Converrucosisporites platyverrucosus @ p 207 Foveosporites canalis @op
Coptospora williamsii 94 Foveotriletes subtriangularis : p?
Corniculatisporites auritus of, @ p 13 Gleicheniidites distalgranulatus : p
- Corniculatisporites ¢p. indet. 271 Gleicheniidites minar @ p
Corollina chateaunavii @ p 7 BHleicheniidites sencnicus : p
Corollina itunensis @ p Impardecispora #EB : p
: p Impardecispora apigranulosa
nllina vignollensis @ p Impardecispora apiverrucata : p
Cironatispora valdensis @ op Impardecispora macrotuberculata @ p
Costatoper forosporites HER Impardecispaora mirabile : p
Costatoper forosporites HECH @ p Impardecispaora pseudogibberula @ p
. Costatoper forosporites HEG @1 p Impardecispora sp. A, Dorhofer 1977 : p
: statoper forosparites fistulosus Impardecispora sp, indet. : p
_____ Costatoper forosporites foveolatus @ op Impardecispora splendida @ p
Costatoper forosporites sp. indet. @ op Impardecispora texensis
Couperisporites complexus @ p Inaperturcpollenites HEA : p
(- Couperisporites major Imaperturopollenites HEVL @ p
Crybeloeporites pannuceus : p Inaperturopallenites crisopolensis @ op
Cupuliferopollenites minutus @ p Inaperturopallenites granulatus : p
) Cupuliferopollenites parvus @ p Interlobites #Everrucatus : p
o] Cupuli feropollenites parvus 29 Interlabites triangularis
S8 Cyathidites minaor @ p 129 Ischyosporites amchodlbkus @op
242 UCycadopites carpentieri @ op €7 lIschyosparites disjunctus @ p
vl 135 Cycadopites nitidus : p 346  lschyosporites jurassicus @ p
- 1E2 Decussosporites microreticulatus @ p 275 Ischyosporites tubercsus @ p
€ Deltwoidospora hallii @ p 97 Januasporites spiniferus
274 Densoispaorites #EA @ p 252 Januasporites tumulosus
i 187 Denscisporites microrugulatus @ op 175 Klukisparites areclatus : p
o 188 Densaigporites sp. indet. : p 84 Klukisparites foveslatus
- 218 Denscisporites triradiatus : p 119 Klukisporites pseudoreticulatus : p
299 Densocisporites triradiatus of. @ p 143 Klukisporites sp. indet.
96 Dichastopallenites dunveganensis : p 215 Klukisporites variegatus : p
102 Dictyophyllidites sp. Brenner 19€3 : p 95 HKracuselisporites linearis
: 92 Distaltriangulisporites costatus @ p =5 Fuyliporites lunaris : p
Lo 30 Distaltriangulisporites irregularis : p 1€4 Kuylisporites waterbolkii @ p
29 Distaltriangulisporites sp. indet. : p 8 Laevigatosporites avatus @ p
154 Distaltrianoulisparites triangularis 90 Leistriletes mecklenburgensis @ p

Leiotriletes sp. indet.
Leptolepidites major @ p
Leptolepidites spp. @ p

40  Ephedripites proceras : p
264 Ephedripites sp. 9, Kotova 1968 @ p
185 Ephedripites sp. indet. : p
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% APPENDIX A (cont'd)

g~ Alphabetical Listing of Species Shown on Occurrence Chart:

L. -
Pollen and Spores

{

;i Taxa location index

{; Index numbers are the columns in which the taxon appears

{' Leptalepidites verrucatus 20% Pityosporites HEA @ p
[ Liliacidites dividuus : p - B8 PFPityospourites HER
1. N

Liliacidites inequalis

Liligridites peroreticulatus @ p
Liliacidites sp. E, Dayle & Robbins ‘73
Lycopadiumsporites austroclavitidites
Lycopadiumeparites marginatus @ p

205 Fityosporites dividuus @ p
344 fFlatysaccus meqasaccus @
268 Mlicatella #EAD @ p

110 Plicatella HEK @ p

266 Flicatella #EP

:p
0

Lo Matonisporites equiexinus 27€ Flicatella #ES : p
Micrareticulatisporites diatretus @ p 137 Flicatella #ET : F
Microreticulatisporites sp. indet. : p 46 Flicatella baconensis : p

B Microreticulatisporites uniformis @ p 197 Flicatella bifurcata : p

’ Minerisporites sp. : p 76 Flicatella bilateralis : p

[ Monosulcites #tEgrandis @ p 157 Flicatella cristata @ p

Monosulcites scabratus @ op €9 Flicatella erdtmannii : p
Multiporapallenites gp. Jardine % Mag. : p 158 Flicatella jansonius
MNeoraistrickia truncata : p 166 Flicatella macrarhyza @ p
Nodosisporites #EG @ p 106 Plicatella matesavae : p
Nodosisporites babsae @ p 246 fFflicatella parviangulata : p
Nodosispoarites costatus 121 PFPlicatella potomacensis @ p

Nodosisporites genuina @ p 204 Flicatella praoblematica cof. @' p
Nodosisparites sp. indet. 201 Flicatella pseudomacrorhyza @ p
Nodosisporites spinosus @ p 29 Flicatella sp. indet. : p
Nyessapollenites albertensis : p 30 Flicatella tricornitata @ p

- Ornamenti fera baculata : p 207 Fodocarpidites HED : o p
Ornamenti fera echinata : p =3 odoarpidites canadensis @ p

- Osmundacidites major 47 carpidites epistriatus : p
Osmundacidites ep. indet. 11 Fodocarpidites granulosus @ p
Osmundacidites wellmanii 227 Podocarpidites herbtsii @ p

- 2 Podocarpidites potomacensis @op

Farvisaccites #EA : p . =
Farvisacrcites #ER 254 FPodocarpidites sp. indet.
Farvisacizites amplus : p 171 Fodocarpidites tricocca @ o p
Farvisaccites amplus cf. : p 13 Folycingulatisporites segmentatus ¢t p
Parvisac:oites granisaccus @ p 146 Fsilatriletes circumundulatus @ p
Farvisac:-ites hortenensis : p 257 FReticulatisporites sp. indet. : p
Farvicacrcites radiatus : p 70 Retitricolpites georgensis : p
Farvisaccites rugosus @ p S Ffetitricolpites gerancides : p

24 FRetitricolpites magnificus

I

- Fenetetrapites HEA : p 24 ity i
= Fenetetrapites #Esubequatorialis : p 153 FRetitricolpites vermimurus : p
- Fenetetrapites mollis @ p 122 Retitricolpites vulgaris : p
Ferinopollenites elatoides &t p 294 Rotverrusporites HED @ op
202 Ferotriletes striatus : p oz Rotverrusporites ambiquum @ p
*8 Fhyllacladidites inchoatus @ p 281 FRotverrusporites ohscurilaesuratus @ p

wotverrvusporites tenuis @ op

S Fhyllocladidites microreticulatus @ op
242 Fhyllacladidites spp. 189 fuouseisporites iEspinulosus @ p
Filosisparites srassangularis : p ] Fouseisporites euskirchensoides @ p
Filosisporites ericus : p 2 Rouseisporites radiatus @ p

