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Oil-based mud and its impact on geochemistry,
microfossils and organic material

. This open file and the companion Open File 2347 contain the results of a program of
research conducted under the Panel on Energy Research and Development Task 6, "Oil,
Gas and Electricity", between 1987 and 1991. The PERD project "Oil-based drilling mud
and its impact on geochemistry" (Project No. 6.1.1.12) was also supported by the Geological
Survey of Canada (Project No. 730062 -- development of extraction and correlation systems
for organic and sedimentary rocks and crude oils and Project No. 840083 -- sedimentary
basin evolution of the continental margins of Newfoundland, Labrador and Baffin Bay).

The research program was initiated by the Canada Oil and Gas Lands Administration and
subsequently guided by a joint industry-government technical committee. The original
interest of COGLA was to evaluate the effects of OBM on well evaluation techniques, an
area which had previously seen minimal research.

Four contracts were let during the research program. The first two, released as Open File
2347, are concerned with the effects of OBM contamination on the effectiveness of standard
geochemical screening techniques. The results of this research are summarized in the
report ""Organic geochemical evaluation of boreholes drilled with oil-based invert muds:
experimental results and a Canadian case history", included in the current open file. Two
additional contracts were subsequently let to follow up observations on the effects of oil-

based mud on palynological analysis. The results of this research is also included in this
open file.

List of research performed under Task 6.1.1.12

Bujak Davies Group, 1990. Oil-based drilling mud and its effects on microfossils and
organic material, Report No. 89-0053, 12 p. (This open file.)

Davies, E.H., 1991. Oil-based dﬁlling mud and its effect on microfossils and organic
material -Phase II, 12 p., appendices. (This open file.)

Morrell et al., 1994. Organic geochemical evaluation of boreholes drilled with oil-based

invert muds: experimental results and a Canadian case history, 31 p., 6 figures, 4 tables.
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Mukhopadhyay, P.K. and Birk, D., 1991. Two contract reports on the influence of oil-based

mud on geochemistry and petrography analysis of drill cuttings. Geological Survey of
Canada, Open File 2347.
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Organic geochemical evaluation of boreholes drilled with oil-based invert muds:
experimental results and a Canadian case history

G.R. Morrell', L.R. Snowdon?, P.K. Mukhopadhyay®, S. Creaney*,
P. Gunther’, K.D. McAlpine®, F. Altebaumer’, D. Hawkips“ and F. Monnier’

ABSTRACT

The influence of oil-based mud (OBM) on the geochemical analysis of borehole
samples was investigated using experimental techniques. Samples of shale and limestone
source rocks and oil-stained sandstone were contaminated with two base-oils at elevated
temperatures and pressures simulating bottom hole conditions. Fluorescence, thermal
alteratioﬁ index (TAI), vitrinite reflectance (%Ro), total organic carbon (TOC), Rock-
Eval pyrolysis (S,, S,, S, T..), and liquid and gas chromatography results after the
experiments are compared with control samples. The effects of various sample cleaning
methods were also investigated. Complementing these experiments are analyses
performed on samples from two wells drilled with and without OBM. These wells in the
Terra Nova field, offshore Newfoundland Canada, are close enough to allow meaningful
comparison of geochemical parameters.

. The direction of OBM impact on geochemical parameters can be unpredictable
since base-oil may act as contaminant and solvent of autochthonous bitumen. This effect .
is especially pronounced in permeablg (reservoir) rocks. The effects of OBM are
generally deleterious to geochemical analysis of well samples but can be mitigated by
using base-oils comprising a narrow cut of low molecular weight hydrocarbons, by

controlling OBM contamination and by adapting analytical procedures.
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RESUME

L’influence de la b.oue de forage d base d’huile (OBM) sur les résultats des analyses
géochimiques des échantillons de forage a été étuciiée dans une série d’expériences en
laboratoire. Des échantillons de roche-mére de pétrole, d’argill;: et de calcaire, et de grés
tdiché de pétrqle, ont été contaminés avec deux huiles de base dans des conditions de
température et de pression élevée pour simuler les conditions au fond du puits. Les observations
sur la fluorescence, 1’indice de maturation thermale(TAI), la réflectance de la vitrinite(Ro %),
la teneur en carbone organique total(TOC), le «Rock-Eval», et-la chromatographie des liquides
et du gaz aprés ces experiences sont compardes avec celles des expériences de contrdle. En
plus, les conséquences des diverses techniques de nettoyage des échantillons ont été étudiées.
Une série complémentaire d’observations ont été faites sur des échantillons pris de deux puits
de forage, 1’un effectué avec OBM, 1’'autre sans OBM. Ces puits, situés dans le champs de
pétrole de ‘Terra Nova, au large des cdtes de Terre-Neuve sont assez proches pour faire des
bonnes comparaisons.

La direction de I’effet sur les observations géochimiques de I'OBM ne peut pas étre
prédite avec certitude. L’huile de base peut réagir comme contaminant ou comme solvent du
bitumen autochtone. Cet effet est prononcé dans les roches perméables - les réservoirs. En
général, I’OBM diminue 1'efficacité ‘de‘ "analyse géochimique mais les mauvais effets peuvent
€tre atténués par l'usage des huiles de base d’une composition limifée aux hydrocarbures
légers, par le-contrdle de la contamination de I’OBM et par la mo;iiﬁcation des méthodes

d’analyse.



INTRODUCTION

Oil-based muds (OBM) are frequently used to improve borehole stability and
counter high torque while drilling pet.roleum exploration and development wells.
"Inverted-emulsion’ or ’invert’ ﬁuds (emulsions of water and oil, the latter in continuous
phase) have been increasingly employéd in Canada over the past decade. Oil-based muds
of invert type are the subject of this research.

OBM has diverse consequences for borehole evaluation, both fortunate and
adverse. In order to optimise evaluation of wells a- good appreciation of the effects of
base-oils on sample characteristics and on logs is desirable. Such an understanding is
crucial to the interpretation of organic geochemical parameters used for identifying
source rocks and hydrocarbon show‘s encountered while drilling wells: the use of
geochemical screening techniques such as Rock-Eval (Espitalie et al., 1985) is now
widespread, and the contribution of geochemistry to basin modelling increasingly
important both qualitatively and quantitatively.

This paper discusses controlled laboratory experiments on the effects of base-oils
on geochemical parameters and analyses a case history involving two wells drilled in the
Terra Nova oilfield, offshore Newfoundland. The latter constitutes a natural experiment
whereby comparéble rock sequences were drilled with and without OBM. These
observations may help the adaptation of evaluation techniques to the base oil
environment,

Research described in this paper was conceived by a committee comprising

technical specialists invited by the Canada Oil and Gas Lands Administration to consider



the impact on geochemical well evaluation of oil-bases use;d in exploration dﬁlling. The
two research contracts instigated by this committee were undertaken by P.K.
Mukhopadhyay in his capacity as geochemist with Geofuel Research Inc. of Sidney,
Nova Scotia (Phase I) and subsequently Global Geoenergy Research Ltd.(Phase II). This
paper describes research results which are presented fully in Mukhopadhyay and Birk

(1991).

Oil-based Muds

Water is a highly reactive fluid and the disadvantages of its use in drilling through
rock formations variously susceptible to its effects have long been recognized. Problems
are especially severe when drilling water sensitive clays and soluble evaporite sequences:
borehole sloughing, clay swelling, sample disintegration, erratic gauge of hole, reservpir
pore plugging and formation dissolution are all the result of renewed contact between
rocks and free water.

Many of these problems can be ameliorated within a water-based drilling system
by the addition of various chemicals which suppress these effects. However, a different
remedy has long been evident; replace water with an anionic liquid such as oil (Vorabutr
and Chilingarian, 1983). Ir;aproved lubrication of rotating machinery, lower freezing
points and higher boiling points are also evident advantages of using OBM.

The use of oil as a drilling fluid has developed gradually over several deca;des.

Intermittent injection of diesel to free stuck drill-pipe evolved into the use of diesel as

the drilling fluid base in wells where borehole problems were particularly severe. The



expense of the base-oil and special handling and storage facilities increased the cost of
such drilling operations, counterbalancing, to some degree, the advantages of using oil.
Water-in-oil emulsions, with oil contents of between 50 and 60%, moderate this problem
and are now thé preferred type of oil mud. Hodder (1986) notes that OBM is now\
popular in many areas including the North Sea, Middle East, Malaysia and Thailand,
principally in development drilling when thé cost-benefits of its use can be gauged with
accuracy and the scientific evaluation of the well is less critical.

Environmental contamination and drilling safety concerns have constrained the use
of OBM particularly in the offshore (COGLA, 1986; Littleton, 1986; Clark and Round,
1982). Although often mixed with diesel oil or available refinery stocks, offshore
operators today are recommended to use low-toxicity 'mineral oils’, comprising a
controlled ’cut’ of low molecular weight hydrocarbons with a very low proportion of the

more toxic aromatics (COGLA, 1986; COGLA, 1984: Hinds et al., 1983).

Use in Canadian Frontier Drilling

Plans to use OBM, the nature, toxicity and quantities of oils proposed and
methods for the disposal of oil-saturated cuttings are reviewed according to Canadian
guidelines (Canada Qil and Gas Lands AdministrationA, 1985) when an application to drill
is received by the appropriate regulatory agency.

Well histories for Canadian frontier lands record 30 wells drilled with OBM
(Table 1). Of thése, 1 was drilled onshore Mackenzie delta, 4 in the Beaufort Sea, 11

offshore Newfoundland and 14 offshore Nova Scotia. All were exploration wells with the



exception of ﬁvé classified as delineations.

Johancsik and Grieve (1987) reported on the use of oil-based muds by Esso
Resources Canada Ltd. in their Beaufort Sea drilling programs. Tertiary rocks of poor
compétence, thick shale sections, ovérpressure and possibly tectonic stress anisotropy
contribute to hole stability problems in the Beaufort-Mackenzie Basin which become
especially severe in deviated boreholes. OBM was expected to remedy this situation and
indeed, costs have been reduced significantly (Johanscik and Grieve, 1987). However,
perhaps because of better gauge hole, distortion of the borehole by stress release proved
critical and resulted in stuck-pipe problems which had not been anticipated. Esso did not
use OBM in two wells recently drilled in the Beaufort Sea (Nipterk P-32 and Isserk I-15,
Well History Reports).

Offshore Nova Scotia, a sedimentary wedge of Mesozoic and Tertiary rocks poses
fewer drilling problems than encountered in the Beaufort-Mackenzie Basin. Since 1983,
Shell Canada Ltd. has consistently employed OBM with significant reductions in costs,
drilling time and risk in their offshore operations (Brown, 1987).

Several operators have employed OBM in the Jeanne d’Arc and Flemish Pass
basins of the Grand Banks of Newfoundland. The cost and benefits have not been
discussed in print, however, and it is not clear whether oil-based muds Have led to
substantial cost reductions.

Normally-pressured and well-indurated Mesozoic and Paleozoic rocks typically
comprise the sedimentary fill of the onshore basins of northern Canada. In addition,

shallower drilling objectives and the general lack of need for significant hoie deviations



make the use of OBM unnecessary and too costly compared with water-based systems.
About 10% of wells c_lrilled in Alberta use OBM but the increased interest in horizontal
drilling may prompt an upward change in this percentage.

A variety of base-oils have been used to make up OBM in wells drilled on
frontier lands (Table 1). The type of base-oil used by individual companies has changed
since their introduction: some early wells drilled with OBM used refinery products which
proved unsatisfactory in certain aspects. Johanscik and Grieve (1987) refer to several
unsatisfactory properties of Esso DMO-75 which prompted a change to VISTA ODC in
subsequent wells. Today, offshore operators are using specially formulated products
which pass toxicity tests specified in the regulatory guidelines.

Most wells drilled in the Canadian frontjer are between 3500 and 5500 m in
depth. The large diameter casing required near surface to drill to these depths requires
high volume holes drilled to the intermediate casing point. Because of disposal problems
involved with large volumes of oil-saturated cuttings and the expense of making uplarge
volumes of OBM, normal practice is to drill to an intermediate casing point with water-
based mud and subsequently switch to OBM.

As a general observation, in Canadian offshore drilling, about half of operators
have utilised OBM since 1983. How current practices effect weill evaluation are

addressed in the following sections.

Observations on the Effects of Base-Qil on Well Evaluation

Evaluation of wells involves two classes of observations; direct examination of



fluid and rock samples retrieved at surface and remote measurement of physical
~ properties using downhole tools. A clear advantage to borehole evaluation by both types
of observations stems from the improved gauge of holg which is characteristic of holes
drilled with OBM (Braden, 1987). Reduction of caved material improves the quality of
cuttings samples, permitting more accurate correlation of cuttings to in situ formations.
This is particularly advantageous to bios;tratigraphic studies (E.H. Davies, pers.comm.,
1990). Improved contact between the sensor pads of most logging tools and the borehole
wall results in higher quality logs, particularly those such as the sonic and density tools
which are sensitive to mud-filled irregularities in the surface of the borehole.

- Limited invasion of the borehole walls by OBM also appears to be an advantage
of the OBM system. This would lessen alteration of such properties as permeability and
porosity measured in cores (Braden, 1987) and preserve the in situ fluid content of cores
and rock close to the borehole, important in permeable formations liable to deep invaéion
by water-based mud. However, with the introduction of lighter oils, invasion by OBM
appears to be common, causing similar -if inverted- problems to log evaluation as
invasion by water-based mud (Boyeldieu et al., 1984).

While water-based muds can have profound effects on the physical properties of
the rock matrix, OBM might be expecté:d to affect the chemistry of the rock fluids,
particularly if these are hydrocarbons. Reactions between base-oils and geologic oil are
dictated by the composition of both and also by the physical environment of the reaction
which in the drilling context implies elevated temperatures and pressures. The situation

may further be éomplicated by the cracking of base oils to hydrocarbons of lower



molecular weight under the influence of high bottom-hole temperatures. These, 'new
species’ may complicate chromatographic fingerprinting and act as solvents for liquid
hydrocarbons in the rock, thereby inducing fractionation effects. |

This research was conducted to evaluate the influence of OBM on organic
geochemical parameters used for determining source rock potential, maturation and oil

stain detection.

EXPERIMENTAL

A pressurised container or reactor vessel known as a ’bomb’ was used to siﬁulate
the elevated temperatures and pressures encountered downhole. Experiments were
conducted at 100°C and 150°C and at pressures of 100-140 bars (1500-2000 psi). These
temperatﬁres and pressures were intended to simulate downhole conditions to some extent
and to serve as a mechanism to facilitate efficient contact between the base-oil and the
rock sample.

A range of experiments were und~ertaken utilising permutations of the two source
rocks or oil-stained sandstone contaminated with two base oils at two temperatures (see
Tables 2a, 2b, 4a, 4b). A control set was run with water to see if sample geochemistry

and petrography might be altered as a result of the heat and pressure alone.

Base-oils
Two oils were used in the experimental program: Shell Sol DMS and Exxsol D-

80. Both have been used in Canadian Frontier drilling (Table 1). Chromatograms of the



base-oils are distinctly different, with Exxsol D-80 having a notably narrower cut of

between C,, and C,, compared with that.of Shell Sol DMS which ranges between C, and

C, (Fig.1).

Rock samples

The experiments used a selection of sedimentary rock samples representing
different types of source rock and oil-stained sandstone, rocks which are intimately
associated with geologic oils either in the process of generation or during migration and
entrapment.

Shale source rock (C539 in Table 2a; L333 in Table2b) of Carboniferous age was
coilected from core from borehole AP 84 (101.84-121.8m) in the Stellarton basin,
onshore Nova Scotia: limestone source rock (C540 in Table 2a; 1336 in Table 2b), also
of Carboniferous age, from borehole SH-94 (2506-2508m) in the Cumberland Basin,
onshore Nova Scotia (Mukhopadhyay and Birk, 1991). The oil-stained sandstone sample
of Early Cretaceous age (C626 in Table 2a; L339 in Table 2b) was obtained from core
from the Hibernia 1-46 well (2506-2508 m) in the Jeanne d'Arc Basin. These core
samples were subsequently crushed to less than 2 to 3 mm in size in order to simulate
cuttings sizes produced during drilling.

A composite of cuttings samples of Tithonian age shale (K-08 in Table 2b) was
also collected from the Terra Nova K-08 well (3105-3165 m) in the Jeanne d’Arc Basin.
This material provided an additional shaie sample for the bomb experiments. In addition,

a sequence of comparable samples from each of the Terra Nova K-O8 and C-0O9 wells
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~ (drilléd with water and oil-based mud, respectively) was analyzed.

Bomb experiments

Aliquots of previously analyzed rock samples containing geologic oil (both source
and reservoir rock) were contaminated with base oils under simulated bottom hole
conditions. This experimental approach served to limit the range of variables and
permitted more confident insight into the effects of base oils on geochemical analysis of
borehole sampies.

The bomb experiments were conducted in a 300 ml steel alloy Parr pressure
vessel. A ﬁeasured amount of sample, base oil and water (generally in the proportion
of 100 g sample: 50 ml base oil :12.5 ml water) were placed in the reactor vessel. After
sealing and checking for leaks, the pressure in the vessel was increased to about 100 bar
(1500 psi) using helium at ambient temperature. The vessel was then heated at
approximately 1.5 °C per minute until the required temperature was reached (either 100
°C or 150°C). This temperature was maintained for about 10 minutes before the heating
element was switched off and the apparatus allowed to cool for 3 to 4 hours. Before
opening the vessel and removing the samples, the pressure was slowly vented. Variations
of about 10% in maximum temperature and pressure were observed during bomb
experiments.

Twenty experiments using different rock samples with water or one of the base -
oils, at different temperatures were performed. The small size of the bomb required up.

to six runs under identical operating conditions in order to obtain sufficient sample
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material to carry out the various cleaning and analytical procedures.

Tables 2 and 4 record the experimental conditions and some of the analytical

results for the bomb experiments.

Cleaning methods

All samples were cleaned after the bomb experiments. Basic cleaning involved
washing with water on a 325 mesh screen to achieve a quality of washed cuttings
comparable with those obtained during normal drﬂling operations. More rigorous
cleaning involved subsequent soaking in Sunlight detergent for 1/2 hour and a second
water wash. A further elaboration of the process involved washing with a variety of
organic solvents including acetone, dichloromethane and a mixture of dichloromethane
and methanol. Finally, in certain later experiments the contaminated sample was mixed
with a heavy liquid (ZnBr,). The mixture was centrifuged, the supernatant removed and

the residue (the samples) cleaned with water.

Analytical methods

Kerogen was recovered from -40 mesh samples using HCI, HF and a heavy liquid
(ZnBr;). One part of the kerogen was prepared as a smear slide for determination of
Thermal Altefation Index (TAI) and the remainder as polished plugs for vitrinite
reflectance measurement. Vitrinite reflectance was measured using a Zeiss Universal
Microscope calibrated with Zei‘ss glass standards (0.3 to 1.68 %Ro). The reflectance

measurements were recorded by a computer attached to the photometer.
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The fluorescence of samples under U.V. light (Spectroline Model No.BLF6
fluoroscope) was described qualitatively.

A Delsi Rock-Eval II with a TOC rﬁodule (Espitalie et al., 19'85) was used for
Rock-Eval pyrolysis of all bomb samples. Pyrolysis data for eighteen samples from the
Terra Nova wells were obtained using an Oil Show Analyser courtesy of Esso Resources
Canada Ltd.

- Bitumen was soxhlet extr‘acted using dichloromethane. Saturate, aromatic and
NSO compounds were separated after de-asphalting with hexane and‘using column
chromatography with hexane, benzene, benzene:methanol (50:50) in a silica:alumina
column (1:1). A Varian 3400 GC equipped with a fused silica capillary column from
Quadrix was used for gas chromatography. The temperature program was as follows: an
 initial temperature of 40°C for two minutes with a subsequent heating rate of

10°C/minute to a final temperature of 350°C for 20 minutes.

SIMULATED CONTAMINATION RESULTS
Fluorescence
Tables 2a and 2b list qualitative descriptions of fluorescence for base-oils, control
and experimental samples. Both base-oils have very weak dull, blue fluorescence. Shale
source rocks generally showed a slight increase in fluorescence intensity after
contamination with Shell Sol DMS, an effect largely removed by cleaning with detergent
and organic solvents. Exxsol D80 did not enhance baseline fluorescence of these samples.

However, samples 1.333-2 and L333-3 (control experiment without base oil) also showed

13



a slight increase in fluorescence intensity. The samples of oil-stained sandstone had
strong yellow/brown fluorescence which increased after treatment with Shell Sol DMS
but not noticeably with Exxsol D80. Some areas of the samples L339-2 and L339-3
ﬂuoresced blue/v1olet instead of yellow/brown after bomb experiments with both base

oils.

Thermal Alteration Index

TAI showed increased variability in most samples after contamination with base
oil (Tables 2a and 2b). The exception was the limestone source rock where the TAI
remained the same. The TAI of the shale source rock from the Stellarton Basin was
evaluated after the bomb experiment as 2- to 2+ (Shell Sol DMS). This compares with
a value of 2 for the baseline sample. Similarly, the TAI ranged from 1- to 1+ for the
oil-stained sandstone after bomb treatment, instead of 1+ for the baseline sample. No
consistent direction for the shift in TAI is evident from these results but it is clear that
TAI determinations are generally less accurate where there is contamination with base

oil.

Rock-Eval Pyrolysis

Tables 2a, 2b and 3 display the results of Rock-Eval pyrolysis on experimental
énd natural samples. In samples taken from the Terra Nova wells, no S, fraction is
reported because these samples were analyzed by an oil-show analyzer. Shale source rock

samples (L333-1 to L333-12) are least affected by oil-base mud experiments compared
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to limestone and sandstone. S,, S,, and T data did not show any remarkable changés
for the L333 samples. Anomalous S, results for sample L333-6 (1.333-1 + Shell Sol
DMS + 100°C + clean with ZnBr,) suggests partial oxidation during cleaning with
ZnBr,. The S, fraction and Production Index (PI=S/[S,+S.]) increased in 1333
samples. Shale samples of K-08 after the bomb experiment show remarkable changes
in S, and PI values without much change in T,.,, S, and S, values. Cleaning did not
improve the results. Blank bomb experiment samples (L333-2 and L333-3), however,
also show a slight decrease in S, fraction.

Both limestone and oil-stained sandstone samples show a moderate to large

decrease in TOC content and S, fraction. Oil-stained sandstone also showed a marked

decrease in S,. Limestone samples show an abrupt increase in PI values.

No significant effect of oil-base mud on T, values was noted for artificially
contaminated samples (see Tables 2a and 2b). The gbnormal T... value for sample K-08-7
is interpreted as incomplete cleaning of ZnBr, which formed two S?2 peaks affecting both
T... and Hydrogen Index values. The abnormal T and S, values in bomb experiment
samples cleaned with ZnBr, suggest incomplete removal and production of a double S.
peék; i
In contrast to artificially confaminated samples, those from Terra Nova C-09

(drilled with OBM) show anomalously high S,, S,, PI and a suppression of T, values

(below 2335m) compared to K-08 samples (drilled with water-base mud).



Vitrinite Reflectance

Sﬁppression of vitrinite reflectance of between O 13 ana 0.06 %R, was noted for
shale samples contaminated with Shell Sol DMS (see Tables 2a and 2b). No significant
effect was noted with Exxsol D80. Cleaning with detergeht and/or ZnBr, partially
restores vitrinite reflectance towards the baseline value in most cases.

Limestone samples with Shell Sol DMS did not show significant suppression of

vitrinite reflectance with respect to the control sample (L336-1).

Bitumen Extract and Liquid Chromatography

Tables 4a and 4b illustrate the variab’ility of bitumen extract and liquid
chromatography data. The ppm parameter (bitumen per unit rock) indicates the level of
residual contamination compared with thé sample. Because the base-oils are essentially
100% HC, the percentage of HC (saturates + aromatics) in the extract reflects the
addition to or exchange of base-oil for geologic bitumen. In the Phase I study
(Mukhopadhyay and Birk, 1991) bitumen content of the shale (C539) increased by a
factor of about 1.3 to 8 times while that of limestone (C540) decreased from 17740 ppm
té as little ‘as 862 ppm (about 1/20). The oil stained sandstone (+Shell Sol DMS +
100°C, C718) had a higher bitumen content after treatment but the other two procedures
resulted in a loss of bitumen (Table 4a). In contrast, in the Phase II study
(Mukhopadhyay and Birk, op.cit.), the shale source rock (L333-1 to L333-12) did not
show any marked changes in bitumen extract or liquid chromatography data. Similar to

Phase I experiments, oil-stained sandstone samples show a remarkable decrease in
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bitumen extract. However, liquid chromatographic fractions did not show any marked
variations. These data support the explanation that low molecular weight compounds in
the base oil and/or generated during the experiment, act as a solyent for some of the
bitumen which then washes away during cleaning with water or detergent. In contrast
to the Phase I study, limestone source rock (samples L336-2 and L336-3) and cuttings
shale samples (K-08-2 to K-08-7) after bomb experiments with oil-base muds, show an
increase in bitumen content (in ppm) and saturate fraction compared to the baseline

samples (L336-1 and K-08-1).

Gas Chromatography

The gc traces for the oils used in this study (Fig. 1) show the na.rrow. carbon
number range of Exxol D-80 (about C,, to C,,) compared to the C, to C,, range of Shell
Sol DMS. Contamination of samples with base oil followed by cleaning could have
several possible effects. Firstly, the base-oil may be added-to the bitumen, that is, it is
incompletely removed by the cleanup procedure. Secondly, the base oil may act as an
extraction solvenf and remove some of the geological bitumen. Alternatively, both of
these couid happen by virtue of the overwhelming quantity of the bése oil relative to the
autochthonous bitumen.

By using the gc traces and the total bitumen content (ppm extract), it is possible
to estimate the relative importance of these proce;,sses. For example, samples L333-5 and

L333-6 have almost identical total extracts (~2500-2600 ppm) to the original sample

(~2650 ppm), but the gc traces (Fig. 2) clearly show the addition of a hump of volatile |
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material. - The implication is that this hump represents material added from the base-oil
(or during cleaning) but, because the overall yield is similar to the original sample, some
of the original bitl;men must have been extracted and lost during cléaning. The cleanup
procedures in Phase I (Mukhopdahyay and Birk, 1989) were much less efficient for this
sample and the extract quantities and gc’s are dominated by the residual base-oil.

The apparent mismatch between the shape of the base-oil gc¢ and the added hump
in the sample extracts is attributed to selective loss of thé volatile components in the oil
during the sample extraction and fractionation. Thus the heaviest part of the base-oil
dominates the residual contamination in the samples. This fractionation does not appear
to be significant, however, for the Exxol contaminated samples K-08-5 and K-08-6, in
which the character of the base-oil is preserved while that of the original bitumen is
essentially lost (Fig. 3).

The limestone (L336) and oil stained sandstone (1.339) samples all show a strong
relative decrease in the C,;, range of hydrocarbons (Figs. 4, 5). Table 4b indicates that
the former has about six times more extract after base oil contamination compared with
original autochthonous bitumen, Whereas the latter has.a net loss of 60 to 70% of its
original bitumen. The obvious presence of base oil in the gc’s (Fig. 5; L339-2, 3, 5)
indicates that much more than 70% of the autochthonous bitumen was removed.

Detailed molecular parameters such as pristane/phytane ratio (Mukhopadhyay and
Birk, 1991) would be expected to be altered if the particular compounds of interest are
present in the base oil and/or if the compounds of interest are fractionated during the

cleanup procedure. A reduction in the overall proportion of autochthonous bitumen also
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means that the measurements will be less reliable because of the lower signal to noise

ratio.

DRILLING CONTAMINATION RESULTS

The Terra Nova oilfield is located in the Jeanne d’Arc Basin on the Grand Banks
of Newfoundland. The discovery well, Terra Nova K-08, was drilled in 1984 utilising
conventional water-based mud. The discovery was delineated by seven additional wells:
two of these, Terra Nova C-09 and E-79, were both drilled in 1988 with oil-based mud
("Biovert’ Shell Sol DMS) below intermediate casing points at 1518 m and 1277 m,
respectively.

Stratigraphic correlation between wells in the Terra Nova Field is stréightforward.
The closest pair of wells, K-08 and C-09 (approximately 1.2 km apart), were selected
for geochemical sampling as a reasonably controlled experiment on the effects of OBM.
The comparison of evaluation parameters between K-08 and C-09 rests on the premise
that formation characteristics vary insignificantly between these wells, reflecting the
conforrﬁity observed on logs and in samples.

Nine samples from strata ranging in age from T ertiary to Late Jurassic were
collected from each of the two wells K-O8 and C-09 between 945 and 3715 m. Pyrolysis

results and vitrinite reflectance measurements are presented in Table 3.

Mud gas

A number of considerations suggest that the volume and composition of mud gas
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measured at the surface while drilling should be affected by OBM. Foremost of these is
the much higher solubility of hydrocarbon gases in oil, both at depth and at surface
pressures (Thémas et al., 1984). The small volumes of gas liberated from the drilled
cuttings may be entirely dissolved in the oil system, resulting in a slow increase in
background gas. Reduced cavings in holes drilled with OBM reinforces this effect.
Comparison of mud gas logs for the Terra Nova wells only partially confirms this
expectation. Background gas levels in the wells drilled with OBM were about half that
in Terra Nova K-08 but slowly increased as more drilled gas was retained in the mud
system. The amplitude of the gas peaks throughout the wells drilled with oil-based mud
. appear suppressed. However, comparison of gas curves across the oil reservoir interval
of the Jeanne d’Arc Formation is hampered by coring of reservoir intervals in Terra
Nova C-09 and E-79). Coring occurs more slowly and destroys less rock than normal
drilling: the volumes of gas liberated per unit volume of mud is therefore much less.
" Where gas peaks occur in E-79 and C-09, the gas is relatively methane-rich compared
with K-08: C, and C; peaks recorded in K-08 were not present in the wells drilled with
oil-based muds. This may reflect the differential absorption of heavier éases by the oil-
base but may also be attributed to different chromatograph calibration or sensitivity: the

data are not conclusive on this point.

Fluorescence
Sample descriptions record good yellow/white fluorescence in Jeanne d’Arc

reservoir sandstones in the Terra Nova K-08, E-79 and C-09 wells. In C-09, one of the
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wells drilled with OBM, it was observed that the combination of flushing with oil base
mud filtrate and the washing of sample cuttings with detergent served to dampen the oil
show through the Jeanne d’Arc pay sands: amount and intensity of oil staining and

fluorescence was reduced (Terra Nova C-09, Well History Report).

Thermal Maturity

In‘ contrast to results with artificially contaminated samples which were not
significantly affected, samples contaminated while drilling from Terra Nova C-09 show
a suppression of T, values (Table 3). Higher T, values are observed in C-09 compared
with K-08 up to a depth of 2335 m. Below 2335 m, most C-09 samples (except 3635
m) show lower. T, values than K-08 samples of corresponding depths.

Measurements of vitrinite reflectance on samples from the K-08 and C-09 wells
are plotted against depth in Figure 6. R, meésurements from K-08 were supplemented
by data from Avery, 1987). Above the sample from 1555 m in C-09, R, values show
no significant difference between the two wells. This is as expected since 1518 m marks
the introduction of oil to the mud system at the intermediate casing point. Mean R_’s of
samples between 1555 m and 2335 m (C-09) are slightly higher in the well drilled with
OBM i)ut the results are not significantly different. Below 2745 m, suppression of R, was
observed for all samples from the C-09 well, as anticipated from laboratory results. The
divergent trend in R, profiles leads to underestimation of maturity (using R, alone) in the
Terra Nova wells drilled with OBM, to the extent of depressing the apparedt depth of the

oil maturation threshold by several hundred metres.
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CONCLUSIONS

Fluorescence of low toxicity oils is very weak and had no effect on fluorescence
of shale cuttihgs from the the Terra Nova K-08 well which were artificially contaminated
with base-oil. However, while the well was being drilled, a general reduction in intensity
of fluorescence was noted. This discrepency is probably due to solvent extraction during
well-site sample cleaning.

Some increase in the fluorescence of the shale and limestone source rocks was
noted after the bomb experiments. This wés subsequently removed by solvents and was
probably caused by a surface coating of base-oil. However, the intensity and colour of
fluorescence on the samples of oil-stained sandstone was considerably ehh‘anced by the
experimental procedures, particularly with Shell Sol DMS. This may be caused by the
base-oil acﬁng as a cutting agent, thereby bringing oil to the surface of the sample chip,
or by some change in the intensity of the fluorophores in response to low temperature
catagenesis.

Thermal Alteration Index showed increased variability (+ or - one TAI unit) in
the samples subject to contamination with base-oil in the bomb experiments.

Vitriﬁite reflectance is affected by base-oil in both experimental and natural
experiments for shale source rocks. In general R, readings are depressed by a small but
variable améunt depending on the type of oil used: Shell Sol DMS appears to have a
significant effect which was not evident with Exxsol D-80. In the case of Terra Nova
samples, suppression of R, by OBM leads to the overestimation of the depth to oil

generation by several hundred metres. Predicting R, response to saturation with base oil
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also depends on the lithology of the cuttings, brobably reflecting the physical accessibility |
of the vitrinite grains to invasion by oil. For example, vitrinite in the limestone samples
was not measurably affected. Cleaning with ZnBr, restored the depressed R, values
towé.rds their original values and may be useful to determine whether-the vitrinite
reflectance is being unduly affected by OBM contamination.

Rock-Eval pyrolysis of shale samples under both experimental and natural
conditions showed an increase in S, and S, (and PI) in samples contaminated with base-
oil. The natural sample suite from Terra Nova C-09 exhibited lower T, values, an effect
which was not replicated by the experi.mental results. This suggests that samples stored
in contact with OBM at room temperature continue to deteriorate.

In permeable oil-stained sandstone and in limestone, the base oil appears to act
as a solvent to reduce S, values, an effect augmented by sample cleaning procedures.

Bitumen extraction of the shale source rock from the Stellarton basin (core
sample) showed a large increase in Phase I experiments and limited effects in Phase II
experiments (Mukhopadhyay and Birk, 1991). Cuttings of the shale source rock from
Terra Nova K-08 and the limestone source rock show an increase in bitumen after the
bomb experiment, suggesting that bitumen is added. This effect was not removed byr
sample cleaning. In contrast, the oil-stained sandstone showed a significant decrease in
bitumen content after bombing and cleaning. That the base-oil acts as a solvent to release
part of the oil-stain in permeable rocks, later to be removed during sam.ple cleaning, is
stror;gly suggested. Variation in the degree to which oil-base is absorbed by shale méy

reflect some physical condition of the samples such as water content. This possibility was



not éxplored further in this research but may explain the differences in bitumen extraction
results between experimentally contaminated samples and samples from the Terra Nova
wells. |

Results of gas chroinatograph‘y show similar effects to bitumen extraction but the
effects are more dramatic. »AII samples.showed the addition of significant amounts of
volatile compounds with the original sample character sometimes being completely
masked.

‘The chromatographic fingerprints of oil-stained sandstone samples are strongly
interfered with by Shell Sol DMS but much jless so by Exxsol D-80 where
chromatograms show clear separation between the geologic and contaminant oils.

The Rock-Eval, TAI, vitrinite reflectance, bitumen extraction, liquid and gas
chromatography data for the blank bomb experiments (without base-oil) failed to show
any marked changes compared with baseline analyses. Thus effects noted after bomb

experiments with base-oil can be attributed confidently to the presence of the oil.

| RECOMMENDATIONS
Sample fluroescence should be determined before washing of samples with
detergent. This increases the likelihood of recognizing oil staining,
The use of vitrinite reflectance, TAI and T,,, for determining maturity of source
rock chips obtained from wells drilled with oil bB-.SGd mud should be regarded as suspect.
Measurements are likely to be depressed. While certain lithologies may be less

susceptible to contamination than others, downhole trends established using points from
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contamina_ted samples are likely to lead to under-estimation of maturity.

Rock-Eval pyrolysis used as a screening tool for source rock identiﬁcation_ioses
much of its reliability when samples are contaminated with base-oil, The effects are
strongly lithology dependant with S, increasing or decreasing depending on rock type and
probably on physical parameters such as porosity and permeability. Effects on S. have
also been noted and are likely to increase with sample storage time. Total Organic
Carbon determination is affected in parallel with S, and S,. Identification of source rocks
in wells drilled with OBM should rely on alternative methods, possibly a combination of
downhole logs (Meyer and Nederlof, 1984) and more detailed geochemical analysis.
Sadly, the benefits of rapid screening provided by Rock-Eval are effectively lost.

Distinction of base-oil contaminant from geologic oil by‘ chromatography is
greatly assisted when the base-oil comprises a narrow cut of low molecular weight
hydrocarbons. Fortunately, this trait_ appears to correspond with low toxicity (COGLA,
1984) and its use is thus encouraged by environmental considerations (COGLA, 1986).
The tendency for OBM to become contaminated with re-use can quickly lead to~
increasing ambiguity iq the identification of geologic oil. Appropriate sampling of the
mud System prior to and during clrillihg is necessary to recognise this problem as it
develops. k

The cleaning methods employed during this research failed to restore geochemical
parameters to their baseline values with the qualified exception of vitrinite reflectance.
In most cases, cleaning by dilution and solvents reduces geologic oil in the sample and

makes oil show detection and characterization more difficult. This is particularly
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worrisome when oil shows are being detected by stain or fluorescence. Other methods
of sample preparation which do not involve dilution may alle\)iate this problem. Such a
method may be drying at temperatures warm enough to drive off the base-oil, provided
the latter is sufficiently volatile (M.G.Fowler, pers.comm., 1990). It is recommended
that cleaning methods involving sample dilution be used only after careful consideration

of alternatives.
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Region Consertium Well Spud Date Base-Oil”
Scotian Shelf Shell PCI et al Alma F-67 02-Dec-83 Conoco ODC
Mobil et al West Venture C-62 19-May-84 Conoco ODC
Shell PCI et al Glenelg E-58 07-Jui-84 Conoco ODC
Shell PCI et al Glenelg H-38 26-Oct-84 Environmentally safe
OBM
Shell PCI et al Alma X-85 29-Jan-85 Conoco ODC
Shell PCI et al Peskowesk A-99 22-Apr-85 Vista ODC
Shell PCI et al Merigomish C-52 15-Jun-85 Vista ODC
Shell PCI et al South Desbarres 0-76 16-Apr-84 Conoco ODC
Shell PCI et al North Triumph G-43 26-Sep-85 Environmentally safe
OBM
Shell et al Tantallon M-41 15-Feb-86 Biovert
Husky-Bow Valley et al West Chebucto K-20 05-Apr-86 Biovert
Shell PCI et al Glenelg N-49 01-Jun-86 Shell Sot DMS
Shell et al Panuke B-90 06-Aug-86 Shell Sol DMS
Canterra et al Whycocomagh N-90 20-Apr-87 Shell Sol DMS
Grand Banks Esso Parex et al Baccalieu 1-78 15-May-85 Esso Sarnia A
Husky-Bow Valley et al Bonne Bay C-73 04-Feb-87 Shell Sol DMS
Husky-Bow Valley et al Whiterose E-09 20-Aug-87 Shell Sol DMS
Petro-Canada et al Terra Nova C-09 13-Dec-87 Biovert Shell Sol DMS
Petro-Canada et al Terra Nova E-79 05-Mar-88 Biovert Shell Sot DMS
Husky Oil et al Whiterose A-90 02-Jul-88 Biovert
Mobil et al Avondale A-46 01-Aug-88 Biovert
Petro-Canada et al South Brook N-30 21-Aug-88 Biovert Shell Sol DMS
Chevron et al East Rankin H-21 19-Sep-88 Biovert
Texaco et al Amthyst F-20 25-Dec-88 Biovert
Texaco et al Springdale M-29 11-Feb-89 Invert OBM
Mackenzie Delta Shell et al Unak L-28 11-Aug-86 Shevll Sol DMS
Beaufort Sea Esso et al Nipterk L-19A 21-Apr-85 Esso DMO-75
‘Esso Trillium et al Adgo-G-24 07-Oct-85 Vista ODC
Esso PCI Home et al Minuk [-53 27-Nov-85 Vista ODC
Esso Home et al Kaubvik [-43 22-Oct-86 Vista ODC & ;Esca_id 90

* as reported in Well History Reports
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Sample Depth Vitrinite Reflectance Pyrolysis TOC
(m) - %
R, % S.D. S, S, S, PI T rnax
K-08 955 0.26 0.04 0.0 0.69 4.15 0.14 428 3.24
K-08 12§5 0.30 0.03 0.00 0.09 1.96 0.04 433 1.14
K-08 1555 0.34 0.05° 0.01 0.54 0.94 0.36 429 1.26
K-08 2045 0.39 0.07 0.00 0.11 1.08 0.10 428 1.52
K-08 235 0.40 0.04 . 0.01 0.44 0.65 0.40 432 0.61
K-08 2835 0.51 0.07 0.00 0.07 1>.03 0.06 435 1.38
K-08 3140 0.52 0.08 0.01 0.22 0.85 0.20 437 1.26
K-08 3365 0.55 0.08 0.01 0.24 1.25 0.16 434 1.07
K-08 3175 0.58 0.06 0.02 1.06 12.26 0.08 434 2.51
Cc-09 945 0.24 0.03 0.00 0.64 1.21 0.35 426 2.13
C-09 1305 0.29 0.04 0.01 2.44 2.19 0.53 432 1.51
~C-09 1555 0.38 0.01 0.19 9.78 6.15 0.61 438 3.32
c-09 2045 0.44 0.08 0.14 3.50 1.19 0.72 391 0.79
C-09 2335 0.45 0.08 0.05 2.38 1.14 0.67 415 0.66
C-09 2745 0.43 0.06 0.14 4.97 1.30 0.78 411 0.91
C-09 3115 0.45 0.06 0.02 3.66 1.47 0.71 433 1.39
c-09 3415 0.56 0.05 0.12 4.46 1.10 0.79 426 1.28
C-09 3635 0.51 0.05 0.08 1.94 5.83 0.25 436 1.19




Sample Wt % - PPM %HC mg ext/g
' TOC
C539 8.22 2927 - 79.5 35.61
C716 7.87 4088 | 51.94
C721 8.39 9420 ) — 112.28
C717 8.77 12200 139.11
(5720 9.02 4973 55.13
C730 8.49 23800 280.33
C540 1.21 17740 ) 1,466.12
C715 1.24 3074 247.90
C719 1.17 862 73.68
C733 1.13 1545 136.73
C626 1.74 16550 49.3 951.15
C714 0.48 6500 1,354.17
C718 0.73 25820 ‘ 3,536.99
- C724 0.89 9071 54.8 1,019.21
i

Todle. & H



Sample Wt % PPM %HC mg ext/g TOC
TOC ‘

L333-1 5.12 2647 75.2 51.70

| 133322 4.59 2538 78.6 55.29
L333-3 4.59 2294 75.5 ' 49.98
L3334 4.4] 2391 75.4 54.22
1.333-5 5.05 2462 73.9 48.75
L333-6 4.60 2587 75.6 56.24
1333-7 4.85 2981 78.3 61.46
L336-1 1.90 374 54.3 19.68
1.336-2 1.67 2660 91.8 159.28
L336-3 1.57 2104 75.2 134.01
L339-1 1.36 21385 75.2 1,572.43
L339-2 0.63 14332 78.5 2,274.92
L339-3 0.51 13153 80.7 2,579.02
L3394 0.61 9583 72.7 1,570.98
L339-5 0.64 6831 71.5 1,067.34
K-08-1 1.07 608 54.3 56.82 -
K-08-2 1.22 4468 93.7 366.23
K-08-3 1.25 3866 90.5 309.28
K-08-4 1.12 2287 92.6 204.20
K-08-5 1.16 2475 75.9 213.36
K-08-6 1.11 570 77.3 51.35
K-08-7 1.08 1356 33.0 1125.56

i
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OIL-BASED DRILLING MUD AND
ITS EFFECT ON MICROFOSSILS AND ORGANIC MATERIAL
) PHASE II

#0SC90~-00373-(012)
INTRODUCTION

This report documents the development, implementation and
results of a conhtrolled experiment to test the effects of
oil-based drilling mud-additives on microfossils,

particularly palynomorphs and the associated organic
material. :

Historically oil-based mud-additives were introduced to the
drilling programs on offshore eastern Canada during the mid-.
1980’s solving. many -engineering problems, enhancing the
speed of drilling and producing bore diameter close to bit
gauge. Johncsik & Grieve (1987) discuss the application of
this technique to well 1in the Beaufort Sea, Canada. This
method of drilling became common among the petroleum
exploration companies.

Problems developed through the use of conventional methods
of palynological processing. Consequently low palynomorph
recovery, with the presence of abundant residual silica
grains and oily 'halos’ around each particle was the end
product. This resulted 1in depressed highest occurrences
(tops), artifically impoverished assemblages, corroded
specimens and the inability to find many of the marker
species.

When wells drilled wusing oil-based mud-additives were
processed two years after rig-release using conventional
methods the palynological assemblages were so impoverished
that meaningful biostratigraphic interpretation could not be
made. In other wells which were processed shortly after
drilling moderate recovery could be obtained. This resulted
in an enhanced biostratigraphic interpretation due to the
lack of caved material and thus allowed the use of lowest
occurrences (bases); however, the low recovery reduced the
reliability of the palynological events. It became apparent
that if a specialized palynological processing method were-
developed then better biostratigraphic results could be
obtained.
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Phase I of the experiment consisted of two parts. The first
part, to test different palynological processing methods,
involved processing samples from a source rock shale (a
Carboniferous oil-shale from onshore Nova Scotia) that have
been treated with water or Shell Sol DMS (oil-based mud-
additive) in a pressurized and heated bomb in an attempt to
simulate drilling conditions. The second part comprised the
processing and analysis of two wells from the Terra Nova
field which have very similar lithological stratigraphy, one
with normal water-based mud-additives (Terra Nova K-08) and
the second with oil-based mud-additives (Terra Nova C-09:
Shell Sol DMS).

An intermediate part was also performed where the processing
techniques were tested on samples from the oil-based mud-
additive well since it became apparent that the ’‘bomb-
experiment’ did not completely simulate drilling conditions.
Phase II of the experiment was subsequently designhed to test
the effects of the oil-based drilling mud on the
palynomorphs and kerogen under controlied conditions.

Phase II comprises:

1. Development of an experimental procedure for the
treatment of cuttings samples at elevated
pressure/temperature to simulate dilling conditions and
procure the necessary equipment to carry out the
experiment.

2. Carry out bomb experiments on 16 cuttings samples from
the Terra Nova K-08 well necessitating the initial
division of each sample into three allocates:

a) one allocate will be subject to treatment in the
bomb with oil-based drilling mud to test the
effects of the oil-based drilling mud on the
samples )

b) one allocate subject to treatment in the bomb with
water to test the effects of the bomb on the
samples

c) one allocate not treated 1in the bomb as the
controlied normal

3. Each of the 48 allocates of all samples were processed
palynologically, with the addition of exotic Lycopodium
spore spikes, and analysed for palynomorphs and kerogen
content.

4. Each of the allocates were examined under
epifluorescent light and analysed for the fluorescent
gualities.
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The samples were palynologically processed by Eric Young at
the Branta Biostratigraphy Ltd. laboratories (formerly the
Bujak Davies Group) in Calgary using the method developed
for oil-based mud-additive samples 1in the first phase
(Davies 1990, BDG Report No. 89-0053).
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FORMAT

The text was produced utilizing the word processing program
Microsoft Word Version 4. The data was recovered utilizing
the GEOSCI fossil analysis program and displayed utilizing
Harvard Graphics and PaleoGraphics programs. A1l data,
charts and the report text is available on IBM PC compatibie
double sided, double density, 5 1/4" 48 TPI diskettes.

The text includes the following

A brief introduction describing the objectives and overview
of the experiment precedes a section on format.

A section on methodology follows in which the experimental
procurement and installation, sample procurement and
treatment, and processing procedures are outlined for the
various phases of the experiment and subsequently the
analytical procedures.

A section on the results and recommendations developed
during this study completes the main text with references
referred to in the text.

Five appendices are included at the end of the report.
Appendix A Tists the equipment required for the procedure.

Appendix B 1lists the basic data generated from each samples
from bomb experiment. Chart B1 contains starting parameters
comprising the sample depths, sample weights, maximum
temperatures and maximum pressures. Chart B2 contains the
recovery parameters comprising the sample depths, total
palynomorph counts, Lycopodium spike counts, the calculated
recovery in terms of the number of palynomorphs per gram of
rock and the percentage recovery for each paired sets. The
average recovery 1is also given by totalling the recovery for
each set of samples and dividing by sixteen. The average
percentage 1is .also given first using all samples and
secondly eliminating the aberrant sample at 1885m.

Appendix C lists the data generated during the processing of
the three sets of allocates from the 16 cuttings samples.
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The palynological 'assemblages are present 1in the range
charts (C1-3), onhe for each set of allocates in eighteen to
twenty pages. The palynological assemblages are subdivided
into: (1) dinoflagellates in situ; (2) other algae 71n situ;
(3) angiospermous pollen in situ; (4) gymnospermous pollen
in situ; (5) spo}es in situ; (6) aquatic palynomorphs caved

(primarily dinoflagellates): and (7) Miospores caved
(primarily angiospermous pollen); (8) miscellaneous
categories such as foraminifera, Lycopodium spikes; and

total counts; and (9) Comments noted during analysis.

The palynomorph recoveries for each of the above groups (1-
7) are 1listed in three columns against depth, one for each
set of samples.

Appendix D 1lists the data generated during the kerogen
(Figure D1-3) and fluorescence studies for each well. Lastly
comments are included if appropriate.

Appendix E comprises the graphic display of +the data
generated 1in the experiment. The following charts are
included in the back of the report.

Information given in the text s summarized- on a
Palynological Diversity Chart for each set of allocates
depicting the diversities of (1) dinof]age}1ates Th situ;
(2) other algae in situ ; and (3) pollen in situ; (4)
spores 1n situ: (5) aquatic palynomorphs caved: and (6)
miospores caved

as a measure of the recovery of the sample. The charts are
plotted at a scale of 1cm = 100m.

A Palynological Variation Chart depicts the variation in the
abundances of the main fossil components normalized as the
recovery per gram of rock measured by parallel counts of

Lycopodium spore spikes. The charts are plotted at a scale
of 1cm = 100m.
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A Graphic Comparison Chart illustrates the relationships of
recovery between three paired sets of allocates as a
percentage against wef]—depth. The first pair comprising
thin lines with squares at the Jjunctions represents the
percentége oil-treated - recovery of the water—-treated

recovery. The second pair comprising thick lines with *+°
at - the Jjunctions represents the percentage oil-treated
recovery of the untreated recovery. The third pair

comprising dotted lines with ‘*' at the Junctions represents
the percentage untreated recovery of +the water-treated
recovery. The last two values plotted conveniently at 3800m
and 3900m are the averages of the percent tallies with the
latter omitting the strongly aberrant sample at 1885m.

A Kerogen Summary Chart is also supplied for each set of
allocates depicting the relative percentages of the kerogen
types (resinous in brown, amorphous in orange, herbaceous 1in
green, woody in red, and coaly 1in black), relative
abundances of cavings, comments on fluorescence and the
thermal alteration 1index. The charts are plotted at a scale
of 1cm = 100m.

Four 5 1/2" floppy diskettes are supplied which cohtain the
data for the palynological 1in Geosci, kerogen analysis and
other biostratigraphic Togs in Paleographics, the
diagrammatic figures 1in Harvard Graphics, and the report
text in Microsoft Word IV.
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METHODOLOGY

EXPERIMENTAL PROCUREMENT AND INSTALLATION

1. Under the advise of Lloyd Snowdon and Martin Fowler of

the Geoclogical Survey of Canada at the Institute of
Sedimentary and Petroleum Geology a high
pressure/temperature vessel and controller assembly was
selected. This consisted of a 500 ml stainless steel high

pressure vessel with a cap screw split ring closure, a
heater unit, a proportional temperature controller, filling
hose with spare thermocouple, gaskets and rupture disk.
These were obtained from Parr Instrument Company in Moline,
ITTinois, USA. A  high pressure nitrogen cylinder and a
high pressure gauge regulator were also required and
obtained locally from Consumers Welders Supplies Inc. The
equipment was set up in the BRANTA BIOSTRAT Laboratories.

Full equipment details and suppliers are listed in Appendix
A.

A 20 amp electrical 1ine and outlet were required to be
installed to power the 15 amp temperature controller.

Four copper test-tubes were constructed utilizing 5 1/2"
lengths of 1/2" copper tubing with brass caps soldered to
one end of each Tength. These allowed the

temperature/pressure treatment of multiple allocates in one
procedure.