71 Rouseisporites simplex @ p

86 Rouseisporites singularis @ p
2322 FRugubivesiculites #WEA : p
Fugubivesiculites minimus @ p

Filosisporites sp., A

Filosigporites trichopapillosus @op
Filosisporites verus @ p
Finuspollenites eEp. indet. 77
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APPENDIX A (cont'd)

Alphabetical Listing of Species Shown on Occurrence Chart:
Pollen and Spores

Taxa loczation index
Index numbers are the columns in which the taxon appears

2 FRugubivesiculites reductus : pp
48 FRugubivesiculites rugosus @ p
- 240 Sawwosporis variabilis @ p
18 Schizosporis #EL @ p
213 Scortea #Emicrolumena
214 Scortea tecta : p
177 Sequoiapollenites sp. indet. : p
L =52 epore indet.
111 Stellatopollis HED @ p
49 Stellatopollis largissimus @ p

Verrucatosporites sp. indet. @
Vitreisporites minar @ p
Vitreigporites pallidus ¢ p

{ 17 Stereisporites antiquagporites @ p
! 172 Stereigporites clavus @ p
[ 213 Stereisporites sp. indet. : p

Striamonoletes auritus @ p
Striatella #EA =]

Striatella #HEC P

Striatella HEE P

Striatella #HEF 'z p

Striatella #EJ P

Striatella HET

Striatella sp. indet. : p
Striatricolporites #EA @ p
Tauror-usporites reduncus @ p
Taxodiaceaepallenites hiatus @ p
Tigrieporites scurrundus @ p
Todisporites major @ p
Todisparites minar

Triangulopeis discnidalie @ p
Tricolpites sp. indet. : p
Tricolpopollenites crassimurus @ p
Tricolpopallenites micromunus
Trilobosporites #ER

Trilo porites aequiverrucatus
Triloboagsparites acrnatus
Trilabospoarites crassus ¢ p
Trilobosporites humilis @ p
Trilobosparites sp. indet.
Trilobosporites weylandii
Triretilobata marylandensis @ p
Triretilobata sp. indet. : p
Triretilaobata tribotrys @ p
Triretilobata tricreticulosa @ p
Tubercsitriletes grossetuberculatus @ p
Tubercsitriletes major : p
Tuberositriletes minutus @ p
Tuberositriletes montuasus @ p

r Tuberocsitriletes sp. indet. : p
}u Uvaesporites glameratus

' 33 Varirugosisporites #EK @ p

e 239 Varirugeosisporites sp. indet.

Verrucatosporites peeudoreticulatus

n

P
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APPENDIX A (cont'd)

} Alphabetical Listing of Species Shown on Occurrence Chart:
Algae, Fungal and Miscellaneous
L

Taxa location index
Index numbers are the columns in which the taxaon appears

Index
nunber Taxon names

7 Daltisphaeridium sp. indet. : p
12 Concentricystes minor : p

10 Cymososphaeridium sp.

16 evwtruded hydrocarbons

1 foramini feral liners @ p

15  fungal material : p

3 Micrhystridium fragile

P Micrhystridium stellatum @ p
13 Pterospermella sp. indet.

S Schizocystia HEL @ p

11 Schizocystia HMspinate : p

4 Schizocystia laevigata @ p

B G Schizosporis parvuas @ op

2 S8chizosporis reticulatus @ p

8 Solisphaeridium sp. indet.
14  Veryhachium sp. indet.
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Venture B-13

Examined Samples: Venture B-13 Well

(795,00

cuttings
SWC
sSWi

cuttings
sSWe

cuttings
cuttings
SwWiE

cuttings
uttings

sSwi
S165. 00 cuttings
2170.00 swo

cuttings
sSWo
sWC
cuttings
SWC
cuttings

SWi

3195, 00
S202.50
3210.00
I2RG.00
3I251.00

3255, 00

Zatv. 50

.ot

S0 sSwe

.12 SWi

SO0 swo

5.00 ¢ cuttings

.00 @ swe
IBOO.O00 2 swe
3TN, B0 1 swe
3212.30 : sws

3315.00

3315, 00

cuttings
SWi

3328.50 SwWe
2BE5. 00 SWiZ
33240, 00 SWiT

3345, 00
S350, 00

270,00

cuttings
SWC
swe

3375 cuttings
32a5 Swe

3206 sSwi
a592 SWE
3396 sWC
3100 Swio

3405,
3410
SA20.0 00
S435. 00
3445, 00
3465, 00

3495.00

cuttings
sSwi
sSwWi
cuttings
SwiI
cuttings
cuttings
cuttings
cuttings
swe
cuttings
swe

ez oyen
3595

3615 cuttings
3616 SwWiC

3632 SWC
2645 cuttings
e ey aws
3675 suttings

3676 swi
2695 sSW

374 cuttings
2705, aws

3715 SW
cuttings
Swi
cuttings
Swi
S
cuttings

20825, 00 cuttings

cuttings:

2835. 00

3855,

315,00
21S )

H125.50

4135.50

4245, 00

4299. 00
4305, 00
qA227.50

4335, 00

4403, 50
412,00
-~

4476G. 50
481,50
4483, 50
44835, 00
a9t .

4548, 50
4560. 00
AT6E0B, 00
A4571.00
457500
457500

4595, 00
QG0 , OO
4GO5. 00
4613. 00
4624 .50
AG3E. 00
4EES. Q0
4668, 00
4672, 00
4677 .00
A6E3. 00

: swo
: cuttings
: cuttings
T swi
: cuttings
: cuttings
HI AN
: cuttings
: swe
: cuttinas
8w
¢ cuttings
T swWC
: cuttings
: cuttings
: swio
T swio
T BWC
t swWC
T swo
: cuttings
HEE- 1"

: swc
: cuttings
: swC
1 swe
P swao
: cuttings
: swc
@ swcC
: csuttings

: cuttings
: cuttings
: swC
r cuttings
T swo
: cuttings
: swo
: cuttings
i Swil -

: cutting
! swio
o swe
: cuttings
: swe
T swo
s cuttings
I -ANTS
T swi
HE-{"

T swWE
I swe
¢ cuttings
: swC
: cuttings
: cuttings
T swe

n
€

DRI B SR o A )

W

£

uttings

aunoan
£cC

o)
£
b

0
£
&

swWe
cuttings
SWi
SWE
cuttings
cuttings
SWe
sSwi
sWE

SWi

e o 23

d694.29
4G9S, 00
4730, 00
Q4723.00
4752, 00
4760, 00
4780, 00
A790., 00

20, 00
SAO20, 00
4840, 00
AR50, OO
SO6EE. 00
4875, 00
4880, 00
4833, 00
491000
4922, 00
HY26E. 00
4935, 00
4940, 00
4970, 00
SO00, 00
SO0O5.00
S019.00
S024. 00
5030, 00
S022.00
S0a, 00
SOGO. 00
SO72.00
S070.00
S020., 00
S104, 00
S1160,00
S5119.00
S120.00
S126. 00
51432, 00
5148, 00
S150. 00
S5155. 00
51568.00
S161.00
S166.00
S1732.00
5180, 00
5183.00
S1390.00
S210.00
5210, 00
S211.00
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swe

swc

sSwe
cuttings
cuttings
cuttings
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swC
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cuttings
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swC
cuttings
SWwi
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swWC

BW
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SWiT
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SWC

swWC

SWe
cuttings
swC

SWC
cuttings
swiC

SWi

sSWC

swa

sWC

sSwi
cuttings
cuttings
cuttings
cuttings
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APPENDIX C

List of Selected Palynomorphs
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SELECTED FALYNOMORPHS

obherwise speci fied.

CCT LY Y@ es Wl e

Listings show highest

C+) indicates marker speclies.

1510-1510m= H.truncigerum to O.operculata Zones (Santonian to

Campanian)

The sample density is too low for futher subdivision

af the Senonian.

15E05m : Arecligera senonensis CCommeon )

Ceratiopsils speciosa specdosa (Dommorn )

Cribvroperidinium wetzel il

Cyvolonenhel ium cistinotum 42
Iosabelidinium hel fastense of, (42

Taabelidinium cooksoniae (+)

Manumiella cretacea (42

Falaeoperidinium hasiluwn CCommern?

Senegal inium laevigatum C+) CZommon?

1535—-1535m: Oligosphaeridium pulcherrimum Zone (Coniacian)

1525m Obviespol lenitos microreticul atus

adlterbia halmei 7
Cicatyicomesisporites cocononilens) s

CBuestionably present)

Deflandrei cooksonii of Renson 1976

Evochosphaericdium bificdum

Fleoentina ocooksoniae ()

Hyvestyichoophaeridium di fficule
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1565—-1567m:

dentwahitina cper ol ata

Venture B—-13

¢ D195.....26

Oligosphasricdium anthophorum, Rrid?71 (42

Fodocarpidites cranul osus

Fodocarpidites pobomacensi s

(Ruestionably present)

Fugubivesiculites reductus

Senconiasphaera rotundata (42

Xenascus ceratbtioldes

Surculosphaeridium longi furcatum Peak Zone (Turon-—

ianl

1365m

1567m

1595-1595m:

Callialasporites segmentatus

Cleistosphaeridium acicul are

Coroni fera ooeanica

Cupul i feropollenites parvus

Ilosabelidinium bel fastenses

Ocdontochitina costata

Senoniasphaera reticul ata

Surcul csphaeridium longi fureatum

Abiespollenites microreticul atus

Olicqosphaeridium pulcherryimum

SQiliciasphaera ferox ()

Vitreisporites pallidus (43

Kiokansium polvpes Zone (Cenomanian)

Alcesiodinium Yantocul arum?

Alisporites bilateralis C(CDommoan)

Aratrispovites oocellatus

Calladosphaericiuwm asymmetrica

canningia ringnesiorum CZommen )

Chlamyvdophorella nyed

C4+D)  CZommon )

Commmen )
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. Cicatricosispoviltes cocononiensis -+

i
b Cleistosphaeridiam hugueniotii ) CQommon)

Cyve lomephel dum vannophorum  C)
Deflandrea limpicda of,

Vivodni aensis

L Ephecripites

Fromea atlantica
- : o . . o g .
P Taabelicdinium macgnum COoammeorm )

. Eimkansium williamsii €49

Fleithriasphaeridium loffrense

g ,
Neymmuts sp. indet.
Oligoesphasricium tobtum minoye (40

I Oodnadattia tuberculata
Fenetetyapites HEA
Fhvlleocladidites inchoatus

Fliratella tricornitata

Fewseid aporites radiatus

Subtilisphasra foliacea
Surculosphaeridium lonal furcatuam CAbundant

Clemmazr )

g ceratioides

Xenas

1625—1685m: Chichacuadinium vestitum cf. Zone: O.totum totum

[7 Subzone (late Albian)

{ Aptea polymorpha (40
- ‘ Aratrisporites monosacatus

Aostrocyeta crebacoa

| Canninoia minor
3
Cedripites canadensis ()

sporites crassiterminatus 40

Fm Cicatrico

crollina tore (42

Cribroperidinium edwardsii C(Commond

Crvhelosporites pannuceus ()

Cupuwli feropollenites parvuis

Cyelomephelium hrevispinatum (Common)

iroma (k)

Emealicdosphaeridia

o
i
IR
L

Ephedripites proceras
Eiokansium williamsii (Abundant?

4
.
{ Liliacidites dividuus
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Monosul cites a-cabrabus

Olicoesphaericium totum btobum 40

FParvisaccites horbtenensis (4)

Farvisaccites raciatus

Farvisaccibtes rucgoeus ()

Flicatel la baconensis

Fodorarpidites epistriatus

Fodoearpidites pobtomnacensis

Frugubivesicul Lbes vuepnsLs

Silicianhaera tenera

Stellatopollis largissimas (<)

Stephodinium covanatum ()

Xen A

1642, Bm Clavationollenites hudghesd

Fucammiidites minor

Fd cbsaamsium ol yiee

-2

COmmmor )

Luxadinium propatul uam

Nyvltericveta arachnion ()

Nysasapollenites albertensis

Fenetetrapites mollis 4+

Fetitricolpites geranoddes ()

Fowseiasporites euskirvohensod cdes (40

Senoniasphasra microreticuwlata 40

Stiphrosphaeridium

arnthophor um

Striatricolporites #HEA

Uvaeasnoriltes

gl omer atus

1655m Biretisporites pobonias

Chlamydophorella nyveil, Sinah 1971

Cicabricosisporibes

abtricosisnorites

BEOHA  (Dommon
apiteretus

Cicatricosieaporites

delicrabus

Ellipsoicdictyum reticul atum

Epelidosphaeridia spinosa CCommorm)

Tachyosporites cdisiunctus ()

Fiomkansium williamsi

| d Clmmmenr )

Neolosiasporites genuwinus ()

D195.....28
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Fal aeohyvatyichophora #HES

Flicatella erdbmannii (42
Fetitricolpites georgensis ()

i Fouseisporites simplew (42

Tricolpopollenites crassimuris -+

’

b 1683m Cerebropollenites mesorolecus (40

Ephecdripites suloatus
Fhvlleocladidites microrebticul atbus

Flicmtella hilateralis

Fugubivesicul ites minimus C(Commond

1685m Apntea polyvmorpha (Commeond
Aotoropol Lis HEconate
Aoteropollis asteroides ()

[PR——

Commo )

,ﬁ,...‘._..