A litre of virgin oil-based drilling fluid was formulated
and obtained through the courtesy of Technifluids/NCM 1in
Calgary. The mixture contained 80% Shell So1/DMS oil-based
mud-additive and 20% non-saline water with emulsifiers and
clay additives to simulate the drilling mud and to allow the
full wetting of the rock sample..
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SAMPLE PROCUREMENT AND TREATMENT

Sample levels were selected from the Terra Nova K-09 well at
peaks. in palynomorph recovery as indicated by analyses 1in
Phase I. However, no rock samples for the test interval were
left at the Institute of Sedimentary and Petroleum Geology.
The rock samples were obtained from in-house BRANTA BIOSTRAT
sample collections. The sample depths are 1listed 1n
Appendix A. Approximately 60 grams of washed cuttings were
available. Each sample was divided into three allocates and
weighted at approximately 20 grams:

The first allocate was not pressure-treated and processed
directly following the procedure T1isted below. The second
allocate was pressure-treated in the bomb with water as the
test fluid and the third allocate was pressure-treated with
oil-based drilling fluid as the test fluid.

The following procedure as outlined by Dr. Martin Fowler of
I.8.P.G. (personal communication) with slight modifications
was utilized in the pressure-treatement of the samples:

1. 5 ml of test fluid is placed in the copper test-tubes,
20grams of rock sample 1is added and shaken, and then
covered by the test fluid.

2. The 2/3-filled test-tubes are placed in the vessel with
50ml of water placed in the bottom.

3. Place the stainless steel gasket, the bombhead/
thermowell on the top.

4, Compression ring is placed on top of the bombhead/
thermowell. :

5. Place outer collar around the bomb.

6. Place two holders.

7. Fit outer collar onto bomb using the two Allen bolts,

Make sure collar is Tlevel with top of bomb. Tighten
bolts using the Allen key one turn at a time unti)
bolts will turn no Tonger.

8. Use grooves at bottom of vessel to set- it in a vice.
9. Brush powder off head gasket bolts. Add a 1ittle squirt

of "Never Seal” to each bolts and run them in and out
of the head gasket a few times.
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10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

Hand tighten the bolts then use torque wrench to make
them even Tighter. The order of tightening s
important. It should be a 1,5,2,6,3,7,4,8 system where
1 and 2 are adjacent bolts and 1 and 5 are opposite to
each other. Using a torgque wrench tighten the bolts to
the torque suggested in the manual (10-15 1b/sqg.in.).
It may be necessary to increase the torque. If leakage
should occur replace the stainless steel gasket.

Brush off head system (including the pressure gauge and
add a little "Never Seal" to the threads. Add the head
system to the threaded hole in the bombhead/thermowel]l
and tighten using a cresent (spanner) wrench.

The fi11ing hose is .attached to the output fitting of
the high pressure gauge regulator which is fitted onto
the high pressure Nitrogen tank. The other end of the
Ti11ing hose 1is then attached to the intake fitting of
the head system. -

With all valves on the head and pressure regulator
closed the valve to the nitrogen cylinder is slowly and

fully opened. The valve to the regulator {is then
opened raising the output pressure to 2000 psi. The
valve to the bomb 1is then opened. All valves are

closed. The pressure is checked to be constant at 2000
psi in the gauge of the head system.

The oxygen 1is purged from the vessel by removing the
fi1ling hose from the head system and opening the
headsystem valve releasing the gas. It is important to
wear hearing protective devices as the escaping gas is
guite noisy. This 1s repeated twice and then finally
filled for treatment and again checked for leaks.

Place the bomb within the heater assmebly.

'MOST IMPORTANT - PUT THERMOCOUPLE INTO THE THERMOWELL.

Turn heater on. Use high heating rate and raise the
bomb to 50°C. below the target temperature and then use
low heating rate until within 10°C of the target
temperature. The heater 1is turned off. Note the final

maximum temperature and pressure for each treatment
run.

When the experiment is complete turn off the bomb and
leave it to cool overnight before attempting to take
the bomb out of the holder.

Remove thermocoupler and place into the heater assembly
to guard against accidental uncontrolled overheating of
the heater unit when not in use.
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20. Open the head assembly valve slowly to depressurize the
vessel. It 1is important to do this onhly while the bomb
has cooled 1in order that the contained liquids do not
boil which would scatter and dessicate the rock

samples.

21. To open the bomb, first remove the head system, then
the bolts, and finally the use the Allen-key to loosen
the collar bolts. Keep bomb vertical at all times

usinhg the vise to hold the vessel.
22. The copper test-tubes are removed and emptied 1into

beakers for palynological processing. The test-tubes
and vessel are cleaned for further bomb experiments.

Due to limited amount of sample 60 grams of washed sediment
for each sample if available was weighed and separated into
three allocate. Each allocate of approximately 20 grams was
combined with one tablet of exotic Lycopodium spores (each
tablet contains approximate]y 12,100 spores) after the
pressure bomb treatment and before acid-masceration in order
that the species counts will be normalized for variation in
sediment influx.

The palynological processing of the raw rock samples
involves the specialized enhanced palynological acid-
masceration procedures developed in Phase I for oil-based
mud-additives. The three modifications to the standard
method are implemented in order to enhance the palynomorph
recovery. At the various steps marked by *x in the following
method or at anytime that an oily film forms on the surface
of the decantant, the residue is washed with Spray Nine spot
cleaner 1in order to liberate the oil~-based mud-additive from
the sample. The hypothesis is that the oil-based mud-
additive inhibits the reactions of the water-based acids and
solutions and that each step of maceration treatment
releases more mud-additive to inhibit the next step. Spray
Nine spot cleanser is a re]étive1y well-khown spot remover
for the use in grease cutting, oil removal etc.
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Sample washing

1. Dry and weight the sample (approximately 20 grams of
washed sample). Add one Lycopodium tablet.

2. To remove the mud-additives wash with Spray Nine (10
ml) diluted with water (200 ml) by soaking for 1 1/2 hr
and then rinsed 3 times or until clean.

Chemical rock maceration

3. To remove carbonates apply a 10% solution of HCL to
cover sample in a Nalgene beaker and stir. Allow to 'sit
for at least 2 hrs or preferably leave overnight. Add
distilled water and a squirt of Spray Nine and allow to
settle and decant (repeat 3 timesx).

4, To remove silicates add hydrofluoric acid (full
strength) to the sample one centimetre above the rock
sample. Leave overnight. Dilute with distilled water

and a squirt of Spray Ninex, let settle and decant.
Pour digested sample in a 100ml polyporpolene test
tube. Centrifuge at 2000 rpm for three minutes and
decant. Add distilled water and a squirt of Spray
Nine, vortex and centrifuge for one minute, and decant
(repeat 3 timesx),

5. To remove biproducts (fluorosilcates) add 20 m]l of 10%
HC1 to sample. Heat 1in a boiling water bath for 5
minutes. Rinse by adding distilled water , vortex and

centrifuge for one minute, and decant. Repeat until the
residue becomes disassociated.

6. Kerogen slides were made by taking a drop of the
residue before the nitric acid step and mounted on a
22x22 mm coverslip as described below.

7. To remove pyritic material add concentrated nitric acid
to cover the sample. Let mixture react for 30 seconds
to a minute. Dampen the reaction, if highly volatile,
with a cold water bath and/or diluting the mixture with

distilled water. Rinse by adding distilled water and
a squirt of Spray Nine, vortex and centrifuge for one
minute, and decant (repeat 3 times). This step s

omitted when processing for kerogen and fluorescence
analysis.
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Physical Fractionation

8. To remove the undissolved heavy mineral matter add zinc
bromide solution (with SG 2.0) to sample 3 cm above
sample. Vortex the mixture well. Centrifuge for 20
minutes at 2000 rpm. Pour off floating organic
material into new test-tubes. Dilute the zinc bromide
with slightily acidic water (1% HC1), vortex and
centrifuge for one minute, and decant (repeat 3
timesx), Transfer to 15 ml test-tubes.

Selective Oxidation of Organic Matter

9. The composition of the residue is checked under the
microscope to choose the appropriate reagent and
oxidation time. Various oxidants may be used. 1In this
experiment only a brief nitric acid step was

implemented if required. Dampen the reaction if highly
volatile with a cold water bath and/or diluting the
mixture with distilled water. Rinse by adding
distilled water, vortex and centrifuge for one minute,
and decant (repeat 3 timesx*).

10. To remove humic acids add 1 ml of 5% KOH, fill test-
tube with distilled water. Vortex, and then centrifuge
at 2000 rpms for .1 minute. Rinse by adding distilled
water, vortex and centrifuge for one minute, and decant
(repeat 3 timesx).

11. Staining was not performed in order that the condition
of the palynomorphs would not be altered.

12. To concentrate the palynomorphs seive the residue at 10
microns using a seive with replacable Nytex sieve
cloth. A ultrasonic cell homogenizer 1is used to enhance
dispersion and separation of the particles. Flush
liberally with distilled waterx. The coarse fraction
is retained for future use.

13. To remove the very fine unidentifiable organic
particles sieve the residue at 10 microns. A
ultrasonic cell homogenizer 1is used to enhance
dispersion and separation of +the particles. Flush
liberally with distilled waterx. ’
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14.

15.

15.

To mount the residue on the microscope glass slides
place a drop of residue on a 22x44 mm coverslip with a
drop of polyvinyl chlorate solution. Mix well and
spread evenly across the coverslip. Set on a warming
tray to dry.

To mount the coverslips on glass microscope slides mix
bioplastic resin and hardener 1in a 1little paper cup.
Place a drop of mixed bioplastic on the coverslip and
turn the coverslip on to the glass slide and centre.

Set on a warming tray until the biosplastic is set for
1/2 hours.

To store the remaining residue empty the test-tubes
into appropriately labelled vials. Add a drop of
phenol (5%), fi1l with water and cap.
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PALYNOLOGICAL ANALYSIS

The palynological samples were analysed by Dr. E.H. Davies
of Davies Research Ltd. (presently of Branta Biostratigraphy
Ltd.).

A Zeiss Photomicroscope was used for epifluorescence and
kerogen analysis. A Zeiss Standard 16 Microscope was
utilized for the palynological analysis. The samples were
examined utilizing the 40X objective with 12X ocular lens.

The palynological analysis of the samples comprises counting
the exotic Lycopodium spike, and all other palynomorphs
including the caved forms from overlying strata, reworked
forms from older sediments, the various algal and fungal
remains, euryhaline . and marine dinoflagellates, herbaceous
and woody angiospermous pollen, gymnospermous pollen, and
bryophytic and pteridophytic spores. A total of 400 or more
specimens were counted if possible from the >10 micron
fraction, with a maximum of 200 Lycopodium spike grains
which are not added to the total palynomorph sum.

Kerogen type is divided 1into the four categories based on
Bujak, Barss and Williams (1977a,b) plus resinous, each
listed with the relative abundances in estimated percentages
(resinous - none observed; amorphous kerogen/amorphogen:
herbaceous/ phyrogen; woody/hylogen; and coaly/melanogen.
The thermal alteration index follows Bujak, Barss and
Williams (1977a,b). The fluorescence analysis comprises
the type of fluorescent material and 1its colour under the
blue and vyellow filters, as well anomolous features such as
011 halos, and background fluorescence.

The data was recorded in digital format during the analysis
utilizing the Geosci data entry program. Comments were
recorded as ’species’ beginning with an 17,
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DATA PROCESSING

The variation in  the abundances of the main fossil
components is hormalized as the recovery per gram of rock

measured by parallel counts of Lycopodium spore spikes using
the following formula:

R = total number of recovered palynomorphs per gram of
rock
W = weight of allocate of rock

Nt = total number of palynomorphs counted

ST = total Lycopodium spikes per sample
= 12,100 spores per tablet

S = total number of Lycopodium spikes counted per
sample

The comparison of the palvynomorph recovery of one set of

allocates is calculated as 3 percentage of another set 1in
three pairs, ie:

Percent recovery Recovery of set R3 X100

Recovery of set R2

Percent recovery Recovery of set R3 X100

Recovery of set R?2

Percent recovery

Recovery of set R1 X100
Recovery of set R2
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RESULTS

PALYNOMORPH RECOVERY

A marked difference in the recovery of palynomorphs occurs
between the three sets of treatment. The average recovery
of all samples 1in the wuntreated set (R1) 1is 16,766
palynomorphs per gram of rock (PPG), in the set (R2) treated
with water 24,062 PPG, and in the set (R3) treated with oil-
based mud-additve 13,977 PPG. The recoveries range from 366
PPG to 58,080 PPG 1in set R1, 538 PPG to 11,4345 PPG 1in set
R2, and 203 to 28,939 PPG.

A strong bias toward the highly productive samples occurs
when averaging the recovery 1in terms palynomorphs per gram
of rock over each sample set. Instead the results may be
looked at 1in terms of the percentage of one sample in a set
to the eqguivalent sample 1in another set. Three percentage
tallies are calculated: The first 1is the percentage
recovery of set R3 in terms of set R2. The second tally is
the percentage recovery of set R3 1in terms of set.Ri. The
third is the percentage recovery of set R1 in terms of R2

In general the oil-based mud-additive sample set have
significantly lower palynomorph recovery 18% to 78% 1in 12 to
13 out of 16 samples against the sample set treated with
water and the untreated sample set with overall averages of
67% and 94% respectfully. In one sample the recoveries are
close, but 1in three samples the recovery actually is
improved, especially in sample at 1885m (222% and 496%). If
this sample 1is ignored for the moment the overall average
recoveries are lowered to 57% and 67%, respectfully.

The two normals used 1in the experiment are at slight
variance with one another with the set R2 being the highest
in 10 out of 16 samples as the average recovery PPG and
average percentage recovery (88%). If the sample at 1885m

is removed from the tally the average becomes very close at
91%. '

In general the trends 1in the total recovery are evident
within the individual morphological groups of palynomorphs.

The peak in the total recovery for the Oil-treated set R3 in
the aberrant sample at 1885m is represented primarily by
caved Areoligera and secondarily to other dinoflagellates.
Caved miospores in this sample are fairly consistent
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especially between sets R2 and R3. This suggests that the

sample is extrodinary due to its organic composition - a
more oil-prone kerogen which is more easily processed after
oil-treatment. The use of oil mud additives or similar

substances in a pretreatment of heavy oil, source rocks such
as oil-shales and high oil-prone kerogen may be a benificial
step in palynological processing.

The diversities directly show the types of species
represented within different segments. In the upper portion
between 1425m and 2045m there 1is a high proportion of caved
material, primarily Paleocene and Eocene dinoflagellates.

KEROGEN TYPES

The general trend 1in the effect of the kerogen typing is an
overall smoothing where there 1is 1less variation 1in the
percentages of the types 1in the oil-treated set R3 than in
the untreated set R1. The water treated set R2 is similar
to the untreated set R1 except it is more subdued. This
difference occurs primarily in the percentage of amorphous
material observed in the sample sets which becomes
increasing less from R1 to R2 and to RS3.

THERMAL ALTERATION

There are very little differences among the sample sets. The
untreated set R1 has 14 samples with good readings, The
water-treated has 8 samples with good readings and the oil-
treated set R3 has 9 samples with good readings. The only
difference in values occurred at 2045ff» where the o0il-
treated set has values one level higher (2-2 instead of 2)

FLUORESCENCE

Strong differences in fluorescence character and the
frequency of phenomena are apparent among the sample sets.
In general the fluorescence of the palynomorphs is reduced
in the oil-treated set R3 in comparison to the untreated Ri
especially in the lower part of the studied section below
2225m. The water-treated set R2 1is slightly reduced 1in
comparison to the untreated set R1. The background
Fluorescence and oily halos around palynomorphs and clumps
of kerogen are more persistent in the oil-treated set R3.
Under fluorescence optics a large amount of fine material is
missing in the oil-treated set R3.
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DISCUSSION

The oil-based mud-additive is greatly effecting the quality
and quantity of the palynomorphs and the kerogen types.
Overall it has a negative affect by inhibiting the recovery
of palynomorphs from the rock, destroying the fine amorphous
and. dissiminated herbaceous material, Towering the
fluorescence potential.

The marginal differences between the water-treated set R2
and the untreated set R1, where there is a siight drop in
amorphous material and recovery, may be accounted for by the

slight differences in  processing. R2 were processed
identical to R3 both of which had Spray Nine treatments
which may have slightly oxidized +the samples. Another

possibility is that the 1increased temperature and pressure
thermally matured the samples siightly. The lack of change
in spore coloration contradicts the latter.

In the sample at 1885m under epifluorescence optics, oily
halos are present around the particles at the onset of high
fluorescence. This may be 1interpreted as o011 generating
kerogen which when partially extracted by the oil-based mud
the palynomorphs are liberated from the oily kerogen. This
would account the reverse trend where there is marked higher
palynomorph recovery in the oil-based sample set R3 than the
water treated set R2 (222%) and the untreated set R1 (496%).

In Phase I of the experiment a test was done oh a oil shale
- a highly richly organic rock. Very 1little differences
were evident 1in the recovery of the palynomorphs. This may
be due to the above effect counteracting against the
dissolution of the kerogen and palynomorphs. "

Although the results are fairly conclusive, the exact
effects on a variety of specific rock types has not been
explored. These differences may account for the anomalous
samplies where the trends were reversed.

For a more complete experiment the effects of differing
processing methods should also be tested quantitatively.
This may resolve the differences between the untreated run
R1 and the water-treated run R2.

Testing should be made to determine exactly where the loss
in palynomorphs occurs during the processing. Palynological
slides could be made after each processing step for the
retained residue, discarded residues and the effluent. This

would pin-point where the loss occurs and perhaps how better
to avoid it. i
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APPENDIX A

EQUIPMENT LIST AND SOURCES
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HIGH PRESSURE BOMB ASSEMBLY

Quantity Equipment Description

1) 500m1 high pressure stainless steel bomb assembly
(Mode 4652) with mannhual PKG 4650,
vessel T316 and head/CYC/TW/RD PKG-4652%

(1) heater assembly for 4650 (Model 4923ERBR) with base
A306HC3x*

(1) Proportional temperature controller model 4841
consisting of 4849 series temperature
control ler 1nstrument manual (255M)
basic unit t15v (AC meter) (A1400HC2EB)
DPM  plug, blank, mod. control (AB31E)
DPM temperature control 4841 (A832EEB)x

(1) 6ft nylon filling hose assembly rated at 2500 psi
working pressure (a495HC )%

(1) Thermocouple 11-1/2 T316 (A472E3)%

(1) Stainless Steel gasket 4650 T316 (A4HCBAD)x

(1) Inconel rupture disc rated at 8000 psi (526HCPJ)x

(1) HG 4500 PSI 445 cu. ft. nitrogen cylinderxx

(1) VCO7811450 SR4K-680 regulatorkx

(1) 10 inch adjustible cresent (spanner) wrenchikx

(1) 1/2 1inch drive torque wrench with Allen wrenchxxokx

(4) 5 1/2 inch long x 1/2 dia. copper tubes with brass

caps soldered on one endx¥xx

(1) small vise for holding the bomb during bolt
tighteningxioxx

(1 pair) oven mitts for handling the hot bomb¥xxxx
(1) 20 amp electrical outlet.
(1 litre) Shellsol driltling fluid mixture comprising

approximately 20% non-saline water, 80% Shell
Sol/DMs plus emulsifier and trace of clay.Xxx
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(2 litres) Spray Nine spot cleanser Xxxkx

Xavailable from

x¥available from

*%%available from

Parr Instrument Companhy.
211 53rd Street
Moline, I1linois 61265-9984

Consumers Welders Supplies Inc.
#12 1115 48th Avenue SE
Calgary, Alberta

Technifluids/NMC
1700 505 5th Avenue SW
Calgary, Alberta

*k%x%¥available from most hardware stores.

.22
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APPENDIX B

IBASIC‘TREATMENT DATA
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APPENDIX C

PALYNOLOGICAL DATA
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PALYNOLOGICAL RECOVERY BY GROUPS (PPG) - UNTREATED R1

Dinoflagellates

Depth R1 R2 R3
1425m 325 3690 1089
1615m 1675 888 287
1825m 508 575 581
1885m 303 593 916
2045m 1778 1815 526
2145m 685 640 197
2225m 462 666 821
2465m 61 : 54 12
2525m 33 39 26
2725m 424 472 175
2840m 927 2207 733
2930m 5384 23595 2938
2990m 2372 2034 1627
3380m 2218 2218 3025
3505m 4062 7260 3304
3625m 3956 6787 6443
Other Algae

Depth R1 R2 R3
1425m 0 83 17
1615m 18 14 8
1825m 12 12 12
1885m 0] 18 16
2045m 23 93 12
2145m 7 9 3
2225m 0 0 14
2465m 0 6 3
2525m 0 0 3
2725m 61 12 12
2840m 40 107 18
2930m 182 1210 43
2990m 59 51 41
3380m 907 705 202
3505m 259 151 139

3625m 0 . 0 119
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Angiosperous Pollen

Depth R1 R2 R3
1425m 0 83 0
1615m 18 14 16
1825m 36 36 61
1885m 17 4.8 33
2045m 113 47 18
2145m 46 9 9
2225m 41 14 86
2465m 0 0 0
2525m 0 0 0
2725m 0 0 0
2840m 0 0 0
2930m 0 0 0
2990m 0 0 o}
3380m 0 0 0
3505m 0 0 0
3625m 0 0 0
Gymhospermous Po'llen

Depth R1 R2 R3
1425m 3439 2909 1386
1615m 1981 2016 581
18256m 1010 1199 1767
18856m 565 1036 1864
2045m 3347 3639 1283
2145m 1393 3109 747
2225m 1489 1033 1930
2465m 303 547 145
2525m 278 402 1133
2725m 4199 5239 2045
2840m - 54 12350 6122
2930m 19481 85305 15206
2990m 24673 17794 17366
3380m 51408 47074 25412
3506m 39326 65491 20803

3625m 31257 40044 26310
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Spores (Ferns and Mosses)

OIL-BASED DRILLING MUD..

Depth R1. ..R2 R3
1425m 418 291 495
1615m 288 268 716
1825m 69 103 . 157
1885m 86 121 164
2045m 473 667 212
2145m 221 325 91
2225m 116 95 274
2465m 33 112 36
2525m 39 59 36
2725m 1150 1609 569
2840m 2097 2562 1998
2930m 121 6353 1298
2990m 1779 1373 976
3380m 303 403 1008
3505m 2074 2269 1629
3625m 388 485 358
Caved Algae (1inclucing dinoflagellates)
Depth R1 R2 R3
1425m 16357 16121 5924
1615m 4806 3144 1377
18256m 436 780 472
1885m 559 1367 4382
2045m 1343 977 544
2145m 282 186 191
2225m 75 224 202
2465m 0 0 6
2525m 6 6 12
2725m 0 0 0
2840m 0 0 18
2930m 0 0 0
2990m 0 51 0
3380m 0 0 0
3505m 0 0 0
3625m 0 0 0

.27
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Caved Miospores
Depth .

1425m
1615m
1825m
1885m
2045m
2145m
2225m
2465m
2525m
2725m
2840m
2930m
2990m
3380m
3505m
3625m

R1 R2 R3
565 332 231
234 336 64
157 8470 363
74 206 294
794 388 3089
122 158 88

286 82 144
24 9 0

3 2 9

0 0 6

o 0 0

0 0 0

0 0 0

0 0 0

0 0 47

0 02 0]
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1425.00 | 16 ! 1425.00 cut water
1615.00 ! 58 | 1615.00 cut water
1825.00 | 100 ! 1825.00 cut water
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2990.00 | 14 | 2990.00 cut water
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APPENDIX D

KEROGEN AND FLUORESCENCE DATA
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Fluorescence Data and Comments

1425m
R1
Pollen - vellow: dull vellow amorphous; Background

fluorescence

R2

Pollen- green, with some pale blue: no amorphous ]
fluorescense; All pollen fluorescence; More than 10% polilen
can not be seen under normal fluorescence

R3

Rare pollen - yellow; 0ily halos around amorphous; some
background fluorescence

Comments

R1 and R3 are very similar where as R2 is very different
with pollen being easily seen in the amorphous material

1615m

R1 ' .
Background fluorescence - dull green

R2
Backaground ftuqrescence - dull green; poor fluorescence

R3
Background fluorescence - dull green: some 01l fluorescence

Comments

Halos around some of the material

R1

Very small pollen (<10 microns) - green/yellow and dull
blue/white

R2

Halos around amorphous material
R3

Halos around amorphous material

Comments

R2 & R3 have halos around amorphous which look 1ike small
oil blobs, nothing else fluoresces

1885m
R1

Pollen - light yellow/green and dull blue/white with some
oily halos '
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R2

Some pollen - 1ight vellow with some 01l halos around dark
coaly and woody material

R3
Some pollen - yellow with halos around amorphous material

Comments
Kerogens all look much the same

No fluorescence

R2
very fine pieces and some pollen - yellow/green

R3 :
Common ©1i1 halos around amorphous material

2145m
R1
Common o1l halos around amorphous material

R2
Common oil halos around amorphous material

R3

Some dinoflagellates in amorphous material- yellow and pale
white/blue; some oily halos

Comments

R1 and R2 have a lot of fine material whereas it is missing
in R3 .

R1
No fluorescence - the mount is quite thick

R2
No fluorescence - the mount is quite thick

R3 )
Oily halos around amorphous material

2465m
R1
A 1ot of very fine material (<10 microns) fluorescing green

R2

A lot of very tine material (<10 microns) fluorescing green:
bisaccates - yellow, common oil halos, background
F luorescence - green
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R3
No fluorescence with common oil halos

Comments
Halos are due to oil droplets in amorphous material

2525m
R1i
Dinoflagellates - yellow; Pollen - vellow; common halos

R2
Dinot lagellates - yellow; Pollen - vellow; amorphous
material - yvellow; common halos .

R3
No f luorescence, common halos

Comments :
R3 is contaminated with oil such that nothing else
fluoresces

2725m

R1
Small algal cysts - green/yellow: 011 halos

R2
Minor pollen - vellow; blobs of o0il contamination

R3
Abundant oil halos

Comments
R1 and R2 have less blobs than R3 but are still common

No f luorescence; abundant halos
No f luorescence; abundant halos

No fluorescence; abundant halos

R1

Pollen - yellow/orange; dinoflagellates yellow; amorphous -
no fluorescence

R2
Pollen - yellow/orange; very fine.material - yellow/green

R3
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Very fine material - yellow/green; Halos and oil droplets
2990m

R1

No fluorescence

R2

Less than 1% amorphous material - orange or non-fluorescent
R3 .

011 halos around kerogen fragments

3380m

R1

Pollen- orange/yellow; amorphous material - non-fluorescent
R2 _

Pollen and dinoflagellates - orange/yellow; very fine
material (<10 microns) - green; amorphous material - non-

f luorescent

R3

No fluorescence; common oil blobs with halos

3505m

R1

Dinof lagellates - dull orange/yellow; algae - green; pollen

- orange, some o0il halos

R2

Dinoflagellates - orange/yellow; pollen - orange: no algae;
o1l froplet halos

R3
A1l o1l halos and blobs

R1

Dinoflagellates and pollen - orange/yellow; amorphous
vyellow-orange

R2

Dinoflagellates and pollen - orange/yellow; amorphous
orange-yellow; som oil halos

R3

Only o1l halos; amorphous - non-fluorescent; no pollen or
dinoflagel lates to be seen

Comments

Good f luorescence of all types in R1; R2 similar except the
amorphous 1is a bit less fluorescent and more vellow
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APPENDIX E

GRAPHIC DATA DISPLAY
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OIL-BASED DRILLING MUD AND ITS EFFECT
ON MICROFOSSILS AND ORGANIC MATERIAL

SSC FILE NO. OSC89-00297-(014)

INTRODUCTION

This report discusses the results of the experimental palynological processing and
analysis on two wells from the Jeanne d’Arc Basin, Grand Banks. The purpose is to
determine the best method for palynological processing oil-based mud-additives.

Historically oil-based mud-additives were infroduced fo the driling programs on
offshore eastern Canada during the mid-1980°s solving many engineering problems,
enhancing the speed of driling and producing bore diameter close to bit gauge
(Johancsik & Grieve 1987). This method of drilling became common among the pe-
troleum exploration companies.

Problems developed though the use of conventional methods of palynological
processing. Consequently low palynomorph recovery, with the presence of abun-
dant residualssilica grains and oily *halos’ around each particle were the end product.
This resulted in depressed highest occurrences (tops), artifically impoverished assem-
blages, corroded specimens and the inability to find many of the marker species.

When wells drilled using oil-based mud-additives were processed using conventionall
methods, such as the North Trinity -- two years after rig release, the palynological
assemblages were so impoverished that meaningful biostratigraphic interpretation
could not be made. In other wells such as Chebucto -- which were processed shortly
after driling moderate recovery could be obtained. This resulted in an enhanced
biostratigraphic interpretation due to the lack of caved material and thus allowing
the use of lowest occurrences (bases); however, the low recovery reduced the
reliability of the palynological events. It became apparent that if a specialized
palynological processing method were developed then better biostratigraphic
results could be obtained.

The experiment consisted initially of two phases. The first phase, to test different
palynological processing methods, involved processing samples from a source rock
shale (a Carboniferous oil-shale from onshore Nova Scotia) that have been treated
with water or Shell Sol DMS (cil-based mud-additive) in a pressurized and heated
bomb in an attempt to simulate drilling conditions. The second phase comprised the
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processing and analysis of two wells from the Terra Nova field which have very similar
lithological stratigraphy, one with normal water-based mud-additives (Terra Nova K-
08) and the second with oil-based mud-additives (Terra Nova C-09: Shell Sol DMS).
Selected samples were then reprocessed and analyzed for visual kerogen typing,
Thermal alteration and fluorescence.

Anintermediate phase was performed where the processing techniques were tested
on samples from the oil-based mud-additive well since it became apparent that the
‘bomb-experiment’ did not completely simulate driling conditions.
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FORMAT

A brief infroduction describing the objectives and overview of the experiment
precedes a this section on format.

Asection on methodology follows in which the processing procedures are outlined for
the various phases of the experiment and then the analytical procedures.

A section on the problems encountered and conclusions arrived at during this study
completes the main text with references referred to in the text.

Five appendices are included at the end of the report. For each sample in the
- appendices the details of the palynological assemblages are distinguished as: (1)
dinoflagellates in situ; (2) other algae in situ; (3) pollen in situ; (4) spores in situ; (5)
miscellaneous palynomorphsinsitu; (6) aquatic palynomorphs caved (primarily Teriary
and Upper Cretaceous dinoflagellates); and (7) miospores caved (primarily angio-
spermous. pollen). For each species the relative abundances are listed. No abun-
dance data indicates that only one specimen was observed; Rare indicates that 2-
5 specimens were observed; Common indicates that 6-20 specimens were observed:
. Abundant indicates that approximately 21-50 specimens were observed; Dominant
indicates that approximately >50 specimens were observed. Comments, if appropri-
ate, are listed in four categories: (1) background kerogen types and abundances: (2)
palynomorph preservation; (3) palynomorph recovery; (4) miscellanceous com-
ments. The abundances listed in the comments relect the relative amounts of the
particular kerogen types in relation to the amount of palynomorphs rather than the
number of specimens of kerogen.

Appendix A lists the data generated from each samples from bomb experiment as
well as the comments noted during processing.

AppendixB liststhe data generated during the processing of the 85 samples from each
well. The palynological assemblages present in the samples examined from the oil-
based Terra Nova C-09 well are listed on the left side of the page. The corresponding
samples from the water-based Terra Nova K-08 well are listed on the right side of the

page and are paired with the samples from equivalent stratigraphic level in the Terra
Nova C-09 well. :

Appendix Clists the palynological samples studied for each wellin a paired format, the
Terra Nova C-09 on the left and the Terra Nova K-08 on the right.
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AppendixD lists the data generated during the processing test on ’rhe sample at2515m
in Terra Nova C-09 well (the infermediate phase).

AppendixE lists the data generated during the kerogen studies for each well. Kerogen
type is divided into the four categories based on Bujak, Barss and Williams (1977a.,b)
each listed with the relative abundances in estimated percentages (A = amorphous
kerogen/amorphogen; H = herbaceous/phyrogen; W = woody/hylogen; and C =
coaly/melanogen. The abundances of hydrocarbons, interpreted to be derived from
the oil-based mud-additives, and interpretated cavings is noted. The kerogen is
divided into two groups forthe interpretation of the fluorescent character: amorphous
kerogen and herbaceous/woody. The thermal alteration index following Bujak, Barss
and Williams (1977a.,b) is indicated. Lastly comments are included if appropriate.

The following charts are included in the back of the report.

Information given inthe textis summarized on a Palynological Diversity Chart for each
studied well depicting the diversities of (1) dinoflagellates in situ; (2) other algae in situ
; and @) pollen in situ; (4) spores in situ: (8) aquatic palynomorphs caved; and (6)
miospores in situ as a measure of the recovery of the sample. The charts are plotted
at ascale of lecm = 50m. '

A Kerogen Summary Chart is also supplied for each well depicting the relative
percentages of the kerogen types, mud-additives hydrocarbons, relative abun-
dances of cavings, comments and the thermal alteration index. The charts are plotted
atascale of 1lecm =50m.The kerogen types are identified by the following colour code:

red = oil due to mud-additives
yellow = amorphous kerogen
green = herbaceous kerogen
brown = woody kerogen

black = coaly kerogen

Three 5 1/2" floppy diskettes are supplied (one for each well) which contain the data
forthe palynological (in Geosci) and kerogen analysis (in Paleographics) and one with
the analysis of the bomb experiment and intermediate experiment on the sample
(2515m) from Terra Nova C-09.
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PALYNOLOGICAL PROCESSING

Puase 1,

To process and analyze the microfossils from an organic-rich shale before and affer
freatment in an experimental bomb with base-oil at elevated temperature and
pressure.,

Two runs were studied, one treated approximately one year ago and one treated
recently January, 1990), to observe the possible effect of duration of exposure of
samples to oil-based mud on microfossil preservation. Treated samples were proc-
essed by the standard palynological method and three modified methods before
analysis in order to document the effect of the bomb procedure andto compare the
efficiency ofthe cleaning modifications. One untreated sampleraw rock sample was
processed and analyzed in order to provide experimental control. Treated and
untreated samples were provided by the Scientific authority. Table 1 illustrates the
samples used forthe various processing methods. Due to the limited amount of sample

all procedures including the inifial acid treatment were performed in test-tubes rather
than the normal beakers.

The first method was implement following standard processing procedure:

Sample washing
1. Weight the sample.

2. To remove the mud-additives wash in Sunlight dishwashing liquid* (10 ml)
diluted with water (200 ml) by soaking for 1 1/2 hr and then rinsed 3 times or until clean.

Chemical rock maceration

3. To remove corbono’res apply a 10% solution of HCL to cover sample in a
Nalgene beaker and stir. Allow to sit for at least 2hrs or leave overnight. Add distilled
water and dllow to setftle and decant (repeat 3 times*).

4. To remove silicates add hydrofluoric acid (full strength) to the sample one
centimeire above the rock sample. Leave overnight. Dilute with distiled water*, let
settle and decant. Pour digested sample in a 100ml polyporpolene test tube.,
Centrifuge at 2000 rpm for three minutes and decant. Add distiled water, vortex and
centrifuge for one minute, and decant (repeat 3 times*).

5. To remove biproducts (fluorosilcates) add 20 ml of 10% HCl to sc:mple. Heatin
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a boiling water bath for 5 minutes. Rinse by adding distiled water*, vortex and
centrifuge for one minute, and decant. Repeat until the residue becomes disassoci-
ated.

6. To remove pyritic material add concenirated nitric acid to cover the sample.
Let mixture react for 30secondsto aminute. Dampen the reactionifhighly volatile with
a cold water bath and/or diluting the mixture with distilled water. Rinse by adding
distiled water*, vortex and centrifuge for one minute, and decant (repeat 3 fimes). This
step is omitted when processing for kerogen or fluorescence andlysis.

Physical Fractionation

7. To remove the undissolved heavy mineral matter add zinc bromide solution
(with SG 2.0) to sample 3 cm above sample. Vortex the mixture well. Centrifuge for
20 minutes at 2000 rom. Pour off floating organic material into new test-tubes. Dilute
the zinc bromide mixture with slightly acidic water (1% HCI), vortex and centrifuge for
one minute, and decant (repeat 3 fimes*). Transfer to 15 ml test-tubes.

lectiv xidation of Organic Matter

8. The compositon of the residue is checked under the microscope to
choose the appropriate reagent and oxidation time. Various oxidants may be
‘used. In this experiment only a brief nitric acid step was implemented if required.
Dampen the reaction if highly volatile with a cold water bath and/or diluting the
mixture with distilled water. Rinse by adding distilled water, vortex and centrifuge
for one minute, and decant (repeat 3 times*).

9. To remove humic acids add 1 ml of 5% KOH, fill test-tube with distiled wa-
ter. Vortex, and then centrifuge at 2000 rpms for 1 minute. Rinse by adding distilled
water, vortex and centrifuge for one minute, and decant (repeat 3 times*).

Staining

10. Staining was performed in order that the conditions of the palynomorphs
could be easily assessed. :

Seiving

11. To concentrate the palynomorphs seive the residue at 20 microns using a
seive with replacable nytex seive cloth. A ultrasonic cell homogenizer is used o
enhance dispersion and separation of the particles. Flush liberally with distilled water*,
The fine fraction is retained for further sieving.
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12. Toremove the very fine unidentifiable organic particles seive the residue at
10 microns. A ultrasonic cellhomogenizer is used to enhance dispersion and separa-
fion of the particles. Flush liberally with distilled water*.

Palynological Sample Mountin

13. To mount the residue on the microscope slide glass coverslips place a drop
of residue on the coverslip (one coverslip for each fraction: >20 microns and 20><10
microns) with a drop of polyvinyl chlorate solution. Mix well and spread evenly across
the coverslip. Set on a warming fray to dry.

14. To mount the coverslips on glass microscope slides mix bioplastic resin and
hardener in a little paper cup. Place a drop of mixed bioplastic on the coverslip and
. Tum the coverslip on to the glass slide and centre. Set on a warming tray until the
biosplastic is set for 1/2 hours.

15. To store the remaining residue empty the test-tubes into appropriately
labelled vials. Add a drop of phenol (6%), fill with water and cap.

.Enhan methodolo

Three modifications to the standard method are implemented in order to try to
enhance the palynomorph recovery. At the various steps marked by * in the above
standard method or at anytime that an oily film forms on the surface of the decantant,
the residue is washed with one of three cleaners (dilute 5% Sunlight dishwashing liquid
solution, Knight's Spray Nine multi-purpose cleaner and a ‘super-detergent’ of one
molar solution of Na, P,O, in order fo liberate the oil-based mud-additive from the
sample. The hyopothesisis that the oil-based mud-additive inhibits the reactions of the
water-based acids andsolutions and that each step of maceration treatment releases
more mud-additive to inhibit the next step.

It was decided inifially that a practical method was required and therefore the use of
such extraction agents which have a health risk or are volatile such as aromatics and
dry-cleaning agents would not be tested. )

Sunlight dishwashing liquid is a standard cleaning agent for the removal of normail
water-based mud-additives from the formation rock within the petroleum industry. It
" is made by: :

Lever Detergents Limited

Toronto, Ontario,

M4M 1B6
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(Product no. 67238 20635) and can be procurred from any normal grocery store or
distributor.

Spray Nine muiti-purpose cleaner is a relatively well-known for the use in grease
cutting, oil removal etc. It is made by :

Knight's of Korkay System Canada Lid.

210 James A Brennan Rd,

Gananoque, Ontario

K7G 1N7

Telephone: 613 382-3407
In previous uncontrolled experiments other cleansers have been tried in the Bujak
Davies Group laboratories such as carpet, window and hand cleaners, and dish and
laundry detergents but Spray Nine out performed all. The active ingredients as listed
on the container are:

n-alkyl (60% C14, 30% C16, 5% C12, 5% C18%) dimeihyl benzyl ammonium chioride 0.15%

n-alkyl (68% €12, 32% C14) dimethyl ethyl benzyl ammonium chloride 0.15%

This cleaner can be procurred from any Canadian Tire store as well as some hardware
and grocery stores. :

The ‘super-detergent’ (1 molar solution of Na, P,0,) is generally used for dispersing
organic matter in Quaternary processing methods ( Heusser & Stock, 1984). It was
obtained from Dr. J. White of the Institute of Sedimentaty and Petroleum Geology,
Cailgary.

A small intermediate test was performed on allocates of a sample from the oil-based
mud-additive well Terra Nova C-09 af 2515m. It was suspected that the selection of
the Carboniferous oil-shale from Nova Scotia used in the ‘bomb-experiment’ would
not be representative of generdl lithological conditions in the Jurassic-Cretaceous of
the Jeanne d’Arc basin. Each of the four allocates are processed using the standard
method or one of the three modifications.
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Phase 2.

To undertake the palynological processing of two wells from the Terra Nova field in the
Jeanne d’Arc basin, one drilled with normal water-based mud-additives andthe other
with oil-based mud-additives. Eighty-five samples from each well chosen in consula-
tation with the Scientific Authority, D. McAlpine of the Atlantic Geoscience Centre,
Darfmouth. Each sample from one well has a paired sample from a corresponding
stratigraphic level in the other well,

The standard processing fechnique was implemented on 85 samples from the water-
based Terra Nova K-08 well between 1395m and 3635 metres at 30m intervals or less.
Small vials (approximately 75ml) were obtained from the Institute of Sedimentary and
Petroleum Geology (ISPG). Some of the samples were washed previously. The
unwashed samples had a high proportion of mud-additive in them and required
washing before proceeding with the standard technique. Often little sample was left
To process. Fifteen ml of washed sample if available was then allowed to soak in
Sunlight solution. The standard method was subsequently followed.

The enhanced processing technique was implemented on 85 samples from the
water-based Terra Nova C-09 well between 1405m and 3635 metres af 30m intervals
or less. The samples were wet cuttings as delivered from the drilling contractor to ISPG
in one litre plastic jars and had an average of 2 cm of ‘kerosene’ floating on the
surface. The samples were decanted and washed at the washing facilities of the ISPG
by M. Clark under contract with the Bujak Davies Group keeping one vial full of washed
sample. At the Bujak Davies Group laboratories, 15 ml of washed sample was then
allowed fo soak in a diluted Spray Nine solution. The enhanced method was
subsequently followed.

Phase 4

Forty samples for kerogen and fluorescence analysis (20 samples from each well) were
chosen af approximately 100 metre infervals (dependent uppon the supply of sample
left after Phase 3 processing). The standard processing method was performed on the
Terra Nova K-08 well and the enhanced methodology was performed on the samples
from the Terra Nova C-08 wellup to and excluding the removal of pyritic material (Step
6). The kerogen residues were mounted in a similar fashion to palynological sample
mounting (Steps 13-15)
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PAaLyNoLocicaL ANALYsIS PROCEDURES

The palynological analyses focuses on qualitative and quantitative similarities and
differences in the assemblages from the two wells. The analysis of each sample
included examining one complete coverslip (2.2mm X 2.2mm) for the coarse fraction
and two traverses under 1.6X power objective for the fine fraction. The relative
abundances of species were estimated using the following formula:

Preseni= only one specimen was observed

Rare = that 2-5 specimens were observed
Common = approx. 6-20 specimens were observed
Abundani= approx. 21-50 specimens were observed
Dominant= approx. >80 specimens were observed.

The data was recorded in digital format during the analysis utilizing the Geosci data
eniry program. Comments were recorded as ‘species’ beginning with an ",
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CONCLUSIONS

Bomb experiment

1. Very subtile differences could be discerned among the palynological assemblages
processed in the bomb experiment. The treatment with oil-based mud-assitive may
have been two short in duration to completely saturate the sample. Also since the
original sample is an Carboniferous oil-shale with normally a high palynomorph
recovery it is not representative of the rock drilled in the Jeanne d’ Arc Basin. For avery
prolific sample small differences in recovery may not be evident through the determi-
nation of relative abundances. The number of palynomorphs per gram of sample
should have been determined through the addition of a known number of exotic
spikes (Lycopodium tablets) and the palynomorphs subsequently counted relative to
the counts of the spikes.

2. A summary of the results for the bomb experiment is presented in figure 4. Treat-
ment with sunlight dishwashing liquid assisted, Spray nine gave slightly better results
while the super detergent actually recuded recovery.

3. The sample previously freated in the bomb one year ago had reduced recovery
in all cases. The sample was stored dried for this fime and therefore one might
expect even more difference if the sample had been stored as a wet sample.
Therefore samples shoould be rinsed and dried before long term storage, and
preferably processed as quickly as possible after drilling.

Intermediate test on 2515m of the Terra Nova C-09

1. The sample selected for the infermediate test had low productivity in all cases
which was probably due 1o the calcareous nature of the rock.

2. The treatments can be rated from worst to best preparations as follows: stan-
dard, super-detergent and Sunlight dishwashing liquid followed by Spray Nine
which has a large jump in recovery.

Terra Nova C-09/K-08 comparison test
1. The treatment of the oil-based mud-additive C-09 well with Spray Nine was

highly successful such that the palynomorph recovery was as good as, if not better
in the lower stratigraphic intervals, than the water-based mud-additive K-08 well.
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2. Cavings tend to be less abundant in i‘he upper portions of the well in the C-09
well and discontinue higher (below 1800m) than in the K-08 well (below 2450m).

3. The dinoflagellates diversities in situ within the C-09 well are general more fluctu-
ating probably due to less smearing due to less cavings.

4. Pollen in situ and spores in situ diversities tend to be similar in both wells although
slightly higher in the lower portions of the C-09 below 3100ft.

5. If the oil-based mud-additives had been used through out the Tertiary fo Upper
Cretaceous interval, the abundant cavings could have been highly reduced.

6. The enhanced processing method is well worth the extra time (two times the
standard processing time) and materials (minimal) to process oil-based mud- addi-
Tive wells.

7. The lack of caved material in the C-09 well suggests that the bases or lower
occurrences of species might be used o assist in the biostratigraphic interpretation
of the well. Tops or lower occurrences of species are more reliable due to the less
dilution of the in situ material.

Kerogen and fluorescence fest.

1. A summary of the differences between the oil-based mud-additive well and the
water based mud-additive well is presented in Figure 5. Generally the oil-based
mud had a strong effect on the kerogen and fluorescence charateristics.

2 The kerogen is con’romlnm‘ed with oil-based mud oddmves in the C-09 well wich
interfer with the kerogen-typing and fluorescence.

3. The fluorescence comprises generally the lower frequencies in the oil-based i
mud-ddditives while the yellows and greens are diminished in comparison to the
warter-based mud-additives.

4. The fine components of the kerogen are absent in the C-09 well suggesting
dissolution in the oil-based mud-additives.
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APPENDIX A
- - - Boms ExpERIMENT DATA
Processing Comments

Each scmple\ was weighted and separately processed.
L333-1: Original raw rock
1. Spun down out of HF there is hardly any oil float
2. Gave a shot of sunlight to B with very little effect.
3. Gave a shot of Spray Nine to C wifh litle more effect. Still hardly any float.
4. Gave a shot of super detergents to C with little effect. Still hardly any float.
| 5. Soaked each in hot HCL for 1/2 hr. No oil float, -

6. Sprayed samples B, C, D with cleaners. Only A had a very little oil float. Others
had no frace.

7. Rinsed out of NHOS3. No il tfrace.

8. Spun for 20 min during ZnBr2. Good separation.

9. Placed diluted HCL rinsed 4 times and treated B, C, D with detergents. Very little
fraces of oil on any samples.

L333-3: Bomb expeﬁmem‘ with water

1. Spun out of HF with hardly any oil float came off.

2. Soaked in hot HCI for 1/2 hr with no oil float.

3. Sprayed HNO3 with no trace of ol float.

4. Treated with ZnBrs and rinsed four fimes. Very little fraces of oil on the samples.
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L333-7 and L333-8: Recent BOmb experiment with oil-based mud-additives.
1. Rinsed Hf off. hardly any oil .floo’r.

2. Gave a shot of sunlight to B with very little effect.

3. Gave a shot of Spray Nine to C with little more effect. Still hardly any float.
4, Gave a shot of super detergent with little effect. Still hardly any float.

5. Soaked in hot HCl for 1/2 hr. No float appeared on any samples.

6. Treated again with Sunlight, Spray Nine, and Super-detergent.

/. Treated with HNO3. Only sample A had any trace of floating oil, although very
little. '

8. Treated with ZnBr2 and spun for 20 min.

9. Treated with diluted HCL and rinsed four times. Treated B, C, and D again with
Sunlight, Spray Nine, and Super-detergent. Very little trace of oil on any of the

samples.

884-031-C720: Previous Bomb experiment with oil-based mud-additive.

1. Rinsed Hf off. hardly any oil float.

2. Gave a shot of sunlight to B with very little effect.

3. Gave a shot of Spray Nine to C with little more effect. Still hordlydny float,
4, Gave a shot of supér detergent with little effect. Still hardly any float.

9. Soaked in hot HCl for 1/2 hr. No float appeared on any samples.

6. Treated again wh‘h Sunlight, Spray Nine, and Suber—defergenf.

7. Treated with HNO3. Only sorhple A had any trace of floating oll, although very
little.

8. Treated with ZnBr2 and spun for 20 min.
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9. Treated with diluted HCL and rinsed four times. Treated B, C, and D again with
Sunlight, Spray Nine, and Super-detergent. Very little trace of oil on any of the
samples.

List oF AsSEMBLAGES

Unless otherwise noted, single specimens were observed.

Sample 1. L333-1A Standard treaiment

Acrliarehs
No taxa observed.
Pollen

Monosaccate pollen  (Rare)
Potoniesporifes sp.  (Abundant)
Schopfipollenites ellipsoides  (Rare)
Schulzospora elongata  (Abundant)

Spores

Convolutispora sp.
Cyclogranisporites palasophytus
Cyclogranisporites sp.
Endosporites macromanifesius
Endosporites sp.  (Common)
Grandisporasp. (Rare)
Granulatisporites sp.
Laevigatosporites sp.

Lycospora noctina  (Dominant)
Punctatisporites spp.

Raistrickia sp.  (Rare)
Reticulatisporites sp.

Rugospora minuta  (Rare)
Triquitrites sp. echinate
Triquitrites sp. smooth  (Rare)

Commenis

1 black coaly material  (Common)
1 herbaceous fragments  (Common)
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1tracheids (Abundant)

2 corroded palynomorphs

3 assemblage richness  (Dominant)
4 very clean preparation

Sample 2. L333-1B Sunlight Treaiment
Acritarchs
No taxa observed.
Pollen

Monosaccate pollen

Potonlesporites sp.  (Common)
Schopfipollenites ellipsoides  (Common)
Schulzospora elongafta (Common)

Spores

Apiculatisporites sp.
Cyclogranisporites sp.
Endosporites sp.  (Common)
Granulatisporites sp.  (Rare)
Laevigatosporites sp.  (Common)
Lycospora nocfina  (Dominant)
Pustulatisporites multicapitis
Raistrickia sp.

Rugospora minuta

Triquitrites sp. echinate
Triquitrites sp. smooth  (Rare)

Comments

1 black codly material  (Common)

1 herbaceous fragments

1 oxidized kerogen

2 corroded palynomorphs  (Common)
3 assemblage richness  (Abundant)

4 less abundant than standard

4 not well sleved

4 poor preparation

Sample 3. L333-1C Spray Nine Treatment
Acritarchs
No taxa observed.
Pollen
Monosaccate pollen

Pofoniesporites sp.  (Abundant)
Schopfipollenites ellipsoides (Common)
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B}

Schulzospora elongata  (Common)
Spores

Anaplanisporites sp. (Common)
Cyclogranisporites palaeophyius
Endosporites macromanifesius
Endosporites sp.  (Common)
Granuiatisporites sp.  (Rare)
Laevigatosporites sp.  (Rare)
Lycospora noctina  (Dominant)
Raistrickia sp.

Reticulatisporites sp.
Secarisporites remotus

Triquitrites sp. smooth

Comments

1 amorphous kerogen  (Common)

1 black coaly material  (Common)

1 herbaceous fragments  (Common)
1 frachelds (Common)

3 assemblage richness  (Abundant)
4 not well sieved

4 fairly good preparation

Sample 4. L333-1D Super detergent freaiment
Aciltarchs
Leiosphaeridia sp.
Pollen

Potoniesporites sp.  (Common)
Schopfipollenites ellipsoides (Common)
Schulzospora elongata

Spores

Anaplanisporites sp.  (Common)

. Endosporites sp.
Laevigatosporites sp.  (Rare)
Lycospora noctina  (Dominant)
Punctatisporites spp.  (Rare)
Raistrickia sp.

Comments

1 amorphous kerogen  (Abundant)
1 oxidized kerogen  (Abundant)

1 fracheids (Common)

2 corroded palynomorphs

3 assemblage richness  (Common)
4 poor preparation
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Sample 5. L333-3A Standard Treatment

Acritarehs
Lelosphaeridia sp.
Pollen

Potoniesporites sp.  (Abundant)
Schopfipollenites ellipsoides (Common) -
Schulzospora elongata (Common)

Spores

Anaplanisporites sp.  (Common)
Endosporites macromanifestus  (Common)
Endosporites sp.  (Common)

Grandispora sp.

Lycospora noctina  (Dominant)
Punctatisporites spp.