C)

B . Cicatricosisporites venustus

Converrucosisporites platyverrus osus

Cribroperidinium edwardsii (Common)

Fevraminisporis dailvi
Foaraminisporis wonthacdoiensis

r‘ Flukisporites foveolatus

Cot-

L Ornamenti Tera
Fouselsporites singqularis

{

| - . . .

i. : Striamonol etes auwritus
Subtilisphaera senegalensis

Surcul oaphaericdiuwm Lol Turcatum  CCommeor )

1702—-1835m: Chichaouadinium vestitum -f. Zone: 5. microreticu—
lata Peak Subzone (middle Albian)

T

e

- 1702m Camarceanosperites insiagnis (Commem)

5 Cicatvicosisporites potomacensis

Clavatipollenites minutus
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P

1715m

1743m

1745%m

177%m

TR

e

L

Cyclonepheliom attadal icum

Venture B—13:

ot

HED (D
Sponogodinium HA

Aotyrocveta crebacea

Cedripites canadensi

Clemmery

Coommen )

o Common

Cicatvicosiasporites

Cyelomepheliun el sen

HEAT 4+

arc il ( -+

Distaltyiangul ispori

p]

p]

tes costabus

ancaul aris

Foveotriletes subtri
Faimbansium williamsi

i Cimmmecary

Senoniasphasra microreticulata €4

Trilombhosperitos humi

Lis (-4

Dichastopollenites dunveganensis

Januasporites apini f

€21 LIS

Schiroovstia #HEL

Schizogpnoris DAY VWS

Stellatopollis largissimnus C(Common )

Afropollis Jardinus

Aeteronol lis trichobonosulcalbus

Cte

Cicabyicosiaporites

Cicatricosisporites

HEF O+

annul alt s

Cicatvicosisporites

auicuiet Lie

RDivtyophyllidites sp

Eodmbansium williamesi

. Brenner
1 CCommeon

Liliacidites peroreaet

iculatus

Liliacicdites sp.E, D

Qligosphaericdium Lot

olye & Fobbins

um bedkom

Flicatella matesovae

Acyitosporitbes excav

at s

Astrocyata HEA (40
apbosnoyra williamsi

)
(I

13968
)

¢

A0

(40

D195.....30

Clemmmizn )

Co-)

Clomminn )

77 ()

CCoammenn )

Cloommea )
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i mkansium polypes (Commoan)

Microreticulatisporites diatretus

Oligoephaeridium totum totum (Common)
Flicatella #EK
Senoniasphaera microreticulata (Common)d

Silicisphasra torulosa
Stellatopollis #HED (42
Surculosphaericdium lonal furcatum o f.

1791, 56m Momosul cites HEgrandis

Mrodeesi spor i bes costabusg R
|

18205m Acanthotriletes varispinosus

Cicatricosiasporites subrotunculs

Cribroperidiniuwm episomum (40

sipollenites Lumul s

Fimbansium williamsii CDommon)

Nogosd aporites habsas (4

Oliaoasphaeridiwm reni forme (4) CQommorn )

Fliratella potomacensis

Fterodinium aliferum -

Fetitricolpites vuloaris (-2

Senoniasphaera microreticulata (Common)

1810m Frodosarpicdites canadensis

SQubtilisphaera perlusida
(Questionably present)

18230m Ralmeisporites holodictyus

Cerebropol lenites HED

satatoper foroesporites fistulosus (4

rucosue  Coommon )

Surculosphasericdium longl furcatum  CCommern )
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1835m Birvetisporites poboniae CCommen )

Camay ozonoapoyr Lbes cdakobaensis

PSS

Cyelonephel fumn brevispinabum CCommen )

~

Florentinia resex

[

Tachymaporites amohol kus (4D

Fiokansium polypes CCommond
| Dligosphaeridiom Ltobum tobuwm CCommon )

{f 1857-1925m: Chichaouadinium vestitum cf. Zone: C.vestitum cf.
Subzone (middle Albian)

L1857m Chichacuadinium vestitum of. 4+
?2 ‘ Lusacdinium primulum (Questiconably present)

Chvedcliniuwm veryruwesosum ()

o 1865m Astrooyeba HEA C+)  (Dommoan )
Distaltriangulisporites irreqularis +)

L : Fromea amphoriul a
Gledicheniicites distaloranulabus

F‘ Eickansium #HEA
MNummues monacul atues

Ornamenti fera bhaculata 40
Lbes amplus (Cuestionably present)

m} Farvisac
Fetityicolpilte
Spini ferites #Easpinosum (+)

magni ficus

-5-

189%m Cedripites canadensis (Commom?

Cyeadopi tes nitidus

Inanerturopollenites crisopolie (40
Flicatella #ET
Folyeingulatisporites segmenbabus

o 18%6m Interlobites btriangularis
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1923m Abiespol lenites microreticul atus C(Dommon )

Chickhaouwacdinium #Eglobosu

Chichaouachinium vestitum

m €4

o f. COommon )

Clavatipollenites robundu

@ (o)

Impardecispora texenslis

Fal asohystrichopnhora $EA

Farvisaccites amplus of,

Fugubivesicul itos rugosius

ClZeammenn )

)

Cabundant )

Surcul csphaeridium Longd furcatum  CCommeomn )

1E2GEm Aeauitriradites #Eprocibacul atus

Aotyoeoyveata HEA (Common) -

Cedripnites canadensis (

Cevrnioul atidanorites aurit

Cnmcg D

e oo

Flmrentinia laciniata

Oligoesphaericium tenuwiprooesasum

Foilatriletes oirecumunodul

atus

1955—-2200m: Chichacuadinium vestitum cf.

Zone:

C+

S.pirnaensis

(kalyptra) Subzone (early Albian)

1955m Sotrooyeta #HEA  Clommomn)

mpenia HEs

Chichaouadinium vestitum

Cedripites canadensis CCommond

e f . Clammenr )

Ctenidodinium #ES ()

Cyeclonephel ium brevispinatum

Tyl onenhel dum elsenaslkild

CZommon )

Ccammmm )

Fiokansiuwm williamsii (Common)

Oclemtochitina opercul ata

Oligosphaeridium totum tobum

£ Iommon )

Subtili

ClZemmer )

splhaera pirnaensis (kalyptrad

Surcul csphaeridium lengd fureatum  Commor )

Todi spoyritbes minor

159 0m Dedrinites canadensis CDommeon)
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t
2015m
r ¥

SOZ9m

S0A5Em

2075m

T

[
- =105m

Cribroperidinium $#EX

Venture B—13:

4D

Meelos i o i beve HFEG (4D

Olicosphaeridium per foratum colum

Olicusphaericdium rend forme

Sponaodinium #HEcerebrus

’

Cupuliferopollinites

minutus

Cimmmen )

D195.....34

Eoimbansiuwm polypes COommeond

Erasusel isnorites linearis

Oligosphaeridium rend forme minor?

Fliratella cristata

Fatitricolpiteos vermimuayus

Nesmraistrickia truncata

Sureulosphaeridiwm longd Tuorcalbum

Cedripites canadensis

CCimmmenr )

Costatopey forosporites foveolalbus

Decuseaomaporites microreticul atus

Ce)

CEammor )

CRuestionably present)

Fuaylisporites waterbol kiid

Xiphophoridium al atum

Balmella tripenta (Fresenht)

3 Coammizn )

Cecdripites -canadensis
WHEC
Cyelonephel dum elsenaclkii

o

Cerebropmllenite

CCommion )

Imbatodinium micyopodum €4

Flicatella macrorhyza

Surculosphaeridium lonagl fuoreatum

Coommen )

e Clommem )

Tauroeuspoy i bes

redunoues

Ledripites canadensis

Clammon )
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Cicatyicosisporites mobrioides (40

-
é— Comeaviasimisporites verrusatus o f.

. Foraminisporis asymmebyica €40

i Fodosarpiclit by oo a

L Trilobhoeporites orassus (Questionably present)

231440m Cadripites canadensis (Abundant)

Clvi ok aciacti niwum HEX

Comeavissimisporites oobidlanuwm

Elukisporites areolatus

P Lyeopodi umspor i tes maroinatus

7 . ) Flicatella jansonius

=21a2m Dapsilidinium #EA (+D

Eveehosnohaericdiom shriolatum

L Liliacicites inequalis ()
Dliagosphaeridium vasi forme
= Triveltilobata maryvlandensis (+2

[ 2160m Dapsilicinium #Ecaminatum
L. Microveticulatisporites uniformis

Fedomcarpidites potomacensis (Abundant)

e

=170m Cicatricosisporites HEATL CCommond

Cyvelonephelium attadalicwum of, 43 CCommon)d

Tigrisporites sowruandus )

ey

=192m Faryvisacciltes anplus (4D
e
b

HEROOm ASotrocyveasta #HEA (Commomn)

Cedripites canadensis CAbundant)

e

Chickhasuacinium booyd @

Oliagosphasridium reni forme CQommoe )

Fedocarnidites epistriatus (Commond

[

ey

(‘.._‘_.f-.
A T
deere
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Trivetilobata trioreticul oga (42

2230-2260m: Chichaouadinium vestitum cf. Zone: 0. per foratum

E per foratum Subzone (garly Albian)

f 20m : Aoaguitrivadites cookaeonae
5 Actrocysta HEA (Commond

:

Cedripites canadensis (Abundant)

Muder onoia asymmetyioa

Olicgoesphasridium perforatum perforatum ()

,wm"..,

Oligosphaeridiun pulcheryimum Clommern )

Olicoesphaeridium tobtum "porus’ (43 CCommon)

Surcul oanphasricium longl Turcatum COommon)

Chichaouadinium vestitum of. CCommen)

Cicatyicogiaporites coonciodontus

Densod aporites microruaulatus

Fromea fraqilis (42

h_,_,'«

Oligoesphaeridium reni forme (Commornd

Fouseisporites #Espinulosus

Surculoenhasridium longl furcatum CAbundant)

_.,<.,\_\

2281-2470m: Chichaouwadinuim vestitum cf. Zone: 0. asterigerum
Subzone (early Albian)

(e

P 228 1m Aotirocyvata cretacea (Abundant)

Chichaouadinium #Eagl abosum  CCommon )

Chichamuadinium vestitum -f. (Abundant)

Cyvelonenphel ium eilsenaslkii CZommina )

[
&, Gardodinium eisenaclii (+)

Oligoephaeridium asterigerum (4

Olicosphaericium per foratum colum CCommon )

Senoniasphaera microreticulata CZommon)

s

H
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2E30m

Afropallis xona

Venture B—-13:

liag (42

Alatinollis $HEA

Aotrocyveta HEH

CZexmmon )

Chichaouadinium vestitum of.

Luxadinium primuliim

01 4 qoesphaey 1ol um

fTenesl

ratum

w3E0m

Apaquitriradites spinulosus

Alisporites ora

[

rcli s

Astrooysha #HEA

CAbhundan

Callialasporites dampie

MM )
t
i Akl

Chichamuacinium #Egl obosum

Chd e amoacind wm

vestitul

m o f,

Cyelonephel Lum

el senank

D195.....37

CCiommeon )

C)

Ceammentn )

CAabundant?

id CZoammenn )

Foiolanasium poly

Clom

[ € €5

g

Eleithriasphaeridium eo

mizr )

inories

Neelone

13 sy ib e

SR ML

Fliratella bhifu

yioaka

2ES0m

)

Aecuitriradites conisimilis

Antrosyata HEA

Bl atd spoy it

ClToammennn )
o ME L

@165

Luwacimidwm  HES

(-

Olicoasphaey iclum VEr YL cosum

Oveoidinium scab

s Lum

1)

Surcul mephaeridium Longi furcatum (Common)

sy oy o
227 T7m

Auetrorveta HEA

Cabundan

1 igmephaericium per for

Lt

atum ocolum

Commen 2

Nlicmesphaeridium Lobum

minor

Subtilisphaera pirnagnsls

2E80m

Aotroovata #HEe

Chichaouadinium #Egl oabosum

Cicatricosiaporites

CAbundan

Tt

(kalyptral

Cmmmizn 2

Cmmmin )

L eomment )

australiensis
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Ferotriletes atriatus

Flicatella problematica of.

Spiniferites dentatus

Triretilobhata tribombrvs

) = 1 Om Callialasporites monoal asoor s
(RAuestionably present)

el QO Actrooyasta $EA CDommon)

Chichaouadinium vestitum of. C(Common)

Cyelonephel iun elisenackii Clommenr )

Taeniophora HEA

Vespneropsils mavi

27 Om Astymeveata HEA CAbundant)

2500-2500m: Subtilisphaera perlucida Zone: Stiphrosphaeridium
#EA Subzone (late Aptian)

=

2500m ’ Ashroovasta HEA (Dommond
HEAL of. (4D
Gleicheniidites senonicus (Abundant)

Caratyicosi spord bees

Hystrichodinium pulchrum

Stiphrougphaericdium HEA (4D

L
Subtilisnhaera perlucicda (+)
Z2905-2530m: Subtilisphaera perlucida Zone: FP. trichopapillosus
Subzone (mid-Aptian)
2E0%m Filosisporites crassancaularis ()
- Subtilisphasra perlucida (Common)
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2EDB0 Antrocysta #HEA - CAbundant

2560-2613m: Subtilisphaera perlucida Zone: Cyclonephelium
attadalicum Subzone (early Aptiand

2E60m Aatrocyata HEA COommmen )
Cyelonephel iun atbadal icum (40

B edsansium williamesid (Comman)

Farvisaccites amplus (Common)

G m 01 aoaphaericiun macyobubul um -+

2ES0m Cribroperidinium #EX (Fresent)

aimnad

Cyvelemnephel ium attadal ioum (Commeon )

Contiagnisporites glebulentus

Farvisaccibes amplus COommoo)

Farvisaccites radiatus CZommon )

2620—2770m: Subtilisphaera perlucida Zone: S.terrula Subzone
(early Aptian)
N Cedripites canadensis (Abundant)
FPoepudmeceratium pelli ferum
(Questionably present)
Seortea bacta €40
N Subltilisphaera terrula O+
’ Codripites canadensis (Abundant)
Tmpar cle €4
Farvisaccites amplus  (Commen)
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2680m Impardecispora macrotubercul ata

Qrocisucysta sp. A, Buiak & Williams

(Ruesticonably present)
Farvisacrcites amplus (Commen )

2710m At eocli miwm orande

. Callialasporites monoal asporis ()
Cedrinites canadensis (Abundant)

- 2740m

| Chicatricosigpoorit

#HEA  C(Common
pes AL (D
Fodorarpnidites pobtomacensis CCommon)

2770m FPodocarpidites potomacensis (Common )

2800-2900m: Aptea anaphrissa Zone: Pseudoceratium qochtii

Subzone (late Barremian?)