Raistrickia clavata

Reticulatisporites sp.  (Rare)

Triquitrites sp. smooth

Comments

1 amorphous kerogen  (Rare)
1 black codly material  (Common)
1 herbaceous fragments  (Common)
1 oxidized kerogen
- Tiracheids (Abundant)

2 corroded palynomorphs
3 assemblage richness  (Abundant)
4 fairly good preparation
Sample 6. L333-7A Standard Treatment
Acritarchs

No taxa observed.
Pollen
Moﬁosaccci’e pollen
Potoniesporites sp.  (Abundant)
Schopfipollenites ellipsoides  (Rare)
Schulzospora elongata  (Common)
Spores

Anaplanisporifeé sp.
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Apiculatisporites sp.  (Rare)
Cyclogranisporites sp.
Endosporites sp.  (Rare)
Granulatisporites sp.

Lycospora noctina (Dominant)
Punctatisporites spp.  (Rare)
Reficulatisporites sp.

Triquitrites sp. smooth

Comiments

1 amorphous kerogen  (Common)

1 black coaly material (Common)

1 herbaceous fragmenis  (Common)
1 frachelds (Abundant)

2 corroded palynomorphs

4 falrly good preparation

Sample 7. L333-8B Sunlight Treatment
Acritarchs
Leiosphaeridia sp. .
Pollen

Potfoniesporites sp.  (Abundant)
Schopfipollenites ellipsoides  (Rare)
Schulzospora elongata (Common)

Spores

Anaplanisporites sp.
Apiculatisporites sp.

Endosporites sp.  (Common)
Granulatisporites sp.  (Common)
Lycospora noctina  (Dominant)
Punctatisporites spp.

Comments

1 amorphous kerogen  (Abundant)

1 black coaly material  (Common)

1 herbaceous fragments  (Abundant)

1 oxidized kerogen -

1 fracheids (Common)

2 corroded palynomorphs (Common)

3 assemblage richness  (Common)

4 not well sieved

4 not much better than standard freatment
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Sample 8. L333-8C Spray Nine Treatment
Acritarchs
No taxa observed,
Pollen

Monosaccate pollen  (Rare)
Potoniesporites sp.  (Abundant)
Schopfipollenites ellipsoides  (Rare)
Schulzospora elongata  (Rare)

Spores

Anaplanisporites sp.  (Common)
Endosporites macromanifestus
Endosporites sp.  (Rare)
Granulatisporites sp.  (Rare)
Lycospora noctina  (Dominant)
Raistrickia sp.  (Rare)
Reficulatisporites sp.
Verrucosisporites sp.

Comments

1 amorphous kerogen  (Common)

1 black codly material  (Common)

1 herbaceous fragments (Common)
1 fracheids (Common)

2 corroded palynomorphs

3 assemblage richness  (Abundant)
4 not well sieved

4 fairly good preparation

Sample 9. L333-8D Super Detergent Treatment
Acritarchs
- Lelosphaeridiasp. (? present)
Pollen
‘Potoniesporites sp.  (Rare)
Schopfipollenites ellipsoides  (Rare)
Schulzospora elongata  (Common) -
Spores
Anaplanisporites sp.

Endosporites sp.  (Common)
Granulatisporites sp.
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Lycospora noctina  (Dominant)
Punctafisporites spp.  (Common)
Raistrickia sp. ’

Triquitrites sp. smooth

Comments

1 amorphous kerogen  (Dominant)
1 black coaly material  (Abundant)
1 herbaceous fragments (Common)
1 fracheids
2 corroded palynomorphs (Common)
3 assemblage richness  (Abundant)
4 not well sieved (Abundant)
4 poor preparation

Sample 10. 884-031-C720A Standcird
Aciltarchs
No taxa observed.
Pollen

Potoniesporites sp.  (Rare)
Schulzospora elongata  (Common)

Spores

Anaplanisporites sp.  (Rare)
Endosporites sp.
Granulatisporites sp.  (Rare)
Laevigaiosporites sp.  (Rare)
Lycospora nocfina  (Dominant)
Punctatisporites spp.

Raistrickia sp.  (Rare)

Triquitrites sp. smooth

Comments -

1 amorphous kerogen  (Abundant) -

1 black coaly materiadl  (Common)

1 thich chunks of amorphous  (Common)
2 corroded palynomorphs

3 assemblage richness  (Abundant)
4dnotwell sieved (Dominant)

4 poor separation from amorphous kerogen
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Sample 11. 884-031-C7208B Sunlight Treatment

Acritarchs

Leiosphaeridiasp. (? present)

Pollen

Monosaccate pollen

Potoniesporites sp.  (Common)
Schopfipollenites ellipsoides (Common)
Schulzospora elongafta  (Common)

Spores

Anaplanisporites sp.  (Common)
Endosporites sp.  (Rare)
Granulatisporites sp.  (Common)
Lycospora noctina  (Dominant)
Punctatisporites spp.  (Rare)
Raistrickia sp.  (Rare)

Rugospora minuta

Triquitrites sp. smooth  (Rare)

Commenis

1 amorphous kerogen  (Common)

1 black codaly material  (Abundant)

1 herbaceous fragments  (Rare)

1 oxidized kerogen (Rare)

1iracheids (Common)

2 corroded palynomorphs

3 assemblage richness (Common)

4 poor but better than standard freatment

Sample 12. 884-031-C720C Spray Nine Treatment

Acrliarchs

No taxa observed.

Pollen

Monosaccate pollen

Pofoniesporites sp.  (Abundant)
Schopfipollenites ellipsoides (Common)
Schulzospora elongata  (Rare)

Spores

Anaplanisporites sp.  (Common)
Endosporites sp.  (Rare)

Terra Nova Study

A10
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Granulatisporites sp.  (Rare)
Laevigatosporites sp.  (Rare)
Lycospora noctina  (Dominant)
Punctdlisporites spp.

Raistrickia sp.  (Rare)

Triquitrites sp. echinate

Comments

1 amorphous kerogen (Common)
1 black coaly material  (Abundant)
1 herbaceous fragments

1 oxidized kerogen (Common)

3 assemblage richness  (Abundant)
4 not well sleved

4 fair preparation

Sample 13. 884-031-C720D Super Detergent Treatment
Acritarchs |
No taxa observed.
Pollen

Potoniesporites sp;. (Common)
Schopfipollenites ellipsoides
Schulzospora elongata (Abundant)

Spores

Anaplanisporites sp.  (Cornmon)
Granulatisporites sp.  (Rare)
Lycospora nocfina  (Dominant)
Raistrickia sp.

Commenis

1 amorphous kerogen  (Common)
1 black coaly material  (Abundant)
1 herbaceous fragments  (Common)
1 tracheids -(Common)
2 corroded palynomorphs
3 assemblage richness  (Common)
4 not well sieved  (Dominant)
4 poor preparation
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APPENDIX B
LIST OF COMPARITIVE ASSEMBLAGES

This Appendix list the palynological assemblages separated into groups of taxa
depending upontheir affinities. The left column containsthe assemblagesfoundinthe
oil-based mud-additive well (Terra Nova C-09) and the right column contains the
corresponding assemblages of the normal mud-additive well (Terro NovaK-08). Unless
otherwise noted, single specimens were observed.

<A> indicates highest occurrence.
<v> indicates lowest occurrence.,

TERRA NOVA C-09

1405m.  cuit01

Dinoflagellates in situ

Achomosphaera ramulifera <A> (Rare)
Chichaouadinium sp. indet, <A>

Cyclonephelium distinctum <A> (Rare)
Dapsilidinium sp. indef. <A>

Hysirichodinium pulchrum <A>

Isabelidinium magnum <A> (Rare)
Kleithriasphaeridium loffrense <A>

Odontochitina costata <A> (Rare)
Oligosphaeridium complex </> (Rare)
Oligosphaeridium pulcherrimum </> (Rare)
Palaechystrichophora infusorioides <A> (Common)
Spinidinium sp. indet. <A> (Rare)

Spiniferites ramosus ramosus <A> (Common)
Surculosphaeridium longifurcatum </A> (Common)
Tanyosphaeridium sp. indet. <A>

Tanyosphaeridium variecalamus </A>

Trithyrodinium sp. indet. <A> (Rare)

Algae In situ
No taxa observed.

Pollen In situ
Alisporites bilateralis <A> (Rare)
Retiiricolpites spp. indet. <A>

Rugubivesiculites rugosus <A>
Taxodiaceaepollenites hiatus <A>

(Common)
Spores In sifu
Deltoidospora hatlii <A> (Rare)

Gleichenildites senonicus <A>
Stereisporites antiquasporites <A>

C-09

TERRA NOVA K-08

1395m __cuitQ1

Dinoflagellates In situ

Caddosphaera halosa <A>
Chichaouadinium vestifum cf. <A>
Cyclonephelium brevispinum </A>

Luxadinium primulum

Luxadinium primulum <A>

Oligosphaeridium asterigerum <A>  (Rare)
Oligosphaeridium complex (Rare)
Ollgosphaeridium complex <A>
Oligosphaeridium sp. <A>

Pervasphaeridium pseudhystrichodinium <A>
Spiniferites ramosus ramosus

Spiniferites ramosus ramosus <A> (Common)
Surculosphaeridium longifurcafum <A>

Algae In situ
No taxa observed.
Pollen In situ -

Cedripites canadensis <A>

Clavatipollenites rotundus <A>

Corollina forosa <A> (Rare)

Parvisaccites radiatus <A>

Stephanocoipites fredericksburgensis <A> <v> (Questiona-
bly present)

Taxodiaceaepollenites hiatus (Rare)

Taxodiaceaepolienites hiatus <A> (Common)
Spores In situ

Plicatella potomacensis cf. <A> <v>

Stereisporites antiquasporites <A> (Rare)

K-08
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Miscellaneous In situ
No taxa observed.
Aquaties caved
Tertiary cavings - dinoflagellates <A>  (Dominant)

Achomosphaera sagena <A>

Areodligera senonensis <A> (Dominant)
Areoligera senfosa <A> (Rare)
Ceratlopsis diebelii <A> (Rare)
Chatanglella victoriensis <A> (Rare)
Chiropteridium lobospinosum <A> <v>
Cordosphaeridium fibrospinosum <A>
Cribroperidinium wefzelii <A> (Rare)
Diphyes colligerum <A> <v> (Rare)
Eocene cavings -dinoflagellates <A>
Implefosphaeridium scalenfurcafum <A>
Lentinia weizelii <A> <v>
Manumiella cooksoniae <A>-
Nematosphaeropsis #LA <A> <v>
Palasocystodinium ausfralinum <A>
Palaeoperidinium pyrophorum <A>
Phthanoperidinium spp. <A>

Upper Cretaceus cavings <A> (Rare)
Woetzeliella articulata <A>

(Common)

Miospores caved

Tertlary cavings - pollen <A> (Common)
Alnipollenites verus <A> (Rare)
Beiulaceoipollenites betuloides <A>
Carpinipites spp. </A>
Pinuspollenites sp. indef, <A>

(Common)
Tricolporopollenites sp. <A>

1435m _ cuit02

Dinoflagellates in situ

Achomosphaera ramulifera (Rare)
Alterbia sp. indet, <A> (Rare)
Cyclonephelium distinctum (Common)
Cyclonephelium vannophorum <A>
Cyclopsiella spp. <A> <v>

Florentinia cooksoniae </A>

Hystrichodinium pulchrum
Hystrichosphaeridium tubiferum <A> (Rare)
Isabelidinium sp. indef. <A>
Kleithriasphaeridium loffrense

Odontochifina costata (Rare)
Odontochitina operculata <A>
Odontochitina porifera <A>

Oligosphaeridium complex (Rare)
Oligosphaeridium pulcherrimum (Rare)
C-09

(Common)

Terra Nova Studly.....B2

Miscellaneous In situ
+ foraminiferal liners <A>
Aquatics caved
Tertlary cavings - dinoflagellates <A>  (Abundant)

Areoligera senonensis <A> (Common)
Cordosphaeridium fibrospinosum <A>
Palaeocystodinium ausiralinum <A>
Palasoperidinium pyrophorum
Palasoperldinium pyrophorum <A>
Spiniferites pseudofurcafus <A>

(Common)

Milospotes caved
No taxa observed.
Comments

1 black coaly material <A> (Abundant)

1425m__ cuit 02

Dinoflagellates In situ

Achomosphaera ramulifera <A> (Rare)
Canningia minor <A> <v>
Chlamydophorella nyei <A> <v>
Cyclonephelium distinctum <A> (Rare)
Cyclonephelium vannophorum <A> (Rare)
Cyclonephelium vannophorum cf. <A> <v> (Rare)
Eyrea nebulosa <A>
Florentinia cooksoniae <A> (Rare)
Hystrichodinium pulchrum <A> (Rare)
Hystrichosphaeropsis sp. indet. <A> <v>
Isabelidinium magnum <A>

- Klsithriasphaeridium loffrense <A> (Rare)
Odontochitina costata <A> (Rare)
Oligosphaeridium complex

Oligosphaeridium pulcherrimum <A> (Rare)

K-08



Bujak Davies Grbup

Palasohystrichophora infusorioides
Spinidinium sp. indeft. (Rare)
Spinidinium sverdrupianum <A>
Spiniferites ramosus ramosus
Surculosphaeridium longifurcatum
Tanyosphaeridium variecalamus  <v>
Trichodinium castaneum <A> (Common)
Trithyrodiniumn sp. indet. (Rare)

(Common)

(Common)
(Common)

Algae In slfu
No taxa observed.
Pollen In situ
Alisporites bilateralis (Rare)

Taxodiaceaepollenites hiafus
Tricolpites sp. <A>

(Common)

Spores In siiu
Stereisporites antiquasporites

Miscellaneous in sltu
No taxa observed.

Aquaties caved
Tertlary cavings - dinoflageliates  (Dominant)
Achomosphaera sagena (Rare)
Areoligera senonensis (Abundant)

Areoligera tauloma <A> <v>  (Rare)
Chatangiella sp. indet. <A> (Rare)

Chatangiella victoriensis (Rare)
Cordosphaeridium fibrospinosum (Rare)
Cordosphaeridium gracile <A>

Cribroperidinium weizelif

Deflandrea phosphoritica <A> (Common)
Focene cavings -dinoflagellates (Common)

Gochtodinium simplex <A> (Rare)
Hystrichosirogylon membraniphorum <A> <v>

Impletosphaeridium scalenfurcatum (Common)
Palaeoperidinium pyrophorum (Rare)
Paralecaniella indentata <A>

Phthanoperidinium spp.

Weizeliella articulata
Miospores caved

Tertiary cavings - pollen (Common)
Alnipc;llenh‘es vefus
Carpinipites spp.

Caryapollenites simplex <A> <v>  (Rare)
Tricolporopollenites sp. (Common)

C-09

Terra Nova Studly.....B3

Palaechystrichophora infusorioides <A>

(Common)
Pervosphaeridium truncigerum <A>
Spinidinium sp. indet, <A>
Spinidinium sverdrupianum <A>
Spiniferites ramosus ramosus (Abundant)

Surculosphaeridium longifurcatum (Rare)
Tanyosphaeridium sp. indef, <A>

Trichodinium castaneum <A> (Rare)
Trithyrodinium sp. indef., <A> (Rare)
Xenascus #EA <A> <v>

Xenascus ceratioides <A> (Rare)

Algae Insitu
No taxa observed.
Pollen In situ

Alisporites bilateralis <A>
Araucariacites australis <A>

Taxodiaceaepollenites hiatus (Common)
Spores In sltu

Laevigatosporites ovatus <A> (Common)
Miscellaneous In situ

+ foraminiferal liners (Common)
Adquatics caved

Tertlary cavings - dinoflagellafes (Common)

Upper Cretaceus cavings <A> (Rare)
Eocene cavings -dinoflagellates <A> (Dominant)
Areoligera senonensis
Areoligera sentosa <A>
Chatangiella biaperiura <A>
Chatangiella tnparfita <A>
Cordosphaeridium fibrospinosum
Cordosphaeridium gracile </A> (Commony)
Cribroperidinium weizelii <A> (Rare)
Hafiasphaera septata <A> <v>
Impletosphaeridium scalenfurcatum <A>
Lingulodinium machaerophorum <A>
Palaeoperidinium pyrophorum
Paralecaniella indentata <A>
Spinidinium densispinatum <A> <v>  (Rare)

(Dominant)

(Common)

(Common)

Miospores caved

Tertiary cavings - pollen <A> (Abundant)
Alnipollenites verus <A> (Rare)
Carpinipites spp. <A> (Rare)
Caryapollenites simplex <A>

Pinuspollenites sp. indet. <A>

Quercoidites microhenrici <A>

K-08
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J465m cutt03

Dinoflagellates in sltu

Achomosphaera ramulifera
Asfrocysta crefacea </A>
Chichaouadinium sp. indef. (Rare)
Dapsilidinium sp. Indet.

Eurydinium glomerafum <A> <v>

Isabelidinium magnum

lsabelidinium sp. indef.

Odoniochifina porifera  <v>

Oligosphaeridium complex (Rare)
Palaechystrichophora #EA <A>
Palasohystrichophora infusoricides (Rare)
Splnidinium sverdrupianum :

Spiniferites ramosus ramosus (Abundant)
Surculosphaeridium longifurcatum (Abundant)
Tanyosphaeridium sp. indet,  <v>

Trithyrodinium sp. indet.

(g:ommon)

Algae In slfu
No taxa observed.
Pollen in situ

Alisporites bilateralis (Common)
Monosulcites scabratus <A>

Taxodiaceaepollenites hiatus (Abundant)
Tricolpites sp. (Common)
Spores in situ

Camarozonosporifes dakotasnsis <A>
Clcairicosisporites apiterefus <A> <v>  (Rare)
Cyathidites minor <A>

Laevigatosporites ovafus <A> (Rare)
Osmundacidites wellmannii <A>

Plicatella fricomitata <A>

Miscellaneous In slfu
No taxa observed.
Aduaties caved

Tertiary cavings - dinoflagellates (Dominant)
Achomosphaera sagena
Areoligera senonensis
Areoligera sentosa
Cordosphaeridium gracile
Cribroperidinium weitzelii
Eocene cavings -dinoflagellates (Abundant)
Impletosphaeridium scalenfurcatum (Rare)

- Palaeoperidinium pyrophorum - (Rare)
Palambages spp. <A> <v>
Paralecaniella indentata
Phthanoperidinium spp.  <v>  (Rare)

Upper Cretaceus cavings (Rare)
Woeizeliella arficulata (Abundant)

(Dominant)

C-09
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1455m__cuit03

Dinoflagellates in situ

Achomosphaera ramulifera
Apfeodinium grande <A>
Cadllaiosphaeridium asymmetricum </A> (Rare)
Chichaouadinium #EA <A> (Rare)
Chytroeisphaeridia? ringnesiorum <A>
Cleistosphaeridium sp. indet. <A> (Rare)
Cyclonephelium vannophorum (Rare)
Dapsilidinium sp. indet, <A>

Eyrea nebulosa

Isabelidinium magnum (Common)
Isabelidinium sp. indet, <A> ~ (Rare)
Kleithriasphaeridium loffrense

Maghrebina cingulata <A>

Odonfochitina operculata <A>

OQligosphaeridium complex (Rare)
Oligosphaeridium pulcherrimum
Palaechystrichophora infusorioides
Pervosphaeridium truncigerum
Spinidinium sp. indet, (Rare)
Spinidinium sverdrupianum (Common)
Spiniferites rarmosus ramosus (Abundant)
Surculosphaeridium longifurcatum (Common)
Trichodinium castaneum (Rare)

Trithyrodinium sp. indef.

Xenascus ceratioides (Rare)

(Common)

(Common)

Algae In situ

No taxa observed.

Pollen in sliu
Alisporites bilateralis (Rare)
Araucariacites ausiralis - (Rare)

Cedripifes canadensis  (Questionably bresenf)
Cerebropollenifes #ECoptosporoid <A> (Rare)
Taxodiaceaepollenites hiatus (Common)

Spores in situ

Acritosporites #Everrucalus <A> <v>
Camarozonosporites insignis <A>
Cleatricosisporites apiteretus <A>
Deltoidospora haillii <A> (Rare)
Gleicheniidites senonicus </A>
Ischyosporites sp. indet, <A> <v>
Laevigatosporites ovatus
Osmundacidites wellmannii <A>
Rouseisporites reticulatus <A>

" Stereisporites anfiquasporites (Rare)
Stereisporites clavus <A> (Rare)
Trilobosporites crassus <A> <v>

Miscellaneous In situ
No taxa observed.
Aquailcs caved

Tertiary cavings - dinoflagellates (Common)

K-08
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Miospores caved

Tertiary cavings - pollen (Abundant)

Alnipollenites verus (Common)

Carpinipites spp. (Common)

Momipites coryloides <A>

Pinuspollenites sp. indef, (Abundant)

Tricolporopollenites sp. (Common)
1495m___cuit04

Dinotlagellates In siiu

Achomosphaera ramulifera

Alterbia sp. indet. (Rare)
Cleistosphaeridium huguoniotii <A> (Rare)
Cribroperidinium edwardsii <A>
Cyclonephelium distinctum

Eucladidinium rombovale <A>

Eyrea nebulosa <A>

Heterosphaeridium difficile <A>
Hystrichosphaeridium tubiferum

kabelidinium sp. indet.

Microdinium sp. indet., <A> <v>

Odonfrochitina costata

Odontochitina operculata
Palasohysirichophora #EA- (Rare)
Palaeohystrichophora infusorioides
Pervosphaeridium fruncigerum <A>
Spinidinium sp. indet. (Rare)

Spinidinium sverdrupianum <v> (Rare)
Spiniferifes ramosus ramosus (Common)

Sureulosphaeridium longifurcatum (Common)
Trithyrodinium sp. indef.  <v> (Rare)
Algae in sliu
No taxa observed.
Pollen in sliu
Abiespollenites microreticulatus <A>
Alisporites bilateralis (Rare)
Rugubivesiculites rugosus
Taxodlaceaepollenites hiatus (Common)

Spores in sifu

C-09

Terra Nova Studly.....BS

Eocene cavings -dinoflagellates (Dominant)
Upper Cretaceus cavings <A> (Rare)

Areoligera senonensis (Dominant)
Areoligera sentosa (Rare)
Chatanglella victoriensis <A>
Cordosphaeridium fibrospinosum
Cribroperidinium weftzelii (Rare)
Glaphyrocysta sp. indet. <A>
Impletosphaeridium scalenfurcatum
Palasoperidinium pyrophorum
Palambages spp. <A>

Paralecaniella indentata (Rare)

(Common)

(Common)
(Common)

Miospores caved

Tertiary cavings - pollen <A> (Abundant)
Alnipolleniftes verus (Rare)
Carpinipites spp. (Common)
Pinuspollenites sp. indet. (Rare)
Quercoidites microheniici (Rare)

1485m __cuit 04

Dinoflagellates In situ

Achomosphaera ramulifera

Apteodinium grande <v>

Chichaouadinium #EA

Cleistosphaeridium huguoniotii </> (Common)
Cyclonephelium distinctum (Rare)
Cyclonephelium vannophorum
Gonyaulacysta cassidata <A> <v>
Isabslidinium magnum

Odontochitina costata (Rare)
Odontochitina operculata
Oligosphaeridium complex
Oodnadatfia fuberculata <A>
Palaechystrichophora infusorioides
Pervosphaeridium pseudhystrichodinium
Pervosphaeridium fruncigerum
Pterodinium aliferum <A> <v>  (Rare)
Spinidinium sp. indet. (Rare)
Spinidinium sverdrupianum (Rare)
Spiniferites ramosus ramosus (Common)
Surculosphaeridium longifurcatum (Common)
Trichodinium castaneum

Trithyrodinium sp. indeft.

Xenascus ceratioides

(Common)

Algae In situ
Pterospermopsis spp. <A> <v>
Pollen In situ
Ablespollenites microreticulatus <A>
Alisporites bilateralis (Rare)

Araucariacites ausfralis
Cerebropollenites #EC optosporoid

K-08
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Rouseisporites reficulatus <A> <v>
Stereisporites antiquasporites

Miscellaneous In sifu
+ foraminiferal liners <A>

Aquatics caved
Tertlary cavings - dinoflagellates  (Dominant)
Areoligera senonensis
Ceratiopsis diebelii  <v>
Cerdliopsis pannucea <>

Chatangiella scheii <A> <v>
Chatangiella victoriensis  <v>

(Dominant)

Cordosphaeridium fibrospinosum (Rare)
Cordosphaeridium gracile (Rare)
Cribroperidinium weizelii
Eocene cavings -dinoflagellates (Common)
Impletosphaeridium scalenfurcatum
Manumiella cooksoniae
Palaeoperidinium pyrophorum (Common)
Paralecaniella indentata
Spiniferites pseudofurcatus <A>
Upper Cretaceus cavings (Common)
Weizeliella articulata

Miospores caved
Tertiary cavings - pollen (Common)
Alnipollenites verus (Rare)
Carpinipites spp.
Pinuspollenites sp. indef.
Tricolporopollenites sp. (Common)

1505m__cuit05

Dinoflagellates in situ

Achomosphaera ramulifera

Asfrocysta cretacea

Caddosphaera halosa <A>
Chichaouadinium sp. indet.
Chichaouadinium vestitum cf, </A>
Cleistosphaeridium huguoniotii
Cyclonephelium distinctum longispinum <A>
Cyclonephelium vannophorum
Eucladidinium rombovale

Eyrea nebulosa (Rare)
Heterosphaeridium difficile .~ (Common)
Isabelidinium magnum

Isabelidinium sp. indet.

C-09

Terra Nova Study.....B6

Monosulcites scabrafus <A> <v>
Phyllocladidites horfonensis <A>
Taxodiaceaepollenites hiatus (Common)

Spores In sltu

Camarozonosporites insignis (Rare)
Cleatricosisporites apiferetus

Cicatricosisporites cocononiensis <A> (Rare)
Cleatricosisporites hughesil <A>

Glelchenifdites senonicus (Rare)
Laevigatosporites ovatus (Rare)

Lelofriletes mecklenburgensis <A>
Lycopodiumsporites austroclavitidites <A>

Miscellaneous in situ
+ foraminiferal liners
Aquatics caved
Tertlary cavings - dinoflagellates (Rare)

Achomosphaera sagena <A> (Rare)
Apectodinium hyperacanthum <A> <v>

Areoligera senonensis (Abundant)
Areosphaeridium diktyoplokus <A>
Cordosphaeridium fibrospinosum (Rare)
Cribroperidinium weizelil

Impletosphaeridium scalenfurcafum (Rare)

Manumiella cooksoniae <A>
Palasocystodinium australinum
Palasoperidinium pyrophorum
Palambages spp.
Paralecaniella indentata

Milospores caved

Tertiary cavings - pollen (Rare)

Alnipollenites verus

Carpinipites spp. (Rare)

Pinuspollenites sp. indeft. (Rare)
1495m___cuit 05

Dinoflagellates in situ

Chichaouadiniurm #EA (Rare)

Chichaouadinium #EB </A>

Chyftroeisphaeridia? ringnesiorum (Rare)

Cleistosphaeridium huguoniotii
Cribroperidinium edwardsii <A> (Rare)
Cyclonephelium distinctum (Rare)
Cyclonephelium vannophorum
Hystrichodinium pulchrum (Rare)
Litosphaeridium siphoniphorum <A>
Odontochitina costata (Rare)
Odontochitina operculata
Oligosphaeridium complex

Cligosphaeridium pulcherrimum (Rare)
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Ollgosphaeridium complex (Abundant)
Oodnadattia tuberculata <A>
Palaeohystrichophora #EA
Palaeohysirichophora Infusorioides  *  (Rare)

Pervosphaeridium fruncigerum <v> (Rare)
Spiniferites ramosus ramosus
Surculosphaeridium longifurcatum (Rare)
Trichodinium castaneum  <v>

Algae In situ
No taxa observed.
Pollen In sifu

Alisporites bilateralis (Rare)

Monosulcites scabratus  <v>

Nyssapollenites sp. <A> <v>

Refifricolpites spp. indet, <v> (Rare)
Taxodiaceaepollenites hiatus (Common)

Spores in sltu

Camarozonosporites dakotaensis  <v> (Rare)
Cleatricosisporites hughesii <A>

Gleicheniidites senonicus

Laevigatosporites ovatus

Lycopodiumsporites austroclavitidifes <A>  (Rare)
Microreticulatisporites sp. indet. <A> <v>

Plicatella cristata <A> <v>

Stereisporites antiquasporites (Rare)

Miscellaneous in situ

+ foraminiferal liners

Aquatics caved
Tertiary cavings - dinoflagellates (Dominant)
Upper Cretaceus cavings (Common)
Achomosphaera sagena (Rare)
Arecligera senonensis (Dominant)

Areoligera sentosa  <v>

Chatangiella tripartita <A> <v>  (Rare)

Eocene cavings -dinoflageliates (Rare)
Impletosphaeridium scalenfurcatum
Palaeocystodinium ausiralinum
Palaeoperidinium pyrophorum (Common)

Mlospores caved
Tertiary cavings - pollen (Common)
Alnipollenites verus
Carpinipites spp. (Rare)
Pinuspollenifes sp. indeft. (Rare)
-1525m__cuft0é
Dinoflagellates in situ

Achomosphaera ramulifera

C-09
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Palaeohystrichophora infusorioides (Common)
Pervosphaeridium pseudhystrichodinium  (Rare)
Spinidinium sp. indet. (Rare)

Spinidinium sverdrupianum

Spiniferites ramosus ramosus (Rare)

Stiphrosphaeridium anthophorum <A> <v>
Surculosphaeridium longifurcafum
Trichodinium casfaneum (Rare)

Algae In sifu

No taxa observed.

Pollen in situ
Ablespollenites microreticulatus (Rare)
Alisporites grandis <A> (Rare)
Parvisaccites radiatus (Rare)
Taxodiaceaepollenites hiatus (Rare)

Spores In sltu

Camarozonosporites insignis
Cicairicosisporites apiteretus
Cicatricosisporites cocononiensis

Gleicheniidifes senonicus (Rare)
Laevigatosporites ovatus (Rare)
Leiotriletes mecklenburgensis (Rare)

Stereisporites antiquasporites

Miscellaneous in situ

+ foraminiferal liners

Tertiary cavings - dinoflagellates
Eocene cavings -dinoflagellates (Dominant)
Upper Cretaceus cavings

Areoligera senonensis (Abundant)
Cordosphaeridium fibrospinosum (Common)
Cribroperidinium wefzeli

Deflandrea phosphoritica <A>

Impletosphaeridium scalenfurcatum (Rare)
Palaeoperidinium pyrophorum (Rare)
Paralecaniella indentata

Spiniferites pseudofurcatus

Weizeliella arficulata <A>

Miospores caved

Tertiary cavings - pollen (Common)

Alnipollenifes verus
Carpinipites spp.

M

Dinoflagellates In situ

Achomospﬁaera ramulifera (Common)
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Achomosphaera sagena

Asfrocysta cretacea (Rare)
Caddosphaera halosa

Chichaouadinium sp. indef. (Common)
Cleistosphaeridium huguoniofii (Common)

Cyclonephelium distinctum

Cyclonephslium distinctum longispinum
Cyclonephelium vannophorum <v> (Common)
Dapsilidinium sp. indef.  <v>

Eyrea nebulosa (Rare)

Fromea sp. indef. <A>

Heterasphaeridium difficile

Hysirichosphaeridium fubiferum  <v>
Kleithriasphaeridium loffrense

Odontochitina costata

Odontochitina operculata

Oligosphaeridium complex

Oligosphaeridium pulcherrimum (Rare)
Oodnadattia tuberculata  <v> (Rare)
Ovoidinium scabrosum <A> <v> (Rare)
Palaeohysirichophora #EA (Rare)
Palaeohystrichophora infusorioides  <v> (Common)
Pervosphaeridium pseudhystrichodinium <A> (Rare)
Spinidinium sp. Indet. <v> (Common)
Spiniferites ramosus ramosus (Abundant)
Stephodinium coronatum <A> <v>
Stiphrosphaeridium sp. indet. <A> <v>
Surculosphaeridium longifurcatum  (Common)

Algae in situ
No taxa observed.
Pollen In sltu

Ablespollenites microreficulatus

Alisporites bilateralis

Alisporites grandis <A> (Rare)
Cedripites canadensls <A>
Rugubivesiculites reductus <A> <v>  (Rare)
Rugubivesiculites rugosus  <v>
Taxodlaceaepollenites hiaius (Common)
- Vifreisporites pallidus <A>

Spores In situ
Cicatricosisporites cocononiensis <A>
Cicatricosisporites hughesi
Costatoperforosporites #LA <A> <v>
Cyathidites minor (Rare)
Gleicheniidites senonicus  (Rare)
Osmundacidites wellmannii
Stereisporifes antiquasporites  (Rare)
Miscellaneous in situ
+ foraminiferal liners (Rare)
Aquatics caved

Tertiary cavings - dinoflagellates  (Dominant)
Upper Cretaceus cavings (Rare)

Areoligera senonensis (Dominant)

C-09 ‘
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Chichaouadinium #EB -
Chichaouadinium #Eminutum <A> (Common)
Chichaouadinium vestitum cf. (Common)

Cleistosphaeridium huguoniotii (Rare)
Coronifera oceanica <A>
Cyclonephelium brevispinum
Cyclonephelium distinctum

Eyrea nebulosa (Common)
Isabelidinium magnum
Odontochitina costata
Odontochitina operculata (Rare)
Oligosphaeridium complex (Common)
Oodnadattfia tuberculata
Palaeohystrichophora infusorioides
Pervosphaeridium pseudhystrichodinium
Pervosphaeridium truncigerum
Spinidinium sverdrupianum

Spiniferites ramosus ramosus
Trichodinium casfaneum (Rare)

(Common)

(Common) -

Algae in situ
No taxa observed.
Pollen in situ

Cedripites canadensis
Rugubivesiculites reductus <A> :
Taxodiaceaepollenites hiatus (Common)
Spores in situ

Deltoidospora hallii
Osmundacidites wellmannit

Miscellaneous in situ
+ foraminiferal liners (Rare)
Aquatics caved

Tertiary cavings - dinoflagellates (Common)
Areoligera senonensis (Common)
Cordosphaeridium gracile (Rare)
Cribroperidinium weizeli
Impletosphaeridium scalenfurcatum
Palaeoperidinium pyrophorum
Paralecaniella indentata

Weizeliella articulata

(Common)

Miospores caved
Tertiary cavings - pollen

Alnipollenites verus (Rare)
Carpinipites spp.
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Ceratiopsis pannucea
Chatangiella sp. indetf. <>
Cordosphaeridium fibrospinosum (Rare)

Cordosphaeridium gracile
Cribroperidinium welzeli  <v>

Eocene cavings -dinoflageliates (Common)
Gochtodinium simplex (Rare)
Hystrichokolpoma rigaudiae <A>
Impletosphaeridium scalenfurcatum (Rare)
Manumiella cooksoniae  <v>

Palaeoperidinium pyrophorum (Common)

Paralecaniella indenfata  <v> (Common)
Miospores caved
Tertlary cavings - pollen (Common)

Alnipollenites verus (Rare)
Momipites coryloides <v>
Quercoidites microhenrici <A> <v>
Tricolporopollenites sp.
Ulmipollenites undulosus <A> <v>

1545m__ cuit07
Dinoflagellates In situ

Alferbia sp. indet. <v> (Common)

Aptea polymorpha <A> <v>

Astrocysta cretacea

Caddosphaera halosa

Chichaouadinium vestitum <A>
Cleistosphaeridium huguoniofil (Rare)
Cribroperidinium edwardsii

Cyclonephelium distinctum

Cyclonephelium distinctum longispinum  <v>
Gonyaulacysta cassidata <A> (Questionably present)
Heterosphaeridium difficile

kabelidinium sp. indet. <v>

Kieithriasphaeridium loffrense (Rare)
Nummus sp. indet. <A>
Odontochifina operculata (Rare)

Oligosphaeridium pulcherrimum

Oligosphaeridium totum totum <A> <v> (Questionably
present)

Palaechystrichophora #EA (Rare)

Pervosphaeridium pseudhystrichodinium

Pterodinium dliferum <A> <v>

Spiniferites ramosus ramosus (Common)

Surculosphaeridium longifurcatum

Algae in situ
No taxa observed.

Pollen In sltu
Abiespollenites microreticulatus
Alisporites bilateralis (Commony)

Cedripites canadensis (Rare)
Cerebropollenites #ECoptosporoid <A> <v>  (Rare)

C-09
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1535m _ cuit 07

Dinoflagellates In situ

Achomosphaera ramulifera
Cleistosphaeridium huguoniotii
Coronifera oceanica <v>
Cyclonephelium distinctum
Cyclonephelium vannophorum
Hystrichodinium pulchrum
Kleithriasphaeridium loffrense
Microdinium sp. indet. <A> <v> -
Odontochitina costata
Oligosphaeridium complex
Oligosphaeridium pulcherrimum
Oodnadattia tuberculata
Palasohystrichophora infusorioides
Pervosphaeridium pseudhystrichodinium
Surculosphaeridium longifurcafum

Algae In situ
No taxa observed,

Pollen In situ
Abiespollenites microreticulatus (Rare)
Alisporites bilateralis

Taxodiaceaepollenites hiatus
Tricolpites sp. <A>

- Spores in situ

Camarozonosporites insignis

Cyathidites minor <A>

Deltoidospora hallii

Trilobosporites humilis <A> <v> (Questionably present)
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Phyllocladidites horfonensis <A> <v>  (Rare)

Taxodiaceaepollenites hiatus (Abundant)
Spores In sliu

Clcatricosisporites cocononiensis

Clcairicosisporites delicatus <A> (Rare)

Deltoldospora hallil (Common)

Lelotriletes mecklenburgensis <A> (Rare)

Miscellaneous In sliu
+ foraminiferal liners
Aquatics caved
Tertlary cavings - dinofiageliates . (Abundant)

Areoligera senonensis
Cordosphaeridium gracile
Eocene cavings -dinoflagellates
Gochfodinium simplex (Rare)
Impletosphaeridium scalenfurcatum
Palaeoperidinium pyrophorum
Spiniferites pseudofurcatus

(Common)

(Rare)
(Rare)

Miospores caved
Tertlary cavings - pollen

Alnipollenites verus

Carpinipites spp.

Pterocaryapollenites stellafus <A>
Tricolporopollenites sp.  <v> (Common)

Commenis

1 black coaly material <A> (Abundant)

1555m _ cuit08

Dinoflagellates in sltu

Asirocysta crefacea
Chichaouadinium vestitum  <v>
Cribroperidinium edwardsii
Cribroperidinium intricatum <A> <v>
" Cyclonephelium brevispinum <A>
Cyclonephelium distinctum
Eucladidinium rombovale
Luxadinium primulum <A>
Odontochitina operculata
Oligosphaeridium asterigerum <A> (Questionably present)
Oligosphasridium complex (Rare)
Pervosphaeridium pseudhystrichodinium (Rare)
Surculosphaeridium longifurcatum (Rare)

(Rare)
(Rare)

(Questionably present)

Algue In situ
No taxa observed.

Pollen in situ

C-09
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Miscellaneous in situ
No taxa observed.
Aquatics caved

Tertiary cavings - dinoflagellates  (Abundant)
Arecligera senonensis (Abundant)
Areollgera sentosa (Rare)
Cordosphaeridium fibrospinosum
Cordosphaeridium gracile
Gochtodinium simplex <A>
Impletosphaeridium scalenfurcatum
Palaeoperidinium pyrophorum
Palambages spp. :
Paralecaniella indentata
Tectatodinium peliitum <A> <v>

(Rare)
(Rare)

(Common)

Miospores caved

Pinuspollenites sp. indeft. (Rare)

Dinoflageillates in situ

Achomosphaera ramulifera
Caddosphaera halosa
Chichaouadinium vestifum cf,
Cleistosphaeridium huguoniofii
Cyclonephelium brevispinum
Cyclonephelium vannophorum
Eyrea nebulosa

Florentinia cooksoniae

Isabelidinium magnum
Odontochitina operculata
Oligosphaeridium complex (Rare)
Palaechystrichophora infusorioides
Pervosphaeridium fruncatumn <A>
Pervosphaeridium truncigerum  <v>
Spinidinium sverdrupianum

Algae in situ

No taxa observed.,
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Allsporites bilateralis (Rare)
Araucariacites australis <A>
Taxodiaceaepollenites hiatus (Common)
Spores in situ

Acanthofriletes varispinosus <A>
Lelotriletes mecklenburgensis

Miscellaneous In situ
+ foraminiferal liners
Aquaties caved
Terﬂ‘cry cavings - dinofiageliates

Eocene cavings -dinoflagellates
Upper Cretaceus cavings

(Dominant)
(Abundant)
(Rare)

Apectodinium hyperacanthum <A>
Areoligera senonensis (Dominant)
Ceraliopsis pannucea <v>
Eocene cavings -dinoflagellates
Impletosphaeridium scalenfurcatum
Palaeoperidinium pyrophorum
Thalassiphora pelagica <A> <v>

(Common)

(Abundant)
(Common)
(Common)

Miospores caved
Tertiary cavings - pollen (Abundant)
Alnipollenites verus (Rare)
Befulaceoipollenites betuloides <v>
Carmpinipites spp. (Rare)
Pinuspollenites sp. indet. <v> (Rare)
Commentis
1 black coaly material (Abundant)
1575m__cuitQ9

Dinoflagellates In situ

Apteodinium grande <A> <v>
Chichaouadinium #EA <A>
Chichaouadinium boydii <A> <v>
Chichaouadinium sp. indef.
Cribroperidinium edwardsil
Eyreanebulosa <v>

Fromea sp. indetf. <v>
Gonyaulacysta cassidata <A> <v>
Luxadinium primulum <A> (Rare)

Maghrebina cingulata <A> <v>

Odontochifina operculata -
Oligosphaeridium asterigerum <A> (Questionably present)
Oligosphaeridium complex (Common)
Oligosphaeridium porosum <A> <v>
Oligosphaeridium pulcherimum  <v>
Palaeohysirichophora #EA  <v>
Spiniferites ramosus ramosus
Surculesphaeridium longifurcatum

(Rare)

(Rare)

C-09
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Pollen in sty

Abiespollenites microreficulatus
Allsporites bilateralis
Phyllocladidites hortonensis
Taxodiaceaepollenites hiatus (Common)
Spores in situ

Laevigatosporites ovatus
Stereisporites clavus

Miscellaneous In situ
+ foraminiferal liners
Aquatics caved
Tertiary cavings - dinoflagellates

Eocene cavings -dinoflagellates
Upper Cretaceus cavings

(Common)
(Rare)

Areoligera senonensis
Areoligera sentosa
Ceratiopsis diebelii <A>
Cordosphaeridium fibrospinosum
Impletosphaeridium scalenfurcatum
Palaeoperidinium pyrophorum
Paralecaniella indentata

(Dominant)

(Common)

Miospores caved

Tertiary cavings - pollen <A> (Abundant)
Tliaepollenites crassipites/vescipites <A>

1575m.._cuit 09

Dinoflagellates In situ

Achomosphaera ramulifera

Chichaouadinium #EA

Chichaouadinium vestitum cf. (Common)
Chlamydophorella nyei sensu Singh ‘71 <A> <v>
Cleistosphaeridium huguoniotii

Cribroperidinium edwardsii .
Cyclonephelium brevispinum (Rare)

Eyrea nebulosa

Isabelidinium magnum

Isabelldinium sp. indef,

Nummus sp. indet. <A>

Odontochifina operculata

Oligosphaeridium macrotubulum <A> <v>
Pervesphaeridium pseudhystrichodinium
Pervosphaeridium truncafum
Spiniferifes ramosus ramosus
Tanyosphaeridium sp, indet,  <v>

(Rare)

Algae In situ
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No taxa observed.

Pollen In sity
Abiespollenites microreficulaltus (Rare)
Cedripites canadensis (Common)
Corollina torosa <A> (Rare)
Eucommiidites minor <A>
Parvisaccites radiatus <A> (Rare)
Vifreisporites pallidus

Spores In sliu
Cicatricosisporifes cocononiensis (Rare)

Cicatricosisporites hughesii
Cicatricosisporites pofomacensis <A> <v> (Questionably
present)
Cleairicosisporites subrotundus <A>
Costatoperforosporites fistulosus <A> <v>
Cyathidites minor <v> .
Deltoidespora hallii
Distaltriangulisporites costatus <A>
Gleichenildites senonicus
Laevigatosporites ovafus
Leiotriletes mecklenburgensis

Miscellaneous in situ
No taxa observed.
Aquatics caved

Tertlary cavings - dinoflagellates (Abundant)
Eocene cavings -dinoflagellates (Common)

Apectodinium hyperacanthum
Areoligera senonensis
Cordosphaeridium fibrospinosum
Deflandrea phosphoritica
Spiniferites pseudofurcaius

Miospores caved
No taxa observed.
Commenis

1 black coaly material (Dominant)

1585m__ cuit10

Dinoflagellates In situ

Asirocysta cretacea
Chichaouadinium sp. indet.
Chichaouadinium vestitum cf.
Cleistosphaeridium huguoniofii  <v>
Cribroperidinium edwardsii  <v> (Rare)
Cribroperidinium episomum <A> <v>  (Rare)
Eucladidinium rombovale <>
Heterosphaeridium difficile

Luxadinium #ESpinate <A> <v>

C-Q09
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“No taxa observed.

Pollen in situ
Alisporites bilateralis (Rare)
Araucariacites ausiralis (Rare)
Cedripites canadensis (Rare)

Clavatipollenites hughesi </A>
Rugubivesiculites reductus  <v>

Spores in sltu
Camarozonosporites insignis
Distaltriangulisporites costatus <A> <v>
Laevigatosporites ovatus
Microrefticulatisporites diatretus <A> <v>
Miscellaneous in sttu
+ foraminiferal liners (Rare)
Aquatles caved

Tertiary cavings - dinoflagellates
Eocene cavings -dinoflagellates

(Abundant)

Achomosphaera sagena

Areoligera senenensis

Areosphaeridium dikiyoplokus

Ceratiopsis diebelii  <v>

Cordosphaeridium fibrospinosum (Rare)
Cribroperidinium weizelil (Common)
Heferaulacacysta campanula <A> <v>
Impletosphaeridium scalenfurcatum

Manumiella cooksoniae <v> (Rare)
Palaeoperidinium pyrophorum (Common)

Mlospores caved
Tertiary cavings - pollen
Alnipollenites verus

Carpinipites spp.
Tricolporopollenites sp, <A>

(Common)

1585m.  cuit 10

Dinoflagellates In situ !
Caddosphaera halosa
Chichaouadinium vestitum cf.
Chyfroeisphaeridia? ringnesiorum
Cleistosphaeridium huguoniotii
Hysfrichodinium pulchrum
Odontochitina operculata
Oligosphaeridium complex
Pervosphaeridium pseudhystrichodinium
Xenascus ceratioides

(Rare)
(Rare)

(Rare)
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Luxadinium primulum
Oligosphaeridium asterigerum <A> (Common)
Oligosphaeridium complex
Spiniferites ramosus ramosus (Rare)
Algae In situ

No taxa observed.
Pollen In sliu

Araucariacites australis (Rare)

Cedripites canadensis (Abundant)
Cerebropollenites mesozoicus <A>

Coroliina forosa (Common)
Parvisaccites radiatus

Podocarpidites potomacensis <A> <v> (Rare)
Taxodiaceaepollenites hiatus (Common)

Spores In slfu

Acritosporites #Everrucatus <A> <v> -
Cleatricosisporites cocononiensis (Rare)
Clcatricosisporites delicatus (Rare)
Cicatricosisporites ludbrookii <A> <v>
Clcatricosisporites venustus <A> <v>
Costatoperforosporites #EH <A> <v>
Costatoperforosporites sp. indet. <A>
Deftoldospora hallif (Rars)
Densoisporites microrugulatus <A>
Gleicheniidites senonicus
Interlobites triangularis <A>
Klukisporites foveolatus <A>
Lycopodiumsporites marginatus <A>
Nodosisporites babsae <A> <v>
Trilobosporites crassus <A> <v>

Miscellaneous In sifu
+ foraminiferal liners
Adquatics eaved

Apectodinium hyperacanthum

Areoligera senonensis (Rare)
Palaeoperidinium pyrophorum

Tertiary cavings - dinoflagellates (Common)

Miospores caved

No taxa observed.

Comments
1 black coaly material (Dominant)
1615m__cuitll
Dinoflageliates In situ
Astrocysta cretacea

" Cdllaiosphaeridium asymmetricum <A>
- Chichaouadinium sp. indet.

C-09
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Algae In situ

No taxa observed.

Pollen In situ

Alisporites bilateralis

Alisporites grandis

Araucariacites australis

Cedripites canadensis

Cerebropollenites #ECoptosporoid  <v>
Parvisaccites radiatus

Phyllocladidites hortonensis

Spores in situ

Cyathidites minor
Laevigatosporites ovatus

Miscellaneous In situ

+ foraminiferal liners

Aquatics caved

Tertiary cavings - dinoflagellates  (Dominant)
Eocene cavings -dinoflagellates

Areoligera senonensis (Dominant)
Cordosphaeridium fibrospinosum
Cordosphaeridium gracile

Impletosphaeridium scalenfurcatum
Palaeoperidinium pyrophorum (Common)
Spiniferites pseudofurcatus ~ <v>

Miospores caved

Tertiary cavings - pollen (Common) ‘

Alnipollenites verus

Carpinipites spp. (Common)
Comments

No taxa observed.

1615m _cuitll
Dinoflagellates in situ
Achomosphaera ramulifera (Rare)
Caddosphaera halosa (Rare)

Callaiosphaeridium asymmetricum
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Cyclonephelium brevispinum
Keithriasphaeridium loffrense  <v>

Odontochilina costata (Rare)
Oligosphaeridium asterigerum (Rare)
Oligosphaeridium complex (Rare)

Spiniferites ramosus ramosus
Sureulosphaeridium longifurcatum

Algae insitu

No taxa observed.

Pollen In situ
Araucariacites australis (Rare)
Cedripites canadensis (Rare)

Clavatipollenites rotundus <A>

Corollina torosa

Parvisaccites radiatus
Taxodiaceaepollenites hiatus (Rare)

Spores in situ
Clcatricosisporites hughesii  <v>
Laevigatosporites ovatus
Lelotriletes mecklenburgensis (Common)
Plicatella potomacensis cf, <A> <v>
Stereisporites anfiquasporites A (Rare)
Miscellaneous in situ
+ foraminiferal liners
Adquatics caved
Tertlary cavings - dinoflagellates  (Abundant)

Apectodinium homomorphum <A> <v>  (Rare)
Apectodinium hyperacanthum

Areoligera senonensis (Abundant)
Hysirichokolpoma rigaudiae  <v>
Palaeocystodinium australinum (Common)

Palaeoperidinium pyrophorum
Mlospores caved

No taxa observed.
Commenis

1 black coaly material (Common)

C-09
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Chichaouadinium vesfitum cf. (Rare)
. Chytroeisphaeridia? ringnesiorum

Cleistosphaeridium huguoniotii (Rare)

Clelstosphaeridium sp. indet. (Rare)

Eyrea nebulosa <v>
Hystrichodinium volglii <A> <v>
Isabelidinium sp. indef.
Nummus sp. indef.

Odontochitina operculata (Rare)
Oligosphaeridium complex (Common)
Pervosphaeridium fruncatum (Rare)
Spinidinium sverdrupianum  <v>
Spiniferites ramosus ramosus (Common)
Stephodinium coronatum <A>
Surculosphaeridium longifurcatum (Rare)
Algae In sltu

No taxa observed.
Pollen in situ
Ablespollenites microreticulatus
Araucariacites australis
Cedripites canadensis
Corollina torosa (Rare)
Taxodiaceaepollenites hiafus (Common)
Spores in sliu
Deltoidospora hallii
Lycopodiumsporites marginatus <A>
Osmundacidites wellmanni
Stereisporites antiquasporites
Miscellaneous in siiu
+ foraminiferal liners
Aquatics caved

Tertiary cavings - dinofiagellates  (Abundant)
Upper Cretaceus cavings <A> (Rare)

Achomosphaera sagena

Areoligera senonensis (Abundant)
Chatangiella scheii <A> <v>

Cordosphaeridium gracile (Rare)
Cribroperidinium weizelil (Rare)
Palasocystodinium australinum (Rare)
Palaeoperidinium pyrophorum (Common)
Palambages spp.

Phthanoperidinium spp. <A>

Miospores caved

Tertiary cavings - pollen (Common)
Alnipollenites verus (Rare)
Carpinipites spp. (Rare)

Choanopollenites sp. indet, <A> <v>
Tricolporopolienites sp.
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1645m cutt12

Dinoflagellates in situ

Caddosphaera halosa
Chichaouadinium vestitum cf.
Cyclonephellum brevispinumn
Heterasphaeridium difficile

Luxadinium primulum
Nummus sp. indet. (Rare)
Oligosphaeridium complex

Oligosphaeridium sp. <A> <v>
Pervosphaeridium pseudhystrichodinium
Spiniferites ramosus ramosus (Common)

Algae In slfu
No taxa observed.

Pollen in suu‘
Ablespollenites microreticulatus
Cedripites canadensis

Clavdtipollenites rotundus
Corollina forosa (Rare)

Stephanocoipites fredericksburgensis <A> <v>(? present)
Taxodiaceaepollenites hiatus (Common)

Spores In situ

No taxa observed.

‘Miscellaneous in situ
+ foraminiferal liners

Aquaties caved
Tertiary cavings - dinoflageilates  (Abundant)
Apectodinium hyperacanthum
Areoligera senonensis (Common)
Cordosphaeridium fibrospinosum (Rare)
Palaeoperidinium pyrophorum
Spiniferites pseudofurcatus  <v>

Mlospores caved
No taxa observed.

Comments

1 black.coaly material (Abundant)
3 few palynomorphs in place <A>
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1645m__ cuit 12

Dinoflagellates in situ

Achomosphaera ramulifera
Callaiosphaeridium asymmetricum
Chichaouadinium #EA
Cribroperidinium edwardsif
sabelidinium magnum  <v>
Odontochitina costata
Oligosphaeridium complex
Oligosphaeridium pulcherimum
Palaeohystrichophora #EA <> <v>

Pdlaechystrichophora infusorioides (Common) -
Spiniferites ramosus ramosus
Surculosphaeridium longifurcatum (Rare)

Trithyrodinium sp. indet,
Xenascus cerafioides  <v>

Algae In situ

No taxa observed.

Pollen in situ
Alisporites bilateralis
Araucariacites australis
Clavatipollenites hughesi  <v>
Corollina torosa (Rare)
Parvisaccites radiatus
Podocarpidites potomacensis <A>
Taxodiaceaepollenites hiatus (Common)

Spores in situ

Gleicheniidites senonicus (Rare)
Leiotriletes mecklenburgensis
Osmundacidites wellmannii (Rare)

Stereisporites anliquasporites
Miscellaneous In sftu

No taxa observed.
Aquatics caved

Tertflary cavings - dinoflagellates  (Abundant)
Upper Cretacecous cavings

Areoligera senonensis (Dominant)
Areosphaeridium diktyoplokus
Chatangiella biapertura  <v>
Chatangiella sp. indet. <A> <v> )
Cordosphaeridium fibrospinosum (Rare)
Glaphyrocysta sp. indef. (Rare)
Impletosphaeridium scalenfurcatum (Rare)
Lingulodinium machaerophorum
Palaeocystodinium australinum . (Rare)
Palaeoperidinium pyrophorum (Rare)
Palambages spp.

Paralecaniella indentata

Phthanoperidinium spp.
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1675m cuii13

Dinoflagellates in sliu
Achomosphaerasagena <v>
Nummus sp. indeft.

Oligosphaeridium complex
Surculosphaeridium longifurcafum

Algae In sliu
No taxa observed.
Pollen in situ
Alisporites bilateralis
Cediripites canadensis (Rare) .
Corollina torosa
Taxodiaceaepollenites hiatus (Common)
Spores In situ
Costatoperforosporites sp. indef.  <v>
Distalfriangulisporites costatus  <v>
Foraminisporis wonthaggiensis <A> <v>
Stereisporites antiquasporites
Miseellaneous in situ
+ foraminiferal liners
Aquaiics caved
Tertiary cavings - dinoflagellates  (Dominant)
A"reo!lgera senonensis (Abundant)

Cordosphaeridium fibrospinosum
Palaeocystodinium australinum

Palaeoperidinium pyrophorum (Common)
Miospores caved

Alnipollenites verus 7
Commenis

1 black coaly material (Common)

2 corroded palynomorphs <A> (Rare)
3 few palynomorphs in place

C-09
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Miospores caved

Tertiary cavings - pollen (Common)
Alnipollenites verus (Rare)
Carpinipites spp. (Rare)
Caryapollenites simplex

Momipites coryloides <A> (Rare)
Tliaepollenites crassipites/vescipites
Tricolporopolienites sp. (Rare)

M

Dinoflagellates in situ

Achomosphaera ramulifera

Astrocysta cretacea <A>

Caddosphaera halosa
Chichaouadinium vestitum cf.
Chytroelsphaeridia? ringnesiorum  <v>
Cleistosphaeridium huguoniotii
Florentinia forulosa <A> <v>
Odontochitina operculata
Oligosphaeridium complex (Rare)
Oligosphaeridium iregulare <A> <v>
Oligosphaeridium pulcherrimum  <v>
Pervosphaeridium pseudhystrichodinium
Pervosphaeridium fruncatum

Spinidinium sp. indet.  <v>

Spiniferites ramosus ramosus (Rare)
Surculosphaeridium longifurcatum (Common)
Tuberculodinium vancampoae <A> <v>

Algae In situ

No taxa observed.

Pollen in situ

Alisporites grandis

Araucariacites austraiis (Rare)
Cedripites canadensis

Cerebropollenites mesozoicus <A>
Clavatipollenites rofundus  <v>

Corollina torosa (Common)
Phyllocladidites hortonensis  <v>
Podocarpidites potomacensis (Rare)

Spores in situ

Camarozonosporites insignis (Rare)
Cicatricosisporites apiterefus
Cicatricosisporites cocononiensis
Concavissimisporites cofidianum <A> <v>

Gleicheniidites senonicus (Rare)
Lelofriletes meckienburgensis (Rare)
Osmundacidites wellmanni (Rare)
Stereisporites antiquasporites (Commen)

Stereisporites clavus  <v>

Miscellaneous in sifu
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1705m _ cuit 14

Dinoflageilates in situ

Achomosphaera ramulifera  <v>

Asirocysta cretacea (Common)
Chichaouadinium #EA (Common)
Chichaouadinium sp. indef. <v>
Chichaouadinium vestifum cf. (Common)
Cyclonephelium eisenackii <A>
Cyclonephelium paucispinum <A> <v>
Florentinia cooksoniae  <v>
Heterosphaeridium difficile

lsabelidinium magnum  <v>
Kleithriasphaeridium eoinodes <A>

Luxadinium primulum <>

Nummus monoculatus <A> (Common)
Oligosphaeridium asterigerum
Oligosphaeridium complex <v>
Pervosphaeridium pseudhystrichodinium  <v>
Prolixesphaeridium parvispinum <A> <v>
Surculosphaeridium longifurcatum

Algae in sltu
No taxa observed.

Pollen in sliu
Cedripites canadensis
Corollina torosa (Common)
Retitricolpites vulgaris <A> <v>
Taxodiaceaepollenites hiatus (Common)

Spores In situ

Cicatricosisporites delicatus  <v>

- C-09
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No taxa observed.
Aquatics caved

Tertlary cavings - dinoflagellates  (Dominant)

Eocene cavings -dinoflagellates (Common)
Achomosphaera sagena

Areoligera senonensis (Abundant)
Areoligera sentosa

Cordosphaeridium fibrospinosum
Cordosphaeridium gracile

Cribroperidinium weizelil (Rare)
Impletosphaeridium scalenfurcatum (Rare)
Palasoperidinium pyrophorum (Rare)

Weizeliella arficulata
Miospores caved

Tertiary cavings - pollen (Common)

Alnipollenites verus (Rare)
Carpinipites spp. (Rare)-

llexpollenites margaritus <A> <v>
Pinuspollenites sp. indet.

1708m __cutt 14

Dinoflagellates In situ

Achomosphaera ramulifera
Chichaouadinium sp. indef. <A> <v>
Cleistosphaeridium sp. indet,  <v>
Cyclonephelium brevispinum
Cyclonephelium distinctum
Diconodinium sp. indet. <A> <v>
Kleithriasphaeridium loffrense
Maghrebina cingulata

Nummus sp. indet,

Oligosphaeridium complex
Oodnadaitia fuberculata
Pervosphaeridium pseudhystrichodinium
Pervosphaeridium truncafum  <v>
Spiniferites ramosus ramosus (Common)
Trichodinium castaneum

Trithyrodinium sp. indetf.  <v>

Algae In sltu
No taxa observed,
Pollen in situ

Alisporites grandis
Araucariacites australls

Corollina torosa (Common)

Parvisaccites amplus <A> (Rare)
Parvisaccites radiatus

Podocarpidites potomacensis (Rare)
Taxodiaceaepollenites hiatus (Abundant)

Tricolpopollenites crassimurus <A> <v>

Spores in siiu
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Cleatricosisporites subrotundus  <v>
- Lycopodiumsporites austroclavitidites
Psllatriletes striatus <A> <v>

Miscellansous In situ
+ foraminiferal liners (Rare)
Aquatics caved

Tertiary cavings - dinoflagellates (Dominant)
Upper Cretaceus cavings

Areoligera senonensls (Dominant)
Cordosphaeridium fibrospinosum
Cordosphaeridium gracile

Danaea spp. <A> <v>  (Rare)
Deflandrea phosphoritica  <v>
Eocene cavings -dinoflagellates
Glaphyrocysta sp. indef. <A> <v>
Gochtodinium simplex (Rare)
Palaeocystodinium ausiralinum
Palaeoperidinium pyrophorum

(Common)

(Common)

Milospores caved
Tertiary cavings - pollen

Alnipollenites verus  <v>
Pterocaryapollenites stellafus  <v>

Commenis -

1 black coaly mc’reriql (Abundant)

1735m__cuft15
Dinofiagellates in sltu

Asfrocysta cretacea
Chichaouadinium #EA
Cyclonephelium eisenackii

Gardodinium elsenackii <A> <v> (Questionably present)
Heterasphaeridium difficile

Nummus monoculatus

Odontochitina operculata

Oligosphaeridium asterigerum

Oligosphaeridium iregulare <A> <v>

Spiniferites ramosus ramosus

Surculosphaeridium longifurcatum

“(Common)

Algae In sltu
No taxa observed.
Pollen In situ

Alisporites bilateralis (Rare)

C-09
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Cicatricosisporites apiteretus  <v>
Clcatricosisporites hughesii  <v>
Clcatricosisporites ludbrookii <A> <v>
Delfoldospora hallii (Rare)
Glelcheniidites senonicus (Rare)
Interlobites frlangularis <A>
Laevigatosporites ovafus
Osmundacidites wellmannif
Stereisporites antiquasporites

(Common)

Miscellaneous In situ

No taxa observed.

Aquatics caved
Tertiary cavings - dinoflagellates  (Dominant)
Arecligera senonensis (Pominant)

Cordosphaeridium funiculatum <A> <v>
Impletosphaeridium scalenfurcatum
Palaeocystodinium ausiralinum

Paralecaniella indentata (Common)
Welzeliella arficulata
Miospores caved

Tertiary cavings - pollen (Common)
Alnipollenites verus
Carpinipites spp.
Momipites coryloides
Pinuspollenites sp. indet. (Rare)
Tricolporopollenites sp. (Rare)
Umipollenites undulosus <A>

1735m _cuit 15

Dinoflagellates In situ

Asfrocysta cretacea
Chichaouadinium #EA (Rare)
Chichacuadinium vestitum cf.
Cyclonephelium vannophorum
Litosphaeridium siphoniphorum — <v>
Maghrebina cingulata  <v>  (Rare)
Odontochitina costata
Odontochitina operculata  <v>
Odontochitina porifera <A> <v>

(Common)

Algae In situ
No taxa observed.
Pollen in situ
Abiespollenites microreticulatus

Araucariacites australis
Cedripites canadensis - (Rare)
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Eucommiidites minor
Inaperturopollenites ‘crisopolensis’ <A>
Parvisaccites amplus <A>
Perinopollenites elatoides <A>
Taxodlaceaepollenites hiatus (Rare)
Spores In sltu
Glelchenildites senonicus
Laevigatosporites ovatus
Trilobosporites humilis <A> <v>
Miseellaneous In siiu
No taxa observed.
Agquatics caved

Tertlary cavings - dinoflagellates  (Abundant)

Areoligera senonensis (Dominant)
Cordosphaeridium fibrospinosum — <v>
Eocene cavings -dinoflagellates (Rare)
Gochtodinium simplex (Rare)
Impletosphaeridium scalenfurcatum (Rare)
Lingulodinium machaerophorum <A> <v>
Palaeocystodinium australinum (Rare)
Palaeoperidinium pyrophorum (Abundant)
Miospores caved

Tertiary cavings - pollen
Carpinipifes spp. <>
Comments

3 few palynomorphs in place

1765m__cuit 16

Dinoflagellates in situ

Chichaouadinium #EA
Cyclonephelium distinctum
Cyclonephelium eisenackii  <v>
Heterosphaeridium difficile  <v>
Nummus monoculatus  <v> (Rare)
Odontochifina costata  <v>

Algae in siiu

C-09
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Corollina forosa (Rare)
Retilricolpites geranoides <A>
Taxodiaceaepollenites hiafus (Abundant)

Spores In situ

Clcatricosisporites mohrioides <A>
Costatoperforosporites #LA <A> <v>  (Rare)
Deiltfoldospora hatlif

Glsicheniidites distalgranulatus <A> <v>
Gleichenildites senonicus

Laevigatosporites ovatus

Osmundacidites wellmanni

Plicatella problematica <A> <v>

Miscellaneous in situ
No taxa observed.
Aquatics caved

Tertiary cavings - dinoflagellates  (Dominant)

Eocene cavings -dinoflagellates (Abundant)
Upper Cretaceus cavings <A> (Rare)
Areoligera senonensis (Pominant)

Areoligera sentosa (Rare)

Areoligera fauloma <A> <v>

Chatangiella tripartita (Rare)
Cordosphaeridium fibrospinosum (Commony)
Cribroperidinium weitzelii

Glaphyrocysta sp. indet. (Rare)
Gochtodinium simplex

Impletosphaeridium scalenfurcatum
Lingulodinium machaerophorum
Palaeocystodinium australinum (Rare)
Palaeoperidinium pyrophorum (Rare)
Paralecaniella indentata

Thalassiphora pelagica </A> (Rare)
Wetzeliella articulata

Mlospores caved
Tertlary cavings - pollen (Abundant)

Carpinipites spp. (Common)
Momipites coryloides

Pinuspollenites sp. indet. <v> (Common)
Tticolporopollenites sp. (Common)

1765m._cuit16

Dinoflagellates in situ

Achomosphaera ramulifera
Chichaouadinium #Eminufum  <v>
Chichaouadinium boydii <A> <v>
Chichaouadinium vestitum cf.
Cyclonephelium distinctfum
Cyclonephelium vannophorum
Fromea amphorula <A> <v>
Kleithriasphaeridium loffrense
Oligosphaeridium asterigerum
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Pterosperméila helios <A>
Pollen In slfu
Cedripites canadensis (Rare)
Clavatipollenites rofundus  <v>
Corollina forosa
Parvisaccites radiaius
Taxodiaceaepollenites hiatus (Rare)
Spores In sliu
No taxa observed.
Miscellaneous in situ
No taxa observed.

Aquatics caved

Eocene cavings -dinoflagellates  <v>  (Rare)
Tertiary cavings - dinoflagellates  (Dominant)
Upper Cretaceus cavings <v>

Apectodinium hyperacanthum <v>

Areoligera senonensis (Abundant)

Gochtodinium simplex

Impletosphaeridium scalenfurcatum  <v>

Palasocystfodinium golzowense <A> <v>

Palasoperidinium pyrophorum (Rare)
Miospores caved

Tertiary cavings - pollen  <v> (Rare)
Commenis

1 black coaly material (Abundant)
3 few palynomorphs in place

1795m __cuit17

Dinoflageilates in situ

C-09
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Oligosphaeridium sp,  <v>

Spiniferites ramosus ramosus (Rare)
Stephodinium coronatum

Subltilisphaera terrula <A>

Taliesphaera hydra <A> - -

Algae In situ
Pterospermella hellos <A>

Pollen in situ

Ablespolienites microreticulatus (Rare)
Cedripites canadensis

Cerebropollenites mesozoicus

Liliacidites peroreticulatus <A> <v>
Podocarpidites epistriatus <A>

Podocarpidites pofomacensis  <v> (Rare)
Taxodiaceaepollenites hiafus (Common)
Tricolpites sp. (Common)

Viireisporites pallidus <A>

Spores In situ
Cyathidifes minor  <v>
Deltoidospora hallii
Gleicheniidites senonicus
Osmundacidites wellmanni
Rouseisporites reficulatus  <v>  (Rare)
Miscellaneous in situ
No taxa observed.

Aquatics caved

Tertiary cavings - dinoflagellates  (Dominant)

Eocene cavings -dinoflageliates (Abundant)-
Upper Cretaceus cavings (Rare)
Achomosphaera sagena

Areoligera senonensis (Abundant)
Cordosphaeridium fibrospinosurn (Rare)
Glaphyrocysta sp. indet.

Gochtodinium simplex

Palaeocystodinium australinum (Rare)
Palaeoperidinium pyrophorum (Rare)
Weizeliella articulata (Common)

Miospores caved

Tertiary cavings - pollen (Abundant)
Carpinipites spp. (Abundant)
Comments

3 few palynomorphs in place <A>

1795m _ cuit17

Dinoflageliates in sifu
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Cassiculosphaeridia magna <A> (Rare)
Cyclonephelium brevispinum

Luxadinium #EA <A> (Rare)

Nummus #EB </A> (Common)
Odontochitina operculata  <v>
Oligosphaeridium dividuum <A>
Phoberocysta neocomica pteridia <A>
Sentusidinium filiatum <A> <v>
Surculosphaeridium longifurcatum  <v>
Taliesphaera hydra <A>

Algae In situ
No taxa observed.
Pollen In situ

Cedripites canadensis
Inaperturopollenites ‘crisopolensis’  <v>

Spores In situ
No taxa observed.
Mlscellanéous In situ
No taxa observed.
Aquatics caved
Tertiary cavings - dinoflageliates (Common)

Cordosphaeridium gracile  <v>
Weizeliella articulata  <v>

Miospores caved
No taxa observed.
Comments

1 black coaly material (Abundant)
3 few palynomorphsin place  <v>

1825m cuit18

Dinoflagellates in sltu

Canningia compta <A> (Rare)
Cyclonephelium distinctum
Exochosphaeridium scifulum cf. <A>
Gonyaulacysta exsanguia <A>
Kleithriasphaeridium eoinodes  <v>
Luxadinium #EA (Rare)
Muderongia staurota perforata <A>
Nummus sp. indef.

Occisucysta #EX <A> (Rare)
Oligosphaeridium asterigerum
Oligosphaeridium dividuum
Phoberocysta neocomica pteridia (Rare)
Subtilisphaera terrula <A>
Systematophora sp. indef. <A>
Taliesphaera hydra (Rare)

C-09
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Achomosphaera ramulifera (Common)
Chichaouadinium #EA
Cleistosphaeridium huguoniofii (Rare)

Cyclonephelium brevispinum

Odontochitina costata

Oligosphaeridium asterigerum

Surculosphaeridium longifurcafum (Common)

Algae In situ
No taxa observed.
Pollen in situ

Cediripites canadensis
Corollina torosa
Parvisaccites amplus (Questionably present)

Spores in situ

Cicatricosisporites venusius <A>
Laevigatosporites ovatus

Nodosisporites babsae <A>

Osmundacidites wellmanni :
Stereisporites antiquasporites (Common)

Miscellaneous In situ
No taxa observed.
Aquatlcs caved

Tertiary cavings - dinoflagellates  (Dominant)
Eocene cavings -dinoflageliates (Abundant)

Areoligera senonensis (Abundant)
Glaphyrocysta sp. indet. (Rare)
Impletosphaeridium scalenfurcatum (Rare)
Kisselovia coleothrypta <A> <v>
Palasoperidinium pyrophorum

Pardlecaniella indentata (Rare)
Phthanoperidinium spp.

Weftzeliella arficulata

Miospores caved

Alnipollenites verus (Rare)
Carpinipites spp. (Common)
Momipites coryloides (Rare)

Pterocaryapollenites stellatus <A> (Rare)
Tillaepollenites crassipites/vescipites

Comments

1 fibrous driling-mud additives <A>  (Abundant)
3 few palynomorphs in place

1825m  cuit18

Dinofiagellates in sifu

Caddosphaera halosa
Cassiculosphaeridia magna <A>
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Algae In slfu

No taxa observed.

Pollen In situ
Cedripites canadensis
Cerebropollenites mesozoicus (Rare)
Ceorollina toresa (Rare)
Parvisaccites radiatus (Rare)
Perinopollenites elatoides (Rare)

Podocarpidites canadensis <A>
Podocarpidites herblsii <A>
Taxodlaceaepollenites hiatus (Common)
Tiicolpites sp.  <v> -
Spores In situ
Cleairicosisporites cocononiensis  <v>
Cleatricosisporites mohrioides <A>
Leiotriletes mecklenburgensis (Rare)
Uvaesporites sp. indet. <A>
Miscellaneous in situ
+ foraminiferal iners
Aquatics caved
Tertiary cavings - dinoflageliates
Mlospores caved
No taxa observed.

Commenis

1 black coaly material (Abundant)

C-09
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Chichaouadinium #EA

Chichaouadinium #EB  <v>

Chichaouadinium vestitum <A> <v>
Cyclonephelium brevispinum

Endoscrinium pharo <A> (Questionably present)
Kleithrlasphaeridium eoinodes <A> <v>

Luxadinium #EA <A>

Luxadinium primulum  <v>

Meiourogonyaulax porosa <A> <v> (Questionably present)
Nummus #EB </A> (Rare)

Occisucysta tentoria <A>

Odontochitina costata

Oligosphaeridium asterigerum

Oligosphaeridium dividuum <A>

Subtilisphaera térrula

Surculosphaeridium longifurcatum
Surculosphaeridium sp. |, Davey’ 82 <A>
Surculosphaeridium sp. lll, Davey ‘82 <A>  (Rare)
Systematophora areolata cf, Davey’82 <A>
Tallesphaera hydra

Algae In situ
No taxa observed.
Pollen in situ
Cedlripites canadensis (Common)
Corollina forosa
Parvisaccites ampius
Podocarpidites canadensis <A>
Taxodiaceaepollenites hiatus
Tricolpifes sp.  <v>
Spores In situ '

Cicatricosisporites subrofundus <A> <v>
Cicatricosisporites venustus  <v>

Deiltoidospora hallii

Laevigatosporites ovatus (Rare)
Lycopodiumsporites marginatus

Stereisporifes antiquasporites (Common)

Mlscéllaneous in situ
No taxa observed,
Adguatics caved

Tertiary cavings - dinoflagellates  (Abundant)
Upper Cretaceus cavings <A> (Rare)

Aredcligera senonensis (Abundant)
Chatangiella tripartita

Glaphyrocysta sp. indef. (Rare)
Palaeccystodinium australinum
Palaeoperidinium pyrophorum (Rare)
Pediastrum boryanum <A>
Phthanoperidinium spp. (Rare)
Thalassiphora pelagica

Wetzeliella articulata

Miospores caved N
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Dinoflagellates In sltu

Canningla compta

Ctenidodinium elegantulum <A>
Cyclonephelium brevispinum
Dingodinium cerviculum <A>
Gonyaulacysta exsanguia (Rare)
Meiourogonyaulax sp. indet, <A>
Nummus sp. indet, (Rare)
Subtilisphaera terrula
Surculosphaeridium sp. lll, Davey ‘82 <A>
Systematophora areolata cf, Davey’82 <A>
Taliesphaera hydra (Common)

Algae In situ
No taxa observed.
Pollen In slfu
Alisporites bilateralis
Cdllialasporites monoalasporus <A>
Cerebropollenites mesozoicus ’
Corollina torosa
Corollina vignollensis <A> (Rare)
Perinopollenites elatoides
Taxodiaceaepollenites hiatus (Rare)
Spores In situ

Cicatricosisporites abacus <A>
Lelotrletes mecklenburgensis

Miscellaneous In situ
No taxa ob.served. -
Aquatics caved
No taxa observed.
Miospores caved
No taxa observed.
Comments

1 black coaly material (Abundant)
1 tracheids <A> (Abundant)

C-09
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Tertiary cavings - pollen <A> (Abundant)

Alnipollenites verus
Carpinipites spp.

1855m.__cutt19

Dinoflagellates In situ

Chichaouadinium vestitum cf.

Cribroperidinium intricatum </>

Nummus #EB

Oligosphaeridium complex

Spiniferites ramosus ramosus (Rare)
Surculosphaeridium sp. I, Davey’ 82 {Rare)

Algae In sltu

No taxa observed.

Pollen In sliu
Araucariacites australis
Cedripites canadensis (Rare)
Refifricolpites geranoides  <v>
Taxodiaceaepollenites hiatus (Abundant)

Spores In situ
Cicatricosisporites #EAl <A> <v>
Deltoidospora hallii
Stereisporites #Lbroad </A> <v>
Stereisporites antiquasporites
Miscellaneous In situ
No taxa observed.
Aquatics caved

Tertiary cavings - dinoflagellates  (Abundant)

Eocene cavings -dinoflagellates (Common)
Gochtodinium simplex
Phthanoperidinium spp.
Welizeliella arficulata (Rare)
Miospores caved
Tertiary cavings - poilen (Common)
Alnipollenites verus
Carpinipites spp. (Common)
Momipites coryloides
Tiliaepollenites crassipites/vescipites  <v>
Tricolporopollenites sp. (Common)
Comments
1 black coaly material (Abundant)
1 florous drilling-mud additives (Abundant)

3 few palynomorphs in place
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Dinoflagellates In sliu

Canningia compta <v> (Rare)
Cassiculosphaeridia magna, Duxbury <A> (Rare)
Cyclonepheiium brevispinum (Rare)
Druggidinium apicopaucicum <A> <v>
Exochosphaeridium scitulum cf, <v>
Hystrichosphaerina schindewolfii <A> (Rare)
Kleithriasphaeridium corrugatum <A>

Muderongia staurota perforata (Rare)
Muderongia tefracantha <A>

Nummussp. indef. <>

Oligosphaeridium asterigerum (Rare)
Oligosphaeridium dividuum (Rare)
Phoberocysta neoccomica pteridia

Spiniferifes ramosus ramosus

Subfilisphaera terrula

Surculosphaeridium sp. I, Davey’ 82 <A> (Rare)
Surculosphaeridium sp. Ill, Davey '82
Systematophora areolata cf, Davey’82
Tallesphaera hydra (Common)

Algae In situ

No taxa observed.

Pollen In situ
Alisporites bilateralis
Cadllialasporites monoalasporus (Rare)
Cedripites canadensis (Common)
Cerebropollenites mesozoicus (Rare)

Chasmatosporites major <A>
Corollina forosa <v> (Rare)
Corollina vignollensis (Rare)
Eucommiidites minor
Podocarpidites canadensis
Vitreisporites pallidus
Spores in situ
No taxa observed.
Miscellaneous in sltu
+ foraminiferal liners (Common)
Aquatles caved
No taxa observed.
Milospores caved
No taxa observed.

Commentis

1 black coaly mc’reriql (Common)
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Dinoflagellates In situ

Achomosphaera nepfunii <A> (Questionably present)
Cleistosphaeridium huguoniotii

Cribroperidinium ehrenbergii <A> (Questionably present)
Cyclonephelium distinctum (Rare)
Cymososphaeridium #EA <A>

Gonyaulacysta exsanguia <A>

Heterosphaeridium difficile <A> <v>

Luxadinium #EA

Nummus #EB

Oligosphaeridium dividuum

Palaeohystrichophora infusoriocides

Subtilisphaera terrula

Surculosphaeridium sp. |, Davey’ 82

Algae In situ

No taxa observed,

Pollen in situ

Campenia gigantica <A>
Taxodiaceaepollenites hiatus (Common)

Spores In situ

Delfoidospora hatlii
Laevigatosporites ovatus - (Rare)
Pilosisporites crassangularis <A>

Miscellaneous In situ

+ foraminiferal liners (Rare)

Aqguatles caved

Tertlary cavings - dinoflagellates (Common)
Eocene cavings -dinoflagellates (Rare)
Upper Cretaceus cavings <A> (Rare)

Chatangiella triparfifa  <v>
Glaphyrocysta sp. indet,
Gochtodinium simplex (Rare)

Miospores caved

Tertiary cavings - pollen <A> (Abundant)

Alnipollenites verus

Caryapollenites simplex <v> (Common)
Momipites coryloldes

Pterocaryapollenites stellatus

Comments

1 black coaly material (Common)
1 fibrous driling-mud additives (Abundant)
3 few palynomorphs in place  <v>
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Dinoflagellates In situ

Achomosphaera neptunii <A>
Astrocysta cretacea <v>
Cassiculosphaeridia magna, Duxbury
Cribroperidinium globosum <A>

Ctenidodinium elegantulum

Cyclonephellum brevispinum (Common)
Cymososphaeridium sp. |, Davey '82 <A>
Endoscrinium pharo <A>
Hystrichosphaerina schindewolfii
Lanterna #Ediscontectum <A>
Muderongia simplex ‘perforata’ <A>
Mudsrongia tefracantha
Occisucysta distincta <A>
Oligosphaeridium asterigerum
Oligosphaeridium dividuum
Phoberocysta #ED <A>
Phoberocysta neocomica cruciformis <A>
Phoberocysta neocomica neocomica <A>
Phoberocysta neocomica pteyidia
Pseudoceratium gochtfii <A>
Surculosphaeridium sp. I, Davey’ 82
Surculosphaeridium sp. lll, Davey '82

(Rare)

(Rare)

(Rare)

(Rare)

Algae In situ
No taxa observed.
Pollen in sliu

Abiespollenites microreticulatus
Araucariacites punctatus <A>
Cdllialasporites infrapunctatus <A>
Cadlllalasporites turbatus <A>
Cedripites canadensis (Abundant)
Cerebropollenites mesozoicus

Corollina vignollensis (Common)
Podocarpidites canadensis (Rare)

(Rare)
(Rare)

Spores In situ

Aequifriradites cooksonae <A>
Clcatricosisporites exilioides <A>
Cicatricosisporites globosus <A>
Cledtricosisporites mohrioides
Cicatricosisporites stemum <A> <v>
Costatoperforosporites #EG <A> <v>
Ischyosporites tuberosus <A>
Leiotriletes mecklienburgensis
Striatella #EF <A>

(Rare)

Miscellaneous in sliu

+ foraminiferal liners (Common)
Aquaties caved
No fi:xc observed.
Mlespores caved
Cc-09
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1925m __cutt21
Dinoflagellates In situ

Cadllaiosphaeridium asymmetricun
Cassiculosphaeridia magna, Duxbury <A>
Cribroperidinium ehrenbergii <A> (Rare)
Cribroperidinium sp. indet. <A>
Cyclonephelium distinctum
Cymososphaeridium #EA
Gonyaulacysta diufina <A>
Heslertonia heslerfonensis <A>
Hystrichodinium pulchrum
Hystrichosphaerina schindewolfif <A>
Muderongia staurota perforata <A>
Muderongia tefracantha <A>
Nummus #EB (Rare)
Occisucysta distincta <A>
Odontochitina costata
Oligosphaeridium asterigerum  <v> (Rare)
Phoberocysta neocomica neocomica <A> (Rare)
Surculosphaericlium sp. I, Davey’ 82 (Rare)
Surculosphaeridium sp. Ill, Davey ‘82 (Common)
Tdliesphaera hydra (Rare)

Tanyosphaeridium isocalamus <A>

(Rare) -

(Common)

(Rare)
(Rare)

Algae In situ

No taxa observed.

Pollen In sltu
Alisporites bilateralis (Rare)
Cedripites canadensis (Rare)

Cerebropollenites macrovenucosus <A>
Corollina torosa (Rare)

Corollina vignollensis <A>
Parvisaccites ampius
Parvisaccites radiatus
Podocarpidites canadensis
Taxodiaceaepollenites hiatus

(Common)
(Rare)
Spores in situ

Camarozonosporites dakotaensis <A> <v>
Cicatricosisporites #EQ <A>

Cicatricosisporites magnus <A>

Cicaftricosisporites microstriatus <A>

Contignisporites dorsostriatus <A>

Confignisporites glebulenius <A> <v>
Costatoperforosporites #EF <A> (Questionably present)
Couperisporites complexus <A>
Januasporites fumulosus <A>
Lelotriletes mecklenburgensis
Sestrosporites pseudoalveolatus <A>
Uvaesporites sp. indet. <A>

(Rare)

Miscellaneous in situ
+ foraminiferal liners (Common)
Aquatics eaved

Tertiary cavings - dinoflagellates
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No taxa observed.
Commenis

1 black coaly material
1 tracheids (Common)

(Abundant)

1945m _cuit 22

Dinoflagellates in sliu

Cassiculosphaeridia magna, Duxbury (Rare)
Cyclonephelium brevispinum (Common)
Cyclonephelium dist. #Dgiganticumn <A>
Cymososphaeridium sp. I, Davey '82 (Rare)
Cymososphaeridium validum <A> (Rare)
Dingodinium cerviculum

Gonyaulacysta cretacea <A> <v>

Imbatodinium jaegeri <A> <v>
Kleithriasphaeridium corrugatum
Keithriasphaeridium fasciatum <A> (Rare)
Muderongia simplex ‘perforata’ -
Muderongia staurota <A> (Common)
Muderongia tefracantha

Occisucysta #EX <>

Occisucysta distincta

Oligosphaeridium diluculum <A> .
Oligosphaeridium dividuum (Rare)
Phoberocysta neocomica cruciformis (Rare)
Phoberocysta neoccomica neocomica
Pseudoceratium gochfii

Soiniferites dentafus <A> <v>

Spiniferifes ramosus ramosus

Tanyosphaeridium magneticumn <A>

Algae in situ
Schizosporis reficulatus <A>

Pollen in situ
Cedripites #EH <A> (Rare)
Cedripites canadensis (Common)
Cerebropollenites macrovenucosus <A>
Cerebropollenites macroverrucosus cf. <A> <v>
Cerebropollenites mesozoicus
Corollina itunensis <A> (Rare)

Spores In sifu
Concavissimisporites multituberculatus <A>
Leiofriletes equiexinus <A> (Rare)
Lelotriletes mecklenburgensis

Miscellaneous In siiu

C-09
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Upper Cretaceus cavings- (Rare)

Eocene cavings -dinoflagellates  <v>  (Rare)
Arecligera senonensis (Common)
Gochtodinium simplex (Common)
Phthanoperidinium spp.

Mlospores caved

Tertiary cavings - polien (Rare)
Carpinipites spp. (Common)
1955m  cuit22

Dinoflagellates In situ

Cassiculosphaeridia magna

Chichaouadinium vestitum cf. (Rare)
Coronifera albertii <A>

Cribroperidinium globosum <A>
Cyclonephelium brevispinum (Common)
Dictyopyxis sp., Gitmez & Sarjeant ‘70 <A> <v>
Escharisphaeridia sp. indet, <A> (Rare)
Gonyaulacysta exsanguia

Hystrichosphaerina schindewolfii

Kleithriasphaeridium corrugatum <A> (Rare)
Kleithriasphaeridium loffrense

Luxadinium #EA

Muderongia staurota perforata (Rare)

Muderongia tefracantha (Questionably present)
Nummus #EB

Nummus #EE <A>

Occisucysta #EQ <> (Common)
Occisucysta #EX <A> (Rare)
Oligosphaeridium complex

Oligosphaeridium dividuum (Common)
Phoberocysta neocomica neocomica
Spiniferites rarosus ramosus

Taliesphaera hydra (Rare)
Tanyosphaeridium isocalamus

Algae In situ
No taxa observed.
Pollen in situ

Abiespollenites microreticulatus
Araucariacites australis

Araucariacites punciatus <A>
Cdllialasporites monoalasporus <A>
Cedripites #EH <A>

Cedripites canadensis (Common)
Cerebropollenites mesozoicus

Corollina itunensis <A> (Rare)
Corollina torosa

Corollina vignollensis (Common)
Parvisaccites radiafus (Rare)
Pityosporites #EA <A> (Abundant)
Taxodiaceaepollenites hiatus (Common)
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+ foraminiferal liners (Rare)
Aquatles caved

Aréol.lgerc senonensis
Miospores caved

No taxa observed.

1975m__cuii23
Dinoflagellates in situ
Achomosphaera neptunii (Rare)
Corrudinium #EB <A>
Ctenidodinium elegantulum (Rare)
-Cyclonephelium brevispinum (Rare)

Cyclonephelium dist. #Dgiganticum
Cymososphaeridium sp. |, Davey ‘82 <v>
Dapsilidinium warrenii <A>

Dingodinium cerviculum (Rare)

Heslertonia heslertonensis <A>

Hystrichosphaerina schindewolfii (Common)
Keithriasphaeridium corrugatum - (Rare)

Klsithriasphaeridium fasciatum
Muderongia cdlifornica <A>
Occisucysta distincta
Oligosphaeridium diluculum

Oligosphaeridium dividuum (Abundant)
Phoberocysta neocomica cruciformis (Rare)
Phoberocysta neocomica neocomica (Common)
Surculosphaeridium sp. lll, Davey ‘82  (Rare)
Taliesphaera hydra (Rare)

C-09

Terra Nova Study.....B27

Spores In sltu

Camarozonosporites insignis
Cicatricosisporites mohrioides
Contignisporites dorsostriatus
Coronatispora valdensis <A>
Costatoperforosporites #EE <A> <v>
Deltoldospora hallii (Common)
Densoisporites microrugulatus <A>
Gleicheniidites senonicus

Lelotriletes mecklenburgensis
Megaspore #EA <A>

Rotverrusporites obscurilaesuratus <A>
Striatella #EF <A> (Rare)

Miscellaneous in situ
+ foraminiferdl liners (Rare)
Aquatlcs caved

Tertiary cavings - dinoflagellates (Common)
middle-late Albian cavings <A>

Areoligera senonensis (Rare)
Glaphyrocysta sp. indet,
Gochtodinium simplex  <v>

Miospores caved
Tertiary cavings - pollen

Alnipollenites verus
Pterocaryapollenites stellatus

Comments

1 black coaly material (Common)

1985m. . _cuit23

Dinofiagellates In situ

Cdllaiosphaeridium asymmeflricum  <v>
Cassiculosphaeridia magna <v>
Ctenidodinium eleganiulum <A>
Cyclonephelium brevispinum (Common)
Cyclonephelium distinctum
Cymososphaeridium #EA

Dingodinium cerviculum <A> (Rare)
Escharisphaeridia sp. indet,

Gonyaulacysta diutina

Heslertonia heslerfonensis

Hystrichosphaerina schindewolfii
Kleithriasphaeridium fasciatum <A>
Muderongia staurota <A>

Muderongia staurota perforata  <v>

Nummus #EB

Occisucysta #EX  <v>-

Occisucysta sp. A, Williams ‘75 </A> (Rare)
Oligosphaeridium dividuum (Rare)
Phoberocysta neocomica convexa <A>
Phoberocysta neocomica neocomica (Rare)
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Tanyosphaeridium isocalamus <A>

Algae in situ
Schizosporis reficulatus

Pollen In sltu
Cedripites canadensis (Rare)
Cerebropollenites macroverrucosus (Rare)

Cerebropollenites mesozoicus
Corollina vignollensis (Common)
Podocarpidites granulosus </A>
Spores In situ
Gleicheniidites senonicus
Interiobites friangularis
Leiofriletes mecklenburgensis (Rare)
Striatella #EF
Miscellaneous In situ
+ foraminiferal liners (Rare)
Aguatles caved
No taxa observed.
Miospores caved

No taxa observed.

Commenis
1 black coaly material (Abundant)
1 fracheids (Common)
C-09
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Spiniferites dentatus <A> <v>  (Rare)
Spiniferites ramosus ramaosus
Surculosphaeridium sp. lll, Davey ‘82
Trichodinium castaneum

Algae In situ
No taxa observed.
Pollen In situ

Alisporites bilateralls

Araucariacites punctatus (Rare)
Cdllialasporites frilobatus cf. <A>

Cedripites canadensis
Corollina funensis
Coroliina forosa

(Abundant)

(Abundant)

Eucommiidites minor <A>

Parvisaccites amplus

Podocarpidites granulosus <A>

Taxodiaceaepollenites hiatus

Spores in situ

(Common)

Cicatricosisporites magnus  (Questionably present)
Cicatricosisporites microstriatus  <v>
Clcatricosisporites mohrioides (Rare)
Clcatricosisporites stemum <A> <v>
Concavissimisporites multiftuberculatus <A>
Costafoperforosporites #EG </A> <v> (Questionably

present)
Deltoidospora hallii

(Common)

Densoisporites microrugulatus
' Densoisporites triradiatus cf, <A>

Ischyosporites #EB <A>

Klukisporites foveolatus <A>
Leiofriletes equiexinus <A>
Leiotiletes macklenburgensis
Osmundacidites wellmanni
Striatella #EF (Rare)

Miscellaneous In situ
+ foraminiferal liners

Aquatics caved

(Common)

Tertiary cavings - dinoflagellates. ~ (Abundant)

Areoligera senonensis

(Common)

Cordosphaeridium fibrospinosum
Hystrichokolpoma sp. indet. <A>
Palaeoperidinium pyrophorum (Rare)

Thalassiphora pelagica

Miospores caved
No taxa observed.
Comments

1 black coaly material

<>

(Abundant)
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Dinoflagellates In situ

Cassiculosphaeridia magna, Duxbury -
Conudinium #EB  <v>

Cribroperidinium sepimenium <A> (Common)
Cyclonephelium brevispinum (Common)
Cyclonephellum dist, #Dgiganticum (Rare)
Dapsilidinium warrenii  <v>

Dingodinium cerviculum (Rare)
Hystrichosphaerina schindewolfil (Rare)
Imbatodinium micropodum <A> <v>

Muderongia simplex perforata’
Muderongia staurota  <v>
Occisucysta distincta (Rare)
Oligosphaeridium dividuum
FPhoberocysta #ED

Phoberocysia neocomica neocomica (Rare)
Surculosphaeridium sp. I, Davey’ 82
Surculosphaeridium sp. Ill, Davey '82
Tanyosphaeridium isocalamus  <v>

(Common)

Algae In sltu

No taxa observed.

Pollen In situ

Cedripifes canadensis
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus
Corollina vignollensis (Common)
Eucommiidites minor

Spores in sltu

Cleairicosisporites exilioides
Deltoidospora hallif

Foraminisporis jurassica <A>
Ischyosporites amplireficosus <A> <v>
Ischyosporites tuberosus

Leiotriletes mecklenburgensis
Megaspore #EA </A> (Rare)
Piicatella tricomitata

Miscellaneous In situ

No taxa observed.

Adquatics caved

Areoligera senonensis

Miospores caved

No taxa observed.

Commentis

1 black coaly material
1 tracheids (Common)

(Abundant)

C-09

Terra Nova Study.....B29

2015m__cuit24
Dinoflagellates in situ

Achomosphaera ramulifera
Chichaouadinium vestitum cf,
Cleistosphaeridium huguoniofii  <v>
Cribroperidinium edwardsii  <v>
Cribroperidinium Infricatum  <v>
Cyclonephelium brevispinum (Rare)
Cyclonepheiium eisenackii <A>
Cyclonephelium-vannophorum  <v>
Cymososphaeridium #EA
Cymososphaeridium validum <A> <v>
Dapsilidinium sp. indeft.

Gonyaulacysta diutina

Gonyaulacysta exsanguia  <v>
Hystrichodinium pulchrum (Rare)
Kleithriasphaeridium fasciatum

Luxadinium #EA

Muderongia staurota

Nummus #EB

Occisucysta distincta:

Oligosphaeridium complex

Oodnadattia tuberculata
Palaeohystrichophora infusorioides
Pervosphaeridium pseudhystrichodinium  <v>
Stiphrosphaeridium dictyophorum <A> <v>
Surculosphaeridium longifurcatum (Rare)
Surculosphaeridium sp. |, Davey’ 82
Surculosphaeridium sp. lll, Davey '82
Taliesphaera hydra

Tanyosphaeridium isocalamus
Trichodinium castaneum  <v>

Algae in situ

~ No taxa observed.

Pollen In situ
Alisporites bilateralis (Rare)
Araucariacites australis
Callialasporites monoalasporus (Rare)
Cedripites canadensis

Cerebropollenites-mesozoicus
Chasmatosporites major <A>
Corollina torosa (Common)
Parvisaccites amplus

Parvisaccites radiatus (Rare)
Taxodiaceaepollenites hiatus (Common)
Spores In situ

Cicatricosisporifes #EAE <A>
Cicatricosisporites #EQ

Cicatricosisporites cocononiensis  <v>
Cicatricosisporites mohrioides
Densoisporites microrugulatus
Ischyosporites #EB

Laevigatosporites mesozoicus <A>
Laevigatosporites ovatus (Common)
Nodosisporites babsae  <v>

Stereisporites antiquasporites
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Dinoflagellates in situ

Cribroperidinium sepimentum (Rare)
Cyclonephelium dist. #Dgiganticum
Endoscrinium pharo

Lantema #Ediscontectum

Lanterna sporiula <>

Algae in situ
No taxa observed.
Pollen in sifu

Araucariacites punctatus (Rare)
Cdllialasporites monoalasporus
Cdllialasporifes segmentafus <A>
Cedripites #EH
Cediripites canadensis

" Cerebropollenites macroverrucosus (Rare)
Coroliina vignollensis (Common)
Parvisaccites radiatus
Pityosporites #EA </A>

C-09
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Striatella #EF

Miscellaneous In situ

+ foraminiferal liners (Rare)

Aquatics caved

Tertiary cavings - dnoflageliates  (Abundant)

Upper Cretaceus cavings (Rare)
middle-late Albian cavings (Common)
Achomosphaera sagena

Areoligera senonensis (Common)

Areosphaeridium diktyoplokus  <v>
Cribroperidinium weftzeli  <v>
Glaphyrocysta sp. indef.
Impletosphaeridium scalenfurcatum
Lingulodinium machaerophorum

Palaeoperidinium pyrophorum (Rare)
Palambages spp.

Paralecaniella indentata (Rare)
Phthanoperidinium spp.

Weftzeliella arficulata (Rare)

Miospores caved”

Tertiary cavings - pollen

Alnipollenites verus (Rare)

Carpinipites spp.

Quercoidites microhenrici  <v>
Commenis

1 black coaly material (Dominant)

1 tracheids <A> (Common)

2045m _ cuit 25

Dinoflagellates in situ

Achomosphaera nepfunii <A>
Achomosphaera ramuilifera (Common)
Astrocysta crefacea  <v>
Cassiculosphaeridia magna, Duxbury
Chichaouadinium vestitum cf.
Cribroperidinium sepimentum <A> (Rare)
Ctenidodinium elegantulum

Cyclonephelium brevispinum (Rare)
Cyclonephelium distinctum (Rare)
Cyclonephelium eisenackii -
Cymososphaeridium #EA (Rate)

Florentinia cooksoniae  <v>

Heslertonia heslertonensis (Rare)
Hystrichosphaerina schindewolfii
Kleithriasphaeridium fasciatum (Rare)

Lantema #Ediscontectum <A> (Rare)
Nummus #EB

Occisucysta #EQ  <v>

Occisucysta distincta

Occisucysta tenforla  <v> (Rare)
Odontochitina costata  <v>
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Taxodiaceaepollenites hiatus (Common)
Spores In situ
“Clcailricosisporites microsiriatus <A>
Deltoidospora hallii (Common)
Gleicheniidites senonicus
Ischyosporites tuberosus
Klukisporites foveolatus
Megaspore #EA (Rare)
Striatella #EF
Misceilaneous in situ
+ foraminiferal liners
Adquatics caved
No taxa observed.
Mlospores caved

No taxa observed.

Commenis
1 black coaly material (Abundant)
1 tfracheids (Common)

C-09
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Oligosphaeridium complex

Oligosphaeridium dividuum (Rare)
Oodnadaitia tuberculata
Palasohystrichophora infusorioides (Rare)
Phoberocysta #ED <A>

Phoberocysta neocomica neocomica
Spiniferites ramosus ramosus (Rare)
Stephodinium coronafum  <v>

Surculosphaeridium longifurcafum (Common)

Surculosphaeridium sp. lll, Davey '82
Tdliesphaera hydra

Algue In sliu

No taxa observed.

Pollen In sltu
Araucariacites punctatus (Rare)
Cadlllalasporites monoalasporus
Cedripites canadensis (Abundant)
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus (Rare)
Corollina itunensis
Corollina torosa
Corollina vignollensis (Common)
Parvisaccites radiatus (Rare)
Pityosporites #EA

Podocarpidites canadensis

Spores In siftu

Cleatricosisporites #EQ

Cicatricosisporites delicatus <A>
Cicatricosisporites exilloides <A> (Rare)
Cicatricosisporites mohricides
Concavissimisporites longiverrucatus <A> <v>
Concavissimisporites punctatus <A> <v>
Deltoidospora hallif

Densoisporites perinatus <A>
Gleicheniidites #EA <A> <v>  (Rare)
Maculdfisporites dangardtensis <A> <v>
Plicatella #EQ <A>

Stereisporites anfiquasporites (Rare)
Striatella #EC <A>

Striatella #EF

Miscellaneous In situ
+ foraminiferal liners

Aquatics caved
Tertiary cavings - dinoflagellates (Common)

_Areoligera senonensis (Common)

Cordosphaeridium fibrospinosum
Glaphyrocysta sp. indet. (Rare)
Palaeocystodinium ausifralinum  <v>
Palaeoperidinium pyrophorum (Rare)

Miospores caved

Betulaceoipollenites betuloides <A> <v>
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2065m _ cuti 26

Dinoflageliates in situ

Achomosphaera neptunii
Cyclonephelium dist, #Dgiganficum
Hystrichosphaerina schindewolfii
Kleithriasphaeridium corrugafum

Lanterna #Edlscontectum (Rare)
Oligosphaeridium asterigerum  <v>
Oligosphaeridium dividuum (Rare)
Phoberocysta #ED

Pseudoceratium gochti

Surculosphaeridium sp. ll, Davey '82

Systematophora areolata cf, Davey’82 <v>
Algae In situ

No taxa observed.

Pollen In sifu
Araucariacites puncitafus (Abundant)
Cedripites canadensis (Rare)
Cerebropollenites macroverrucosus
Chasmatosporites major
Corollina vignollensis (Rare)

Taxodlaceaepollenites hiafus
Spores In sliu
Densoisporites triradiatus cf. <A>
Leiotriletes equiexinus
Osmundacidites wellmannii
Striatella #EF
Miscellaneous In situ
No taxa observed.
Aquatics caved
Areoligera senonensis

Miospores caved

No taxa observed.

Comments
1 black coaly material (Dominant)
1 tracheids (Common)

2 poor preservation <A>
3 impoverished assemblage <A>

. C09
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-

Pterocaryapollenites stellatus
Comments

1 black coaly material (Abundant) -

2075m.__cult26

Dinoflagellates In sltu

Achomosphaera ramulifera
Cassiculosphaeridia magna, Duxbury
Coronifera albertii (Rare)
Corrudinium #EA </A> <v>

Cribroperidinium sepimentum
Cyclonephelium brevispinum (Rare)
Cyclonephelium eisenackii  <v>
Dingodinium cerviculum

Druggidium sp. indef, <A> <v>
Hystrichodinium pulchrum
Oligosphaeridium dividuum (Rare)
Pseudoceratium gochtii <A>
Surculosphaeridium longifurcatum (Rare)
Surculosphaeridium sp, lll, Davey '82

Algae In situ
No taxa observed.
Pollen in situ -

Araucariacites australis  <v>

Araucariacites punctatus

Cediripites canadensis (Common)
Cerebropollenites mesozoicus

Corollina itunensis

Corollina vignollensis (Common)
Parvisaccites amplus

Podocarpidites granulosus
Taxodiaceaepollenites hiafus (Common)

Spores in situ

Deltoidospora hallii

Gleicheniidites senonicus (Rare)
Interlobites triangularis

Klukisporites areolatus <A>
Klukisporites foveolatus  <v>
Striatella #EF

Tuberosilriletes montuosus <A>

Miscellaneous in sifu

+ foraminiferal liners

Aquatics caved
Tertiary cavings - dinoflagellates (Common)
middie-iate Albian cavings (Rare)
Areoligera senonensis (Rare)
Phthanoperidinium spp.