=R00m Pooudoceratium gochbii ¢4

Subtilisphaera #EA (Fresent)

YVesperopesis mayvi  C(Common )

2E25m Callialasporites turbatus ()

Cyelonenhelium attadalicum (Commeon)

Farvisaocites amplus (Dommon )

H820m Cerebropolleniltes macy over rue Csus

e (Questionably present)
Hystrichosphaerina schindewaol fii (4

SeeSm ' Galbyoeyvata HEA  CQommon)

Civatricosisporites hannoverana aff.

i N




A
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Muderongia imparilis (42

..<.<.,_.._,
H

mornaal asporwea COommor )

| 287 0m Gallialasporitbes
Cyvielanephel ium attadalicum CAbundant)

2ESEm Aaotroecvata #HEA (Commeom)
Callialasporites momoal asperos  Clomman )

lg Cyclonephelium attadal icum (Common)
Tmpardecispora aplgranulosa

[‘ Faooudoreratium pelli ferum

S O0OMm Cyelomepheliun attadal iocuam CQommon )

- Cyelomephel ium bhrevispinatum COommon)

Pilomeilaporites brichopapillosus

Subtilisphaera terrula C(Commeond

Triangulopesic discoidalis ()

2925-296Bm: Aptea anaphrissa Zone: C. boreas Subzone (early
Barremian) '
Astroscyata HEechinata
Cicabtricoeisporites HEAE ()
Concavissimisporites longiverruwsatus
Costatoper formspor i tes $ECH
Cribropericinium borealis ()
: Cribroperidinivum sepimentum ()
‘j Cyelonephal ium attadalicum Commorn )
Fodorarpicdites herhteii
Ciratricosiaporites nankingensis
Costatoper Torosporites HER

Cyvelmnepheal dum attadal dowum CCommem )

e Olicgoesphasridium peocud um

Farvisacoites #EA
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2P60m

2968 5m

2985-2089m:

Frugub i vesiowl i tes #EA (FD

Stiphrosphaeridium arbustoum
(Ruestionably present)

Taeniophora #EA (Commond

Muderonaia simplex simplex (42 CCommon)

Farvisaccites racdiabtus (Common )

Taeri opnhora HEA  CDommaorn )

Oligoaphasridiun odividuwm 4

St iphrosphaeridium #HES CCommon

Ctenidrndinium elegantulum Zone:Muderongia staurcta

Subzone (late Hauterivian)

=H85m

201%m

J036m

2045m

Derh P71

Eicatricmﬁi%mmritmﬁ ewilioic

Coonrvuclindum #HEA ()

Muderonagia stauwrokba "perforata’ ()

il med anor i tes verLs

Taeniophora #HEA  Common

Callialasporites infrapunctatus R

Cedripitbes #EA (4

Cyvelonepnhel ium attadal iocum (Commen?

Muderongia simplex simplex (Dommend

deguitriracdites veryuo sl

Callialasporites monoal asporus CCommon )

Cerebropollenites #Eminutus (Rare)

Chasmabosporites major (40

Clavatipmllenites #HEdensus

Caddasphaera halosa Cabundant)
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Callialasporites monoal asporus  Commenn?

ety abug

Codcatbric Lepordtes

Muceronogia simpleys microper forata 4 CQommon )

Filoesiapoyites eriocusg ()

Flicatella parviangulata

2075m Cicatricosisnorites purbeckensis of.

Muderonagia simplew microper {orata CDommon)

SOEIm Cassiculosphaeridia magna, Duxbury O+

Civabtricosisporites BEAA C(Commoan?

Cicatyicoanianorites HEAR

Interlabhites FEveryucatus

Farvisacocites amplus

2105-2218m: Ctenidodinium elegantulum Zone: Kleithriasphaerium
##£EA Subzone (early Hauterivian)

2105m Impardecispora splendida

Januasporites bumulosus (Buestionably present)

Eleithriasphaeridium HEZa

Mudery onaia sinpleys microper foorata CDommeonm)

Cedripites canadensis (Abundant?

ik
—
{3
i1
3

Comupey i spome i beea compl exiis

Muglevyonogia simpley microper forata (Abundant?)

Qlicgomephaeyvicdium complew of, , Will,? 70 ()

Farvisacociteos #HER
[4 v

e g beoa HEA

213%9%m Fuyliporites lumnaris

Ferinopollenites elatoides (Dominant?
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3170m

319%m

22 18m

2225-3350m:

Flhyl ool aci

Venture B—-13:

dites microreticul atus

Murelesy mregi a

simpley simplex

Y

Subtilienha

era terrula

)

Ccammen )

Chasmatosnoy i tes major (Common)

Loy Mo s aes

vidium sp.

Mucley onela

I ¢+

simplex microper forata

Frewdens avpi i

tes canadensis (Oommon)

Gubtilisphaera perlucicda (Common)

Subhtiliapha

era berrula

Cicatyics

Cimmmenm )

Di95.....44

COmmmeon )

CZemmendn )

ClZemmen )

Phoberocysta neacomica Zone:

fRuestionably present)

0ligosphaeridium

diluculum Subzone (late Valanginian)

2231m

Decigucysha

distincta

C4)

QOliaosphasrddium dilwswlum CF) CCommomn )

Densod soor i

Lutvacindwum

tea btrirvadiatus of. (43

HEVE -+

Aravcariacites punctabus

edripites

canarlensi s

sy v Lehd i Lum

HEE €+

Mutelery gl a

call formina

Cabundant )

)
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B276..12m

IR80m

B308.5m

331E.5m

S 0m

Venture R—13: DI195.....49

Muderonogia simpley microper forata (Zommon)

Gt i 1 i

3

phaera perlucida CCommeorm)

Tanyosphaer icdiuwm isos ] amus

Taxodi aceaepollenites hiatus (Dominant)

i

Callialasporites trilohatus

Fardodinium trabecul oaum 4 (Fresent)

Concavissimisporites informis

CRuestionalrly present?

Dingodinium cerviculum 40

Subtilisphaera HEA (Common)

Impardecispora mirabile (FPresent)
Flicatella #HEF

ITmpardeciaspora poseudoglbberul a
Flimatel la HEAD

Aratrisporites oosllatus Common)d

Cyvelonenhel dum brevispinatum COmmmeorm )

Cicatricosisporites globosus (42

Frterospermella helios

Conveal lima vigrnolleneis (400

Ceorebropollenites mesorod cus  COommeon )
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{3
o
o
{n
3

2250m

3370-3576m:

Subtiliephasra perlucida (Common?