Rhombodinium draco <A>
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2095m _cuit27
Dineilageliates in situ

Cribroperidinium globosum
Cribroperidinium sepimentum  <v>
Cyclonephelium brevispinumn
Cyclonephellum distinctum
Escharisphaeridia pocockii <A>
Hystrichosphaerina schindewolfii
Lantema #Ediscontectum
Oligosphaeridium dividuum (Rare)
Phoberocysta neocomica convexa <A>
Pseudoceratium gochtii

Taliesphaera hydra (Rare)

Algae In situ
No taxa observed.
Pollen in slitu

Araucariacites punctatus
Cuallialasporites segmentatus

Cedripites canadensis (Common)
Chasmatosporites major

Cordllina itunensis

Corollina vignollensis (Common)
Parvisaccites radiatus

Podocarpldites canadensis

Spores In situ

Clcatricosisporites exilioides
Cicalricosisporites magnus <A>
Cicatricosisporites microstriatus  <v>
Deifoidospora hallii (Rare)
Densoisporites microrugulatus.
Laevigatosporites ovatus
Leiotriletes equiexinus
Lycopodiacidites irregularis <A> <v>
Megaspore #EA (Rare)
PRilosisporites ericus <A>

Plicatella #EQ <A>

Stiatella #EF (Rare)
Tuberositriletes montuosus <A>

Miscellaneous in situ
+ foraminiferal liners (Rare)

Aquaties caved

C-09
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Miospores caved

Tertiary cavings - pollen (Rare)
Commenis
1 resinite (globular masses) <A> (Dominant)

3 impoverished assemblage <A>

2105m._cutt27

Dinoflagellates In sifu

Cassiculosphaeridia magna, Duxbury
Corrudinium #EB </A>

Cribroperidinium sepimentum
Cyclonephelium brevispinum (Rare)
Cymososphaeridium #EA

Dingodinium cerviculum

Escharisphaeridia pocockii <A>
Heslerfonia heslerfonensis
Hystrichosphaerina schindewolfii
Kleithriasphaeridium corrugatum
Occisucysta distincta

Oligosphaeridium diluculum <A>
Perisselasphaeridium #EA <A> (Questionably present)
Surculosphaeridium sp. ll, Davey '82 -
Taeniophora sp. indet. <A>

Algae In situ
No taxa observed.
Pollen In sifu
Ablespollenites microreticulatus  <v>
Alisporites bilateralis
Araucariacites punctatus
Cdllialasporifes dampieri <A> (Rare)
Callialasporites monoalasporus (Rare)
Cedripites canadensis (Rare)
Cerebropollenites macroverrucosus
Corollina torosa (Rare)
Parvisaccites amplus
Spores In situ
Cicatricosisporites exilioides
Pillosisporites trichopapillosus <A>
Striatella #EF
Tuberositriletes montuosus
Miscellaneous in situ
+ foraminiferal liners (Rare)
Aquatics cavedA

Tertlary cavings - dinoﬁagellafes (Rare)
Upper Cretaceus cavings (Rare)

Impletosphaeridium scalenfurcatum

K-08



Bujok Davies Group

No taxa observed.
Mlospores caved

No taxa observed.
Comments

1 black coaly material (Dominant)

2125m cuit28

Dinoflagellates In situ

Cassiculosphaeridia magna, Duxbury
Cyclonephelium brevispinum (Rare)
Cyclonephelium dist. #Dgiganticum
Endoscrinium pharo

Escharisphaeridia pocockii
Kleithriasphaeridium corrugatum (Rare)
Kleithriasphaeridium fasciatum
Lantemna #Ediscontectum
Lanterna sporfula

Muderongia californica
Muderongia simplex simplex <A>
Occisucysta distincta (Rare)
Oligosphaeridium dividuum

Phoberocysta neocomica neocomica (Rare)
“Phoberocysta neocomica pteridia  <v>
Pseudoceratium gochti

Systematophora areolata sensu Davey ‘82 <A>
Tallesphaera hydra -

(Common)

Algae in sltu
No taxa observed.
Pollen In situ
Alisporites bilateralis
Cerebropollenites mesozoicus (Rare)
Corollina vignollensis
Parvisaccites amplus
Podocarpidites canadensis
Spores in situ
Cleafricosisporites. mohrioides
Deltoidospora hallii
Ischyosporites tuberosus (Rare)
Miscellaneous in situ -
No taxa observed.
Adquaties caved

No taxa observed.

Miospores caved

C-09
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Palasoperidinium pyrophorum

Miospores caved

Momipites coryloides
Comments

1 black coaly material (Abundant)

1 resinite (globular masses) (Common)

1 frachelds (Common)

2135m___cuit28

Dinofiageliates in situ

Cassiculosphaeridia magna, Duxbury (Rare)

Corrudinium #EB

Cribroperidinium sepimentum

Cyclonephelium brevispinum  <v>
Cyclonephelium dist. #Dgiganticum <A> (Rare)
Cymososphaeridium #EA  <v>
‘Cymososphaeridium sp. I, Davey '82 <A>

Dingodinium cerviculum (Rare)
Endoscrinium pharo <A>
Kieithriasphaeridium fasciatum (Rare)
Kieithriasphaeridium loffrense  <v>
Lanterna #Ediscontectum (Rare)
Luxadinium #EA

Muderongia simplex ‘perforata’ <A>

Muderongia tefracantha

Occisucysta distincta

Oligosphaeridium complex

Oodnadattia fuberculata  <v>

Phoberocysta neocomica neocomica (Rare)
Sureulosphaeridium longifurcatum
Surculosphaeridium sp. I, Davey’ 82
Tanyosphaeridium isocalamus  <v>  (Rare)

Algae In sltu
No taxa observed.
Pollen In situ

Araucariacites punctatus

Callialasporites monoalasporus (Rare)
Cedripites canadensis (Common)
Cerebropollenites macroverrucosus
Corollina vignollensis (Common)
Exesipollenites tumulus <A>

Parvisaccites radiatus
Taxodiaceaepollenites hiatus (Rare)
Vitreisporites minor <A>

Spores In situ

Cicatricosisporites #EAE  <v> (Rare)
Densoisporites perinatus -
Ilschyosporites #EB  <v>

Klukisporites areolatus

Leiotriletes equiexinus {Rare)
Leioftriletes mecklenburgensis
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No taxa observed,
Commenis

1 black coaly material (Dominant)

2185m__cutt 29
Dinoflagellates in situ

Cassiculosphaeridiamagna  <v>
Cassiculosphaeridia magna, Duxbury
Kleithriasphaeridium corrugatum
Lanterna #Ediscontectum (Rare)
Phoberocysta #ED  <v>
Pseudoceratium gochtii

Taliesphaera hydra

Algae in sltu
No taxa observed.
Pollen in sliu
Cedripites canadensis -
Chasmatosporites major
Corollina vignollensis (Common)
Exeslpollenites tumulus <A>
Taxodiaceaepollenites hiatus
Spores In situ
Couperisporites complexus <A> <v>
Klukisporites areolatus <A>
Pilosisporites ericus
Plicatella #EQ <v>
Stereisporites anfiquasporites
Miscellaneous In situ
No taxa observed.
Adguctfics caved

No taxa observed.

C-09
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Stereisporites antiquasporites (Rare)
Miscellaneous in situ
+ foraminiferal liners (Rare)

Aquatics caved

Tertlary cavings - dinoflagellates (Common)
Areoligera senonensis (Common)
Areoligera senfosa  <v>

Cordosphaeridium fibrospinosum (Rare)

Wetzeliella articulata
Miospores caved

Tricolporopollenites sp. (Common)
Commenis

1 fibrous driling-mud additives (Abundant)
1 resinite (globular masses) (Common)

2165m__cutt29

Dinoflagellates In situ

Caddosphaera halosa

Cassiculosphaeridia magna, Duxbury (Rare)
Cribroperidinium globosum

Cyclonephelium dist. #Dglganticum (Common)
Dingodinium cerviculum  <v>
Endoscrinium pharo

Lanterna #Ediscontectum (Common)
Lanterna sportula <A> (Rare)
Muderongia simplex ‘perforata’

Nummus #EB ’

Occisucysta distincta (Rare)
Phoberocysta neocomica convexa
Pseudoceratium gochtil

Subfilisphaera terrula  <v>
Surculosphaeridium longifurcatum

Algae In situ
No taxa observed.
Pollen In situ

Cdllialasporites dampieri

Cerebropollenites macroverrucosus (Rare)
Corollina vignollensis (Common)
Parvisaccites radiatus -
Pityosporites #EA

Podocarpidites canadensis
Taxodiaceaepollenites hiatus (Common)

Spores in situ
Aequitriradites subverrucosus <A>

Cicatricosisporites magnus ~ <v>
Deltoidospora hallii
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Miospores caved

No taxa observed.

Comments
1 black coaly material (Abundant)
1 fracheids (Abundant)
2185m__ _cuit30

Dinoflagellates in siiu

Callalosphaeridium asymmetiricum  <v>
Cassiculosphaeridia magna, Duxbury (Rare)
Cribroperidinium ehrenbergii <A>

Cribroperidinium globosum

Cyclonephelium dist. #Dgiganticum
Escharisphaeridia sp. indet. <A>
Kleithriasphaeridiurn fasciatum

Lantemna #Ediscontectum (Common)
Nummus #EE <> <v>
Pseudoceratium gochtil (Common)
Surculosphaeridium sp. lll, Davey '82
Taliesphaera hydra

Algae In situ

No taxa observed.
Pollen In situ
-Cedripites #EH
Cerebropollenites mesozoicus
Corollina itunensis
Pityosporites #EA (Rare)
Podocarpidites herbtsii
Vitreisporites pallidus (Rare)
Spores In sifu
Clcatricosisporites exilioides
Densolsporites velatus <A> <v>

Gleicheniidites senonicus
Megaspore #EA <>

Misesllaneous In situ
+ foraminiferal liners

Aquatles caved

C-09
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- Klukisporites areolaius
Leiotriletes equiexinus

Miscellaneous in situ

+ foraminiferal liners
Adquatles caved

No taxa observed.
Miospores caved

No taxa observed.
Comments

1 resinite (globular masses)
4 gigantism <A> <v>

(Dominant)

2125m.._cuit 30

Dinoflagellates In sltu

Achomosphaera neptunii (Rare)
Corrudinium #EB  <v>  (Rare)
Cribroperidinium globosum
Dapsilidinium warrenii <A>
Kleithriasphaeridium corrugatum
Phoberocysta #EB <A>

Phoberocysta #ED

Pseudoceratium gochtif

Subfilisphaera #EA <A>

Algae In sliu
No taxa observed.
Pollen In situ
Alisporites bilateralis (Rare)
Cediripites canadensis (Common)
Taxodiaceaepollenites hiafus (Dominant)
Spores in situ
Delfoidospora hallii
Gleicheniidites senonicus
Laevigatosporites ovatus
Leiotriletes mecklenburgensis
Osmundacidites wellmannii
Miscellaneous In sifu
+ foraminiferal liners
Aquatics caved
Tertiary cavings - dinoflageliates (Common)
Areoligera senonensis (Rare)

Ceraliopsis pannucea <A> <v>
Cordosphaeridium gracile (Rare)
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Tertiary cavings - dinoflagellates (Rare)

Areoligera senonensis (Rare)
Palaeocystodinium australinum  <v>
Palaeoperidinium pyrophorum

Miospores caved

No taxa observed.

Commenis

1 black coaly material (Abundant)

- 2215m _cuit3]
Dinoflagellates In sltu

Achomosphaera nepfuni
Cassiculosphaeridia magna, Duxbury
Chichaouadinium #EA  <v>
Chichaouadinium vestitum cf.
Cribroperidinium sp. indet. <A>
Cyclonephelium dist. #Dgiganticum
Diacanthum hollisterii <A> <v>
Dingodinium cerviculum <v>
Endoscrinium pharo  <v>
Hystrichosphaerina schindewolfii s
Kleithriasphaeridium corrugatum
Kleithriasphaeridium fasciatum
Lanterna sporiula

Lluxadinium #EA <v> (Rare)
Meiourogonyaulax sp. indef.
Muderongia simplex ‘perforata’
Muderongia staurota perforata  <v>
Muderongia tefracantha <v>
Occisucysta distincta
Oligosphaeridium dividuum (Rare)
Phoberocysfa neoccomica neocomica (Rare)
Pseudoceratium gochtii

Tanyosphaeridium magneticum

(Common)

Algae in situ
No taxa observed.
Pollen In situ

Alisporites bilateralis (Rare)
Araucariacites ausiralis  <v>
Cadllialasporites dampieri <A>

Cediipites canadensis (Common)
Cerebropollenites mesozoicus

Corollina itunensis (Common)
Corollina vignollensis (Common)
Perinopollenites elatoides
Pityosporites #EA (Rare)
Podocarpidites canadensis
Taxodiaceaepollenites hiatus
Vitreisporifes minor <A>

(Common)
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Palaeoperidinium pyrophorum (Rare)
Paralecaniella indentata (Rare)
Pediastrum boryanum  <v>

Weizeliella arliculata

Miospores caved

Alnipollenites verus
Carpinipites spp.
Radlalisporites radialis <A> <v>
Umipollenites undulosus  <v>

Comments

1 resinite (globular masses) (Common)

2225m _ cutt3]

Dinoflagellates In situ

Achomosphaera ramulifera

Cassiculosphaeridla magna, Duxbury (Rare)
Cribroperidinium sepimentum  <v>
Ctenidodinium elegantulum

Cyclonephelium dist. #Dgiganticum (Rare)
Cymososphaeridium sp. I, Davey '82
Dapsilidinium warrenii  <v>  (Rare)
Kleithriasphaeridium #EA <A> (Rare)
Kleithriasphaeridium corrugatum
Kleithriasphaeridium fasciatum  <v>

Lanterna #Ediscontectum (Rare)
Luxadinium #EA

Muderongia simplex ‘perforata’

Nummus #EE  <v>

Occisucysta distincta

Oligosphaeridium complex

Oligosphaeridiurn dividuum (Rare)
Phoberocysta neocomica convexa <v>
Phoberocysta neocomica neocomica (Rare)
Pseudoceratium gochfil

Spiniferites ramosus ramosus

Subtilisphaera #EA

Tallesphaera hydra  <v>  (Rare)

Algae In sltu

No taxa observed.

Pollen In situ
* Alisporites grandis

Araucariacites punctatus (Common)
Cadliialasporites monoalasporus (Rare)
Cedripites canadensis (bundant)
Cerebropollenites mesozoicus
Corollina vignollensis (Common)
Parvisaccites amplus  <v>
Parvisaccites radiatus
Podocarpidites epistriatus
Taxodiaceaepollenifes hiafus (Common)

Spores In situ
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Spores In situ

Aequitriradites cooksonae
Cleatricosisporites mohrioides
Deitoldespora hallil

Gleicheniidites senonicus

Leiotriletes mecklenburgensis
Lycopodiumsporites austroclavilidites
Siriatella #EF

Miscellaneous in situ

+ foraminiferal liners (Rare)
Aquaties caved
Tertiary cavings - dinoflagellates (Rare)
middle-late Albian cavings <A>
Areoligera senonensis (Rare)
Miospores caved

No taxa observed.

Commenis
1 black coaly material (Abundant)
1 fracheids (Common)

2245m __cutt32

Dinoflagellates in situ

Cassiculosphaeridia magna, Duxbury
Cyclonephelium brevispinum ’
Cymososphaeridium validum

Gonyaulacysta diutina <A> <v>

Gonyaulacysta exsanguia (Rare)
Heslertonia heslertonensis

Heslertonia heslerfonensis ‘gigas’ <A>
Hystrichosphaerina schindewolfii
Kleithriasphaeridium corrugatum
Kleithriasphaeridium fasciatum  <v>
Lantema #Ediscontecfum

Meiourogonyaulax stoveri <A> <v>  (Rare)
Muderongia cdlifornica  <v>

Muderongla simplex simplex (Rare)
Occisucysta distincta

Oligosphaeridium dividuum

Phoberocysta neocomica convexa <v> (Rare)
Phoberocysta neocomica neocomica
Pseudoceratium gochtii (Rare)
Surculosphaeridium sp. lil, Davey ‘82 (Rare)

Algae In situ

C-09
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Cicatricosisporites #EO
Cicatricosisporites abacus <A>
Cicatricosisporites delicatus  <v>
Cicatricosisporites exilioides
Couperisporites complexus
Gleicheniidites senonicus
Klukisporites areolatus
Laevigatosporites ovatus
Leptolepidites major <A>
Megaspore #EA  <v>
Pllosisporites ericus <A>
Tuberositriletes montuosus

Miscellaneous in sltu
+ foraminiferal liners (Common)
Aquatles caved

Tertiary cavings - dinoflagellates  (Abundant)

Areoligera senonensis

Cordosphaeridium fibrospinosum

Danaea spp. <A>

Glaphyrocysta sp. indef, - (Common)
Hystrichokolpoma rigaudiae <A>
Palaeoperidinium pyrophorum (Rare)
Paralecaniella indentata (Common)
Phthanoperidinium spp.  <v>

Spiniferites membranaceus <A> <v>
Weizeliella arficulata (Common)

Miospores caved

Tertlary cavings - pollen

2255m__cutt 32
Dinoflagellates in situ
Achomosphaera nepiunii (Rare)

Cassiculosphaeridia magna, Duxbury
Cribroperidinium ehrenbergii (Rare)

Cyclonephelium dist, #Dgiganticum (Common)

Gonyaulacysta helicoidea <A>
Hystrichosphaerina schindewolfii (Rare)
Kleithriasphaeridium corrugatum

Lanterna #Ediscontectum (Rare)
Lanterna sporifula (Rare)
Meiourogonyaulax deflandrei <A>
Muderongia simplex ‘perforata’

Muderongia sp. A, Davey 1978 <A> (Rare)
Occisucysta distincta )
Oligosphaeridium complex <v> (Rare)
Phoberocysta #EB  <v> (Rare)

Phoberocysta neocomica neocomica (Common)
Pseudoceratium gochtii (Rare)
Spiniferites ramosts ramosus (Rare)

Surculosphaeridium longifurcatum
Surculosphaeridium sp. lll, Davey '82  <v> (Rare)
Tanyosphaeridium magneficum <A>
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No taxa observed.
" Pollen in sliu

Araucariacites punctaius
Cadlllalasporites dampieri
Callialasporites monoalasporus
Cedilipites canadensis (Common)
Cerebropollenites mesozoicus

Corollina itunensis
Corollina vignollensis
Parvisaccites amplus

(Common)

Spores In sliu
Concavissimisporites verrucatus <A>
Costatoperforosporites #EF <A> <v>
Densoisporites microrugulatus
Gleichenildites senonicus
Ischyosporites tuberosus
Lelofriletes mecklenburgensis
Siriatella #EF

Miscellaneous in situ
+ foraminiferal liners

Aquatles caved
No taxa observed.

Miospores caved
No taxa observed.

Commenis
1 black coaly material

1 fracheids (Common)
4 gigantism <A> <v>

(Abundant)

2275m.. cutt33

Dinoflagellates in situ

Cassiculosphaeridia magna, Duxbury
Clenidodinium elegantulum
Cyclonephelium brevispinum
Cyclonephelium dist. #Dgiganticum
Cymososphaeridium validum  <v>
Kisithriasphaeridium corrugatum
Lantemna sporiula

Muderongia simplex simplex <v>
‘Nummus #EB

Occlsucysta distincta

' C09

(Rare)

(Common)

(Rare) -

(Rare)

Terra Nova Studly.....B39

Algae In situ
No taxa observed.
Pollen In situ

Alisporites grandis (Common)
Cadllialasporites monoalasporus (Rare)
Cedripites canadensis (Abundant)
Coroliina vignollensis (Common)
Perinopollenites elafoides <A> (Common)
Pityosporites dividuus <A> (Rare)
Podocarpidites canadensis (Common)
Taxodiaceaepollenites hiatus

Spores In sifu

Clcatricosisporites exilloides
Costatoperforosporites #EF <A> <v>
Couperisporites complexus
Densoisporites microrugulatus
Leiotriletes mecklenburgensis
Lycopodiumsporites austroclavitidites
Plicatella cristata <A> <v>
Sterelsporites anfiquasporites (Common)

Miscellaneous in situ
No taxa observed.
Aquatics caved
Tertiary cavings - dinoflageliates

Areoligera senonensis (Common)
Glaphyrocysta sp. indet. (Rare)
Hystrichokolpoma rigaudiae  <v>
Paralecaniella indentata (Common)
Weftzeliella arficulata (Common)

Miospores caved

Tertiary cavings - pollen (Common)
Carpinipites spp. (Common)
Momipites coryloides <v> (Rare)
Tricolporopollenites sp,  <v> (Common)

2285m __cuit 33

Dinoflagellates in situ

Achomosphaera neptunii
Breedoxiella #EA <A>
Chichaouadinium vestitum cf.
Cribroperidinium ehrenbergii
Ctenidodinium elegantulum

(Rare)

Heslertonia heslerfonensis "gigas’ <A> <v> (Questionably

present)
Hystrichodinium lanceatum <A>
Imbatodinium micropodum <A>
Kleithriasphaeridium corrugatum — <v>

K-08
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Oligosphaeridium dividuum
Phoberocysta neocomica neocomica
Pseudoceraiium gochtii (Rare)
Surculosphaeridium sp. lll, Davey 82
Systematophora areolata sensu Davey'82

Algae In sliu

No taxa observed.

Pollen In situ
Araucariacites punctafus
Cedripifes #EH
Cedripites canadensis (Rare)
Cerebropollenites macroverrucosus (Rare)
Corollina ifunensis (Rare)

Podocarpldites granulosus
Vifreisporites pallidus  <v>

Spores In situ
Cleairicosisporites #EAE <A> <v>
Clcatricosisporites abacus
Clcatricosisporites purbeckensis <A>
Densoisporites friradiatus cf.
Ischyosporites sp. indet, <A> <v>
Leiofriletes mecklenburgensis (Rare)
Striatella #EC <A>

Miscellaneous In sltu
No taxa observed.

Adqualics caved
No taxa observed.

Mlespores caved
No taxa observed.

Comments

1 black coaly material (Dominant)
2 fragmented specimens <A> (Common)

C-09
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Lanterna #Ediscontectum (Rare)
Lanterna sportula (Rare)
Luxadinlum #EA <v> (Common)
Muderongia staurofa  <v>
Muderongia tefracantha (Rare)
Occisucysta distincta
Oligosphaeridium diluculum
Pareodinia ceratophora <A>

Phoberocysta #ED
Phoberocysta neocomica cruciformis <A> (Rare)
Phoberocysta neocomica neocomica (Rare)
Pseudoceratium gochtii (Rare)
Spiniferites ramosus rarmosus (Rare)
Surculosphaeridium sp. I, Davey’ 82 (Rare)
Systematophora sp. indet, <A> (Rare)
Tanyosphaeridium magneticum (Rare)

Algae In sltu

No taxa observed.

Pollen In situ

Alisporites grandis  <v>  (Rare)
Alisporites thomasii <A> (Rare)

Araucariacites punctaius (Common)
Cdllialasporites infrapunctafus <A>
Callialasporites monoalasporus (Rare)
Cedripites canadensis (Abundant)
Cerebropollenites mesozoicus (Common)
Chasmatosporites major (Rare)

Corollina vignollensis (Common)
Eucommiidites minor (Rare)

Pityosporites dividuus (Common)

Podocarpidites canadensis

Spores in siiu

Clcairicosisporites #EQ  <v>
Cicatricosisporites exilioides
Gleicheniidites senonicus
Osmundacidites wellmannii

Miscellaneous In situ

No taxa observed.

Aquatics caved

Tertiary cavings - dinoflagellates  (Abundant)
middle-late Albian cavings

Impletosphaeridium scalenfurcatum  <v>

* Palaeoperidinium pyrophorum (Rare)
Pardlecaniella indentata (Rare)
Wetzeliella arficulata (Common)
Miospores caved

No taxa observed.

Comments

1 black coaly material (Abundant)
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2305m _cutt34

Dinoflagellates In sliu
Cassiculosphaeridia magna, Duxbury
Cyclonephelium dist. #Dgiganticum
Hystrichosphaerina schindewolfi  <v>

Algae In situ
No taxa observed.

Pollen In sltu
Cedripites #EH
Cedripites canadensis (Rare)
Cerebropollenites macroverrucosus
Chasmatosporites major
Corollina vignollensis (Rare)
Perinopollenites elatoides
Taxodiaceaepollenites hiatus (Rare)

Spores In situ

Deltoidospora hallii (Rare)
Ischyosporites tuberosus

Miscellaneous in situ
No taxa observed.
Adguatics caved
No taxa observed.
iMlospores caved

No taxa observed.

Commentis
- 1 black coaly material - (Dominant)
1 tracheids (Abundant)

3 impoverished assemblage

C-09
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1 resinite (globular masses) (Abundant)
2315m __cult 34
Dinoflagellates in situ
Achomosphaera neptunii (Rare)
Clenidodinium elegantulum <v>
Cyclonephelium dist. #Dgiganticum (Common)

Cymososphaeridium sp. |, Davey ‘82  <v>
Gonyaulacysta diutina <>
Hystrichodinium lanceatum
Hystrichosphaerina schindewolfi  <v>
Imbatodinium micropodum  <v>
Kleithriasphaeridium #EA  <v>

Lantema #Ediscontecfum -

Muderongia simplex 'perforata’
Muderongia tefracantha  <v>
Occisucysta distincta

Occlsucysta sp. A, Williams ‘76  <v>
Oligosphaeridium dividuum
Palaechystrichophora infusorioides
Perisseiasphaeridium #EA <A>
Phoberocysta neocomica cruciformis
Phoberocysta neocomica neocomica (Rare)
Pseudoceratium gochtii (Rare)

Spongodinium solidum <A> <v>  (Questionably present)

Surculosphaeridium sp. |, Davey’ 82 -
Systematophora areolata cf, Davey'82  <v>

Algae In sltu

No taxa observed.

Pollen in situ

Araucariacites punctatus

Cdllialasporifes monoalasporus

Callialasporites frilobatus <A>

Cedripites canadensis (Common)
Cerebropollenites mesozoicus (Rare)
Corollina vignollensis (Abundant)
Taxodiaceaepollenites hiafus (Abundant)

Spores In situ

Deltoidospora hallij (Common)
Foraminisporis jurassica <A>

Klukisporites areolatus

Leiotriletes mecklenburgensis
Osmundacidites wellmannii

Plicatella tricomitata <A>
Rotverrusporites obscurilaesuratus  <v>
Striatella #EK <A>

Miscellaneous in sifu

No taxa observed.

Aqguatics caved

Tertiary cavings - dinoflagellates (Common)
Upper Cretaceus cavings
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2335m___cuit 35

Dinoflagellates in situ

Cribroperidinium sp. indet.

Cyclonephelium dist, #Dgiganticum
Lanterna sporiula

Meiourogonyaulax sp. indet.
Oligosphaeridium dividuum

Phoberocysta neocomica neocomica
Spiniferites ramosus ramosus  <v>
Subfilisphaera terrula  <v>
Surculosphaeridiumn sp. lll, Davey '82
Tanyosphaeridium magneticum (Rare)

Algae In situ
No taxa observed.
Pollen In sliu

Alisporites thomasif <A> (Rare)
Cadllialasporites infrapunctaius _

Cadllialasporites monoalasporus (Rare)
Callialasporites segmentatus

Cedripites canadensis (Common)
Cerebropollenites mesozoicus
Chasmatosporites major

Corollina itunensis

Corollina vignollensis (Common)
Perinopollenites elatoides (Rare)

Podocarpidites herbisii  <v>
Taxodiaceaepollenites hiatus

Spores in sltu

Clcatricosisporites mohrioides
Contignisporites dorsostriafus <A>
Klukisporites pseudoreficulatus <A>
Lelotriletes mecklenburgensis

" Striatella #EF

C-09
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Achomosphaera sagena

Areoligera senonensis (Rare)
Deflandrea phosphorifica  <v>
Glaphyrocysta sp. indef.,

Lingulodinium machaerophorum  <v>
Palaeoperidinium pyrophorum
Paralecaniella indentata (Rare)
Weizeliella articulata (Rare)

Miospores caved
Tertiary cavings - pollen (Common)

Carpinipites spp. (Common)
Pterocaryapollenites stellafus  <v>

Commenis

1 black coaly material (Dominant)

2345m__cuit3s
Dinofiagellates In situ
Achomosphaera neptunii (Common)
Achomosphaera ramulifera .
Chichaouadinium #EA

Chichaouadinium vestitum cf.

Coronifera albertii  <v>

Cyclonephelium distincfum  <v>

Lantema #Ediscontectum

Oligosphaeridium diluculum

Palaeohystrichophora infusorioides <v>
Phoberocysta neocomica cruciformis

Phoberocysta neocomica neocomica

Spiniferites ramosus ramosus  <v> (Rare)
Surculosphaeridium longifurcatum  <v>  (Common)

Algae In situ

No taxa observed.

Pollen in situ
Alisporites thomasil
Cdllialasporites monoalasporus
Cedripites canadensis (Abundant) -
Corollina vignollensis (Common)
Pityosporites #EA (Rare)
Taxodiaceaepollenites hiatus (Abundant)

Spores in situ
Couperisporifes complexus
Laevigatosporites ovatus
Lycopodiumsporites marginatus
Miscellaneous in situ

+ foraminiferal liners (Common)

Aquatics caved
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Miscellaneous In situ

+ foraminiferal liners
Aquatics caved

No taxa observed.
Miospores caved

No taxa observed,

Commenis
" 1 black coaly material (Dominant)
1 fracheids (Abundant)

3 impoverished assemblage

2365m _ cuit3é

Dinoflagellates in situ

Cyclonephelium dist. #Dgiganticum
Kleithriasphaeridium corrugatum — <v>
Oligesphaeridium diluculum (Rare)
Phoberocysta neocomica cruciformis
Pseudoceratium gochfi

Taliesphaera hydra (Rare)
Tanyosphaeridium magneticum

Algae In sifu
No taxa observed.
Pollen in situ

Alisporites bilateralis

Alisporites thomasii

Calllalasporites monoalasporus
Cedripites #EH (Rare)
Cediripites canadensis (Rare)
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus
Corollina itunensis

Corollina vignollensis (Rare)
Laricoidites magnus <A> <v>
Perinopollenites elatoides
Vitreisporites minor

Spores in sliu

Deltoidospora hatllii

C-09
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Tertiary cavings - dinoflagellates (Common)
Upper Cretaceus cavings (Common)

Achomosphaerasagena <v> - -
Areoligera senonensis (Rare)
Chatanglella victoriensis  <v>
Cordosphaeridium fibrospinosum  <v> (Rare)
Glaphyrocysta sp. indet.  <v>
Hystrichokolpoma sp. indet.  <v>
Palaeoperidinium pyrophorum

Palambages spp,  <v>

Paralecaniella indentata

Rhombodinium draco  <v>

Wetzelislla arficulata (Rare)

Miospores caved
Tertiary cavings - pollen

Ahipollenites verus
Carpinipites spp. {(Common)

Comments

1 black coaly material (Dominant)
2 poor preservation <A> <v>
middle-late Albian cavings (Rare)

2375m__cutt36

Dinoflagellates In situ

Cassiculosphaeridia magna, Duxbury
Cribroperidinium globosum
Ctenidodinium culmulum <A> (Questionably present)
Ctenidodinium panneum <A> (Rare)
Dingodinium jurassicum </A>
Gonyaulacysta helicoidea

Heslertonia heslerfonensis  <v>
lsabelidinium sp. indef. <v>

Lanterna #Edisconfectum (Rare)
Lanterna sportula

Muderongia sp. A, Davey 1978

Nummus sp. indet,  <v>

Phoberocysta neocomica cruciformis
Pseudoceratium gochtii (Rare)
Surculosphaeridium sp. I, Davey’ 82

Algae In situ

No taxa observed.

Pollen In situ
Alisporites thomasii
Cdllialasporifes monoalasporus (Rare)
Cedripites canadensis (Common)
Cerebropollenites macroverrucosus
Corollina vignollensis (Abundant)
Taxodiaceaepollenites hiatus (Abundant)

Spores In situ
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Miscellaneous In situ
No taxa observed.

Aquaties caved
Areoligera sencnensis
Gochtodinium simplex <v>
Palasoperidinium pyrophorum  <v> (Rare)
Tertlary cavings - dinoflagellates

Miospores caved

No taxa observed.

Comments
1 black coaly material (Dominant)
] tracheids (Abundant)

3 impoverished assemblage

2395m__cuit37
- Dinoflagellates in sifu

Cribroperidinium globosum
Cribroperidinium muderongense <A> <v>
Cyclonephelium brevispinum  <v>
Cyclonephelium dist, #Dgiganticum
Escharisphaeridia sp. indef.
Kieithriasphaeridium #EA <A> <v>
Nummus #EB (Rare)
Occisucysta distincta  <v>
Oligosphaeridium diluculum
Oligosphaeridium dividuum
Phoberocysta neocomica neocomica

Algae In situ

No taxa observed.

Pollen In situ
Allsporites thomasii - (Rare)
Cadllialasporites dampieri (Rare)
Callialasporites monoalasporus (Rare)
Cedripites #EH :
Cedripites canadensis — (Common)
Cerebropollenites macroverrucosus
Chasmatosporites major
Cordllina itunensis
Corollina vignollensis (Common)
Exesipollenites tumulus

Parvisaccites amplus  <v>
Perinopollénites elatoides

C-09
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Deltoidospora hallii
Gleicheniidites senonicus
Lycopodiumsporites austroclavitidites
Stereisporites antiquasporites
Miscellaneous In sltu
+ foraminiferal liners
Aquatilcs caved
Tertiary cavings - dinoflagellates (Rare)
Danaea spp.
Paralecaniella indentata  <v>
Weizeliella articulata  <v> (Rare)
Miospores caved

Carpinipites spp.  <v>

Comments
1 black coaly material (Abundant)
1 tracheids (Common)

3 impoverished assemblage

2405m _cuit37

Dinoflagellates in situ
Chichaouadinium #EA  <v>
Chichaouadinium vestitum cf.  <v>
Cribroperidiniumn ehrenbergii (Rare)
Escharisphaeridia pocockii
Muderongia simplex ‘perforata’

Algae In situ
No taxa observed.

Pollen In situ
Cedripites canadensis (Rare)
Corollina vignollensis
Exesipollenites scabratus <A> (Cavings)
Perinopollenites elatoides
Taxodiaceaepollenites hiatus

Spores In situ

Deltoidospora hallii (Rare)
Gleicheniidites senonicus

Miscellaneous in sliu
No taxa observed,
Aquatics caved

Tertiary cavings - dinoflagellates <v>  (Common)
Upper Cretaceus cavings  <v>
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Spores in situ

Cleatricosisporites exilioides
Deltoidospora hallii (Rare)
Densoisporites triradiatus cf.  <v>
Ischyosporites tuberosus  <v>
Plicatella tricomitata  <v>

Miscellaneous In sliu

+ foraminiferal liners (Common)

Adquatles caved
Areoligera senonensis
Miospores caved
No taxa observed.
Comments

1 black coaly material (Dominant)

2425m __cuit 38

Dinoflagellates In sltu

Cassiculosphaeridia magna, Duxbury
Cribroperidinium ehrenbergii
Cribroperidinium granuligerum <A>
Cribroperidinium sp. indeft,
Cyclonephelium dist. #Dgiganticum
Gonyaulacysta exsanguia <v>
Heslertonia heslertonensis ‘gigas’ <v>
Lanterna #Edisconfectum (Rare)
Nummus #EB _

Oligosphaeridium dividuum  <v>
Phoberocysta neccomica cruciformis
Phoberocysta neocomica neocomica
Pseudoceratium gochtii (Rare)
Sentusidinium rioultii <A>

Tallesphaera hydra  <v>

Algae in situ
No taxa observed,
Pollen In situ

Alisporites thomasii (Common)
Araucariacites punctafus (Rare)
Cdllialasporites infrapunctatus
Cdllialasporites monoalasporus

Cedripites canadensis (Rare)
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus (Rare)
Chasmatosporites major
Corollina itunensis
Corollina vignollensis
Podocarpidites granulosus
Taxodiaceaepollenites hiatus (Rare)

(Common)

C-09

(Rare)

Terra Nova Studly.....B45

middle-late Albian cavings <v>

Areoligera senonensis
Danaea spp. _<v>
Palaeoperidinium pyrophorum  <v> (Common)

(Common)

Miospores caved
Tertlary cavings - pollen  <v>
Alnipollenites verus  <v>
Commenis

1 black coaly material (Common)

2435m._ _cutt 38

Dinoflagellates in situ

Achomosphaera ramulifera  <v>

Cribroperidinium granuligerum <A>(Questionably present)

Lanterna sporfula
Oligosphaeridium dividuum

Algde In sltu
No taxa observed.
Pollen in situ
Cedripites #EH (Rare)
Cediripites canadensis (Rare)
Cerebropollenites mesozoicus-
Taxodiaceaepollenites hiatus (Rare)
Spores in siftu
Acanthottiletes varispinosus <A>
Aequitriradites subverrucosus
Couperisporites complexus
Deltoidospora hallif
Gleicheniidites senonicus
Leiotriletes mecklenburgensis
Lycopodiumsporh‘es marginatus
Miscellaneous In situ
+ foraminiferal finers (Abundant)
Adquatics caved
Tertlary cavings - dinoflagellates <v>  (Common)

Arecligera senonensis (Common) -
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Spores in situ

Cicatricosisporites exilioides (Rare)
Cicailricosisporites globosus
Clcatricosisporites mohrioides
Coniignisporifes glebulentus <A> <v>
Deltoidospora hallii

Glelcheniidites senonicus

Interlobites triangularis

Klukisporites areolatus

Klukisporites pseudoreticulatus
Leiotriletes mecklenburgensis
Maeculatisporites granulafus <A>
Pilosisporites verus <A> <v>

Miscellaneous in situ
+ foraminiferal liners (Common)
Aquatics caved
No taxa observed.
Miospores caved
No taxa observed.
Comments

1 black coaly material (Dominant)

2455m__cutt39

Dineflagellates In sltu

Ctenidodinium eleganiulum  <v>

Lanterna #Ediscontectum <v>

Lanterna sportula (Questionably present)
Oligosphaeridium diluculum  <v>
Phoberocysta neocomica cruciformis  <v>
Pseudoceratium gochtii (Rare)

Algae in situ
No taxa observed.
Pollen in situ

Alisporites thomasil (Rare)
Araucariacites punctatus

Cdilialasporites monoalasporus (Rare)
Cedripites #EH

Cedripites canadensis

Corollina vignollensis (Rare)
Pityosporites #EA  <v>

Spores In sltu
Interiobites friangularis
Lelotriletes mecklenburgensis

Osmundacidites wellmannii
Striatelia #EF

C-09
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Cordosphaeridium gracile  <v>
Miospores caved

No taxa observed.

Comments
1 black coaly materlal (Common)
1 tracheids (Abundant)

3 Impoverished assemblage

2465m__ cuit 39

Dinoflagellates In situ

Cribroperidinium ehrenbergi
Cribroperidinium granuligerum <A>
Ctenidodinium schizoblatum <A> (Questionably present)
Cyclonephelium dist. #Dgiganficum
Hysfrichodinium pulchrum

Lantema #Ediscontectum

QOccisucysta distincta  <v>

Phoberocysta neocomica cruciformis  <v>
Phoberocysta neocomica neocomica
Pseudoceratium gochtii

Surculosphaeridium sp. I, Davey’ 82

Algae in situ

No taxa observed.

Pollen in situ

Araucariacites punctatus

Cdllialasporites dampieri

Cdllialasporites infrapunctatus (Rare)
Cdllialasporites monoalasporus
Cdllialasporites segmentatus <A> <v>
Cdllialasporites trilobatus

Cerebropollenites macroverrucosus
Corollina echinata <A> <v> (Common)
Podocarpidites granulosus  <v>
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Miscellaneous in situ
"+ foraminiferal liners (Common)
Aquailes caved
No taxa observed.
Mlospores caved

No taxa observed.

Commenis
1 black coaly material (Dominant)
1 oxidized kerogen <A> (Common)
1 fracheids (Abundant)

2485m__cuit 40

Dinoflagellates in situ

Cyclonephelium dist. #Dgiganticum
Lanterna sportula
Pseudoceratium gochtil

‘Algae in sltu
No taxa observed.
Pollen In sliu

Alisporites #EG <A>
Allsporites thomasii (Common)
Araucariacites punctatus

" Cdllialasporites monoalasporus
Cedripites #EH (Rare)
Cedripites canadensis (Abundant)
Cerebropollenites macroverrucosus (Rare)
Cerebropollenites mesozoicus
Corollina echinata <A>
Corollina itunensis
Corolliina vignollensis
Perinopollenites elatoides (Common)
Podocarpidites canadensis (Rare)
Taxodiaceaspollenites hiatus

Spores In situ

Clcairicosisporites exilloides
Clcatricoslsporites mohrioides
Coronatispora valdensis <A> "~ (Common)
Delfoidospora halfi

Striatella #EF

C-09
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Spores In situ
Clcatricosisporites abacus
Clcatricosisporites exilioides
Confignisporites dorsostriatus
Deltoidospora hallii
Leiotriletes meckienburgensis
Lycopodiumsporites austrociavitidites
Miscellaneous in situ
+ foraminiferal liners (Common)
Aquatics caved
No taxa observed.
Miospores caved
No taxa observed.
Comments
1 black coaly material (Abundant)

1 extruded hydrocarbons <A> <v>
1 tracheids (Common)

2495m.__cuit40

Dinoflagellates in situ

Caddosphaera halosa

Oligosphaeridium dividuum

Systematophora areolata sensu Davey"82 <A>
Algae In situ

No taxa observed.

Pollen in sifu
Alisporites bilateralis (Rare)
Cdllialasporites infrapunctatus (Rare)
Cdllialasporites monoalasporus (Common)
Cediripites canadensis (Abundant)
Cerebropollenifes mesozoicus (Common)
Exesipollenites tumulus (Common)
Perinopallenites elatoldes (Rare)
Pityosporites dividuus (Rare)

Podocarpidites canadensis
Spores In situ

Cicatricosisporites abacus
Deltoidospora hallif
Leiotrletes mecklenburgensis
Plicatella #EQ <v>
Plicatella tricomitata  <v>
Striatella #£EC

Striatella #EK

Miscellaneous in situ
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. Striatella #EK <A>
Miscellaneous In siiu
No taxa observed.
Aquatlcs caved
No taxa observed.
Miospores caved
No taxa observed.
Comments
1 black coaly material (Common)
2515m _cuiidl
Dinoflagellates in situ
Chichaouadinium vestitum cf.  <v>
Algae in situ
No taxa observed.
Pollen in sliu
Cadllialasporites monoalasporus
Cedripites #EH
Cedripites canadensis (Rare)
Cerebropollenites mesozoicus
Coroliina vignollensis (Rare)
Parvisaccites radiatus  <v>
Perinopollenites elatoides
Pityosporites dividuus <A>
Taxodiaceaepollenites hiatus (Rare)

Spores In slitu

- Corondtispora valdensis
Deltoidospora hallii

Miscellaneous In situ

No taxa observed.
Adguaiies caved

middle-late Albian cavings <v>
Miospores eaved

No taxa observed.

Commenis
1 black coaly material (Dominant)
1 tracheids (Abundant)

3 impoverished assemblage

C-09
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+ foraminiferal liners (Common)
Aquatics caved

No taxa observed.
Miospores caved

No taxa observed.

Commenis
1 black coaly materlal (Common)
1 tracheids (Common)

2525m _ cuttdl

Dinoflagellates in situ

Cassiculosphaeridia magna, Duxbury  <v>
Cribroperidinium granuligerum

Cyclonephelium dist. #Dgiganticum (Rare)
Hystrichodinium pulchrum  <v>
Oligosphaeridium diluculum  <v>
Perisseiasphaeridium #EA  <v> (Rare)
Phoberocysta neocomica neocomica
Surculosphaeridium sp. I, Davey’ 82 (Rare)

Algae In situ
No taxa observed.
Pollen Iin situ

Alisporites thomasi

Callialasporites monoalasporus (Common)
Callialasporites trilobatus

Cedripites canadensis (Abundant)
Cerebropollenifes macroverrucosus
Cerebropollenites mesozoicus (Rare)
Corollina ifunensis

Corollina vignollensis (Rare)
Exesipollenites fumulus

Perinopollenites elatoides

Pityosporites #EA

Podocarpidites herbtsii <A> (Rare)
Taxodlaceaepollenites hiatus (Common)
Vitreisporites minor (Common)

Spores In situ !
Coronatispora valdensis
Gleicheniidites senonicus (Rare)
Lelotriletes mecklenburgensis
Leptolepidites major
Lycopodiumsporites austroclavitidites  <v>
Miscellaneous in situ

No taxa observed.
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2545m__cutf 42
Dineflagellates in situ

Cassiculosphaeridia magna, Duxbury  <v>
Cyclonephelium dist. #Dgiganticum
Perisselasphaeridium #EA <A> <v>
Surculosphaeridium sp. lil, Davey '82
Systematophora areolata sensu Davey’'82

Algae in situ

No taxa observed.

Pollen in situ
Alisporites #EG
Callialasporites monodlasporus (Common)
Cedripites canadensis
Cerebropollenites mesozoicus (Rare)
Chasmatosporites major
Coroliina vignollensis (Common)
Perinopollenites slatoides (Rare)

Podocarpidites granulosw
Spores In sliu
Clcafricosisporites mohrioides
Coronafispora valdensis -
Stereisporites anfiquasporites  <v>
Miscellaneous in situ
+ foraminiferal liners
Aquatics caved
No taxa observed.

Miospores caved

No taxa observed. _

Comments
1 black coaly material (Dominant)
1 tracheids (Abundant)

3 Impoverished assemblage

C-09 ‘
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Aquatics caved
Areoligera senonensis
Miospores caved
No taxa observed.
Comments

1 black coaly material (Abundant)

2555m __ cuft42

Dinoflagellates in situ

Cyclonephelium dist. #Dgiganticum
Nummus #EB  <v>

Algae In situ
No taxa observed.
Pollen in situ

Callialasporites monoalasporus

Cedlipites canadensis (Common)
Cerebropollenites mesozoicus (Rare)
Corollina vignollensis (Rare)
Perinopollenites elatoides (Common)
Taxodiaceaepollenites hiatus (Common)
Vitreisporites minor

Spores in sliu
Concavissimisporites verrucatus </A>
Miscellaneous in situ
No taxa observed.
Aquatics caved
No taxa observed.
Miospores caved

No taxa observed.

Comments
1 black coaly material (Dominant)
1 resinite (globular masses) (Rare)
1 fracheids (Common)
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2575m _cuit43
Dinoflagellates In siiu

Cribroperidinium ehrenbergii  <v>
Nummus #EB  <v>

Algae In slfu

No taxa observed.

Pollen In situ
Callialasporifes monoalasporus (Rare)
Cedripites #EH
Cedripites canadensis (Common)
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus (Rare)
Corollina echinata
Corollina itunensis
Corollina vignollensis (Rare)
Perinopollenites elatoides
Taxodiaceaepollenites hiatus (Rare)
Spores In situ
Cicatricosisporites purbeckensis
Deltoidospora hallii (Rare)
Gleichenlidites senonicus

Klukisporites foveolatus  <v>
Ml;callaneous in situ
No taxa observed.
Aguaiies caved
Tertiary cavings - dlnoﬁdgellcn‘es <v> (Rare)
Areoiigera senonensis (Rare) .

Miospores caved

No taxa observed.

Comments
1 black coaly material (Abundant)
1 tracheids - (Dominant)

C-09
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2385m __cutt43

Dinoflagellates in situ

Cribroperidinium ehrenbergi
Cribroperidinium granuligerum
Cribroperidinium muderongense <A>
Ctenidodinium panneum

Cyclonephelium dist. #Dgiganticum <v> (Rare)
Escharisphaeridia pococki

Lanterna sporiula (Common)
Oligosphaeridium dividuum  <v>

Phoberocysta #ED  <v> (Rare)

Pseudoceratium gochtii (Common)

Subtilisphaera #EA  <v> (Rare)

Surculosphaeridium sp. I, Davey’ 82 (Rare)
Algae in situ

No taxa observed.
Pollen In situ

Callialasporites infrapuncitatus
Callialasporites monoalasporus
Cdllialasporites trilobatus cf,

Cedripites #EH (Rare)

Cedripites canadensis (Common)
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus (Common)
Corollina vignollensis (Common)
Pityosporites #EA

Podocarpidites canadensis
Podocarpidites herbfsii (Rare)
Taxodiaceaepollenites hiafus
Vitreisporites minor (Rare)

Spotres in situ
Cicatiicosisporites abacus
Cicatricosisporites mohrioides
Couperisporites complexus
Delfoidospora hallii
Klukisporites areolatus
Leiofriletes mecklenburgensis -
Minerisporites #EA <A> <v>
Striatella #EF

Miscellaneous in situ
+ foraminiferal liners (Rare)

Aquatics caved
No taxa observed.

Miospores caved

No taxa observed.

Comments
1 black coaly material (Abundant)
1 resinite (globular masses) (Common)
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2605m _ cuit 44

Dinoflagellates In sliu
Caddosphaera halosa
Algae In sifu
No taxa observed.
Pollen in slfu
Allsporites thomasi
Araucariacites punctafus
Cedripites canadensis
_ Perinopollenites elatoides
Spores In sliu
Coronatispora valdensis
Miscellaneous In situ
No taxa observed.
Aquaties caved
No faxa observed.

Miospores caved

No taxa observed.

Commenis
1 black coaly material (Dominant)
1 trachelds (Abundant)

3 impoverished assemblage

2635m  cuft45

Dinoflagellatesin situ
Cyclonephelium distinctum  <v>
Lanterna sporfula
Surculosphaeridium sp. lll, Davey '82 <v>
Systematophora areolata sensu Davey’82 (Rare)

Algae In sifu

C-09
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2615m __cuit 44
Dinoflagellates In situ
Phoberocysta neocomica neocomica  <v>
Algae in situ
No taxa observed.
Pollen In situ

Araucariacites punctatus

Cdllialasporifes monoalasporus

Cedripites canadensis

Cerebropollenites mesozoicus

Coroliina vignollensis (Common)
Perinopollenites elatoides (Common)
Pityosporites #EA

Pityosporites dividuus

Taxodiaceaepollenites hiatus (Common)

Spores in situ

Cicatricosisporites mohrioides (Rare)
Clcatricosisporites purbeckensis <A>
Coronatispora valdensis

Deltoidospora hallii (Common)
Gleicheniidites senonicus .

Leiotriletes mecklenburgensis

Stiiatella #EK ~ <v>

Striiatella #EN <A>

Uvaesporites sp. indet.

Miscellaneous In situ
No taxa observed.
Aquatics caved
No qua observed.
Miospores caved
No taxa observed.
Comments
1 black coaly material (Abundant) '
1 resinite (globular masses) (Rare)

1 fracheids (Dominant)
3 impoverished assemblage

T 2645m_ . cuit45
Dinoflagellates in situ
Escharisphaeridia pocockii
Lantema #Edisconfectum
Muderongia sp. A, Davey 1978 (Rare)

Surculosphaeridium sp. I, Davey’ 82  <v>
Systematophora areolata sensu Davey’'82
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No taxa observed.
Pollen In situ

Allsporites thomasii

Calllalasporites dampierl

Callialasporites monoalasporus (Common)
Calllalasporites turbatus

Cediipites canadensis (Common)
Cerebropollenites mesozoicus (Rare)
Corollina vignollensis

Perinopollenites elatoides (Rare)
Pityosporites dividuus (Rare)
Podocarpidites granulosus  <v>

Spores In sltu
Concavissimisporites robustfus <A>
Deltoidespora hallii
Klukisporites pseudoreficulaius  <v>
Maculatisporites granulatus
Pilosisporites crassangularis <A>
Striatella #EF
Trilobosporites aequiverrucatus <A>
Miscellaneous In situ
No taxa observed.
Aquatics caved
No taxa observed.
Mlospores caved

No taxa observed.

Commenis
1 black coaly material (Common)
1 fracheids (Abundant)

3 impoverished assemblage

2665m _cuftdé

Dinoflagellates In situ

Amphorua #EA <A>

Muderongia simplex ‘perforata’
Phoberocysta neocomica neocomica <v>
Surculosphaeridium sp. I, Davey’ 82

Algae In situ
No taxa observed.

Pollen in situ
Alisporites thomasii (Rare)
Cadlllalasporites dampieri

Cadllialasporites monoalasporus
Cedripites #EH

C-09
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Algae In situ
No taxa observed.
Pollen in situ

Cdllialasporites infrapunctatus

Callialasporites monoalasporus (Rare)
Cedripites canadensis

Cerebropollenites macroverrucosus (Rare)
Cerebropollenites mesozoicus

Corollina vignollensis (Rare)
Perinopollenites elatoldes (Rare)
Pityosporites #EA

Podocarpidites herbtsi

Taxodiaceaepollenites hiafus (Common)
Vitreisporites minor (Rare)

Spores In siiu
Clcatricosisporites mohrioides
Concavissimisporites multituberculatus
Deltoidospora hallif
Gleicheniidites senonicus
Lycopodiumsporites marginatus
Tuberositriletes montuosus
Miscellaneous in situ
No taxa observed.
Aquatics caved

Areoligera senonensis  <v>
Miospores caved

No taxa observed.

Commenis
1 black coaly material (Dominant)
1 resinite (globular masses) <v>  (Rare)
1 fracheids (Abundant)

2625m . cutt46

Dinoflagellates In sltu

Cribroperidinium granuligerum
Egmontodinium ovatum <A> (Rare)
Escharisphaeridia pocockii

Hystrichodinium lanceatum

Imbatodinium pomum <A>

Lanterna sporfula

Muderongia simplex ‘perforata’
Muderongia sp. A, Davey 1978 (Rare)
Pareodinia ceratophora

Subtilisphaera sp. indet, <A> <v>

Algae in situ

No taxa observed.
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Cedripites canadensis
Cerebropollenites mesozoicus
Coroliina vignollensis
Inaperturopollenites granulatus <A>

Pityosporites dividuus
Taxodlaceaepollenites hiatus (Rare)
Viireisporites minor (Rare)

Spores In sltu

Clcairicosisporites abacus
Clcairicosisporites exilioides <v>
Clcafricosisporites globosus

Cicdtricosisporites mohrioides (Rare)
Concavissimisporites robusfus
Coronatispora valdensis- - (Common)
Deltoidospora hallif (Rare)
Densoisporites microrugulatus (Rare)
Gleicheniidites senonicus (Rare)
Laevigatosporites ovatus  <v>

Lelotriletes mecklenburgensis (Rare)
Leptolepidites major <A>

Maculatisporites granulatus

Maftonisporites phlebopteroides <A>
Osmundacidites wellmannii
Pillosisporites ericus

Sestrosporites pseudoalveolatus <A>
Striatella #EF

Striatella #EJ <A>

Todlisporites major <A>

Uvaesporites sp. indef.

Miscellaneous in situ
No taxa observed.
Adgugatles eaved
No taxa observed.
Mlespores caved

No taxa observed.

Comments
1 black coaly material (Common)
1 fracheids (Abundant)

3 impoverished assemblage

2695m _cuttd7

Dinoflagellates in siiu
Pseudoceratium gochtii

Algae in situ

C-09
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Pollen In situ

Callialasporifes dampieri
Cadllialasporites infrapunctatus

Cadllialasporites monoalasporus (Common)
Cdllialasporites trilobatus

Cedripites #EH

Cedripites canadensis (Common)
Corollina itunensis (Common)

Coroliina vignollensis (Common)
Exesipollenites tumulus  <v>  (Rare)
Pityosporites dividuus (Common)
Podocarpidites canadensis

Podocarpidites herbisii

Taxodiaceaepollenites hiatus (Common)

Spores in sltu

Cicatricosisporites abacus

Cicatricosisporites mohrioides (Rare)
Cicatricosisporites purbeckensis (Rare)
Concavissimisporites mulfituberculatus (Rare)
Coronatispora valdensis

Couperisporites complexus  <v>
Deiltoidospora hallii (Common)
Gleicheniidites senonicus (Rare)
Impardecispora sp. A, Dorhofer '77 <A>
Laevigatosporites mesozoicus

Leiotriletes mecklenburgensis (Rare)
Leptolepidites major

Matonisporites phlebopteroides <A> <v>
Osmundacidites wellmannif

Pilosisporites ericus

Pilosisporites frichopapillosus  <v>
Sestrosporites pseudoalveolatus (Common)
Striatella #EF

Trilobosporites aequiverrucatus <A> (Rare)

Miscellaneous In situ

No taxa observed.
Aquatlcs caved

No taxa observed,
Miospores caved

No taxa observed,
Comments

1 fibrous driling-mud additives (Abundant)
2 fragmented specimens <A> <v>  (Abundant)

2705m _cuft47

Dinoflagellates in situ
Escharisphaeridia pocockii

Algae in situ
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No taxa observed.

Pollen in slfu
Araucariacites punctatus
Cdllialasporites monoalasporus
Cedripites canadensis (Rare)
Cerebropollenites mesozoicus (Rare)
Chasmatosporifes major

Corollina echinata

Coroliina vignollensis
Exesipollenites tumulus  <v>
Perinopollenites elatoides

Spores in slfu

Cicatricosisporites mohrioides
Cicairicosisporites purbeckensis (Rare)
Concavissimisporites multituberculatus
Deltoldospora hallii (Abundant)
Impardecispora sp. A, Dorhofer ‘77 <A>
Leptolepidites major

Lycopodiumsporites austroclavitidites
Matonisporites phlebopteroides
Osmundacidites wellmannii

Pilosisporites crassangularis  <v>  (Rare)
Pllosisporites ericus

Rotverrusporites ambigua <A> (Rare)

Sestrosporites pseudoalveolatus (Rare)
Sirlatella #EC

Trilobosporites aequiverrucafus  <v>  (Rare)
Tuberositriletes montuosus

Varirugosisporites #EK <A> (Questionably present)
Miscellaneous In siiu

No taxa observed.
Aquagiles caved

No faxa observed.
Miospores caved

No taxa observed.

Commenis
1 black coaly material (Dominant)
1 tracheids (Abundant)

2205m__cuit48
Dinoflagellates in situ
Amphorula #EA (Rare)
Breedoxiella #EA <>

Breedoxiella #EB <A> (Common)
Cribroperidinium granuligerum

C-09
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Schizosporis reficulatus <A>
Pollen In situ

Cdallialasporites trilobatus cf,
Cedripites canadensis
Corollina vignollensis
Inaperturopollenites granulafus <A>
Perinopollenites elatoides
Pityosporites #EA  <v>
Taxodiaceaepollenites hiatus (Common)

Spores in situ

Cicatricosisporites globosus <A>
Concavissimisporites mulfituberculatus ~ (Rare)

Coronatispora valdensis (Rare)
Deltoidospora hallii (Common)
Densoisporites triradiatus cf, (Rare)

Gleicheniidites senonicus
Impardecispora sp. A, Dorhofer ‘77
Interlobites triangularis  <v>  (Rare)
Januasporites tumulosus
Laevigatosporites mesozoicus
Lelotriletes mecklenburgensis (Rare)
Rotverrusporites amblgua <A>
Sestrosporites pseudoalveolatus
Stereisporites antiquasporites
Todisporites major <A>

Trilobosporites aornatus <A>
Trilobosporites bernissartensis <A> <v>
Trilobosporites granulatus <A> <v>
Trirefilobata sp. indet, <A>
Tuberositrletes montuosus (Rare)
Uvaesporites sp. indet.
Varirugosisporites #EA <A>

Miscellaneous In sliu
No taxa observed,
Adquailes caved
No taxa observed.
Miospores caved 7

No taxa observed.

Cormnments
1 black coaly material (Abundant)
1 fibrous driling-mud additives (Common)

3 impoverished assemblage

2115m . _cutt4s
Dinoflagellates in situ
Achomosphaera neptunil
Apteodinium granulafum <A> <v>

Comeftodinium #EB <A> <v>
Cribroperidinium globosum
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Ctenidodinium schizoblafum <A> <v>

Diacanthum sp. Indet; <A> <v>

Dingodinium jurassicum <A>  (Questionably present)
Egmonfodinium ovatum <A>

Heslertonia heslertonensis  <v>

Hystrichodinium lanceafurn <A>

Lanterna sportula (Rare)

Meiourogonyaulax defiandrei </A> (Rare)
Muderongia #EA <A> (Rare)

Muderongia simplex ‘perforata’

Muderongia sp. A, Davey 1978 <A> (Rare)
Occisucysta sp. indet, <A> <v>

Pseudoceratium gochtii (Rare)

Sentusidinium rioufii (Rare)
Surculosphaeridium sp. I, Davey’ 82 <v> (Rare)
Systematophora areolata sensu Davey’82 (Rare)

Algae In sltu
Schizosporis reticulatus
Pollen in situ

Allsporites thomasii

Calllalasporites infrapunctatus (Rare)
Cdllialasporites monoalasporus

Cedripites canadensis (Abundant)
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus
Chasmatosporites major (Rare)
Corollina echinata  <v>

Exesipollenites scabratus <A>

Pityosporites dividuus
Taxodiaceaepollenites hiatus (Common)

Spores in situ

Cledtricosisporites abacus

Clcatricosisporites globosus

Cicatricosisporites magnus ~ <v>

Concavissimisporites multifuberculafus

Coronatispora valdensis (Rare)

Cyathldites australis <A> <v> (Common)

Deltoidospora hallii (Common)

Impardecispora sp. A, Dorhofer ‘77

Interlobites triangularis

Leioftriletes equiexinus (Rare)

Leiotriletes mecklenburgensis
-Osmundacidites wellmannii (Rare)

Pllosisporites ericus (Rare)

Stiiatella #EF

Todisporites major

Varirugosisporites #EA <A>

Miscellaneous in situ
+ foraminiferal liners (Rare)
Aquatics caved
‘ No taxa observed.

Miospores caved

C-09
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Cribroperidinium granuligerum (Rare)
Cribroperidinium muderongense  <v>
Ctenidodinium culmulum <A>
Ctenidodinium panneum

Egmontodinium ovatum

Ellipsoidictyumn retficulatum <A> (Rare)
Escharisphaeridia pocockif

Hystrichodinium lanceatum (Rare)
Lantema #Ediscontectum
Meiourogonyaulax deflandrei

Muderongia sp. A, Davey 1978 (Common)
Pseudoceratium gochtii (Common)
Senoniasphaera Jurassica <A>

Sentusidinium riouttii <A>

Sirmiodinium grossii <A> <v>
Systematophora palmula <A>

Algae in situ
No taxa observed.
Pollen In sltu

Alisporites thomarsii

Callialasporites infrapunctatus
Callialasporites monoalasporus

Cedripites canadensis (Common)
Cerebropoilenites macroverrucosus
Cerebropollenites mesozoicus (Rare)
Chasmatosporites major (Rare)
Corollina vignollensis (Common)
Inaperturopollenites granulatus
Perinopollenites elatoides (Rare)
Pityosporites dividuus (Common)
Taxodiaceaepollenites hiatus (Abundant)
Vitreisporites minor

Spores in situ

Cicatricosisporites #EP <A>
Cicatricosisporites purbeckensis
Coronatispora valdensis
Deltoidospora hallfi (Rare)
Gleicheniidites senonicus
Januasporites tumulosus
Klukisporites areolatus
Leiotriletes mecklenburgensis
Trilobosporites aequiverrucatus
Tuberositriletes montuosus

-Miscellaneous In situ

+ foraminiferal liners
Adquatics caved

No taxa observed.
Mlospores caved

No taxa observed.

Comments
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No taxd observed.

2725m__cuit49

Dinoflagellates In situ

Amphorula #EA

Cyclonephelium dist. #Dgiganticum  <v>

Escharisphaeridia pocockii (Rare)

Hystrichodinium lanceatum (Rare)

Muderongia sp. A, Davey 1978

Pseudoceratfium gochtil (Rare)

Systematophora areolata sensu Davey’82
Algae In sltu

No taxa observed.
Pollen In situ

Alisporites bilateralis

Allsporites thomasii

Cedripites canadensis (Common)
Cerebropollenites macroverrucosus

Corollina itunensis

Perinopollenites elatoides (Rare)
Taxodiaceaepollenites hiatus (Common)

Spores In sltu
Clcatricosisporites purbeckensis
Deltoidospora hallii (Rare)
Interlobites triangularis
Lelotiiletes mecklenburgensis
Osmundacldites wellmanni
Siiatella #EJ  <v>
Striatella #EK
Tuberosilriletes montuosus
Miscellaneous in situ
+ foraminiferal liners
Aquaties caved
No taxa observed.
Miospores caved
No taxa observed.
Comments
1 black coaly material (Abundant)

1 oxidized kerogen
2 corroded palynomorphs

C-09
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1 black coaly material (Abundant)
1 fibrous driling-mud additives <v> (Common)

2135m __cuit 49

Dinoflagellates in situ

Breedoxislla #EA

Caddosphaera halosa

Cribroperidinium globosum (Rare)

Cribroperidinium granullgerum

Ctenidodinium panneum

Dingodinium jurassicum

Ellipsoidictyum reticulatum (Rare)

Hystrichodinium lanceatum (Rare)

Lantema #Ediscontectum

Muderongia sp. A, Davey 1978 (Abundant)

Pseudoceratium gochtii (Rare)

Sentusidinium cuculliforme <A>

Sentusidinium rioultii

Algae in situ
No taxa observed.
. Pollen In situ
Alisporites thomasii (Common)

Callialasporites infrapunctatus
Cadllialasporites trilobafus

Cedripites canadensis =~ (Rare)
Cerebropollenites macroverrucosus

Corollina itunensis

Corollina vignollensis (Common)
Perinopollenites elatoides (Common)
Taxodlaceaspollenites hiatus (Common)
Vitreisporites minor

Spores in situ
Aequitriradites subverrucosus  <v>
Cicatricosisporifes mohrioides
. Lycopodiumsporites marginatus ~ <v>
Stereisporites anfiquasporites  <v>
Miscellaneous in situ
-+ foraminiferal liners (Common)
Aquatics caved
No taxa observed.
Miospores caved
No taxa observed.

Comments

1 black coaly material ' (Abundant)
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2155m _cutt50
Dinoflagellates In situ
Breedoxlella #EB
Caddosphaera halosa (Common)
Cantulodinium #EA <A>

Clenidedinlum panneum <A> (Rare)
Ellipsoidictyum reficulatum <A> (Rare)
Hysirichodinium lanceafum
Imbatodinium kondratjevii <A>
Imbatodinium pomum <A> <v>
Muderongia simplex ‘perforata’
Sentusidinium rioulfii

Systematophora paimula <A> <v>

Algae in situ
No taxa observed.
Pollen in situ

Allsporites thomasif (Common)
Araucariacites punctatus '
Cadllialasporites infrapunctatus
Cdllialasporites monodlasporus (Rare)
Cdllialasporites segmentatus  <v>
Cdllialasporites trilobatus <A>

Cedripites canadensis (Common)

Cerebropollenites macroverrucosus (Rare)

Cerebropollenites mesozoicus

Corollina vignollensis

Cycadopites spp. <A>

Eucommiidites minor (Common)
Perinopollenites elatoides (Rare)
Pityosporites dividuus (Rare)
Taxodiaceaepollenites hiaftus (Common)
Viireisporites minor (Common)

Spores In siiu

Acanthotriletes varispinosus
Aequitriradites spinulosus <A> <v>
Aequilriradites verrucosus <A> <v>
Cicatricosisporites mohrioides

Cleatricosisporites purbeckensis (Common)

Concavissimisporites robustus  <v>
Deltoidospora hatlii (Common)
Densoisporites microrugulatus (Rare)
Gleicheniidites senonicus (Rare)
Interlobites friangularis - <v>
Leiotriletes equiexinus

Lepiolepidites major

Pilosisporites ericus

Striatella #EF

Stiiatella #EK <>

Striatella #ET <A> <v>

Tuberositriletes montuosus
Varirugosisporites #EK <A>
Varirugosisporites sp. indet. <A> <v>

Miscellaneous In situ

+ foraminiferal liners (Rare)
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2265m . cuytt50

Dinoflagellates In situ

Caddosphaera halosa (Rare)
Cribroperidinium ehrenbergii

Egmontodinium ovatum

Ellipsoldictyum reficulatum

Escharisphaeridia pocockil

Hystrichodinium lanceatum (Common)
Lanterna sportula (Rare)
Melourogonyaulax deflandrei

Pareodinia ceratophora

Pseudocerafium gochtif (Rare)

Algae In situ
No taxa observed.
Pollen in situ

Cedripites canadensis (Common)
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus (Rare)
Corollina vignollensls (Rare)
Perinopollenites elatoides
Taxodiaceaspollenites hiatus (Common)

Spores In situ
Aequitriradifes cooksonae <A> (Rare)
Cicatricosisporites exilicides <v> (Rare)
Cicatiicosisporites globosus
Cicatricosisporites mohrioides
Januasporites fumulosus  <v>
Lelotriletes equiexinus  <v>
Leiotriletes mecklenburgensis
Osmundacidites wellmannii
Todisporifes major
Tuberositriletes montuosus

Miscellaneous In situ
No taxa observed.

Aquatics caved
No taxa observed.

Miospores caved

No taxa observed.
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Aduatles caved
No.taxa observed.
Miospores caved
No taxa observed.
Commenis

1 black cealy material (Common)
1 tracheids (Dominant)

2785m__cuttS1

Dinoflagellates In sifu

Caddosphaera halosa (Rare)
Cribroperidinium jubaris <A>
Egmontodinium ovalum <v>
Escharisphaeridia pocockii

Fromea irregulare <A> <v>

Lantema bulgarica <A>
Muderongia sp. A, Davey 1978
Pseudoceratium gochtii

Systematophora areolata sensu Davey’82 (Rare)

Algae In situ
Schizosporis parvus <A>
Pollen In situ

Callialasporites infrapuncitafus
Calllalasporites monoalasporus (Rare)
Cedripites #EH (Rare)
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus (Rare)
Corollina ifunensis

Corollina vignollensis (Common)

- Inaperiuropollenites granulatus (Common)

Perinopollenites elatoides (Common)
Pityosporites dividuus (Rare)
Taxodiaceaepollenites hiatus (Common)
Vitrelsporites minor (Common)

Spores In situ

. Aequilriradites #ER <A> <v>
Aequitriradites cooksonae (Rare)
Aequitriradites subverrucosus <A>
Cleaitricosisporites globosus

Cleatricosisporites mohrioides (Abundant)

Clcatricosisporites purbeckensis

Concavissimisporites multituberculatus (Common)

Deltoidospora hallii (Dominant)
Densoisporites microrugulatus

Gleicheniidites senonicus (Rare)
Lelofriletes mecklenburgensis (Dominant)
Maculatisporifes granulatus

Pilosisporites ericus )

Sesfrosporites pseudoalveolatus
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2795m  cuft51

Dinoflagellates In siiu

Amphorula #EA <A>

Cribroperidinium granuligerum
Ellipsoidictyum reticulatum
Escharisphaeridia pocockii (Common)
Heslertonia #EA <A> <v>

Lantema bulgarica <A>

Lanterna sportula (Rare)
Meiourogonyaulax deflandrei

Muderongia sp. A, Davey 1978 (Rare)
Pseudoceratium gochtii (Rare)
Systematophora palmula

Algae In sltu
Schizosporis reficulatus

Pollen in sifu

Cedripites canadensis (Common)
Cerebropollenites mesozoicus

Corollina itunensis

Coroliina vignollensis (Common)
Eucommiidites minor

Perinopollenites elatoides (Common)
Taxodiaceaepollenites hiatus (Abundant)
Vitreisporites minor (Rare)

Spores in situ

Aequitriradites cooksonae

Aequitriradites verrucosus <A> <v>
Clcatricosisporites globosus ~ <v>
Cicatricosisporites mohrioides
Clcatricosisporites purbeckensis (Common)
Concavissimisporites mulfituberculatus
Concavissimisporites verrucatus  <v>
Densoisporites triradiatus ¢f.  <v> -
Osmundacidites wellmannii (Common)
Pilosisporites ericus

Striatella #EF

Todisporites major

Trilobosporites tuberculiformis <A>
Tuberositriletes montuosus (Rare)

Miscellaneous In situ
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Varirugosisporites planirugulatus <A>
Miscellaneous In situ
No taxa observed.
Adquatlcs caved
No taxa observed.
Mlospores caved
No taxa observed.
Comments
1 black coaly material (Common)

1 fracheids (Abundant)

2815m _ cutt 52

Dinoflagellates in situ

No taxa observed.
Algae In situ

No taxa observed.
Pollen In situ

Alisporites thomasii

Cedripites canadensis

Cerebropollenites mesozoicus
Eucommiidites minor

Inaperturopollenites granulatus (Rare)
Perinopollenites elatoides (Rare)
Pityosporites dividuus

Spores In situ

Cicatricosisporites mohrioides
Concavissimisporifes verrucaius
Delfoldospora hallii
Klukisporites areolatus
Lelofriletes mecklenburgensis (Common)
Varirugosisporites planirugulatus
Miscellaneous in situ
No taxa observed.
Adquaties caved
No taxa observed.
Mlospores caved
No taxa observed.

Commenis

1 black coaly material (Dominant)
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No taxa observed.

Aquatics caved

No taxa obsérved.

Milospores caved

No taxa observed.

Comments
1 black coaly material (Abundant)
1 herbaceous fragments <A> (Common)
1 tracheids (Dominant)

3 impoverished assemblage

2825m _culf 52

Dinoflagellates In situ

Ctenidodinium culmulum

Dingodinium jurassicum

Ellipsoidictyun reficulatum

Escharisphaeridia pocockii (Rare)
Hystrichodinium lanceatum

Lanterna #Edisconfectum  <v>
Meiourogonyaulax deflandrei

Muderongia sp. A, Davey 1978 (Common)
Pseudoceratium gochtii (Rare)
Systematophora fasciculigera </A> (Rare)

Algae In situ

No taxa observed.

Pollen in situ

Callialasporites infrapunctatus

Callialasporites monodlasporus (Rare)
Calllalasporites turbatus <A> (Rare)
Cedripites canadensis (Rare)
Cerebropollenites mesozoicus (Rare)
Corollina itunensis

Corollina vignollensis (Rare)
Perinopollenites elatoides (Common)
Pityosporites dividuus

Taxodlaceaepollenites hiatus (Abundant)

Vifreisporites paliidus ~ <v>

Spores In sltu’

_Clcatricosisporites purbeckensis (Rare)
Coronatispora valdensis- (Rare)
Deltoidospora hallii

Gleicheniidites senonicus
Leiotriletes mecklenburgensis
Striatella #EF

Miscellaneous in sifu
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1 tracheids (Common)
3 impoverished assemblage

2845m _cuit 53

Dinoflagellates in situ

Amphorula #EA

Amphorula #ED </A> (Rare)
Amphorula metaeliiptica <A> (Rare)
Apfeodinium nuciforme </A>

Breedoxiella #EB (Common)
Caddosphaera halosa (Rare)
Cantulodinium #EA (Common)
Chlamydophorella sp. indetf, <A> <v>
Cribroperidinium jubaris (Rare)
Escharisphaeridia pococki
Hystrichodinium #DA <A> (Common)
Imbatodinium kondraljevii (Rare)
Lantema bulgarica (Common)
Lanterna sportula

Leptodinium mammiliferum <A> (Common)
Meiourogonyaulax deflandrei (Rare)
Muderongia sp. A, Davey 1978 (Common)
Pareodinia ceratophora <A>

Pareodinia sp. C <A>

Rhynchodiniopsis hyalodermopsis <A>
Sentusidinium rioultii

Subtilisohaera paeminosa <A>

Algae In situ
No taxa observed.
Pollen in sltu

Allsporites thomarsi

Callialasporites monoalasporus (Common)
Cdllialasporites obrutus <A> (Rare)
Cerebropollenites #Eepilargos <A> (Rare)
Cerebropollénites mesozoicus (Rare)
Chasmatosporites major

Corollina itunensis (Rare)

Corollina vignollensis (Rare)
Exesipollenites scabratus

Perinopollenites elatoides (Common)
Phyilocladidites inchoatus <A>
Taxodlaceaepollenites hiatus (Abundant)

Spores In situ
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+ foraminiferal liners (Common)
Aquatics caved

No taxa observed.
Miospores caved

No taxa observed.

Comments
1 black coaly material (Abundant)
1 fracheids (Dominant)

2845m__ cuit 53

Dinoflageliates In situ

Amphorula #ED <A> (Rare)

+ Amphorula metaelliptica <A> (Rare)
Caddosphaera halosa (Rare)
Cantulodinium #EA <A> (Common)
Cribroperidinium globosum
Ctenidodinium culmulum

Ctenidodinium panneum

Ctenidodiniumn schizoblatum <A> (Rare)
Dingodinium jurassicum

Escharisphaeridia pocockii (Abundant)

Hystrichodinium #DA <A> (Common)
Hystrichodinium lanceatum

Imbatodinium kondrafjevii <A> (Common)
Imbatodinium pomum <v> (Rare)

Lanterna bulgarica (Rare)

Lanterna sporiula (Common)

Leptodinium mammiliferum <A> (Rare)
Meiourogonyaulax deflandrei (Rare)
Muderongla sp. A, Davey 1978 (Commony)
Pareodinia sp. C <A>

Pseudoceratium gochtii (Common)
Senoniasphaera jurassica (Rare)

Systematophora areolata sensu Davey'82  <v>
Systematophora palmula  <v>

Algae In situ

No taxa observed.

Pollen In situ

Cdllialasporites infrapunctatus

Cedripites #EH (Rare)

Cedripites canadensis (Common)
Cerebropollenites macroverrucosus (Rare)
Cerebropollenites mesozoicus (Rare)
Corollina itunensis (Common)
Inaperturopollenites granulatus

Perinopollenites slatoides (Abundant)
Podocarpidites herbtsii

Spores In situ

Aequitriradites cooksonae
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Aequifriradites subverrucosus
Cicairicosisporites purbeckensis
Concavissimisporites multituberculafus  <v>
Coronatispora valdensis (Rare)
Leioiriletes mecklenburgensis (Common)
Maculalisporites granulatus
Osmundacidites wellmanni
Rotverrusporites ambigua  <v>
Varirugosisporites planirugulatus
Miscellaneous in sliu
No taxa observed.
Adquatics caved
No taxa observed.
Miospores caved
No taxa observed.
Commenis

3 rich assemblage <A> (Dominant)

2875m__cuit54
Dinoflagellates in situ
Achomosphaera neptuni
Amphorula #EA
Amphorula metaelliptica (Rare)
Breedoxiella #EB (Common)
Caddosphaera halosa (Rare)
' Caniulodinium #EA (Rare)

Cribroperidinium globafum <A>
Cribroperidinium jubaris

Dingodinium jurassicum <A>
Endoscrinium galerifum <A> <v>
Escharisphaeridia pocockii
Escharisphaeridia rudis <A>
Hysirichodinium #DA (Rare)
Lanterna bulgarica (Rare)
Leptodiniurm mammiliferum
Meiourogonyaulax canirellii <A>
Meiourogonyaulax pila <A>

Muderongia #EA

Muderongia #ED <A> <v>

Muderongla sp. A, Davey 1978
Pseudoceratium gochtii  <v>
Senoniasphaera jurassica <A> (Rare)
Sentusidinium sp. indet. <A>

Tenua sp. Git.& Sarj, 72 <A> (Abundant)

Algae in situ

No taxa observed.

Pollen in situ
Abiespollenites microreticulafus  <v>
Alisporites #EG (Rare)
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Deltoidospora hallii

Densoisporites microrugulaltus

Leiotriletes mecklenburgensis
Miscellaneous In situ

+ foraminiferal liners (Common)
Aquatics caved

No taxa observed.

Miospores caved

No taxa observed.

Comments
1 black coaly material (Common)
1 herbaceous fragments (Common)
1 tracheids (Common)

3 rich assemblage <A> (Dominant)

2875m.._cutt 54

Dinoflagellates in situ

Amphorula #EA

Amphorula #ED

Amphorula #EE <A>

Amphorula metaellipfica (Rare)
Breedoxiella #EA (Rare)
Caddosphaera halosa
Cribroperidinium globosum
Ctenidodinium culmulum (Rare)
Ctenidodinium panneum (Rare)
Dingodiniumn jurassicum

Endoscriniurn luridum <A>
Escharisphaeridia pocockii (Rare)
Heslertonia pellucida <A>
Hystrichodinium #DA (Rare)
Imbatodinium kondratjevii
Meiourogonyaulax deflandrei

Muderongia sp. A, Davey 1978 (Common)
Pareodinia sp. C

Senoniasphaera jurassica (Rare)
Sentusidinium cuculliforme (Rare)

Systematophora fasciculigera
Algae In sltu

No taxa obseNed.

Pollen In situ

Cadllialasporites trilobatus cf.

Cedripites #EH

Cedripites canadensis

Cedripites cretaceus <A> <v>

Cerebropollenifes macroverrucosus (Common)
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Cadlllalasporites monoalasporus
Cediipites canadensis (Rare)
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus

Chasmatosporites major

Corollina itunensis

Corollina vignollensis (Common)

Inaperiuropollenites granulatus (Rare)

Perinopollenites elatoides (Abundant)

Taxodlaceaepollenites hiafus (Dominant)
Spores in situ

Aequiffriradites cooksonae
Clecatricosisporites abacus
Cicatricosisporites mohrioides
Contignisporites dorsosfriafus ~ <v>
Coronatispora valdensis
Densoisporites microrugulatus
Lelotrletes mecklenburgensis
Lycopodiumsporites marginaius  <v>
Maculafisporites granulatus

Miscellaneous in situ

+ foraminiferal liners (Rare)
Adquatics caved

No taxa observed.
Miospores caved

No taxa observed.

2905m__cuit55

Dinoflagellates in situ

Achomosphaera nepfuni

Amphorula #EA (Rare)
Amphorula metaelliptica (Rare)
Amphorula metaelliptica #Eextensa <A>
Breedoxiella #EA (Rare)
Breedoxiella #EB (Common)*
Cantiulodinium #EA (Rare)
Cometodinium #EB <A> <v>
Cribroperidinium granuligerum

Cribroperidinium jubaris

Ellipsoidictyum reticulatum (Common)
Endoscrinium luridum <A> (Rare)
Escharisphaeridia rudis

Gonyaulacysta helicoidea <A>

Gonyaulacysta sp. indet. <A>

Hysirichodiniurn #DA (Common)
Hystrichodinium lanceafum

Imbatodinium kondratjevii (Rare)
Lanterna bulgarica (Common)

Lanterna sporiula

Leptodinium mammiliferum

Muderongia sp. A, Davey 1978 (Common)
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Cerebropollenites mesozoicus (Rare)
Corollina vignollensis (Common)
Perinopollenites elatoides (Common)
Podocarpldites herbfsii  <v>
Taxodlaceaepollenites hiatus (Abundant)

Spores in sltu

Clcatricosisporites purbeckensis (Rare)
Coronatispora valdensis (Rare)
Deltoldospora hallii

Distaltriangulisporites perplexus <A> <v>
Gleicheniidites senonicus
Lelotriletes mecklenburgensis (Rare)
Pilosisporites ericus
Sestrosporites pseudoalveolatus
Todisporites major

Miscellaneous in situ
No taxa observed.

Aquatics caved
No taxa observed,

Miospores caved
No taxa observed.

Commenis

1 black coaly material (Abundant)

2905m__ cuit 55
Dinoflagellates in situ
Amphorula metaelliptica
_ Breedoxiella #EA -
Cribroperidinium ehrenbergii (Rare)

Cribroperidinium globosum  <v>
Cribroperidinium granuligerum
Ctenidodinium culmulum  <v>
Ctenidodinium schizoblatum  <v>
Dingodinium jurassicum

Egmontodinium ovatum (Rare)
Ellipsoidictyum reticulatum (Rare)
Endoscrinium luridum (Common)
Escharisphaeridia pocockii
Hystrichodinium #DA

Lanterna bulgarica (Rare)
Lanterna sportula

Meiourogonyaulax deflandrei
Mendicodinium groenlandicum <A>
Muderongia sp. A, Davey 1978 (Rare)
Pseudoceratium gochtii (Rare)
Senoniasphaera jurassica
Systematophora fasciculigera
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Occisucysta balics <A> (Rare)
Oligosphaeridium pulcherimum cf. loa'77 <A>
Pareodiniasp. C  <v>

Systematophora areolata sensu Davey’'82  (Rare)
“Tenua sp. Git.& Saif. 72 (Common)

Algae In sltu

No taxa observed.

Pollen in sifu
Alisporites #EG (Rare)
Callialasporites dampieri  <v> )
Calllalasporites monoalasporus (Rare)
Callialasporites trilobatus cf, <A> <v>
Cediripites canadensis (Abundant)
Cerebropollenites #Eepilargos (Rare)
Cerebropollenites mesozoicus
Corollina itunensis
Corollina vignollensis (Common)
Exesipollenites scabratus (Common)
Inaperturopollenites granulatus (Rare)
Perinopollenites elatoides (Common)
Pityosporites dividuus (Rare)
Podocarpidites canadensis (Rare)
Podocarpidites epistriatus <A>
Taxodiaceaepollenites hiafus (Common)
Spores in situ
Gleicheniidites senonicus
Lelofriletes mecklenburgensis (Common)
Stiatella #EF  <v> .
Varirugosisporites #EA

Varirugosisporites planirugulatus
Miscellaneous In situ
No taxa observed.,
Aquaties caved
No taxa observed.
Miospores caved
No taxa observed.
Comments
1 black coaly material (Dominant)
1 tracheids (Abundant)
2935m__cuit56
Dinoflagellates in situ
Achomosphaera neptunii

Amphorula metaelliptica
Amphorula metaelliptica #Eextensa

Atopodinium #EPenitabulatum <A> <v> (Common) -

Breedoxiella #EA (Common)
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Algae In situ
Pterospermella helios
Pollen in‘sifu

Alisporites thomasii (Rare)

Cedripites #EH (Rare)

Cerebropollenites macroverrucosus (Rare)
Coroliina ifunensis

Corollina vignollensis (Abundant)
Exesipollenites scabratus

Inaperturopollenites granulatus
Taxodiaceaepollenites hiatus (Abundant)

Spores In situ
Clcatricosisporites mohrioldes
Densoisporites perinatus  <v>
Laevigatosporites mesozoicus  <v>
Leiotriletes mecklenburgensis (Rare)
Lepfolepidites major  <v>
Triretllobata sp. indet,  <v>
Varirugosisporites #EA  <v>

Miscellaneous In situ
'No taxa observed.

Aquatics caved
No taxa observed.

Mlospores caved

No taxa observed.

Comments
1 black coaly material (Common)
1 tracheids (Abundant)

2935m. _cuit56
Dinoflagellates in situ
Amphorula #ED
Amphorula metaelliptica (Common)

Afopodinium #EPenitabulatum <A> (Rare)
Breedoxiella #EA
Breedoxiella #EB <A> (Common)
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Breedoxiella #EB - (Common)
Cantulodinium #EA

Cleistosphaeridium ehrenbergii <A> (Rare)
Cribroperidinium globatum (Rare)
Cribroperidinium jubaris  <v>
Cribroperidinium sp. indeft. (Common)
Dingodinium jurassicum

Egmontodinium torynum <A> (Rare)
Ellipsoldictyum reticulatum (Common)
Endoscrinium luridum

Escharisphaeridia pocockii (Common)
Escharisphaeridia rudis

Gonyaulacysta helicoidea

Heslertonia pellucida <A>

Imbatodinium affenuafum <A> (Common)
Imbatodinium kondratjevii (Abundant)
Lanterna bulgarica

Leptodinium aceras <A>

Leptodinium mammiliferum
Meiourogonyaulax dicrypta <A> (Rare)

Muderongla #EG <A>
Mudoerongia sp. A, Davey 1978 (Common)
Qcclsucysta balios (Rare)

Occisucysta monoheuriska <A>
Oligosphaeridium pulcherrimum cf. loa'77
Pareodinia ceratophora

Pareodinia eviffii <A> (Rare)
Senonlasphaera jurassica (Common)
Systematophora fasciculigera <A> (Rare)
Tanyosphaeridium magneficum  <v>

Algae In situ
Pterospermelia helios (Rare)
Pollen in situ

Alisporites thomasi

Cdllialasporites monoalasporus
Cailllalasporites furbaius

Cedripites #EH (Rare)

Cedripites canadensis
Cerebropollenites #Eepilargos
Cerebropollenites macroverrucosus
Corollina ifunensis

Corollina vignollensis (Abundant)
Perinopollenites elatoides
Taxodlaceaepollenites hiatus . (Dominant)

Spores In situ
Aequitriradites cooksonae
Cicatricosisporites globosus - <v>
Cledtricosisporites mohrioides (Common)
Coronatispora valdensis
Densoisporites microrugulatus
Sesirosporites pseudoalveolatus  <v>
Miscellaneous In situ
No taxa observed.

Aquaties caved
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Caniulodinium #EA (Rare)
Chytroeisphaeridia chylfroeides <A> (Common)
Cleistosphaeridium ehrenbergii <A>

Ctenidodinium panneum (Rare) -~
Dapsilidinium sp. indetf.  <v>
Dingodinium jurassicum (Rare)

Egmontodinium polyplacophorum <A> (Common)
Egmontodinium torynum <A> (Rare)

Endoscrinium luridum (Rare)
Escharisphaeridia pocockii (Common)
Escharisphaeridia rudis <A> (Common)
Gonyaulacysta helicoidea (Rare)
Gonyaulacysta sp. Indet, <A>
Hystrichodinium #DA

Hystrichodinium lanceatumn (Rare) -
Hystrichogonyaulax cladophora <A>
Imbatodinium kondraijevii (Common)
Lanterna sporfula (Common)

Leptodinium amabile <A>
Leptodinium sp. G, Git. & Sar., ‘72 <A> (Common)

Meiourogonyaulax deflandrel (Rare)
Meiourogonyaulax dicrypta <A> (Rare)
Mendicodinium groenlandicum (Rare)
Muderongia #EG <A> (Rare)
Muderongia sp. A, Davey 1978 (Rare)

Occisucysta monoheuriska <A>

Oligosphaeridium pulcherrimum cf. foa'77 <A> (Rcre)
Paragonyaulacysta sp. indet. <A> <v>
Senoniasphaera jurassica (Common)
Sentusidinium cuculliforme (Rare)
Systematophora sp. indet,

Algae In situ
Schizosporis parvus <A>
Pollen in situ

Alisporites #EG <A>

Alisporites thomasii (Common)
Araucariacites punctatus (Rare)
Cdllialasporites dampieri

Callialasporites infrapunctafus (Rare)
Cdllialasporites monoalasporus (Common)
Cadllialasporites trilobatus

Cedripites canadensis (Abundant)
Cerebropollenites macroverrucosus (Common)
Cerebropollenites mesozoicus (Rare)
Corollina chateaunovii <A> (Rare)

Corollina vignollensis (Common)
Inaperturopollenites granulatus (Rare)
Parvisaccites radiatus  <v> (Rare)
Perinopollenites elatoides (Common)
Pityosporites dividuus (Common)

Spores in situ

Cicaftricosisporites mohrioides
Coronatispora valdensis (Rare)
Leiotriletes mecklenburgens/s (Rare)
Pilosisporites ericus

Trllobosporites aornatus

Tuberositriletes montuosus
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No taxa observed.
Milospores caved

No taxa observed.

Comments
2 fragmented specimens (Abundant)
3 rich assemblage (Dominant)
2965m__cuit 57
Dinoflageilates in siiu
Achomosphaera neptunii
Amphorula metaelliptica
Amphorula metaelliptica #Eextensa
Breedoxiella #EA
Caddosphaera halosa
Caniulodinium #EA (Rare)

Chyitroeisphaeridia chytrosides <A>

Ctenidodinium panneum
Dingodinium jurassicum
Egmontodinium torynum

Ellipsoidictyum reficulaium (Rare)
Endoscrinium luridum

Escharisphaeridla pococki (Common)
Escharisphaeridia rudls (Common)
Escharisphaeridia sp. indef. <v> (Common)
Hystrichodinium #DA (Rare)
Hystrichodinium lanceatum

Imbatodinium attenuatum  <v>
Imbatodinium kondratjevii (Rare)
Lanterna bulgarica (Rare)
Leptodinium aceras

Meiourogonyaulax deflandrei
Meiourogonyaulax dicrypta (Rare)

Mendicodinium groenlandicum <A>
Muderongia #EG (Common)

Muderongia sp. A, Davey 1978

(Rare)

Oligosphaeridium pulcherrimum ¢ef, loa'77  <v>

Senonlasphaera jurassica
Algae in situ

No taxa observed.
Pollen in situ

Alisporites thomasii
Callialasporites turbatus

(Rare)

Cedripites canadensis (Rare)

Cerebropollenites mesozoicus
Chasmatosporites major
Corollina chateaunovii <A>

(Rare)

C-09
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Miscellaneous In situ
No taxa observed.
Aquatics caved
No taxa observed.
Miospores caved

No taxa observed.

Comments
1 black coaly material (Abundant)
1 fracheids (Dominant)
3 rich assemblage (Common)

2265m __cutt57

Dinoflagellates in sltu

Amphorula metaelliptica (Rare)

Amphorula mefaelliptica #Eextensa <A> (Rare)
Atopodinium #EPenitabulatum (Rare)
Cantulodinium #EA

Chytroeisphaeridia chytroeides (Common)
Ctenidodinium panneum <v> (Rare)
Egmontodinium ovatum

Egmontodinium polyplacophorum (Rare)
Endoscrinium galerifum <A> <v>

Endoscrinium luridum (Rare)
Escharisphaeridia pococki (Common)
Escharisphaeridia rudis (Rare)

Gochteodinia villosa cf. <A>

Gonyaulacysta helicoidea

Hystrichodinium #DA (Rare)
Hystrichodinium lanceatum (Rare)
Imbatodinium kondratfevii (Common)
Lanterna sportula (Common)
Lepfodinium mammiliferum (Rare)
Leptodinium sp. G, Git. & Sar. '72
Meiourogonyaulax cantrellii <A>
Muderongia #EG (Rare)

Muderongia sp. A, Davey 1978 (Rare)
Occisucysta monoheuriska (Common)
Pseudoceratium gochtii

Senoniasphaera jurassica (Rare)
Taeniophora sp. indet. (Rare)

Algae In situ

No taxa observed.

Pollen In situ
Alisporites #EG (Rare)
Araucariacites punctatus (Rare)
Cedripites #EH" (Rare)
Cedripites canadensis (Common)
Cerebropollenites macroverrucosus (Rare)
Cerebropollenites mesozoicus
Corollina chateaunovii (Rare)
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Coroliina vignollensis (Common)
Exesipollenites scabratus (Common)
Perinopollenites elatoides

Podocarpidites canadensis
Taxodiaceaepollenites hiatus (Common)

Spores In situ
Clcatricosisporites mohrioides (Rare)
Coronatispora valdensis (Rare)
Deltoldospora hallii (Rare)
Lelofriletes mecklenburgensis (Common)
Pllosisporites ericus
Todisporites major
Varirugosisporites #EA

Miseellaneous In situ
+ foraminiferal liners (Rare)

Adquatics caved
No taxa observed.

Milospores caved

No taxa observed.

Comments
1 black coaly material (Abundant)
1 tracheids _ (Common)

2995m _ cuii 58

Dinoflagellates In situ

Amphorula #EA

Amphorula metaeliiptica

Breedoxiella #EA

Caddosphaera halosa

Gochteodinia villosa cf, <A>

Heslerfonia pellucida <v>
Hystrichodinium #DA

Hystrichodinium lanceafum
Imbatodinium kondratjevii

Lanterna bulgarica

Melourogonyaulax cantrellii
Meiourogonyaulax deflandrei
Meiourogonyaulax dicrypta (Rare)
Mendicodinium groenlandicum
Muderongia simplex 'perforata’  <v> (Rare)
Muderongia sp. A, Davey 1978 '
Occisucysta monoheuriska

Pareodinia ceratophora
Senoniasphaera jurassica (Rare)
Sentusidinium cuculliforme <A>

Algae In situ
No taxa observed.

Pollen in slfu

)
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Corollina vignollensis (Common)
Perinopollenites elatoldes (Common)
Taxodiaceaepollenites hiatus (Common)

Spores in situ
Cicatricosisporites mohrioides
Deltoidospora hallii * (Rare)
Klukisporites variegatus <A>
Laevigatosporites ovafus  <v>
Leiotiiletes mecklenburgensis (Rare)
Miscellaneous In situ
+ foraminiferal liners (Rare)
Aquatics caved
No taxa observed.

Mlospores caved

No taxa observed.

Comments
1 black coaly material (Abundant)
1 tracheids (Dominant)

2995m __cuit 58

Dinoflageliates in situ

Achomosphaera neptunii

Amphorula #ED (Rare)

Amphorula metaelliptica (Rare)
Amphorula metaelliptica #Eextensa
Atopodinium #EPenitabulatum (Rare)
Breedoxiella #EB (Rare)

Cantulodinium #EA

Chytroeisphaeridia chyfroeides (Common)
Cribroperidinium perforans <A>

Dingodinium jurassicum (Rare)
Escharisphaeridia pocockii (Common)
Glomodinium fripartitum <A> <v>
Gochteodinia villosa cf. -

Gonyaulacysta sp. indet,  <v>

Hystrichodinium lanceatum (Rare)
Imbatodinium kondratjevii (Rare)
Lanterna sporfula i
Mendicodinium groenlandicum (Rare)
Muderongia #EA <A>

Muderongia #EG (Common)
Muderongia sp. A, Davey 1978

Occisucysta monoheuriska (Rare)

Oligosphaeridium pulcherrimum cf. loa'77 <v>
Pareodinia sp, C

Pseudoceratium gochtii

Senoniasphaera jurassica (Rare)
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Alisporites thomasif (Rare)
Araucariacites punctatus

Cedripites canadensis (Rare)
Cerebropollenites #Eepilargos (Rare)
Cerebropollenites mesozoicus

Cordllina chateaunovii

Corollina itunensis
Coroliina vignollensis (Abundant)
Inaperiuropollenites granulatus
Perinopollenites elatoides (Common)
" Pityosporites dividuus (Rare)
Spores In sliu

Corondtispora valdensis
Laevigatosporites mesozoicus <A>
Lelotriletes mecklenburgensis (Rare)
Miscellaneous in situ
No taxa observed.
Adquatics caved
No taxa observed.

Miospores caved

No faxa observed.

Commenis
1 black coaly material (Abundant)
1 herbaceous fragments <A> (Common)
1 fracheids (Dominant)

3005m__cutt 59
Dinoflagellates in situ
Amphorula metaelliptica
Breedoxiella #EA -
Escharisphaeridia pocockii
Escharisphaeridia rudis (Dominant)

Hystrichodinium pulchrum — <v>
Imbatodinium kondratjevil

Leptodinium mammiliferum
Melourogonyaulax dicrypta (Rare)
Subtilisphaera inaffecta <A>
Systematophora areolata <A>
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Sentusidinium cuculliforme (Rare)
Systematophora areolata <A>
Systematophora fasciculigera (Common)
Algae In sltu
Pterospermella helios
Pollen in sltu
Alisporites thomasii (Rare)
Araucariacites punctatus (Rare)
Cdllialasporites monoalasporus
Cedripites canadensis (Common)
Cerebropollenites macroverrucosus (Common)
Coroliina itunensis  <v>
Corollina vignollensis (Abundant)
Exesipollenites scabratus (Rare)
Perinopollenites elatoides (Common)
Taxodlaceaepollenites hiatus (Common)

Spores In situ

Aequitriradites cooksonae

Cicatricosisporites abacus  <v>
Cicatricosisporites mohrioides
Cicaitricosisporites purbeckensis

Deltoidlospora hallif

Leiotriletes mecklenburgensis (Common)
Striatella #EC

Tuberositriletes #EZ <A>

Miscellaneous In situ

No taxa observed.
Aquatles caved

No taxa observed.
Miospores caved

No taxa observed.

Comments

1 black coaly material (Abundant)
1 tracheids (Dominant)

3015m__cutf 59
Dinoflagellates in situ

Amphorula #ED

Amphorula metaelliptica

Atopodinium #EPenitabulafum (Rare)
Breedoxiella #EA

Breedoxiella #EB

Breedoxiella #ER <A>

Chytroeisphaeridia chyltroeides
Cribroperidinium granuligerum

Endoscrinium luridum

Escharisphaeridia pocockii (Common)
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Algae In sltu
No taxa observed.
Pollen In situ

Allsporites thomasil (Rare)
Calllalasporites turbatus

Cerebropollenites #Eepilargos
Cerebropollenites mesozoicus

Corollina chateaunovii (Rare)
Coroiiina ifunensis (Common)
Corollina vignollensis (Abundant)
Exesipollenites scabratus (Common)
Inaperturopollenites granulatus
Perinopollenites elatoides (Common)
Pityosporites dividuus

Podocarpidites canadensis (Rare)

Spores In sltu
Clcafricosisporites mohrioides (Rare)
Delfoidospora hallii (Rare)
Densoisporites microrugulatus
Foraminisporis jurassica  <v>
Gleicheniidites senonicus
Maculatisporites granulatus
Miscellaneous in situ
No taxa cbserved.
Adqguaties caved
No taxa observed.

Mlospores caved

No taxa observed.

Comments
1 black coaly material (Common) -
1 fracheids (Dominant)

3025m___cuit 60

Dinoflagellates in situ

Achomosphaera neptunii
Amphorula #EA (Rare)
Breedoxiella #EA

Breedoxlella #EB
Caddosphaera halosa
Cleistosphaeridium ehrenbergii
Ctenidodinium panneum
Dingodinium jurassicum
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Escharisphaeridia rudis (Common)
Gonyaulacysta helicoidea

Imbatodinium kondratjevii

Lanterna sportula (Common)
Melourogonyaulax caylonense <A>
Muderongia #EA (Rare)

Muderongia #EG

Occlsucysta monoheuriska
Senoniasphaera jurassica (Rare)
Systematophora fasciculigera (Rare)

Algae in situ
No taxa observed.
Pollen In sltu

Cdllialasporites dampieri
Cdllialasporites monoalasporus

Cedripites #EH

Cedripites canadensis (Common)
Cerebropollenites macroverrucosus (Rare)
Corollina chateaunovii (Common)
Coroliina vignollensis (Common)
Perinopollenites elatoides (Rare)
Pityosporites dividuus

Spores In situ

Delfoidospora hallii (Common)

Leiotrletes mecklenburgensis

Pilosisporites crassangularis
Miscellaneous In situ

No taxa observed.
Aquatics caved

No taxa observed.
Miospores caved

No taxa observed.
Comments

1 black coaly material

1 herbaceous fragments (Rare)
1 tracheids (Dominant)

3025m _ cuit 60

Dinoflagellates in situ

Amphorula #ED.

Amphorula metaslliptica (Rare)
Afopodinium #EPenitabulatum
Breedoxiella #EB

Breedoxiella #ER

Caddosphaera halosa

Cantulodinium #EA
Chytroeisphaeridia chytroeides
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Endoscrinium luridum

Escharisphaeridia pococki
Escharisphaeridia rudis (Common)
Imbatodinium kondratjevii

Lanterna sporiula

Leptodinium aceras (Common)

Leptodinium amabile <A>
Meiourogonyaulax deflandrei

Muderongia #EA (Abundant)
Pareodinia evittii
Sentusidinium cuculliforme (Rare)

Sentusldinium sp. indet,
Systematophora areolata

Algde In sliu
No taxa observed.
Pollen in situ

Alisporites #EG

Alisporites thomarsif

Callialasporites monaalasporus (Rare)
Callialasporites turbatus (Rare)
Cedripites #EH

Cedripites canadensis

Cerebropollenites mesozoicus (Common)
Chasmatosporites major

Corollina chateaunovii (Common)
Corollina vignollensis (Abundant)
Inaperturopollenites granulatus
Perinopollenites elafoides (Rare)
Pityosporites dividuus (Common)
Podocarpidites epistriatus

Spores In sifu
Clcatricosisporites mohrioides (Rare)
Clcatricosisporites purbeckensis
Coronatfispora valdensis
Densoisporites microrugulatus
Osmundacidites wellmannii

Miseellaneous in sltu
No taxa observed.

Adquatics caved
Areoligera senonensis  <v>

Miospores caved

No taxa observed.

Commentis
1 black coaly material (Common)

1 fracheids (Dominant)

3055m _ cuit 61

Dinoflagellates in situ

C-09

Terra Nova Studly.....B69

Cribroperidinium ehrenbergii
Ctenidodinium chondrum cf, <A>

Escharisphaeridia rudis (Rare)
Hystrichodinium #DA
Hystrichodinium lanceatum
Lanterna sporiula (Rare)

Leptodinium mammiliferum

Leptodinium sp. G, Gif. & Sar. ‘72
Mendicodinium groenlandicum (Rare)
Muderongia #EG

Muderengia sp. A, Davey 1978

Occisucysta monoheuriska

Sentusidinium rioultii

Systematophora areolata

Tanyosphaeridium magneticum  <v>

Algae In situ

No taxa observed.

Pollen in situ
Callialasporites monoalasporus (Rare)
Cedripites #EH
Cedripites canadensis
Cerebropollenites mesozoicus
Corollina chateaunovii (Rare)
Corollina vignollensis (Common)
Inaperturopollenites granulatus (Rare)
Perinopollenites elatoides (Rare)
Pityosporites dividuus (Rare)
Vitreisporites minor

Spores In situ
Aequitriradites cooksonae
Cicatricosisporites #EP
Deltoidospora hallii (Rare)
Reticulatisporites #EA <A>
Miscellaneous in siiu
No taxa observed.
Adquatles caved
No taxa observed.

Miospores caved

Notaxa observed.

Comments
1 black coaly. material (Abimdcn’r)
1 herbaceous fragments (Rare)
1 tracheids (Dominant)

3055m _ cuité1

Dinoflagellates in situ
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Amphorula #EA

Amphorula #ED

Amphorula metaelliptica (Common)
Afopodinium prosiratum <A> (Rare)
Breedoxiella #EA .

Breedoxiella #EB
Caddosphaera halosa (Rare)
Chytroeisphaeridia chyiroeides (Common)

Ctenidodinium chondrum cf. <A> .