Qligosphaeridium heilongiianoenses ()

imisoorites informis

Cyclonephelium brevispinatum C(Abundant)

Cymosoeanbiaeridium validum -+

Phoberocysta neccomica Zone: Occisucysta #EX Sub-—

zone {(early Valanqiniani

5 2875m
:
2386m
2396m

JRES—

o
i N

Cyzlonephel ium brevispinatum (Common)

Encoscrinium phara (4

Oreiasueyeta #HEX ()

Oecisueyst; L Clammor )

Sehizgocysbtia #Espinate

Trilobosporites #HER

Caseicnlosphaeridium #Eimper fecta

Cedripites canadensis (Abundant

Densoisporites HEA

Tarhyosoori tes tuberosus ()
Flicatella #ES
Fodocarpicites herbtasi i CCommem)

Aravcariacites punctatus

Cassicul csphaeridia #Eimper fecta (Abundant)

Lyslonephelivn brevispinatum (Commen)

Cyclonephelium cdistinctum CAbundant )

Oreisueryvebta distincta (Zommean)

Surculoaphaericdium sp. TIT

Fitymsporites HEA (Commeand
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2400m

o 3405m

Corollina ittunensis

Venture B—-13:

D195.....47

Ferinopomllenites elatolides Cabundant)

Cacaicul osnhaeridiuam #Eimper fecta (Zommond

HEG

(42 (Fresent?)

0l i

P

i g
n
[ 4]
2z
3

Meiomu ogonyal an sboveri (40
. Fecb vervusporites obscuril aesuratus
. (Cuestionably present)
- Surculosphaeridium sp. ITI (Dominant)

)

ampl L

Fravvieacoite

Subtilisphasra perluwsida

Cicatricosiasporit

ancicanal ls

Cimmmon )

Clomment )

€40

Inaperturopol lenibes

HEA

HE A

Commenm )

{’ Fitymepoy i tos

pauievinus (Present)

l” S3525m Matoniasporites

Cyribroperidiniumn glaobatum

&R
£
£
&
&

Fityoaporibog #EH 

P e |

39895-3696m: Muderongia sp. A Sub-—

zone (late Berriasian)

FPhoberocvysta neocomica Zone:

Aecquitriradites subvery o osuis

o SEBEm

Y, (RQuestionably present)
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Aliaporites thomasii (4

o Muderonagia sp. A, Davey 1978 ()

Striatella #HEER

2595m : Fityospo-ites dividuws (4 Commorm )

MM )

[ ' Subtilisphaera terrula OO

! k - -

{ T i Lol
Tuberosibtriletes monbunsus

aequiverrucabus

RARL A

- 3615%m Frityespor i tes #$EA CCommon)

ET S 6 Sm Chernicodinium culmilum (Questionably present)
' Crtenicdodinium el egantul um

Cyclomephel dum distinctum #Dolcanteumn

y: : Gonyauwl acysta diuvtina

My etyichodinium lanceatum ()

Fhoberooyveta necocomica neocomica (k)

t . Fityosporites #EA (Commond

Fobverrusporites $#ED

Flhobherooysta neocomica conveya

(Cuesticonably present)

m———

L, 2645m Rebverrusnorites obscuril assuratus

L, Z6E2.5m Cevebhropol lenite MAC Yy cveryucosues  Coommon )

£4 3675m Arhomosphasera neptunii (44D

Caddasphaera halosa (Common)

Cicatricoasiapnorites magnues (A0

7 3

Cooarre avi sad mi spord e verruealtus

Dligosphaeridium heilongijiangense C(Commom)
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367 6m Cicatricosisporites purbeckensis
(Guestionably present)

Fitymspor i bes HEA OZommsn)

23705-3795m= Phoberocysta neccomica Zone: A. metaelliptica Sub-—

zone (early Berriasian)

S70%m el briracites subveryius osils

Amphorula metaellintica (42

Cyelonephel ium brevispinatbum CCommon)

Fraveodinia ceratophora

Stiphrosphaeridium arbustum

Stiphroasphaeridium dictyophorum -+ (Rare)
Striatella #HEA (42 '
Striatella HEF

3705m Ceraghropollenites ol cue Clommsn )

platoides (Abundant)

Pityomsporites #EA  CZommon)

Mitrejisporites pallidus (Comman)

2715m Cribropericdinium mudeeranogenses

Faitymaporites #EA CCommond

Codripites #HES  CZommend

£
N
0
0
3

Eledithriasphaeridium ocorrugatum ¢+

Lanterna bhulgarica ()

Lanterna sportula 4

Sentusidinium filiatum (42

Svatematophora turomioa

(-

Svetematophora areclata of., Davey

i}
~
&
Al
3




RN

-

Bu jak Davies Group Venture B-13: D195.....50

3795m Coeuperiasporibes maior

23825-3825m: Phoberoccysta neocomica Zone: Cribroperidiniwm
granuligerum Subzone (late Tithonian to early Berriasian)

B825m Broodoviella #ER (4D
Callialasporites turbatus of,

Cedripnites canadensis (Abundant)

Comeavi ssimisporites mulbtitubercul atus

sbriatus

Contignisporites dors

Cribropericdinium granuligerum -+

Ctenidodinium rugul atum

Tmbhatodinium pomum 42

Fityvoasporites dividuuws () (Qommon)

bis] Alisporites bthomasii C(Commor)

{8
it
3

Cardiangulina HEA
Mudgerongia sp. A, Davey 1978 (Common)

Ferisseiasphasridium #EA (Rare?

Pitvmmpmriteﬁ #$EA CCommon )

Podoerarpidites #ED

Vitreisporites pallidus CCommor )

3855-4269m: Ctenidodinium pannneum Zone:Ctenidodinium culmulum

Subzone (late Portlandian)

Cicatricosisporites undatus

3
Y
i
]
3

(Guestionably pre

Cribroperidinium ehrvenberagil (4D

Cteniddodinium culmulum O+

Chtenidodinium rugul abum CZommon)d

o2885m Chtenidodinium pannetm (-2
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o Med our oaqonyvaul ax deflandred (42
(Questionably present)

-

i 2898m HES (Questionably present)
Callial asperites monoal asporus  CCommen )

-

- L.anterna bulogarica CComman)

- Ferinopollenites elatoicdes (Abundant?

2915m Alisporites #HESG 4
Contianisporites cooksoniae
Filosisnporites ep. A (RQuestionably present)

Soooybea #HEmiorol umena

A,

i Sentusidinium cuwenlliforme

L (Questionably present)
B Tuberositrilebes major

|

24°5m Apteodinium nuoi forme (Questionably present)

r~—~—~—
i1
e
Hi]
=)
——
<
—
k1
.
el
b
iy
v
ale
P
i
ha
i
i
o
b
[
T:
v
13
HY
™~
=
-
L
e
o
]
=
-~
il
N
HY
P
HY

Ctenidodinium sochizobhl atum

1k

Mucley onegia #EA (40

L SEEm ' Ferinopol lemnites el atoldes CAbundant)

=l

397 5m Mudesrongia sp. A, Davey 1978 (Common)
Fityospoyites dividuws CCommon)

2%977m Fityoaporites #EA CCommon)

I}

I - . .
I S 0O05m Muder cmeoia molWhaed
: v

A O35m FElubkisporites varioegalbus

,-y___.'_..‘

‘ r..,_v_.,
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GOESm Filosisporites sp.
Striatella #HEC

SO 5m Cicatricogiasnorites

Cicabtrice

iosney it e

Venture B—~13: Di95.....5

A C+F) (Present)

#EM (Fresent)
undatus C(Commeon

Densoiasporites triradiabus

Ty i 1ol

e 4l e

arnatue

Trilobosporibes weylandiil

<11 25m Coome avi aaimiaporit

men ot (0

Fitymaspoei toa oividuaus Coommern )