Egmontodinium torynum

Ellipsoldictyum reficulaium

Endoscrinium luridum

Escharisphaeridia rudis

Gonyaulacysta serrata cf. <A> <v>

Hysfrichodinium lanceatum

Hystrichogonyaulax cladophora <A>

Hysirichosphaerina orbifera <A>

Imbatodinium kondratjevii

Kalyptea diceras <A>

Leptadinium aceras (Common)

Meiourogonyaulax dicrypta

Muderongia sp. A, Davey 1978 (Rare)
" Pareodinia evittii

Senonlasphaera jurassica

Sentusidinium cuculliforme (Rare)

Systernatophora fasciculigera (Rare)

Tenua sp. Git.& Saij. 72

Algae In situ

Schizosporis parvus
Schizosporis reficulatus  <v>

Pollen In situ

Alisporites #EG

Alisporites thomasil (Common)
Cdllialasporites monoalasporus

Cdllialasporites turbatus

Cedripites #EH (Rare)

Cerebropollenites #Eepilargos

Cerebropollenites macroverrucosus (Rare)
Cerebropollenites mesozoicus

Chasmatosporites major (Rare)

Corollina chateaunovii (Common)
Corollina ifunensis (Rare)

Corollina vignollensis (Abundant)
Cycadopites spp.  <v>

Inaperiuropollenites granulatus (Rare)
Perinopollenites elatoides (Abundant)
Pityosporites dividuus
Taxodiaceasepollenites hiatus (Abundant) -

Spores in sliu

Cleatricosisporites #EP <A>
Clcaitricoslsporites mohrioides
Coronatlspora valdensis

Densoisporites microrugulatus
Impardecispora sp. A, Dorhofer ‘77  <v>
Kraeuselisporites #EA <A>

Trilobosporifes aornatus <A>
Tuberositriletes montuosus
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Amphorula #ED (Rare)

Amphorula metaelliptica (Rare)
Amphorula metaeliipfica #Eextensa
Atopodinium #EPenitabulatum (Rare)
Breedoxiella #EA

Breedoxiella #EB

Breedoxiella #ER . (Common)
Caddosphaera halosa

Cantulodinium #EA (Rare)
Chytroeisphaeridia chylfroeides - (Rare)
Cribroperidinium globafum <A>
Dingodinium jurassicum

Egmontodinium ovailum

Endoscrinium luridum (Rare)
Gochteodinia villosa cf.

Heslertonia pellucida <v>

Hystrichodinium lanceatum (Common)
Imbatodinium kondratjevii
Meiourogonyaulax deflandrei
Melourogonyaulax dicrypta

Muderongia sp. A, Davey 1978

Senoniasphaera jurassica (Common)
Systematophora areolata
Systematophora fasciculigera (Common)

Taeniophora sp. indet,  <v>
Algae in situ

Tasmanites sp. indet, <A>
Pollen In sifu

Alisporites thomasi

Cedripites #EH .
Cerebropollenites macroverrucosus (Rare)
Cerebropollenites mesozoicus

Corollina vignollensis (Abundant)
Exesipollenites scabratus (Rare)
Inaperturopollenifes granulatus

Perinopollenites elatoides (Common)
Podocarpidites canadensis

Spores in situ

Cicatricosisporites mohrioides “(Rare)
Coronadfispora valdensis

Deltoidospora hallif

Densoisporites microrugulatus
Gleicheniidites senonicus

Leiotriletes mecklenburgensis (Rare)
Reticulatisporites #EA

Sestrosporites pseudoalveolatus  <v>
Striatella #EC :

Trilobosporites aequiverrucatus  <v>
Trilobosporites aornaius
Tuberositriletes #ES <A>
Tuberositriletes montuosus
Vasfisporites sp. indet. <A>

Miscellaneous In sifu

No taxa observed.
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Varlru_gosisporifes #EA (Rare)
Miscellaneous in situ
No taxa observed.
Adquaties caved
No taxa observed.
Mlespores caved
No taxa observed,
Commenis

1 tracheids (Dominant)

3075m._cutt 62

Dinoflagellates in sliu

Amphorula #EA (Rare)
Amphorula metaelliptica
Breedoxiella #EA
Breedoxiella #EB
Caddosphaera halosa

Chyitroeisphaeridia chytroeides (Rare)

Dingodiniumn jurassicum
Escharisphaeridia rudis (Common)
Hystrichodinium #DA (Rare)
Hysfrichodinium lanceafum
Imbatodinium kondratjevii

Lanterna sporiula

Leptodinium aceras

Leptodinium sp. G, Git. & Sar. '72 </A>
Melourogonyaulax deflandrei (Rare)
Melourogonyaulax pila '
Muderongia #EA

Occisucysta balios

Senoniasphaera jurassica (Common)

Systematophora fasciculigera (Rare)
Tenua sp. Git.& Sarj. 72 (Rare)

Algae In situ
Schizosporis parvus
Pollen in situ

Alisporites thomarsii

Cdllialasporites monoalasporus (Rare) -

Cedripites #EH (Rare)

Cedripites canadensis (Common)
Cerebropollenites #Eepilargos (Rare)
Cerebropollenites mesozoicus

Corollina chateaunovii (Common)
Corollina itunensis

Coroliina vignollensis (Abundant)
Eucommiidites minor

Perinopollenites elatoides (Abundant)

Pityosporites dividuus (Common)
Podocarpidites canadensis

C-09

Aquatics caved
No taxa observed.
Miospores caved

No taxa observed.

Comments
1 black coaly materlal (Abundant)
1 trachelds (Dominant)

075m. _cutt 62

Dinofiagellates In sliu

Amphorula metaelliptica
Atopodinium #EPenitabulatum
Breedoxiella #EA

Breedoxiella #EB

Breedoxiella #ER
Chytroeisphaeridia chytroeides
Cribroperidinium ehrenbergii
Ellipsoidictyum reficulatum
Endoscrinium luridum
Escharisphaeridia pocockii
Gonyaulacysta helicoidea
Hystrichodiniurm lanceatum (Rare)
Imbatodinium attenuatum <A>
Imbatodinium kondraijevii

Leptodinium amabile

Mendlicodinium groenlandicum
Muderongla #EA

Muderongia sp. A, Davey 1978
Occisucysta monoheuriska
Senfusidinium cuculliforme
Sentusidinium rioultii

Subtilisphaera paeminosa <A>

Algae In situ

No taxa observed.

Pollen in situ
Corollina vignollensis (Common)
Exesipollenites scabratus (Rare)
Perinopollenites elatoides (Common)

Spores in sltu
Aequitriradites cooksonae (Rare)
Coronatispora valdensis
Osmundacidites wellmannii

Miscellaneous In situ
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Vilreisporites minor
Spores In situ
Coronatispora valdensis (Rare) .
Klukisporites variegatus <A>
Lelotriletes mecklenburgensis (Rare)

Maculatisporites granulatus  <v>
Osmundacidites wellmannii
Varirugosisporites #EA  <v>
Miscellaneous in situ
No taxa observed.
Aquatics caved
No taxa observed.

Milospores caved

No taxa observed.

Commenis
1 black coaly material (Common)
1 fracheids (Dominant)

3085m _cuit 63

Dinoflagellates in situ

Achomosphaera neptunii
Amphorula metaelliptica
Apteodinium nuciforme

Breedoxiella #EA (Common)
Breedoxiella #ER <A>

Cantulodinium #EA <>

Dingodinium jurassicum (Rare)
Escharisphaeridia pococki (Rare)
Hystrichodinium lanceatum

Imbatodinium kondratjevil
Leptodinium aceras  <v>

Leptodinium sp. G, Git. & Sar. ‘72 (Rare)
Melourogonyaulax deflandrei (Rare)
Meiourogonyaulax pila

Pareodinia groenlandica <A>
Senonlasphaera jurassica

Systematophora fasciculigera (Rare)
Taeniophora #EA <A>

Algae In situ

No taxa observed,

Pollen In sifu
Alisporites thomasii (Common)
Corollina vignollensis (Abundant)
Inaperturopollenites granulatus
Perinopollenites elatoides (Abundant)
Pityosporites dividuus (Rare)
Taxodiaceaepollenites hiatus (Common)
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No taxa observed.
Aquatics caved

No taxa observed.
Miospores caved

No taxa observed.

Comments
1 black coaly moferidl (Common)
1 herbaceous fragments (Common)
1 fracheids (Dominant)

3 Impoverished assemblage <v>

3085m__cutt é3

Dinoflagellates In situ

Achomosphaera neptunii (Rare)
Amphorula metaelliptica #Eextensa
Atopodinium #EPenitabulatum
Breedoxiella #EB

Breedoxiella #ER (Rare)
Chyitroeisphaeridia chyfroeides
Cleistosphaeridium ehrenbergii
Cribroperidinium perforans

Dingodinium jurassicum (Rare)
Ellipsoidictyum cinctum <A>
Escharisphaeridia rudis
Gochtecodinia villosa cf,

Lanterna sportula (Common)

Muderongia sp. A, Davey 1978
Occisucysta monoheuriska

Pareodinia ceratophora
Senoniasphaera jurassica (Rare)

Algae In situ

No ’fgxa observed,

Pollen in situ

Alisporites thomasii (Rare)

Cdilialasporifes infrapunctatus

Callialasporites monoalasporus (Rare)
Cdllialasporites obrutus <A>

Callialasporites turbatus

Cedripites canadensis (Rare)
Cerebropollenites macroverrucosus (Rare)
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Vilreisporites minor

Spores In situ
Aequitriradites subverrucosus  <v>
Clcairicosisporites #EP  <v>
Cicairicosisporites mohrioides
Leiotriletes mecklenburgensis (Rare)
Varirugosisporites #EK
Varirugosisporites planirugulafus

Miscellaneous in situ
+ foraminiferal liners

Aquatles caved
No taxa observed.

Miospores caved

No taxa observed.

Comments
1 black coaly material (Common)
1 tracheids (Dominant)
3 rich assemblage (Abundant)

S115m _ cutt 64

Dinoflagellates In situ

Amphorula #EA

Amphorula metaelliptica #Eextensa
Apteodinium nuciforme

Breedoxiella #EB (Common)
Breedoxiella #ER

Cleistosphaeridium ehrenbergil
Cribroperidinium globosum  <v>
Cribroperidinium perforans <A> <v>
Egmontodinium torynum

Endoscrinium luridum
Escharisphaeridia rudis (Rare)
Gonyaulacysta sp. indet,
Hystrichodinium lanceafum (Rare)
Imbatodinium kondratjevil (Abundant)
Lanterna sportula (Rare)
Leptodinium sp. G, Git. & Sar. ‘72
Muderongia #EA (Rare)
Muderongia sp. A, Davey 1978
Pareodinia groenlandica (Rare)
Taeniophora #EA <v> (Common)

Algae In situ
No taxa observed.
Pollen In situ

Alisporites #EG (Rare)

C-09
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Corollina chateaunovil

Corollina vignollensis (Abundant)
Inaperiuropollenites granulatus
Pityosporites dividuus

Spores In sliu

Clcatricosisporites mohricides
Deltoidospora hallii
Gleicheniidites senonicus

Leiotriletes mecklenburgensis (Common)

Osmundacidites wellmannii
Striatella #EF

Miscellaneous In situ

+ foraminiferal liners
Aquatics caved

No taxa observed.
Miospores caved

No taxa observed.

Comments
1 black coaly material (Abundant)
1 tracheids (Dominant)

S115m eyt 64
Dinoflagellates in situ
Amphorula #EA
Breedoxiella #EB -
- Breedoxiella #ER (Common)
Cantulodinium #FA <v>
Cleistosphaeridium ehrenbergii (Rare)

Cribroperidinium granuligerum
Cribroperidinium perforans

Ellipsoidictyum cincfum

Ellipsoidictyumn reficulatum

Endoscrinium luridum (Rare)
Endoscrinium subvallare <A>
Escharisphaeridia pocockii (Rare)

Hystrichodinium lanceatum
Hystrichogonyaulax cladophora

Lanterna bulgarica (Rare)
Leptodinium sp. G, Git. & Sar, '72
Meiourogonyaulax defiandrei (Rare)
Mendicodinium groenlandicum
Muderongia #EA (Rare)
Muderongia #ED <A> (Rare)
Muderongia sp. A, Davey 1978
Occisucysta monoheuriska
Rhynchodiniopsis hyalodermopsis <A> <v>
Senoniasphaera jurassica (Rare)
Sentusidinium cuculliforme
Systematophora areolafa
Systematophora fasciculigera
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Alisporites thomasii (Rare)

Araucariacites punctalus (Rare)
Cedripites canadensis (Rare)
Cerebropollenites #Eepilargos (Rare)
Cerebropollenites macroverrucosus (Common)
Cerebropollenites mesozoicus (Rare)
Corollina chateaunovii (Common)
Coroliina vignollensis (Abundant)
Exesipollenites scabratus (Common)
Perinopollenites elatoides (Abundant)
Pityosporites dividuus (Common)
Taxodiaceaepollenites hiatus (Common)
Spores in situ
Acanthoftriletes varispinosus
Deltoidospora hallii (Common)
Pilosisporites ericus

Pllosisporites trichopapillosus <A> <v>
Varirugosisporites planirugulatus

Miscellaneous in situ
No taxa observed.
Aquatics caved
No taxa observed.
Miospores caved

No taxa observed.

Comimenis
1 herbaceous fragments (Common)
1 tracheids (Dominant)

2 fragmented specimens <v> -(Abundant)
2 poor preservation

3 rich assemblage (Abundant)
3145m __cuft 65
Dinoflagellates In situ
Breedoxiella #EB (Common)
Breedoxiella #ER (Rare)

Endoscrinium luridum
Escharisphaeridia pococki

Escharisphaeridia rudis (Rare)

Hystrichodinium lanceatum (Rare)

Imbatodinium kondratjevii (Common)
C-09
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Algae In situ

No taxa observed.

Pollen in situ
Alisporites bilateralis
Cedripites canadensis (Rare)
Cerebropollenites #Eepilargos <A>
Cerebropollenites macroverrucosus (Rare)
Cerebropollenites mesozoicus (Rare)
Corollina chateaunovii
Corollina vignollensis (Abundant)
Exesipollenites scabratus (Common)
Perinopollenites elatoides
Pityosporites dividuus

Platysaccus monosaccus <A>

Podocarpidites canadensis
Taxodiaceaepollenites hiatus (Common)
Vitreisporites minor (Common)

Spores in situ

Cicatricosisporites mohrioides
Concavissimisporites multituberculatus
Coronatispora valdensis
Deltoidospora hallii

Densoisporites microrugulatus
Leiotriletes mecklenburgensis
Pilosisporites crassangularls  <v>
Rotverrusporites granulatum <A>
Trilobosporites aornatus
Tuberositrilotes montuosus

Miscellaneous In situ
No taxa observed.
Aquatics caved
No taxa observed.
Mlospores caved

No taxa observed. -

Comments
1 black coaly material (Common)
1 herbaceous fragments (Common)
1 tracheids (Dominant)

3145m__ culf 65

Dinoflagellates In situ

Apteodinium nuciforme <A>
Atopodinium #EPenitabulatum

Breedoxiella #EB (Rare)
Breedoxiella #ER
Chyirosisphaeridia chyfroeides (Rare)

Cribroperidinium ehrenbergi
Ctenidodinium pachydermum <A>
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Lanterna sportula
Meiourogonyaulax caytonense <A>
Muderongia sp. A, Davey 1978

Occisucysta monoheuriska (Common)
Sentusidinium cuculliforme (Rare)

Algae in situ
Schizosporis parvus (Rare)

Pollen in situ
Allsporites #EG (Common)
Allsporites thomasil (Abundant)
Araucariacites punctatus ~ (Common)
Cdllialasporites infrapunctatus (Rare)
Cadllialasporites turbatus (Rare)
Cedripites canadensls (Common)
Cerebropollenites #Eepilargos (Rare)
Cerebropollenites macroverrucosus (Rare)
Corollina chateaunovii (Abundant)
Corollina itunensis (Common)
Corollina vignollensis (Dominant)
Exesipollenites scabratus (Common}
Perinopollenites elatoides (Dominant)
Pityosporites dividuus (Common)
Podocarpidites epistriatus (Rare)
Taxodlaceaepollenites hiatus (Abundant)
Vitreisporites minor (Common)

Spores in situ
Clcatricosisporites mohrioides
Deltoidospora hallii (Common)
Densoisporiftes microrugulaius
Kraeuselisporites #EA
Laevigatosporifes mesozoicus  <v>
Leiotriletes mecklenburgensis (Common)

Varirugosisporites planirugulatus
Miscellaneous in situ
No taxa observed.
Aquatles caved
No taxa observed.
Miospores caved
No taxa observed.
Comments
1 herbaceous ﬁagmenis (Abundénf)

1 tracheids (Dominant)
3 rich assemblage (Abundant)

3175m__cuit 66
Dinoflagellates in situ

Amphorula metaelliptica #Eextensa

C-09
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Endoscrinium luridum (Rare)
Escharisphaeridia pocockii

Gonyaulacysta helicoidea

Hystrichodinium lanceatum (Rare)
Lanterna sportula

Mendicodiniurn groenlandicum (Rare)
Occlsucysta monoheuriska (Rare)
Pareodinla evittii <A> <v>

Sentusidinium cuculliforme (Rare)

Algae In situ
Pterospermelia helios
Pollen In situ
Alisporites thomarsif (Rare)

Araucariacites punctatus
Callialasporites monoalasporus

Cedripites #EH

Cedripites canadensis (Common)
Cerebropollenites macroverrucosus (Rare)
Cerebropollenites mesozoicus

Corollina chateaunovil (Common)
Coroliina vignollensis (Abundant)
Inaperturopollenites granulatus

Pityosporites dividuus

Taxodiaceaepollenites hiatus (Common)

Spores in situ
Aequitriradites cooksonae
Deltoidospora hallii (Common)
Densoisporites sp. indef. <A> <v>
Osmundacidites wellmanni
Saxosporis fenerirugosus <A> <v>
Miscellaneous in sifu
+ foraminiferal liners (Rare)
Aguatles caved

No taxa observed.

Miospores caved

No taxa observed.

Comments
1 black coaly material (Common)
1 herbaceous fragments (Rare)
1 tracheids (Dominant)

3175m__cuit 66
Dinoflagellates in situ

Amphorula metasliiptica

K-08



Bujak Davies Group Terra _Novd Study.....B76

Breedoxiella #EB Apteodinium nuciforme
Cleistosphaeridium ehrenbergii (Rare) Breedoxiella #ER (Rare)
Ellipsoidictyum reticulatum (Rare) Chyitroeisphaeridia chyfroeides (Commony)
Endoscrinium luridum _ B . Cribroperidinium granuligerum (Rare)
Escharisphaeridia rudis Ctenidodinium pachydermum
Gonyaulacysta hellcoldea Ellipsoldictyumn reticulatum
Hysfrichodinium lanceatum (Rare) Endoscrinium luridum
Hystrichosphaerina orbifera ) Escharisphaeridia rudis (Common)
Imbatodinium kondraljevii Hystrichodinium #DA (Rare)
Melourogonyaulax caytonense (Rare) Hystrichodinium lanceafum (Rare)
Muderongia #EA (Rare) Mendicodinium groenlandicum
Muderongia #EG (Rare) Muderongia sp. A, Davey 1978 (Common)
Muderongia sp. A, Davey 1978 ) Pareodinia ceratophora
. Nummus #EZ <A> <v> Senoniasphaera jurassica (Rare)
Occisucysta monoheuriska (Rare) Sentusidinium cuculliforme (Common)
Sentusidinium cuculliforme (Common) Sentusidinium rioultii -
" Spiniferites sp. indet. <A> <v> Spiniferites sp. indet, <A>
Systematophora areolata sensu Davey’82 Systematophora areolata
Systematophora-sp. indet.
Algae In sltu
Algae In situ
No taxa observed.
Schizosporis parvus
Pollen in situ
) Pollen In situ

Alisporites #EG (Common)
Allsporites bilateralis <v> (Common) Alisporites thomarsif (Rare)
Araucariacites punctatus Callialasporites infrapunctatus
Cedripites canadensis Cedripites canadensis (Common)
Cerebropollenites mesozoicus Cerebropollenites macroverrucosus ~  (Rare)
Corollina chateaunovii (Rare) Cerebropollenites mesozoicus
Coroliina vignollensis (Common) Chasmnatosporites major
Perinopollenites elatoides (Abundant) Coroliina vignollensis (Abundant)
Taxodiaceaepollenites hiatus (Abundant) Eucommiidites minor  <v>
Vitreisporites minor (Rare) Perinopollenites elatoides - (Abundant)

Spores in situ Spores In sltu
Cleairicosisporites mohrioides (Rare) Coronatispora valdensis (Rare)
Deltoidospora hallii (Common) Kraeuselisporites #EA <A> <v>
Leptolepidites major
Lycopodiumsporites austroclavifidites Miscellaneous In situ
Trilobosporites aornatus )
Tuberositriletes montuosus  <v> + foraminiferal liners (Common)
Uvaesporites sp. indet., -
Varirugosisporites #EK  <v> Adquaties caved

Varirugosisporites planirugulatus
No taxa observed.
Miscellaneous In situ

Miospores caved
No taxa observed,

No taxa observed.

Aquatics caved
. Comments
No taxa observed. [
. ) 1 black coaly material (Common)
Miospores caved 1 herbaceous fragments (Abundant)
1 fracheids (Abundant)

No taxa observed.
Commenis

1 amorphous kerogen <A>  (Abundant)
1 black coaly material (Common)
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1 herbaceous fragments (Dominant)
1 tracheids (Abundant)

3195m _cuit 67

Dinoflagellates in situ

Amphorula #EA
Amphorula #ED (Common)
Amphorula metaeliiptica

Amphorula metaeliiptica #Eextensa <v> (Rare)

Apteodinium nuciforme
Breedoxiella #ER (Common)

Chytrosisphaeridia chytroeides (Common)

Chyiroeisphaeridia? mantelli <A> <v>
Cleistosphaeridium ehrenbergii
Cribroperidinium sp. indet.
Ctenidodinium pachydermum <A>
Dingodinium jurassicum

Egmontodinium torynum

Ellipsoidictyum reticulatum

Endoscrinium luridum (Rare)
Escharisphaeridia pocockii
Escharisphaeridia rudis

Glomodinium tripartitum <A> (Rare)
Gochteodinia sp. <A> <v>
Gonyaulacysta helicoidea
Gonyaulacysta sp. indet.
Hystrichodinium #DA

Hystrichodinium lanceafum (Rare)
Imbatodinium kondratjevii (Rare)
Lanterna bulgarica

Leptodinium sp. G, Git. & Sar. ‘72 (Rare)
Meiourogonyaulax dicrypta

Muderongia #EA

Muderongia #EG (Common)
Occisucysta monoheuriska

Pareodinia ceratophora

Pareodinia evittii

Senoniasphaera jurassica

Sentusidinium cuculliforme (Common)
Systematophora areolata
Systematophora fasciculigera

Algae In situ

No taxa observed.

Pollen in situ
Alisporites #EG (Rare)
Alisporites thomasii
Araucariacites punctatus (Common)
Callialasporites infrapunctatus
Cadllialasporites monoalasporus (Rare)
Callialasporites trilobatus (Rare)
Cedripites canadensis (Common)
Cerebropollenites mesozoicus (Rare)
Chasmatosporites major (Rare)
Coroliina chateaunovii (Common)
Corollina vignollensis (Abundant)
Exesipollenites scabratus (Common)
Perinopollenites elatoides (Abundant)

C-09
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3196m__cuit 67

Dinoflagellates in situ

Chytroeisphaeridia chyiroeides
Cleistosphaeridium ehrenbergii
Cribroperidinium sp. indet., <v>
Ctenidodinium pachydermum
Ellipsoidictyum reticulatum

Endoscrinium luridum

Hystrichodinium #DA

Hystrichogonyaulax cladophora  (Rare)
Imbatodinium kondratjevii

Leptodinium mammiliferum
Meiourogonyaulax dicrypta

Muderongia #EA (Rare)

Muderongia #EG

Occisucysta monoheuriska

Senoniasphaera jurassica (Common)
Sentusidinium cuculliforme (Common)
Systematophora fasciculigera (Rare)

Algae In situ
Tasmanites sp. indet. <v> (Common)
Pollen in situ
Alisporites thomasii (Rare)
Araucariacifes punctafus

Callialasporites infrapunctatus
Callialasporites monoalasporus

Cedripites canadensis (Common)
Cerebropollenites mesozoicus (Rare)
Corollina chateaunovi

Corollina vignollensis (Abundant)
Exesipollenites scabratus (Common)

Inaperiuropollenites granulaius  <v>
Perinopollenites elatoides
Pityosporites dividuus
Taxodiaceaepollenites hiatus (Common)
Spores In situ
No taxa observed.
Miscellaneous in sltu
+ foraminiferal liners
Aquatics-caved
No taxa observed,
Miospores caved

No taxa observed.

Comments
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Phyllocladidites inchoatus

Pityosporites dividuus (Common)
Podocarpidites canadensis
Taxodiaceaepollenites hiatus (Abundant)
Vifreisporites minor

Spores in situ

Aequitriradites cooksonae  <v>
Cleatricosisporites mohrioides (Rare)
Concavissimisporites punctafus <A> (Rare)
Concavissimisporites verrucatus
Coronatispora valdensis

Densoisporites microrugulafus (Rare)
Distaftriangulisporites perplexus <A>
Gleicheniidites senonicus

Leiotriletes mecklenburgensis (Rare)

Matonisporites phlebopteroides
Rotverrusporites granulatum <A>
Stiatella #EC  <v>
Trilobosporites aornatus
Miscellaneous in situ
No taxa observed.
Aquatics caved
No taxa observed.

Miospores caved

No taxa observed.

Commenis
1 black coaly material (Common)
1 fracheids (Abundant)

3205m __cuii 68

Dinoflagellates In situ

Achomosphaera nepfunii (Questionably present)
Amphorula #ED

Amphorula metaelliptica
Apteodinium nuciforme
Breedoxislla #EB (Rare)
Breedoxiella #ER (Common)
Caddosphaera halosa
Chyitroeisphaeridia chytroeides (Abundant)
Ctenidodinium chondrum cf.

Ctenidodinium pachydermum

Endoscrinium luridum

Escharisphaeridia pocockii (Common)
Escharisphaeridia rudis

Glomodinium tripartitum  <v>

Gochteodinia villosa <A>

Hystrichodinium lanceatum (Rare)
Hystrichogonyaulax cladophora

Imbatodinium kondratjevii

Lanterna sportula

Meiourogonyaulax deflandrei

C-09

Terra Nova Study.....B78

1 amorphous kerogen <A> (Common)
1 black coaly material (Rare)

1 herbaceous fragments (Dominant)
1 tracheids (Common)

2205m __ cuyit 68

Dinoflagellates In situ

Achomosphaera nepiunii
Amphorula #EK <A> (Rare)
Amphorula metaelliptica
Atopodinium #EPenitabulatum
Breedoxiella #EB (Rare)
Breedoxiella #ER =~ (Common)
Chytroeisphaeridia chyiroeides (Rare)
Cleistosphaeridium ehrenbergii
Cribroperidinium #EZ <A>
Cribroperidinium globatum
Egmontodinium ovatum  <v>

Ellipsoidictyum reticulatum (Rare)
Endoscrinium pharo (Rare)
Escharisphaeridia pocockii (Commen)
Escharisphaeridia rudis (Rare)
Hystrichodinium #DA

Hystrichodinium lanceatum (Common)

Hystrichogonyaulax cladophora
Hystrichosphaerina orbifera <A> <v>
Lanterna sportula (Common)
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Muderongia #EA (Rare)

Muderongia #EG (Rare)

Pareodinia evittii

Rhynchodiniopsis hyalodermopsis <v> (Rare)
Senoniasphaera jurassica (Rare) -
Sentusidinium cuculliforme (Common)
Sentusldinium pilosum <A>

Systematophora areolata sensu Davey’82 <v>
Systematophora fasciculigera

Algae In sliu
No taxa observed.

Pollen in situ
Alisporites #EG (Rare)
Alisporites thomarsif

Callialasporites infrapunctatus
Cerebropollenites macroverrucosus

Cerebropollenites mesozoicus (Abundant)

Coroliina vignollensis (Common)

Exesipoilenites scabratus (Common)

Perinopollenites elatoides (Abundant)

Taxodiaceaepollenites hiatus (Common)
Spores In situ

Concavissimisporites punctatus  <v>
Corondtispora valdensis (Rare)
Leiotrletes mecklenburgensis
Trilobosporites sp. indet, <A> <v>
Trilobosporites tuberculiformis <A>
Miscellaneous in situ
+ foraminiferal liners
Aquatics caved
No taxa observed.
Miospores caved

No taxa observed.

Comments
1 black coaly material (Abundant)
1 herbaceous fragments (Common)
1 frachelds (Dominant)

3225m__cuit 69

Dinoflagellates in situ

Amphorula #EA

Amphorula #ED (Rare)
Amphorula #EE <A>
Amphorula metasellipfica

C-09
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Melourogonyaulax pila <A>
Mendicodinium groenlandicum
Microdinium opacum <A>
Muderongia sp. A, Davey 1978
Pareodinia ceratophora

Pareodinia sp. C (Common)
Senoniasphaera jurassica (Rare)
Sentusidinium cuculliforme (Common)

Spiniferites sp. indet,  <v>
Algae In sltu

No taxa observed.

Pollen in situ
Alisporites #EG
Alisporites thomasii
Cerebropollenites #Eepilargos
Cerebropollenites mesozoicus (Rare)
Corollina chateaunovii (Rare)
Corollina vignollensis (Abundant)
Perinopollenites elatoides
Pityosporites dividuus (Common)
Taxodiaceaepollenites hiatus (Common)

Spores In situ
Aeaquitriradites cooksonae
Clicatricosisporites mohricides
Deltoidospora hallii
Klukisporites arecolatus
Reficulatisporites #EA
Saxosporis variabilis <A>
Striatella #EF <v>
Miscellaneous in situ
+ foraminiferal liners (Rare)
Aquaties caved
No taxa observed.
Miospores caved
No taxa observed,

Comments

1 amorphous kerogen

1 black coaly material (Common)

1 herbaceous fragments (Abundant)

1 tracheids (Abundant)
4225m._cutté9

Dinoflagellates in situ

Amphorula #EK (Rare)

Amphorula metaelliptica

Breedoxislla #ER (Rare)

Caddosphaera halosa (Rare)
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Breedoxiella #ER (Common)
Chytroeisphaeridia chyfroeides (Common)
Ctenidodinium ornatum <A> (Questionably present)
Dingodinium jurassicum (Rare)
Ellipsoidictyum reficulatum (Rare)
Endoscrinium luridum (Common)
Gochteodinia villosa (Rare)
Hystrichogonyaulax cladophora (Rare)
imbatodinium kondrafjevil

‘Lanterna saiurnalis <A> <v>

Lepfodinium sp. G, Git. & Sar. '72 (Rare)
Meiourogonyaulax dicrypta

Mendicodinium groenlandicum

Muderongia #EA

Occisucysta monoheuriska

Pareodinia ceratophora

Senoniasphaera jurassica (Rare)
Sentusidinium cuculliforme (Abundant)
Systernatophora fasciculigera (Rare)
Algae In situ
Schizosporis parvus
Pollen in situ
Alisporites #EG (Rare)
Alisporites thomasii (Common)
Araucariacites punctaius (Common)
Cdllialasporites infrapunctatus (Rare)
Campenia #EA <A> (Rare)
Cediripites canadensis (Common)
Cerebropollenites macroverrucosus (Rare)
Cerebropollenites mesozoicus (Rare)
Chasmatosporites major (Rare)
Corollina chateaunovii (Common)
Corollina vignollensis (Abundant)

~ Eucommiidites minor  <v> (Rare)

Exesipollenites scabratus (Abundant)
Perinopollenites elatoides (Common)
Pityospoirites dividuus - (Common)
Taxodiaceaepollenites hialus (Common)
Viireisporites minor

Spores In situ

Aequitriradites sp., indet. <A> <v>
Contignisporites notabilis <A>
Distaltriangulisporites perplexus

Leiotriletes mecklenburgensis (Rare)
Rotverrusporites granulatum

Saxosporis #EB <A> (Rare)
Tuberasitriletes #ES <A> (Rare)
Varirugosisporites planirugulatus
Vastisporites sp. indet. <A> <v>

Misecellaneous in situ

+ foraminiferal liners (Rare)

Adquatles caved

No taxa observed.

C-09
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Chytroeisphaeridia chytroeides (Rare)
Cleistosphaeridium ehrenbergii '
Cribroperidinium perforans

Ctenidodinium chondrum <A>
Ellipsoidictyumn cinctum

Ellipsoidictyum reticulatum

Endoscrinium luridum

Endoscrinium pharo (Rare)
Endoscrinium subvallare  <v>
Escharisphaeridia pocockii (Rare)
Escharisphaeridia rudis (Rare)
Gochteodinia villosa <A>
Hystrichodinium lanceatum (Rare)

Imbatodinium attenuatum
Imbatodinium kondratjevil
Lanterna sportula (Rare)
Leptodinium sp. G, Git. & Sar, '72
Microdinium opacum

Muderongia #EA (Rare)
Muderongia #EG
Muderongid sp. A, Davey 1978 (Rare)

Pareodinia groenlandica <A>
-Senoniasphaera jurassica (Common)
Sentusidinium cuculliforme (Rare)
Subtilisphaera inaffecta <A> (Rare)
Systematophora areolata

Systematophora fasciculigera

Tenua sp. Git.& Saij, 72 <A> <v>

Algae In situ
Schizosporis parvus
Pollen In situ
Alisporites #EG (Common)
Cdllialasporites monoalasporus
- Corollina chateaunovii (Rare)

Corollina torosa <v> (Rare)

Corollina vignollensis (Abundant)
Exesipollenites scabratfus (Rare)
Perinopollenites elatoides (Common)
Podocarpidites canadensis (Rare)
Vitreisporites minor (Rare)

Spores In sltu ‘

Cicatricosisporites mohrioides
Delfoldospora hallii (Rare)
Lelotriletes mecklenburgensis (Rare)
Osmundacidites wellmannii  <v>
Todisporites major

Miscellaneous in situ
+ foraminiferal liners

Aquatics caved
No taxa observed.,

Miospores caved

No taxa observed.
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Miospores caved
No taxa observed.

Comments
1 black coaly material - (Abundant)
1 herbaceous fragments (Abundant)
1 tracheids (Dominant)
3 rich assemblage (Abundant)

3235m__cutt70 3235m___cuit79

Dinoflagellates In sltu Dinoflagellates In sliu
Amphorula #EE (Rare) Achomosphaera neptunii
Amphorula metaelliptica (Rare) Amphorula #EA
Atopodinium prosiratum Amphorula #ED
Breedoxiella #EB (Rare) Amphorula #EE
Breedoxiella #ER (Common) Breedoxislla #EB
Caddosphaera halosa (Common) Breedoxiella #ER (Common)
Chyitroeisphaeridia chytroeides (Common) Chytroeisphaeridia chytroeides (Common)
Cleistosphaeridium ehrenbergii Cleistosphaeridium ehrenbergii
Cribroperidinium granulatum <A> <v> Cribroperidinium ehrenbergii
Cribroperidinium granuligerum ) Cribroperidinium globafum
Ctenidodinium chondrum cf. . ] Cribroperidinium perforans
Ellipsoidictyum reticulatum Ellipsoidictyum reficulatum
Endoscrinium luridum (Rare) Endoscrinium pharo  <v> (Rare)
Escharisphaeridia pocockil Escharisphaeridia pocockii
Escharisphaeridia rudis (Rare) Escharisphaeridia sp. indet,  <v>
Gochteodinia villosa (Rare) Gochteodinia villosa (Rare)
Gochteodinia villosa cf. Gonyaulacysta helicoidea
Gonyaulacysta helicoidea Hystrichodinium #DA
Hystrichodinium lanceatum Hystrichodinium lanceatum (Rare)
Hysfrichogonyaulax cladophora (Rare) Hystrichogonyaulax cladophora  <v>
Hystrichosphaerina orbifera Imbatodinium kondraijevii (Rare)
Imbatodinium kondratjevii . : Lanterna sporiula (Common)
Leptodinium amabile (Rare) Meiourogonyaulax deflandrei
Lepfodinium sp. G, Git. & Sar, ‘72 Mendicodinium groenlandicum
Meiourogonyaulax deflandrei  <v> Muderongia sp. A, Davey 1978
Meiourogonyaulax dicrypta Pareodinia cerafophora  <v>
Muderongia #EA . " Pareodinia sp. C
Occisucysta monoheuriska Senoniasphaera jurassica
Pareodinia ceratophora Sentusidinium cuculliforme (Rare)
Senoniasphaera jurassica (Rare) Sublilisphaera inaffecta (Rare)
Sentusidinium cuculliforme (Common) Systematophora areolata
Systematophora areolata Systematophora fasciculigera
Systemafophora sp. indef.

Algae in situ
Algae In situ
Pterospermella helios

No taxa observed. Schizosporis parvus

Pollen in situ Pollen In situ
Alisporites #EG (Rare) Alisporites #EG
Alisporites thomasii (Abundant) Alisporites bilateralis
Araucariacites punctatus (Common) Alisporites thomasii (Rare)
Cadllialasporites monoalasporus (Common) Calllalasporites infrapunctafus
Campenia #EA Cdllialasporites trilobatus  <v>
Cedripites #EH (Rare) Campenia gigantfica <v>
Cerebropollenites macroverrucosus = (Common) Cedripites #EH (Common)
Corollina chateaunovii (Common) Cerebropollenites macroverrucosus
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Corollina vignollensis (Abundant)

Exesipollenites scabraius (Common)

Inaperturopollenites granulatus (Rare)

Pityosporites dividuus (Common)

Platysaccus monosaccus <A>

Taxodiaceaspollenites hiatus (Abundant)
Spores in situ

Klukisporites variegatus (Rare)

Leiotriletes equiexinus .

Lycopodiumsporites austroclavitidites <v>
Matonisporites phlebopteroides <v>
Trilobosporites aornatus <v>
Tuberositriletes #EZ <A>

* Uvaesporites sp. indef. <>

Miscellaneous In situ
No taxa observed.
Adquaties caved
No taxa observed.
Miospores caved
No taxa observed.
'Cémments
1 black coaly material (Abundant)

1 herbaceous fragments (Common)
1 frachelds (Dominant)

S265m__cutt71
Dinoflagellates In siiu

Amphorula #EA (Rare)

Amphorula #ED  <v>  (Rare)

Amphorula #EK <A>

Amphorula metaelliptica (Common)
Atopodinium prostratum  <v>
Breedoxiella #EB (Common)
Breedoxiella #ER (Common)
Caddosphaera halosa (Rare)

Chytroeisphaeridia chytroeides (Common)

Cleistosphaeridium ehrenbergii

Cribroperidinium granuligerum (Common)

Ctenidodinium chondrum <A>
Dingodinium jurassicum <v> (Common)
Egmontodinium torynum  <v>

Ellipsoidictyum reticulatum (Common)
Escharisphaeridia rudis (Rare)
Gochteodinia villosa (Rare)
Hystrichodinium #DA

Hystrichodinium lanceatum (Rare)
Hystrichogonyaulax cladophora
Hystrichosphaerina orbifera (Rare)

Imbatodinium kondrafjevii
Kalyptea diceras  <v>
Lanterna sporiula

C-09°
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Cerebropollenites mesozoicus

Chasmatosporites major .
Coroliina vignollensis (Abundant)
Cycadopites spp. <A> <v> -

Exesipollenites scabratus (Common)
Perinopollenites elatoides (Common)
Taxodiaceaepollenifes hialus (Abundant)
Vitreisporites minor (Rare)

Spores In sltu
Camarozonosporites insignis  <v>
Confignisporites dorsostriatus
Gleicheniidites senonicus
Todisporites major

Miscellaneous In situ
+ foraminiferal liners

Aquatles caved
No taxa observed.

Miospores caved

No taxa observed.

Commenis
1 black coaly material (Abundant)
1 herbaceous fragments (Common)
1 fracheids (Abundant)

3265m _cuft71
Dinoflagellates in situ

Amphorula #ED <>

Amphorula #EE

Amphorula #EK

Atopodinium #EPenitabulatum
Breedoxiella #EB

Breedoxiella #ER (Rare)
Caddosphaera halosa (Rare)
Chytroelsphaeridia chyiroeides (Rare)
Cleistosphaeridium-ehrenbergii
Cribroperidinium #EZ

Clenidodinium chondrum (Rare)
Dingodinium jurassicum

Egmontodinium polyplacophorum  <v>
Endoscrinium luridum (Rare)
Meiourogonyaulax pila :
Muderongia #EA (Rare)
Senoniasphaera jurassica (Rare)
Sentusidinium cuculliforme (Rare)
Subfilisphaera pasminosa
Systematophora fasciculigera

Algae In situ

No taxa observed.
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Leptodinium mammiliferum
Leptodinium sp., G, Git, & Sar. '72
Meiourogonyaulax cantrelli  <v>
Meiourogonyaulax dicrypta
Meiourogonyaulax sp. Indet, <v>
Mendicodinium groenlandicum
Muderongia #EA
Muderongia #EG (Common)
Occisucysta monoheuriska
Pareodinia evittii
Pareodinia groenlandica
- Pareodinia prolongata <A> <v>
Senoniasphaera jurassica (Rare)
Sentusidinium cuculliforme (Abundant)
Sentusidinium pilosum  <v>
Subtilisphaera paeminosa
Systematophora sp. indet.  <v>
Tenuasp. Git.& Sarf. 72 <v>

(Common)
(Common)

Algae In situ
Pterospermella helios
Pollen in situ

Alisporites #EG
Alisporites thomasii (Common)
Araucariacites punctatus (Common)
Cdlllalasporites infrapunctatus (Rare)
Cadllialasporites monoalasporus (Rare)
Campenia #EA (Common)

Cedripites #EH (Rare)

Cedripites canadensis (Common)
Cerebropollenites #Eepilargos (Rare)
Cerebropollenites mesozoicus (Rare)
Corollina chateaunovi (Common)
Corollina iftunensis (Common)

Coroliina vignollensis (Dominant)
Perinopollenites elatoides (Abundant)
Phyllocladidites inchoatus (Rare) -
Pityosporites dividuus (Common)
Platysaccus monosaccus (Rare)
Taxodiaceaepollenites hiatus (Abundant)
Vifreisporites minor

(Common)

Spores In situ

Cicatricosisporites abacus
Confignisporites notabllis
Coronatispora valdensis
Lelotriletes mecklenburgensis
Pilosisporites ericus  <v>

(Common)

Miscellaneous in situ

+ foraminiferal liners (Common) -
Aquatics caved

No taxa observed.

Miospores caved

No taxa observed.
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Pollen in situ
Alisporites thomasii (Common)
Callialasporites trilobatus cf,
Cedripites canadensis (Abundant)
Cerebropollenites macroverrucosus (Rare)
Corollina chateaunovii (Common)
Corollina vignollensis (Abundant)

Exesipollenites scabratus
Perinopollenites elatoides (Abundant)
Pityosporites dividuus (Common)
Vitreisporites minor (Rare)

(Common)

Spores In situ
Clcdfricosllsporifes #EP .
Leioftriletes mecklenburgensis (Rare)
Saxosporis variabilis

Miscellaneous In situ
No fcxa. observed.

Aquatics caved
No taxa observed.

Miospores caved
No taxa observed.

Commenis
1 herbaceous fragments

1 fracheids (Dominant)
3 rich assemblage (Abundant)

(Abundant)
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Commenis
1 black coaly material " (Common)
1 herbaceous fragments (Dominant)
1 fracheids (Dominant)

Jrich assemblage <v> (Dominant)

3295m _cutt72

Dinoflagellates in siiu

Breedoxiella #ER (Rare)
Cribroperidinium #EZ <A> <v>
Cribroperidinium globafum

Ctenidodinium panneum <v>
Gochteodinia villosa

Gochtecodinia villosa cf.

Hystrichodinium lanceatum (Rare)
Imbatodinium kondratjevil

Lanterna sporiula

Leptodinium sp. G, Git, & Sar. ‘72 (Rare)
Leptodinium sp. indet. <A> (Rare)
Meiourogonyaulax pila

Muderongia #EA  <v>

Muderongia sp. A, Davey 1978 <v> (Rare)
Occisucysta monoheuriska

Pareodinia eviitii (Rare)

Pareodinia groenlandica

Sentusidinium cuculliforme (Common)
Subtilisphaera inaffecta

Systematophora fasciculigera

Algae In situ
No taxa observed.
Pollen in siiu

Alisporites #EG (Common)

Alisporites thomasii (Common)
Callialasporites infrapunctaius

Cadllialasporites monoalasporus (Common)
Campenia #EA (Rare)

Cerebropollenites #Eepilargos

Cerebropollenites mesozoicus (Common)
Corollina chateaunovii (Rare) .
Coroliina vignollensis (Dominant)
Exesipollenites scabratus (Rare)
Inaperfuropollenites granulatus (Rare)
Phyllocladidites inchoatus (Rare)
Podocarpidites canadensis
Taxodiaceaepollénites hiatus (Abundant)
Vitreisporites minor

Spores In situ

Clcairicosisporites abacus
Cicatricosisporites mohrioides
Deltoidospora hallii (Common)
Densoisporites perinafus <A> <v>
Distalfriangulisporites perplexus  <v>
Leiotriletes mecklenburgensis -+ (Rare)

C-09
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3295m.__cuit72

Dinoflagellates In situ

Amphorula #EA
Amphorula mefaelliptica
Apteodinium nuciforme

Breedoxiella #EB (Rare)
Breedoxiella #ER (Abundant)
Chytroeisphaeridia chytroeides (Rare)

Cribroperidinium perforans
Ctenidodinium chondrum cf.  <v>

Dingodinium jurassicum (Dominant)
Egmontodinium torynum  <v>
Endoscrinium luridum (Rare)

Escharisphaeridia pocockii - <v>
Gochteodinia villosa

Hystrichodinium lanceatum (Rare)
Imbatodinium kondratjevii

Lanterna sportula

Leptodinium sp. G, Git. & Sar. ‘72 (Rare)
Meiourogonyaulax deflandrei

Muderongia #EA

Muderongia sp. A, Davey 1978

Pareodinia sp. C

Pseudoceratium gochtii  <v>
Senoniasphaera jurassica

Sentusidinium cuculliforme (Common)

Algae In situ
No taxa observed.
Pollen In situ

Alisporites bilateralls  <v>
Campenia #EA <> (Rare)

Cedripites #EH

Cedripites canadensis (Rare)
Cerebropollenites mesozoicus

Corollina chateaunovii (Common)
Corollina vignollensis

Exesipollenites scabratus (Abundant)
Pityosporites dividuus (Rare)

Podocarpidites canadensis
Spores In situ

Cicatricosisporites- mohrioides (Rare)
Densoisporites microrugulatus

Leiotriletes mecklenburgensis

Pilosisporites ericus  <v>

Striatella #EC

Trilobosporites aornatus  <v>

K-08



Bujak Davies Group

Saxosporis #EB .
Trilobosporites tuberculiformis  <v>  (Rare)

Miscellaneous in situ

+ foraminiferal liners
Adquatlcs caved

No taxa observed.
Miospores caved

No taxa observed.

Comments
1 black coaly materiai (Abundant)
1 herbaceous fragments (Common)
1 tracheids (Dominant)

3326m _cutt73
Dinoflagellates in situ

Breedoxiella #ER (Rare)
Chyitroeisphaeridia chylroeides
Ctenidodinium chondrum
Ctenidodinium chondrum cf,  <v>
Ctenidodinium pachydermum <v>
Ellipsoidictyumn reticulatum (Common)
Escharisphaeridia rudis

Hystrichodinium #DA

Lanterna sporfula

Leptodinium sp. G, Git. & Sar. '72
Meiourogonyaulax dicrypta
Meiourogonyaulax pila
Mendicodinium groenlandicum
Muderongia #EG

Occisucysta monoheuriska

Pareodinia evifiil (Common)
Sentusidinium cuculliforme
Subtilisphaera paeminosa (Rare)
Systematophora areolata
Systematophora fasciculigera

Algae in situ

Schizosporis parvus  <v>

Pollen in situ
Alisporites thomasii (Abundant)
Araucariacites punctatus  <v>
Callialasporites monodlasporus (Rare)
Cediipites canadensis (Rare)
Cerebropollenites mesozoicus (Common)
Corollina chateaunovii (Rare)
Corollina vignollensis (Common)
Exesipollenites scabratus (Rare)
Inaperturopollenites granulatus
Perinopollenites elatoides (Abundant)
Phyllocladidites inchoatus  <v> (Common)

C-09
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Miscellaneous In situ
+ foraminiferal liners (Rare)
Aquatles caved
No taxa observed,
Miospores caved
No taxa observed.
Comments

1 black coaly material (Common)

1 herbaceous fragments (Abundant)
1 tracheids (Abundant)

3 rich assemblage (Abundant)

$325m__cutt73
Dinoflagellates in situ

Achomosphaera sp. indet. <A> <v>
Amphorula #EE

Amphorula #EK

Amphorula metaelliptica (Rare)
Breedoxiella #EB - (Common)
Breedoxiella #ER (Common)
Chytroeisphaeridia chytroeides (Rare)
Cleistosphaeridium ehrenbergii (Rare)
Cribroperidinium #EZ

Cribroperidinium granuligerum

Dingodinium jurassicum

Endoscrinium luridum (Common)
Hystrichodinium lanceatum (Rare)
Imbatodinium kondraijevii

Lanterna sporfula (Rare)

Lepfodinium sp. G, Git. & Sar. ‘72
Melourogonyaulax pila (Rare)
Muderongia #EA (Rare) -

Muderongia #ED  <v>

Muderongia sp. A, Davey 1978 (Rare)
Pareodinia groenlandica <v>

Pareodinia sp. C

Senoniasphaera jurassica

Sentusidinium cuculliforme (Common)
Systemartophora areolata

Algae In situ
No taxa observed,

Pollen in sltu
Alisporites #EG
Alisporites thomasif (Rare)
Araucariacites punctatus  <v>
Cadllialasporites infrapunctatus

Callialasporites monoalasporus (Common) .
Campenia #EA ‘
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Platysaccus monosaccus  <v>
Podocarpidites canadensis  <v>
Podocarpidifes epistriatus
Taxodiaceaepollenites hiatus ) (Common)

Spores in situ
Deltoidospora hallii ,
Densoisporites microrugulafus  <v>
Lelotriletes mecklenburgensis
Pilosisporites sp. A <A> <v>
Saxosporis #EB

Miscellaneous In situ
No taxa observed.

Aquatles caved
No taxa observed.

Miespores caved

No taxa observed.

Commenis
1 amorphous kerogen (Common)
1 herbaceous fragments (Dominant)

2 corroded palynomorphs

3345m__ cuft74

Dinoflagellates In sifu

Amphorula #EA

Caddosphaera halosa
Chyiroeisphaeridia chytroeides
Hystrichosphaerina orbifera  <v>
Lanterna sporiula (Rare)
Occisucysta monoheuriska <>
Senoniasphaera jurassica

Algae In situ
No taxa observed.
Pollen In situ
Alisporites thomasii (Rare)

Callialasporites infrapunctatus
Cdllialasporites turbafus  <v>

Cediripites canadensis

Cerebropollenites macroverrucosus
Chasmatosporites major

Corollina vignollensis (Common)
Exesipollenites scabratus (Commony)

C-Q09
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Cediripites #EH (Rare)

Cedripites canadensis (Common)
Cerebropollenites macroverrucosus (Rare)
Cerebropollenites mesozoicus

Coroliina vignollensis (Abundant)
Exesipollenites scabratus (Common)
Pityosporites dividuus (Abundant)

Podocarpldites canadensis
Spores in sltu
Aeaquitriradites cooksonae (Rare)
Cicdtricosisporites #EP
Delfoidospora hallii (Rare)
Leiofriletes mecklenburgensis
Rotverrusporites granulatum
Todisporites major  <v>
Tuberositriletes monfuosus  <v>
Miscellaneous in situ
No taxa observed.
Adquailes caved
No taxa observed.
Miospores caved

No taxa observed.

Comments
1 black coaly material (Common)
1 herbaceous fragments (Abundant)
1 fracheids (Abundant)

2355m _cutt 74

Dinoflagellates In situ

Amphorula #EE

Amphorula metaellipfica #Eextensa  <v>
Breedoxiella #EB

Breedoxiella #ER (Common)
Chytroeisphaeridia chytroeides (Rare)
Ctenidodinium pachydermum

Endoscrinium luridum

Escharisphaeridia rudis (Abundant)
Gonyaulacysta helicoidea
Hystrichodinium lanceatum (Rare)
Imbatodinium kondratjevil (Rare)

Leptodinium mammiliferum
Leptodinium sp. G, Git. & Sar. ‘72
Meiourogonyaulax caytonense
Meiourogonyaulax deflandre!
Mendiicodinium groenlandicum
Microdinium opacum
Muderongia sp. A, Davey 1978

Occisucysta monoheuriska (Rare)
Senoniasphaera jurassica
Sentusidinium cuculliforme (Common)

Systematophora fasciculigera
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Inapertfuropollenites granulafus

Perinopollenites elatoides (Rare)
Pityosporites dividuus (Common)
Spores In situ

Contignisporites notabilis
Delfoidospora hallii (Rare)
Osmundacidites wellmannil  <v>
Tuberositriletes #£S
Tuberositiletes #EZ

Miscellaneous In situ
No taxa observed.