Tuberositriletes orossetubercul atus

1 E55m Alisporites thomasii (Commeon) o

G 16E0m Evesipnl lenites scabratus (Common)

FPevinopol lenibes

b

@l atoides (Abundant)

Fitvospoyr i boa #HEA

Ccmme )

4 165m Ferinopollenites elatoides CAbundant )

41 7%m Fityoasporites dividuus (Abundant)

G4 185m Striatella HET ()

< 18%m Covrollina vignollensis (Commen)

Fityvoasporites dividuws (Abundant )

421$m Fi oy R &

-

-
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37 5m

A 305m

3 ESm

Venture B-13: D195.....53

Sentusidinium cucul i forme

Cicatricosisporitbes

crabhowensi o

Fotverrusporites ambiquum

Fotverrusporitbes tenuls

Eemmertoclimium covatum

Varirugosi spopor ibes #

Aocui bty ivacites bhe

Ek

=] ek L

Focudoceratiun gqoohtiil (Common )

Cicabricosisporites

aly @ L

Fityemaporites dividu

LS

CAbundant?

4295-4624dm: Ctenidodinium panneum Zone:Cantulodinium speciosum

Subzone (early Portlandian

44 25m

el e} Sim

44 55m

Cantul odiniuwm speciosum ()

Corollina vianollensis C(Abundant?

Cyclonepheliun bhrevispinatum CCommer )

e

harisphaeridia poce

ki d

Vitreisporites mino

Cicabtricosisporiltes

HEW

C-0
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Venture B—13:

D195.....594

4360 . Tm

Chtenidodinium rugulatum  Common )

el B85 m

449{m

A5G 0m

[ 4G13m

rs——n

Dirmcpocindwm

LY assloum (k)

Cliommior )

A 76, Sm

EESY L Sm

4635—4677m:

Amphorula #EA O+
arrb ] meddindwm HES

Folyvstephanaphor s

Serntusicinium yioul

Chmmmen 2
“+

ap. Lndet. (Abundant)

1

Cicabtricosisporiltes

HEE (Ques

Corebropollenites #

Lanterna sportula €

Fityvoaporites divid

#E=0
tionably present)

EROC4)
Cimmezr
LiLss Cliommenn )

Folyvastephanophorus

s dndet. CCommorn)

Inaperturopol lenites HEVL.

Ol coephaericium o

lehervimm of, €4

Chlamydophorella sp

Ctenidodinium panneum Zone:

. M, Davies 83 (+)

Subzone (early Fortlandian

o 4635m
AEEBm

Glossodinium dimovrphum (4

Hystrichogonyaual ax o

= ] adophora

Glossodinium dimorphum

Muderonagia sp. Ay

Lanterna bulgarica

(Questionably present)

Davey 1978

Coiommear )

Coommenn )
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Leptodinium aceras -+

4683—5060m: Hystrichogonyaulax cladophora Zone: Subzones not d

ifferentiated {(Kimmeridgian)

S ER3m Gaxoaporia variabilis (40

Senoni asphaera Jurassi s

(Puestionably present)

47323m Cyvracdmpites carpentieri
Imbatodinium attenuatum (Questionably present)

H1780m Tnaperturopollenites granul atus

el ()

Tachymanor b Jura

< 7930m Aptecdinium nued forme 40

Fyatyichogonyaul ax oladophonra )

S8O0OEm Contianisporites notabilis €42

Cribrepevicinium sp. FoOoORD

Senoniasphaera jurassica (40

S48520m Striatella #ET (Questionably present)

834 Om Callialasporites HEFGE

<51 Om _ Lanterna bhulogarica (Commond

Lanterna spordtula (Dommond

Tubotuberel la egemenii (+)
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dTFIEm Covollina chateaunovii O+

CRuestionably present)
Ctenidodinium chondruwm €+

(Buestionably present)

Tuberositriletes minubus

(Ruesticonably present)

e Om Fitymaporites divicduws (Commen )

SO3Em Techyoanoribes jurasstous

5060m l.anterna bulogarica Commerm)

Senoniasphaera juwrassica (Rave)

5072-5190m: Indeterminate (Late Jurassic)

Samples are generally bhavrven or in some poor .

S158m Senoniasphaera jurassica

(Questionably present)

|
8]
[
7
n
]
s
o]
3

Indeterminate (possible Oxfordian)d

w21 Om Compositosphaericdiun poloniocum €

(Questionably present)
Corallina vignollensis

Muderonoia sp. A, Davey 1978
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5210-5360m: Indeterminate (Indeterminate)

Samples are barrven or have muol additive

in cuttings and SWEY s,
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Palynological Zonation
Venture B-13

ZONES

SUBZONES

Dinogymnlum euclaenslis

Odontochltina operculata

Pervosphaeridium trunclgerum

Ollgosphaeridlium puicherrimum

Surculosphaeridium longlfurcatum

- Klokanslum polypes

Chlchaouad/nlum
vegtitum cf.

Ollgosphaeridium totum totum

Senonlasphaera microreticulata

Chlchaouadintum vestitum cf,

Subtliisphaera plrnaensls (kalptra)

Ollgosphaeridium perf.perforatum

Ollgosphaeridlum asterigerum

Subtlllsphaera
periuclda

Subtlllsphaera perlucida

Pllioslsporites trichopaplllosus

Cyclonephellum attadallcum

Subtllilsphaera terrula

Aptea anaphrilssa

Pseudoceratium gochtl!

Cribroperidinium boreas

Ctenldodinlum elegantulum

Muderongla staurota

Klelthrlasphaeridium #EA

Ollgosphaeridium dlluculum

Occlsucysta #EX

Phoberocysta
Muderongla sp.A
neocomlca
Amphorula metaelllptica
Cribroperidinium granuligerum
Cten Intum imu
Ctenldodinlum lgodin culmulum
Cantulodinium speclosum
panneum

@lossodinlum dimorphum -

Hystrichogonyaulax cladophora

Bujak Davies Group

Figure 1
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KEY TO PALYNOMORPH GROUPS

PALYNOFACIES MODEL

Astrocysta spp.

Nyktericysta/Balmula spp.

Spiniferites spp./Achomosbhaera 8pp.
Cyclonephelium spp. and closely related genera
Luxadinium spp.

Subtlllsphaera spp./Caddosphaera spp.
Cleistosphaeridium spp./Chlamodophorella spp.
Senoniasphaera Including C.vanndphorum
Chichaouadinium spp.

Odontochitina spp.

. Oligosphaeridium spp. and related genera
. Kiokansium spp.

18.
14.
16.
16.
17.
18.
19,
20.
21.
22.

Aptea spp. including C.eisenacklii
Cribroperidinium spp.

Xenascus 8pp.

Epelidosphaeridia spp.

Nummus spp.
Florentinia/Sllicisphaera spp.
Schlzoeporisc and rolated aigae
Micrbyetridlum/Baiticphasridivm spp.
Anglospermoue polien
Gymnospermous polien

238. Fern and mose spores

BUJAK DAVIES GROUP

Figure 13