Aquatics caved
No taxa observed.

Miospores caved

No taxa observed.

Commenis

1 amorphous kerogen (Rare)

1 black coaly material (Common)

1 herbaceous fragments (Common)

1 tracheids (Dominant)

2 poor preservation <v>

3 impoverished assemblage
3365m__cutt76

Dinoflagellates In sliu

Cribroperidinium granuligerum
Leptodinium'sp. indet, <v>

Algae in situ
‘ No taxa observed.
Pollen in situ

Alisporites thomarsii
Campenia #EA

C-09
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Algae In sltu
Pterospermella helios
Pollen In situ

Alisporites thomasii (Common)
Callialasporites monoalasporus
Calllalasporites obrutus

Cedripites #EH

Cedripites canadensis
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus
Chasmatosporites major

Corollina vignollensis (Abundant)
Exesipollenites scabratus (Common)
Perinopollenites elatoides (Rare)
Pityosporites dividuus
Taxodiaceaepollenites hiatus

Spores in sifu
Aequitriradites cooksonae
Deltoidospora hallif
Densoisporites microrugulatus
Klukisporites areolatus ~ <v>
Leiotiletes mecklenburgensis
Saxosporis variabilis (Rare)
Miscellaneous in situ
+ foraminiferal liners (Rare)
Aduatics caved
No taxa observed,
Miospores caved
No taxa observed.
Comments
1 black coaly material

1 herbaceous fragments
1 fracheids (Dominant)

(Abundant)
(Common)

3365m__cuit 75

Dinoflagellates In situ”

Amphorula #EK

Amphorula metaelliptica
Apteodinium nuciforme
Breedoxiella #EA  <v>
Breedoxiella #EB (Rare)
Chytroeisphaeridia chyiroeides
Cribroperidinium #EZ2

Lanterna sportula

Leptodinium mammiliferum

(Common)

(Rare)

(Abundant)

(Common)

Leptodinium sp. G, Git. & Sar. ‘72 (Rare)

Pareodinia sp. C
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Chasmatosporites major  <v>

Coroliina vignollensis (Rare)
Exesipollenites scabralus

Pityosporites dividuus (Rare)
Taxodiaceaepollenites hiatus (Rare)

Spores In sliu
Clcatricosisporites mohrioides (Questionably present)
Gleicheniidifes senonicus  <v>
Saxosporis sp. indet, <A> <v>
Tuberositrletes #EZ (Rare)
Miscellaneous in sifu
No taxa observed.
Aquatles caved
No taxa observed.

Miospores caved

No taxa observed.

Comments
1 black coaly material (Dominant)
1 oxidized kerogen (Common)

3 impoverished assemblage <v>  (Rare)

3385m __cutt 76

Dinoflagellates In situ

Amphoruia #EA

Amphorula #EK

Amphorula metaelliptica  <v>
Breedoxiella #ER (Rare)
Caddosphaera halosa (Rare)
Chytroeisphaeridia chyitroeides (Rare)

C-09
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Senonlasphaera jurassica
Sentusidinium cuculliforme
Sentusidinium rioultii
Systematophora areolata
Systematophora fasciculigera  <v>

Algae In situ
No taxa observed.
Pollen in situ

Alisporites thomasii (Rare)

Callialasporites monoalasporus (Rare)
Calllalasporites trilobatus cf,  <v>

Cedripites canadensis (Rare)
Cerebropollenites macroverrucosus (Rare)
Chasmatosporites major  <v>

Corollina chateaunovii
Corollina vignollensis
Exesipollenites scabratus
Perinopollenites elatoides
Pityosporites dividuus
Taxodiaceaepollenites hiatus

(Abundant)
(Common)
(Common)
(Common)

Spores In situ

Acanthotriletes varispinosus  <v>

Aequitriradites cooksonae

Cicatricosisporites #EP  <v>

Cleatricosisporites mohrioldes

Coronatfispora valdensis

Leiotriletes macklenburgensis

Rotverrusporites ambigua  <v>
Miscellaneous In sifu

+ foraminiferal liners (Rare)
Adquatles caved

No taxa observed.
Miospores caved

No taxa observed., -
Comments

1 black coaly material

1 herbacsous fragments
1 tracheids (Dominant)

(Abundant)
(Common)

3395m__cutt 76

Dinoflagellates in situ

Amphorula #EA
Amphorula #EE  <v>

- Amphorula #EK
Amphorula metaelliptica
Breedoxiella #EB (Rare)
Breedoxiella #ER (Common)
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Cleistosphaeridium ehrenbergii
Ctenidodinium chondrum
Ellipsoidictyum reticulatum (Rare)
Escharisphaeridia pocockii  <v>
Escharisphaeridia rudis

Gonyaulacysta sp. indef.  <v>
Hystrichodinium #DA  <v>

Hystrichodinium lanceatum (Rare)
Hystrichogonyaulax cladophora  <v>
Imbatodinium kondratfevi (Rare)

Lanterna bulgarica  <v>
Lanterna sporfula  <v>
Leptodinium amablle

Lepfodinium sp. G, Gif. & Sar. 72 (Rare)
Meiourogonyaulax caytonense <v>
Mendicodinium groenlandicum (Rare)
Muderongla #EG

Senoniasphaera jurassica
Sentusidinium cuculliforme
Sentusidinium rioultii  <v>
Subfilisphaera inaffecta
Taeniophora sp. indet, <A> <v>

Algae in situ

No taxa observed.

Pollen In situ
Alisporites #EG (Rare)
Alisporites thomasii
Cdllialasporites trilobatus (Rare)
Cedripites #EH
Cerebropollenites mesozoicus
Corollina chateaunovii (Common)
Corollinaitunensis <v> (Rare)
Corollina vignollensis (Common)
Exesipollenites scabratus (Common)

Perinopollenites elatoides
Spores In sifu
Acanthotriletes varispinosus  <v>
Confignisporites notabilis  <v>
Klukisporites variegatus
Lelotriletes mecklenburgensis (Rare)
Saxosporis #EB
Saxosporis tenerirugosus <A>
Tuberositriletes #88  <v>  (Rare)
Miscellaneous in situ
+ foraminiferal liners
Aquatics caved
No taxa observed.
Miospores caved
No taxa observed,

Comments
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Chytroeisphaeridia chytroeides (Common)
Cribroperidinium ehrenbergii
Cribroperidinium granuligerum (Rare)

Ctenidodinium pachydermum  <v>
Endoscrinium luridum

Gochteodinia villosa

Hystrichodinium lanceatumn (Rare)
Imbatodinium kondratjevil (Rare)
Lanterna bulgarica  <v>

Lanterna saturnalis <A> <v>

Lanterna sporiula

Leptodinium sp. G, Git. & Sar, ‘72
Meiourogonyaulax caylonense (Questionably present)
Meiourogonyaulax pila

Microdinium opacum  <v>

Muderongia #EA

Muderongia simplex ‘perforaia’
Muderongia sp. A, Davey 1978 (Rare)
Pareodinia sp. C

Senoniasphaera jurassica

Sentusidinium cuculliforme (Common)
Sentusidinium rioulfif (Rare)
Systematophora sp. indef.  <v>

Algae In situ
Schizosporis parvus  <v>  (Rare)
Pollen In situ

Cdllidlasporites infrapunctatus

Campenia #EA ~

Cedripites #EH

Cedripites canadensis

Cerebropollenites macroverrucosus (Rare)
Cerebropollenites mesozoicus (Rare)
Corollina chateaunovi (Rare)

Coroliina vignollensis (Abundant)
Exesipollenites scabratus (Abundant)
Perinopollenites elatoides

Pityosporites dividuus (Rare)

Spores In situ
Aequitriradites cooksonae  <v>
Cicatricosisporites mohricides (Rare)
Deltoidospora hallii
Densoisporifes microrugulatus — <v>
Gleicheniidites senonicus
Klukisporites variegatus
Leiotriletes mecklenburgensis
Miscellaneous In situ
No taxa observed.
Aaquatles caved
No taxa observed.
Miospores caved

No taxa observed.
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1 black coaly material (Abundant)
1 tracheids (Abundant)
415m__cuit77

Dinoflagellates In situ

Amphorula #EE  _<v>

Breedoxiella #EB

Breedoxiella #ER

Chytroeisphaeridia chyiroeides
Ctenidodinium chondrum

Ellipsoidictyum reficulatum  <v>  (Rare)
Escharisphaeridia rudis (Rare)
Gochteodinia villosa cf.  <v>
Hystrichodinium lanceatum
Mendicodinium groenlandicum
Muderongia #EG

Pareodinia evittii (Rare)

Pareodinia groenlandica  <v>
Senoniasphaera jurassica (Common)
Sentusidinium cuculliforme (Rare)

Algae In situ
No taxa observed.
Pollen In situ

Alisporites thomasii

Cdllialasporites monoalasporus (Common)
Campenia #EA
Cedripites canadensis (Abundant)

Cerebropollenites #Eepilargos
Cerebropollenites macroverrucosus

Corollina chateaunovii (Common)

Coroliina vignollensis (Abundant)

Exesipollenites scabrafus (Rare)

Perinopollenites elatoides (Common)
Spores in situ

Clcatricosisporitées mohrioides
Kraeusellsporites #EA
Saxosporis #EB  <v>
Miscellaneous in situ
+ foraminiferal liners
Adquatles caved
No taxa observed.
Miospores caved

No taxa observed.

Comments
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Comments
1 black coaly material (Abundant)
1 herbaceous fragments (Abundant)
1 tracheids (Abundant)
. 3rch assemblage (Abundant)
M15m.__cuit77

Dinoflagellates in sltu

Acanthaulax sp. indet, <A>

Breedoxiella #EB (Rare)

Breedoxiella #ER (Common)
Caddosphaera halosa (Rare)
Cleistosphaeridium ehrenbergii  <v>
Ellipsoidictyum cinctum (Rare)
Gochteodinla villosa

Hystrichodinium lanceatum (Rare)
Imbatodinium atffenuafum

Lanterna sportula (Rare)

Leptodinium sp. G, Git. & Sar. '72
Meiourogonyaulax pila

Muderongia #EA (Rare)

Muderongia #EG

Muderongia sp. A, Davey 1978 (Rare)
Pareodinia sp. C (Rare)
Senoniasphaera jurassica (Rare)
Sentusidinium cuculliforme (Common)
Sentusidinium rioulti  <v>

Sentusidinium verrucosum <A>

Algae In situ

No taxa observed.

Pollen in situ
Alisporites thomasii (Rare)
Cedripites canadensis (Common)
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus (Rare)
Corollina chateaunovi (Rare)
Corollina vignollensis (Dominant)
Exesipollenites scabratus (Abundant)
Perinopollenites elatoides (Common)
Pityosporites dividuus (Rare)

Podocarpidites canadensis
Podocarpidites epistriatus
Vitreisporites minor

Spores in situ

Cicatricosisporites purbeckensis  <v>
Coronatispora valdensis

Delfoidospora hallif (Rare)
Foraminisporis jurassica
Lelotriletes mecklenburgensis (Rare) _

Uvaesporifes sp. indet.  <v>
Miscellaneous In situ

+ foraminiferal liners (Rare)

K-08



Bujak Davies Group

1 black coaly material (Abundant)

1 herbaceous fragments (Abundant)
] oxidized kerogen <v> .
1 fracheids (Abundant)

3445m __cutt78

Dinoflagellates in situ
Achomosphaera neptunii
Apfeodinium nuciforme <v>
Cleistosphaeridium sp. indet. <A>
Pareodinia evittii  <v>

Algae In situ
No taxa observed.

Pollen in situ

Alisporites thomasif

Cadllialasporites monoalasporus (Rare)
Cedripites #EH (Rare)

Cedripites canadensis (Abundant)
Cerebropollenites macroverrucosus
Corollina chateaunovii (Abundant)
Corollina vignollensls

Exesipollenites scabratus (Commony)
Inaperturopollenites granulatus (Rare)
Perinopollenites elatoides

Pityosporites dividuus

Vitreisporites minor  <v>
Spores In situ
Cicatricosisporites mohrioides
Deltoidospora hallii
Densoisporites sp. indet. <A> <v>
Klukisporites variegatus  <v>
Todisporites major
Tuberositriletes minutus <A> <v>  (Rare)
Varirugosisporites granituberosus <A> <v>
Miscellaneous in situ
+ foraminiferal liners (Rare)
Aquatics caved

No taxa observed.
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Aquatics caved
No taxa observed.
Miospores caved

No taxa observed.

Comments
1 black coaly material (Abundant)
1 herbaceous fragments (Common)
1 oxidized kerogen <A>
1 tracheids (Abundant)
3 rich assemblage (Dominant)

2445m  cuit78

Dinoflageilates in situ

Acanthaulax sp. indet. <v> (Rare)
Achomosphaera nepiunii

Amphorula #EA

Breedoxislla #EB

Breedoxiella #ER (Common)
Chyftroelsphaeridia chyfroeides (Common)
Cribroperidinium globatum <v> (Rare)
Dingodinium Jurassicum

Ellipsoidictyum cinctum  <v>
Escharisphaeridia rudis (Rare)
Gonyaulacysta helicoidea
Hystrichodinium lanceatum (Common)
Lanterna sporfula = (Common)
Leptodinium amabile

Leptodinium mammiliferum (Rare)
Meiourogonyaulax dicrypta
Meiourogonyaulax pila

Mendicodinium groenlandicum
Muderongia simplex ‘perforata’  <v>
Muderongia sp. A, Davey 1978
Occisucysta monoheuriska
Senoniasphaera jurassica

Sentusidinium cuculliforme (Rare)

Algae In situ
No taxa observed.

Pollen In situ
Alisporites thomasif (Common)
Cedripites #EH

Cerebropollenites #Fepilargos  <v>
Cerebropollenites macroverrucosus

Cerebropollenites mesozoicus (Rare)
Corollina vignollensis (Abundant)
Exesipollenites scabratus (Abundant)
Perinopollenites elatoides (Abundant)
Pityosporites dividuus

Taxodiaceaspollenites hiatus (Common)

Spores In situ
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Miospores caved

No taxa observed.

Comments—
1 black coaly material (Abundant)
1 fracheids (Common)

2 corroded palynomorphs

3475m __cuit79
Dinoflagellates In situ
Amphorula #EA
Breedoxiella #EB (Rare)
Breedoxiella #ER (Rare)

Cleistosphaeridium ehrenbergil  <v>
Cleistosphaeridium sp. indef. <v>
Cribroperidinium globatum  <v>
Cribroperidinium granuligerum
Hlipsoidictyum cinctum <A> <v>  (Rare)
Gochteodinia vilosa <v>
Gonyaulacysta helicoidea <v>
Leptodinium amabile
Meiourogonyaulax dicrypta

Mendicodinium groenlandicum (Common)
Muderongia #EG (Rare)

Senoniasphaera jurassica

Sentusidinium cuculliforme (Common)

Sentusidinium sp. indet. <v>
Subtillsohaera paeminosa  <v>
Systematophora fasciculigera (Rare)

Algae In situ
Pterospermella helios  <v>
Pollen in situ

Alisporites grandis  <v>

Alisporites thomasii

Callialasporites monoalasporus (Rare)
Campenia #EA

Cedripites #EH

Cedilipites canadensis (Common)
Cerebropollenites macroverrucosus
Cerebropollenites mesozoicus (Rare)
Corollina chateaunovii (Rare)

C-09
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Coronatispora vaidensis
Gleicheniidites senonicus  <v>
Stiatella #EN  <v>
Tuberositriletes #E2  <v>
Miscellaneous In situ
No taxa observed.
Aquatics caved
No taxa observed.

Miospores caved

No taxa observed.

Comments
1 black coaly material (Common)
1 herbaceous fragments (Dominant)
1 tracheids (Abundant)
3476m__cuit79
Dinoflagellates in situ
Amphorula #EA
Amphorula metaelliptica (Rare)
Breedoxislla #ER (Abundant)
Cribroperidinium #EZ
Dingodinium jurassicum
Endoscrinium luridum
Escharisphaeridia rudis (Rare)

Gonyaulacysta dualls <A> <v> (Questionably present)
Leptodinium mammiliferum

Lepfodinium sp, G, Git. & Sar. ‘72  <v>
Leptodinium sp. indef, <A> (Rare)
Meiourogonyaulax caytonense  <v>
Meiourogonyaulax dicrypta

Mendicodinium groenlandicum (Rare)
Muderongia #EA

Occisucysta balios <A>_

Pareodinia sp. C (Rare)
Senoniasphaera jurassica (Rare)
Sentusidinium cuculiiforme (Common)

Algae in situ i
Pterospermella helios  <v>

Pollen In situ
Alisporites #EG
Alisporites thomasil (Common)

Callialasporites dampieri
Cdllialasporites infrapunctatus

Cadllialasporites monoalasporus (Common)
. Cdllialasporites obrutus
Cedripites #EH (Rare)
Cedripites canadensis (Rare)
Cerebropollenites macroverrucosus (Common)
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Corollina vignollensis (Common)
Exesipollenites scabraius (Common)
Perinopollenites elatoides (Common)
Pityosporites dividuus (Common)

Taxodiaceaepollenites hiatus  <v> (Common)

Spores In situ

Cicatricosisporites abacus
Cicatricosisporites purbeckensis  <v>
Deltoidospora hallli (Rare)
Impardecispora sp. indet. <A> <v> (Rare)
Saxosporis tenerirugosus

Todisporites major  <v>

Tuberositriletes #EZ <>

Varirugosisporites planirugulatus

Miscellaneous in situ
+ foraminiferal liners (Rare)
Aquatlcs caved
No taxa observed.
Mlosp;:res caved
No taxa observed.
Comments

1 black coaly material (Abundant)
1 herbacsous fragments (Abundant)
1 tracheids (Abundant)

3505m__ cuit 80

Dinoflagellates In situ

Breedoxiella #EB (Rare)
Breedoxiella #ER  <v>
Cribroperidinium granuligerum  <v>
Cribroperidinium sp. indef.  <v>
Ctenidodinium ornatum <A> <v>
Ctenidodinium sp. indet. <A> <v>
Escharisphaeridia rudis (Rare)
Leptodinium amabile (Rare)
Leptodinium sp. G, Git. & Sar. ‘72
Meiourogonyaulax dicrypta  <v>
Mendicodinium groenlandicum  <v>
Muderongia #EG  <v>
Senoniasphaera jurassica
Sentusidinium cuculliforme
“Subtilisphaera inaffecta
Systematophora fasciculigera

Algae In situ
Concentricystes minor <A> <v>
Pollen in sifu

Alisporites #EG
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Corollina chateaunovii

Corollina vignollensis (Abundant)
Exesipollenites scabratus (Common)
*Pityosporites dividuus (Common)

Spores in situ
Coronatispora valdensis
Impardecispora sp. A, Dorhofer ‘77  <v>
Leioftriletes mecklenburgensis (Rare)
Polycingulatisporites segmentatus <A>
Trilobosparifes tuberculiformis  <v>
Miscellaneous In situ
No taxa observed.
Aquatics caved
No taxa observed.

Mlospores caved

No taxa observed.

Comments
1 black coaly material (Common)
1 herbaceous fragments (Abundant)
1 tracheids (Abundant)

3505m . cuit 80
Dinoflagellates In situ '

Amphorula #EK  <v>

Amphorula metaellipfica

Breedoxlella #EB (Common)
Breedoxiella #ER (Abundant)
Caddosphaera halosa

Chyftroeisphaeridia chylroeides
Ctenidodinium chondrum (Common)
Dingodinium jurassicum  <v>

Endoscrinium luridum (Common)
Escharisphaeridia rudis .
Gochteodinia villosa (Rare)

Gonyaulacysta helicoidea  <v>
Hystrichodinium #DA  <v>

Hystrichodinium lanceatum (Common)
Imbatodinium atfenuatum <v>

Lanterna sporfula

Leptodinium amabile  <v>

Leptodinium sp. indet.  <v>
Meiourogonyaulax dicrypta  <v>
Mendicodinium groenlandicum <v> (Rare)
Muderongia sp. A, Davey 1978 <v> -
Occisucysta monoheuriska

Parsodinia sp. C

Senoniasphaera jurassica (Rare)
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Alisporites thomasil (Common)
Cadllialasporites infrapunctatus
Cdllialasporites monoalasporus
Campenia #EA

Cediripites canddensis " (Common)
Cerebropollenites mesozoicus

Corollina chateaunovii (Abundant)
Corollina vignollensis (Abundant)
Exesipollenites scabratus (Common)
Perinopollenites elatoides

Podocarpidites epistriatus

Spores In situ
Deltoidospora hallii
Klukisporites areolatus = <v>
Lepfolepidites major <v>
Saxosporis tenerirugosus  <v>
Stereisporites clavus <A>
Miscellaneous in situ
No taxa observed.
Aquatics caved
No taxa observed.

Miospores caved

No taxa observed.

Comments
1 amorphous kerogen (Rare)
1 black coaly material (Abundant)
1 herbaceous fragments (Dominant)
1 tracheids (Common)

~ 3535m.__cutt8]

Dinoflagellates in situ

Breedoxiella-#EB (Abundant)
Ctenidodinium chondrum
Escharisphaeridia rudis
Imbatodinium kondratjevii  <v>
“Leptodinium mammiliferum
Pareodinia ceratophora <v>

C-09
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Sentusidinium cuculliforme (Common)

Sentusidinium verrucosum — <v>
Subftilisphaera inaffecta (Rare)
Systematophora areclata  <v> (Rare)

Algae In sltu
Schizosporis reticulatus  <v>
Pollen in sltu

Alisporites thomasil (Rare)
Calllalasporites turbafus  <v>
Campenia #6A <v>

Cedripites #EH (Rare)
Cerebropollenites-macroverrucosus
Cerebropollenites mesozoicus
Corollina chateaunovii

Coroliina vignollensis (Dominant)

Exesipollenites scabratus (Common)

Pityosporites dividuus (Rare)
Podocarpidites canadensis
Podocarpidites epistriatus

(Common)

Taxodiaceaepollenites hiatus  <v> (Common)

Spores In sltu

Cleatricosisporntes mohrioides (Rare)

Corondtispora valdensis
Deltoidospora halli - (Rare)
Saxosporis variabilis  <v>
Miscsllaneous In situ
+ foraminiferal liners
Aquatics caved
No taxa observed.

Miospores caved

No taxa observed.

Comments
1 amorphous kerogen (Rare)
1 black coaly material (Common)
1 herbaceous fragments (Common)
1 oxidized kerogen .<v>
1 tracheids (Dominant)
3 rich assemblage (Abundant)
3535m__ cuit 81
Dinoflagellates In situ
Amphorula metaelliptica (Rare)
Afopodinium #EPenitabulatum  <v>
Breedoxiella #E£B {Common)
Breedoxiella #ER (Rare)
Caddosphaera halosa
Cribroperidinium #EZ
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Senoniasphaera jurassica (Abundant)
Sentusidinium cuculliforme

Systematophora areolata  <v>
Algae in situ
No taxa observed.
Pollen In sliu
Alisporites #EG (Rare)
Cadlllalasporites infrapunctatus
Cdllialasporites monoalasporus
Callialasporites obrutus  <v> (Rare)
Cerebropollenites mesozoicus  <v>
Corollina chateaunovii (Rare)
Exesipollenites scabratus (Dominant)

Perinopollenites elatoides
Podocarpidites epistriatus  <v>

Spores in situ
Cicatricosisporites mohrioides
Lelotrletes mecklenburgensis
Rotverrusporites granulatum
Miscellaneous in situ
No taxa observed.
Aquatics caved
Systematophora ancyrea <A> <v>
Miospores caved
No taxa observed.
Comments

1 amorphous kerogen (Abundant)

1"black coaly material
1 herbaceous fragments
1 tfracheids (Common)

(Dominant)

3565m__cuit 82
Dinoflagellates in situ

Achomosphaera neptunii  <v>
Amphorula #EK <>

Breedoxiella #EB (Abundanf)
Chytroeisphaeridia chyfroeides  <v>
C-09
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Cribroperidinium ehrenbergii  <v>
Ctenidodinium chondrum (Common)
Melourogonyaulax cantrefli  <v> (Rare)
Meiourogonyaulax deflandrei  <v>  (Rare)
Meiourogonyaulax pila (Rare)
Muderongia #EG  <v>

Occisucysta ballos  '<v> (Common)

Senoniasphaera jurassica - (Common)
Sentusidinlum cuculiiforme (Rare)
Algae In situ
No taxa observed.
Pollen in situ
Alisporites #EG ‘(Rare)
Calllalasporifes infrapunctatus (Rare)
Cdllialasporites obrutus
Cedripites #EH (Rare)
Cedripites canadensis (Common)
Cerebropollenites macroverrucosus (Rare)
Corollina vignollensis (Abundant)
Exesipollenites scabratus (Abundant)
Pityosporites dividuus (Common)
Spores In sltu

Clcatricosisporites mohrioides
Cicatricosisporites sp. indef. <A> <v>
Deltoidospora hallii (Common)
Polycingulatisporites segmentatus  <v>
Rotverrusporites granulatum  <v>
Striatella #EC  <v>

Tuberositriletes #ES ~ <v>  (Rare)

Miscellaneous in situ

No taxa observed.

Adquatles caved

No taxa observed,

Mlospores caved

No taxa observed,

Comments

1 black coaly material

1 herbaceous fragments
1 tracheids (Abundant)

3 rich assemblage (Abundant)

(Common)
(Dominant)

28565m__ cuit 82

Dinoflagellates in situ

Achomosphaera neptunii  <v>
Amphorula #EA  <v>
Amphorula metaelliptica  <v>
Apteodinium nuciforme
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Ctenidodinium chondrum (Common)
Endoscrinium luridum  <v>
Escharisphaeridia rudis (Common)

Hystrichodinium lancealum <v>
Meiourogonyaulax pila  <v> (Rare)
Occisucysta balios  <v>
Senoniasphaera jurassica (Rare)
Systematophora fasciculigera  <v>

Algae In sifu
No taxa observed.
Pollen In situ

Alisporites thomasii (Common)
Callialasporites infrapunctatus  <v>  (Rare)
Cadlllalasporites monoalasporus
Cdllialasporites trilobatus  <v>

Campenia #EA <v>

Cedripites #EH <v>

Cedripites canadensis (Rare)
Cerebropollenites #Eepilargos  <v>
Cerebropollenites macroverrucosus

Corollina vignollensis (Abundant)
Exesipollenites scabratus (Abundant)
Spores in situ

Cicaftricosisporites mohrioldes <v> (Rare)
Corondfispora valdensis
Rotverrusporites granulatum  <v>
Stereisporites clavus  <v>

Miscellaneous In sifu
+ foraminiferal liners  <v>

Aduatiies caved
No taxa observed.

Miospores caved

No taxa observed.

Comments
1 amorphouskerogen ~ (Abundant)
1 black coaly material (Common)
1 herbaceous fragments (Cominant)
1 fracheids (Common)

4 not sieved well <A>

C-09
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Breedoxiella #EB (Common)
Breedoxiella #ER  <v>
Cribroperidinium #EZ <v> (Rare)
Cribroperidinium granuligerum  <v>
Cribroperidinium perforans  <v>
Ctenidodinium chondrum (Rare)
Endoscrinium luridum  <v>
Escharisphaeridia rudis

Gochteodinia villosa  <v>
Gochteodinia villosa cf.  <v>
Hystrichodinium lanceatum (Rare)
Imbatodinium kondrafjevii  <v> (Rare)
Muderongia #EA  <v> (Rare)
Qccisucysta monoheuriska <v>
Pareodinfasp. C  <v>

Sentusidinium cuculliforme <v> (Rare)

Algae In situ
No taxa observed.
Pollen In sltu

Alisporites #6G  <v>

Callialasporites infrapunctatus
Cadllialasporites monoalasporus  <v>
Cdllialasporites obrutus  <v>  (Rare)
Cerebropollenites mesozoicus  <v>
Corollina chateaunovii

Corollina vignollensis (Abundant)
Exesipollenites scabratus (Abundant)
Perinopollenites elatoides

Pityosporites dividuus (Abundant)
Podocarpidites epistiatus )

Spores In sliu
Cleatricosisporites mohrioides (Rare)
Concavissimisporites multituberculaius  <v>
Contignisporites dorsostriatus  <v>
Corondfispora valdensis  <v>
Deltoidlospora hallii
Foraminisporis jurassica  <v>
Leiotrletes mecklenburgensis
Reficulatisporites #EA  <v>

Miscellaneous in situ
+ foraminiferal liners

Acquatics caved
No taxa observed.

Miospores caved

No taxa observed,

Commenis
1 black coaly material (Abundant)
1 herbaceous fragments (Abundant)
1 fracheids (Dominant)

K-08
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3595m __ cuti 83

Dinoflagellates In situ

Amphorula #EA  <v> (Rare)

Breedoxiella #EA <v>

Breedoxiella #EB  <v>

Caddosphaera halosa  <v>
Ctenidodinium chondrum <v> (Common)
Leptodinium mammiliferum <v> (Rare)
Leptodinium-sp. G, Git. & Sar. ‘72  <v>
Senoniasphaera jurassica <v> (Common)
Sentusidinium cuculliforme  <v>
Subfilisphaera inaffecta

Algae in situ
No taxa observed.
Pollen in situ

Alisporites thomasil (Common)

Cedripites canadensis <v> (Rare)
Cerebropollenites macroverrucosus  <v> (Rare)
Corollina vignollensis (Common)
Exesipollenites scabratus (Abundant)
Inaperiuropollenites granulatus  <v>
Perinopollenites elatoides

Spores In sity
Cicatricosisporites abacus  <v>
Concavissimisporites verrucafus  <v>
Corondiispora vaidensis <v>
Delfoidespora hallii
Kraeuselisporites #EA  <v>
Lefotrletes mecklenburgensis
Saxosporis variabilis <A> <v>
Varirugosisporites planirugulatus  <v>

Miscellaneous in situ
No taxa observed.

Aquatics caved
No taxa observed.

Miospores caved

No taxa observed.

Commenis
1 amorphous kerogen (Abundant)
1 black coaly material (Common)
1 herbaceous fragments (Dominant)
1 frachelds (Abundant)

4 not sieved well

C-09

Terra Nova Study.....B97

2595m . _cuit 83
Dinoflagellates in situ

Chytroeisphaeridia chylroeides
Ctenidodinium chondrum (Common)
Elfipsoidictyum reflculatum  <v>
Lepfodinium mammiliferum  <v>
Meiourogonyaulax pila (Rare)
Senoniasphaera jurassica  <v>
Subtilisphaera inaffecta

Algae in situ
No taxa observed.
Pollen in situ
Alisporites fhémasii
Cedripites #EH

Cerebropollenites macroverrucosus  <v>
Corollina chateaunovii

Corollina vignollensis (Abundant)
Exesipollenites scabratus (Dominant)
Perinopollenites elatoides

Platysaccus monosaccus

Vitreisporites minor ~ <v>

Vifreisporites paliidus ~ <v> (Questionably present)

Spores in situ
Cicatricosisporites mohrioides  <v>
Delfoidospora hallii
Klukisporites variegatus  <v>
Vastisporites sp. indet,  <v>
Miscellaneous in situ
+ foraminiferal liners  <v>
Aqudgtics caved
No taxa observed,

Miospores caved

No taxa observed,

Comments
1 amorphous kerogen (Abundant)
1 herbaceous fragments (Dominant)
1 tracheids (Common)

4 not sleved well <A> (Rare)

K-08
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3625m.__cutt84

Dinoflagellates In sliu

Escharisphaeridia rudis
Leptodinium amabile  <v>

Algae in situ

No taxa observed.

Pollen in sliu
Alisporites thomasii  <v>
Cuallialasporites monoalasporus (Rare)
Corollina vignollensis
Exesipollenites scabratus (Dominant)
Perinopollenites elatoides . (Common)

Pityosporites dividuus <v>
Spores In situ

Deltoidospora halli  <v> (Rare)
Leiofriletes mecklenburgensis <v> (Rare)

Miscellaneous in situ
No taxa observed.
Aquatics caved
No taxa observed.
Miospores caved

No taxa observed.

1 amorphous kerogen (Abundant)

1 herbaceous fragmenis (Abundant)

1 resinite (globular masses) <A> (Abundant)
1 fracheids (Common)

4 not sieved well

2635m __cuit 85

Dinoflagellates In situ

Escharisphaeridiarudis <v> (Common)
Subltilisphaera inaffecta  <v>

Algae In situ
No taxa observed.
Pollen in situ

Alisporites #EG  <v>
Callialasporites monoalasporus  <v>

C-09

b@mmants _

Terra Nova S‘r'udy.....898

2625m __cuit 84

Dinoflagellates in situ

Apteodinium nuciforme  <v>

Caddosphaera halosa  <v>

Chyftroeisphaeridia chyiroeides

Meiourogonyaulax pila  <v>

Subfillsphaera inaffecta

Subtillsphaera paeminosa  <v> (Rare)
Algae In situ

No taxa observed,
Pollen in siiu

Alisporites thomasi

Cediipites #EH <v> (Rare)

Corollina chateaunovii  <v>

Corollina vignollensis (Common)

Exesipollenites scabratfus (Dominant)
Spores in sifu

Deltoidospora hallil
Vastisporites vastiformis <A> <v>

Miscellaneous in situ
No taxa observed,
Aquatics caved
" No taxa observed.
Mlospores caved

No taxa observed.

Comments
1 amorphous kerogen (Common)
1 black coaly material (Rare) -
1 herbaceous fragments (Dominant)
1 tracheids <v> (Rare)
3 rich assemblage (Abundant)

4 not sieved well

2635m _cutt 85

Dinoflagellates In situ

Breedoxiella #EB  <v>

Chytroeisphaeridia chyfroeides <v>. (Common)
Ctenldodinium chondrum <v> (Rare)
Escharisphaeridia rudis <>

Hysfrichodinium lanceafum  <v>

Lanterna sporfula <v>

Subfilisohaera inaffecta  <v> (Common)

Algae In situ .

K-08
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Corollina chateaunovii  <v> No taxa observed.
Corollina vignollensis  <v>
Exesipollenites scabratus  <v> (Dominant) Pollen in situ

Perinopollenites elatoides <v> (Common) i
Allsporites thomasii  <v>

Spores In situ Cdllialasporites dampieri  <v>
. Callialasporites infrapunctatus  <v>
Leioiriletes equiexinus  <v> Cedirpites canadensis <v> (Rare)
Corollina vignollensis  <v> (Common)
Miscellaneous in slfu Exesipollenites scabrafus <v> (Dominant)
Perinopoillenites elatoides  <v>
No taxa observed. Pityosporites dividuus  <v> (Common)
Platysaccus monosaccus <v> (Rare)
Adquatics caved ’ Podocarpidites canadensis  <v>

Podocarpidites epistriatus ~ <v>

No taxa observed.
Spores In situ

Miospores caved
Delfoidospora halli  <v> (Rare)

No taxa observed. Lelotriletes mecklenburgensis  <v>
Comments Miscellaneous In situ

1 amorphous kerogen <v> (Dominant) No taxa observed.

1 black coaly material <v> (Common)

1 herbaceous fragments  <v>  (Dominant) Aquatics caved

1 resinite (globular masses) <v>. (Abundant)

1tracheids <v> (Common) No taxa observed,

2 coroded palynomorphs  <v>

4notsievedwell <v> (Rare) Miospores caved -

No taxa observed.
Commenis

1 amorphous kerogen <v> (Abundanf)

1 black coaly material  <v>

1 herbaceous fragments  <v> (Dominant)
drich assemblage <v> (Abundant)

4 not sieved well  <v>

C-09 ’ K-08
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1405
1435

1496
1505
1525
1545
1666
1675
1585
1615
1645
1675
1708
1735
1765
1795
1825
1886
1885
1916
1945
1975
2005
2035
2065
2095
2125

2185
22156
2245
2275

2335
2365
2395
2425
2455
2485
2516
2545
2575
2605
2635

cutt 01
: cutt 02
: cutt 03
1 cuft 04
:cuft 05
: cutt 06
s cutt Q7
:cutt 08
s cutt 09
yeutt 10
reuit 11
ceutt 12
tcutt 13
ccuft 14
rcutt 156
rcuft 16
ccutt 17
rcutt 18
ccutt 19
:cutt 20
: cuft 21
(cutt 22
:cutt 23
:cuft 24
rcutt 25
: cuit 26
s cuft 27
:cuit 28
: cutt 29
: cutt 30
:cuft 31
: cutt 32
s cutt 33
:cuft 34
s cutt 35
:cutt 36
: cutt 37
: cuft 38
: cuft 39
:cutt 40
: cutt 41
1 cuft 42
: cuft 43
rcutt 4
:cuit 45

TERRA NOVA C-09

APPENDIX C

LIST OF PALNOLOGICAL SAMPLES

1395
1425
1455
1485
1495
1515
1535
1545
1575
1585
1615
1645
1675
1705
1735
1765
1795
1825
1855
1885
1925
1955
1985
2015
2045
2075
2105
2135
2165
2195
2225
2055
2285
2315
2345
2375
| 2405

2435
2465
2495
2525
2555
2585
2615
2645

: cutt 01
rcutt 02
1cutt 03
s cuft 04
:cutt 05
s cutt 06
s cutt 07
: cutt 08
rcutt 09
rcutt 10
rcutt 11
tcutt 12
ccutt 13
ccutt 14
reutt 15
ccutt 16
reuft 17
rcutt 18
rcutt 19
rcutt 20
: cuft 21
s cutt 22
1 cutt 23
rcutt24
1cutt 25
tcutt 26
s eutt 27
: cuit 28
: cutt 29
: cuit 30
1 cuft 31
: cutt 32
: cutt 33
s cutt 34
1 cuft 35
cutt 36
: cutt 37
: cuit 38
rcutt 39
s cutt 40
: cutt 41
:cutt 42
rcutt 43
:cuft 44
cuft 45
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2665
2695
2705
2726
2755
2785
2816

2875
2905
2935
2965
2995
3005
3025
3055
3075
3085
3115
3145
3175
3195
3205
3225
3235
3265
3295
3325
3345
3355
3385
3415

3475
3505
3536
3565
3595
3626
3636

: cutt 46
 cutt 47
s cuft 48
cuit 49
' cuit 50
: cuit 51
: cuit 52
rcutt 83
rcutt 84
: cuft 55
: cutt 56
:cuft 57
rcutt 58
1 cuft 89
1 cuft 60
1 cutt 61
rcutt 62
: cutt 63
i cutt 64
s cutt 65
: cutt 66
rcutt 67
1 cutt 68
: cutt 69
1 cutt 70
1eutt 71
peutt 72
rcutt 73
reutt 74
reutt 75
reutt 76
reutt77
tcutt 78
rcutt 79
:cutt 80
: cutt 81
: cutt 82
: cuit 83
rcutt 84
rcutt 85

2675
2706
2715
2735
2765
2795
2825
2845
2875
2906
2936
2965
2995
3015
3025
3055
3075
3085

31156

3145
3175
3196

3205

3225
3236
3265
3295
3325
3355
3365
3395
3415
3445
3475
3506
3536
3565
3595
3626
3635

v cutt 46
:cutt 47
L cutt 48
vcutt 49
rcutt 50
:cutt 51
: cuft 52
: cutt 53
s cult 84
: cuft 85
:cutt 56
: cutt 57
:cutt 58
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:cult 60
tcutt 61
cutt 62
s cutt 63
' cuft 64
L cutt 65
s cutt 66
: cutt 67
tcutt 68
1 cutt 69
1 cutt 70
tcutt 71
:cuft 72
rcuit 73
rcuft 74
tcuft 75
rcutt 76
rcuft 77
tcutt 78
ccutt 79
1 cutt 80
: cuft 81
1 cutt 82
: cuit 83
: cuft 84
tcutt 85

Terra Nova Study
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APPENDIX D
INTERMED:ATE PHAse EXPERIMENT DATA
Processing Comments

Each sample was weighted to 10 grams and separately processed.
Cuitings sample 2515m: Qil-based mud-additive
1. Soaked each (except sample A) in cleaner for 1 1/2 hr. and the rinsed 3X. Let sit
in HCl over night (good reaction) and the rinsed 3X. and then in HF with some
fraces of oil floating o the surface..
2. Gave a shot of sunlight fo B with very little effect.
3. Gave a shot of Spray Nine to C with little more effect. Still hardly any float.
4, Gave a shot 01Ac super detergent with litfle effect. Still hardly any float.
5. Soaked each in hot HCLifor 1/2 hr.

6. Sprayed samples B, C, D with cleaners. Only A had a very little oil float. Others
had no trace.

7. Rinsed out of NHO3. No oil frace except in A..
8. Spun for 20 min during ZnBr2. Low recovery on all samples.

9. Placed diluted HCL rinsed 4 times and freated B, C, D with detergents. No oil on
any samples except sample A.



Bujak Davies Group Terra Nova Study.....D2

List oF ASSEMBLAGES

Terra Nova C-09: 2515m Test SAMPLE

Unless otherwise noted, single specimens were observed.

_ Dinoflageliates In sltu
No taxa observed,
Algae In sliu
No taxa observed,
Pollen In shu
Cedripites canadensis  (Rare)
Corollina torosa ‘
Taxodiaceaepollenites hiatus
Spores In situ
Stereisporites antiquasporites  (Rare)
Miscellaneocus In situ
No taxa observed.
Aquatics caved
No taxa observed.
Mlospores caved
No taxa observed.
Comments
1 black codly material  (Abundant)
1 oxidized kerogen
1silica particles  (Common)
1 tfracheids (Rare)
2 poor preservation

3 impoverished assemblage
4 oily halos



Bujak Davies Group

Dinoflagellates In situ
No taxa oéserved.
Algga in situ
No faxa observed.
Pollen In siiu |
Araucariacites ausiralls  (Questionably present)
Cedripites canadensis
Taxodiaceaepollenites hiatus  (Rare)
Spores In siiu
Deitoidospora hallii
Miscellaneous In situ
No taxa observed.
Agquatiles caved
No taxa observed.
Miospores caved
No faxa observed.
Com me nts
1 black coaly material  (Abundant)
1 oxidized kerogen
1sllica pariicles  (Rare)
1 fracheids (Common)

2 poor preservation  (Rare)
3 Impoverished assemblage

D3



Bujak Davies Group C Terra Nova Studly.....D4

Dinoflagellaies In siiu )

Oligosphaeridium dividuum
Subfilisphaera terrula

Algae In sliu
No taxa observed.
Pollen in situ
Alisporites bilateralls
Araucariacites australls
Cdllialasporites dampieri
Cedripites canadensis  (Common)
Chasmatosporites spp.
Corollina torosa  (Rare)

Perinopollenites elatoides (Rare)
Taxodiaceaepollenites hiatus  (Common)

Spores in situ

Deltoldospora hallil

Osmundacidites wellmannii

Stereisporites antiquasporites
-Miscellaneous In situ

No taxa observed,
Aguailes caved

No faxa observed.
Miospores caved

No taxa observed.
Comments

1 black codly material (Dbminqn‘r) .

1 resinite (globular masses) (Common)
1{racheids (Abundant)



Bujak Davies Group Terra Nova Study.....D5 -

Dineflagellates In situ
Cyclonephelium distinctum
Algoe In sifu
‘No taxa observed.
Pollen in sliu
Allsporites bilateralls
Perinopollenites elatoldes
Taxodiaceaepollenites hiatus
Spores In situ
No taxa observed.
Miscellaneous In sifu
No taxa observed.
Agqugailes caved
No faxa observed.
Mlospores caved
No taxa observed.
Commenis
1 black coaly material  (Abundant)
1 tracheids (Common)

2 corroded palynomorphs
3 impoverished assemblage
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Terra Nova Study.....E1

The following kerogen analysis data is given in the following order for each sample:
% fluorescing oil-based mud-additives, % amorphous kerogen, % herbaceous kero-
gen, % woody kerogen, % coaly kerogen, "TAI', and the relative amounts of various
coloured fluorescing kerogen (O=orange, Y=yellow, G=green). Commernts follows

the listing for each well.

Terra Nova C-09

1675
0 20 60 20 0 **2” rare Y-O

1795
0 20 60 20 02" rare Y-O

1858
020 60 15 622" rare O

2015
525 60 5 52" rare O

2305
20_10 40 15 52" rare O-Y-G

2395
20 5 80 20 52" rare Y-O

2515
20 0 40 35 52" rare O-Y

i

2605
200 35 40 5*'2"‘rare O

2725
10 0 80 35 §''2-2"'rare O .

C-09

Terra Nova K-08

1675
0 40 80 10 0 *“'2-"'rare Y-G

1795
0 40 40 20 0 ''2-""rare Y-G

1855
0 20 60 20 0 “'2-2"'rare V-G

2015
0 30 60 10 0''2-2"rare Y-G

2195
0 30 55 15 0'2-2"'rare Y-G

2315
0 15 65 15 5''2-2"rare Y-G

2405 ' '
020 75 5 0"2-2"rare Y-G

2525
0 10 45 25 152" 'rare O-Y-G

2615
0 5 40 35 20 “'2'rare O-Y-G

K-08
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2815
10 15 65 15 52" rare O

2815
50 45 45 52" rare O

2905
5 0 40 45 10 ''2-2"'rare O-Y

2965
5 0 45.45 52" rare O-Y

3055
0 0 55 40 52" rare O-Y

3145
0 0 60 30 10 *'2"rare O-Y

3205
O 10 80 35 52" rare O-Y

3325
10 15 40 30 5 ''2-2"’common O-Y

3445
15 56 30 30 10 *'2common O-Y

3505
0 15 40 35 10 “‘2"’common O-Y

| 3635

0 40 35 20 5 “'2-2"'abundant O-Y

Com_ments:

1675-2395m - Herbaceousis biodegraded
and Coarse. Fines absent. Difficult to
identify kerogen typ due fo degradation.
Amorphous may be degraded herbo-
ceous. :

C-09

Terra Nova Studly.....E2

2735
0 5 35 45 20 ''2-2''rare O-Y-G
2825
0 0 30 55 152" rare O-Y-G

2905
0 0 45 40 10 “*2''rare O-Y-G

2965 '
0 0 50 40 15 "2-2"'rare O-Y-G

3055
0 0 65 30 5 ''2-2""rare O-Y-G

3145
00 70 25 52" rare O-Y-G

3205
0 0 60 30 10 ''2""common O-Y

3325
0 0 55 35 10 '2-2""common O-Y

3440 :
0 0 60 30 10 '*2""common O-Y

3505 _ )
0 5 40 45 15''2"common O-Y

3635

0 35 35 20 10 “'2-2"’abundant O-Y
Comments:

1675-2405m - Many more fines and
finely disseminated herbaceous kero-

gen than in C-09 well. Mostly biode-
graded herbaceous.

K-08
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2515-2605m - Kerogen is les degraded
than in overlying interval which may re-
flect less apparent ‘amorphous kerogen'.

2725m - Herbaceous is biodegraded and
Coarse. Fines absent. Difficult 10 identify
kerogen typ due to degradation. Amor-
phous may be degraded herbaceous.

2815m - Kerogen is les degraded than in
overlying interval which may reflect less
apparent ‘amorphous kerogen',

2905m - Rare extruded hydrocarbons. f

Herbaceous is biodegraded and Coarse.
Fines absent. Difficult to identify kerogen
typ dueto degradation. Amorphous may
be degraded herbaceous.

29656-3325m - No extruded hydrocarbons. |
Herbaceous is biodegraded and Coarse. -

Fines absent. Difficult to identify kerogen
typ due to degradation. Amorphous may
be degraded herbaceous. are extruded
hydrocarbons.

3445m - No extruded hydrocarbons. Kero-
genislesdegradedthanin overlyinginter-
val which may reflect less apparent
‘amorphous kerogen',

3505m - No extruded hydrocarbons. Her-
baceous is biodegraded and Coarse. Fines
absent. Difficult to identify kerogen typ
due to degradation. Amorphous may be
degraded herbaceous.

3635m - Common amorphous kerogen.

C-09

Terra Nova Studly.....E3

2525-2825m - Mostly medium to coarse
grained kerogen.

2905-3505m - Many more fines and
finely disseminated herbaceous kero-
gen than in C-09 well. Mostly biode-
graded herbaceous.

3625m - Common amorphous kerogen.

K-08



BOMB EXPERIMENT

(dried weights)

1. L333-1 - Shale source rock without any oil-based mud
_ additives. Stellarton Basin, Westphalian B-D, NS.
A) 10.1 grams
B) 06.1 grams 2
C) 06.0 grams
D) 06.2 grams

2. 1333-3- Shale (L333-1) + H20 @ 150 C
A) 02.5 grams

3. L333-7 - Shale (L.333-1) + Shell Sol DMS @ 150 C
- cleaned with water
A) 025 grams

4. 1333-8 - Shale (L333-1) + Shell Sol DMS @ 150 C
- cleaned with Sunlight dishwashing liquid
B) 01.6 grams )
C) 01.8 grams
D) 01.7 grams

5. 884-031-C720 - Shale (L333-1) + Shell Sol DMS @ 150 C
- Previous treated March, 1989
A) 06.4 grams
B) 03.8 grams
C) 03.8 grams
D) 03.8 grams

Samples supplied by Global Geoenergy Research
Figure 1



'BOMB-EXPERIMENT’
PROCESSING AGENDA

Recent Previous
Original Rock Bomb with H20 Bomb with oil Bomb with oil-
(1 month old) (1 year old)
L333-1 L.333-3 L333-7 884-031-C720
A A A A
L.333-1 L333-8 884-031-C720
B X B B
. L333-1 L333-8 884-031-C720
c X C c
L333-1 L333-8 884-031-C720
D X D D
X = not performed due to limited sample
BUJAK DAVIES GROUP

Figure 2

Standard
Sunlight

Spray Nine

Super

Detergent



BUJAK DAVIES GROUP
Figure 3

INTERMEDIATE EXPERIMENT |

PROCESSING AGENDA
Terra Nova C-09
cuttings
2515m
A Standard
2515m
B Sunlight
2515m _
C Spray Nine
mmuu 5m. Super
Detergent

each 10 grams wet



'BOMB-EXPERIMENT’

PALYNOMORPH RECOVERY

Figure 4

Recent Previous
Original Rock Bomb with H20 Bomb with oil Bomb with oil
(1 month old) (1 year old)
OA 4P 186S 1A 3P 98 OA 4P S OA 2P 8S
V.ABUNDANT ABUNDANT ABUNDANT COMMON Standard
EXCELLENT GOOD GOOD POOR
0A 4P 118 1A 3P 6S 1A 4P 8S
ABUNDANT x ABUNDANT ABUNDANT Sunlight
POOR GOOD POOR
OA 4P 11S OA 4P 8S OA 4P 8S
V.ABUNDANT X ABUNDANT ABUNDANT Spray Nine
GOOD GOOD FAIR
1A 3P 6S 1A 3P 7S OA 3P 4S Super
COMMON x COMM.-ABUND. COMM.-ABUND. _
POOR POOR POOR Detergent
X = not performed due to limited sample

KEY

A=ACRITARCHS DIVERSITY

P=POLLEN ABUNDANCES

S=SPORES PREP.QUALITY

BUJAK DAVIES GROUP




KEROGEN/FLUORESCENCE TEST
OIL-BASED MUD-ADDITIVE

Characteristic

*Amorphous kerogen
*Herbaceous kerogen
*Woody kerogen
-Coaly kerogen

-Qil-additives

*Kerogen-typing
*Fines

*Biochemical Fluor.
*Thermochemical Fluor

Terra Zo<_m C-09

-reduced

-highly degraded
-little difference
-low % thoughout

-common-fluorescent

-difficult to ID
-absent

difficult to ID
-reduced

Terra Nova K-08

-high in upper parts
-moderately degraded
-little difference

-high % -lower part

-absent

-easily identified
-abundant

-higher frequencies
-strong -

Bujak Davies Group
Figure 5
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. KEROGEN SUMMARY CHART
' BUJAK DAVIES GROUP
Terra Nova C-09 (0il-based mud-additive: Shell Sol DMS)

Scientist: E.H. Davies . Date: May 1990
Area: Jeanne d'Arc Basin Scale: 2 cm = 100 meters
HERBACEOQUS AMORPHOUS §
- 8 THERMAL ALTERATION INDEX
COMMENTS [
X
FLUORESCENCE FLUORESCENCE
2 3
for 1678-2
1700 | e Saees, Fine e
absant. Difficult to
rare
yellow=-orange )
posaibly caved
- identify kerogen type dus
1800 N to degradation.
Amarphous esy be
degraded herbaceous
o
41900
2000 A rare
orange
possibly caved
24100 -
2200 A
rare green-
yellovw—-orange
passibly caved
2300 4
rare
yellow—-orange
poesibly caved
2400 4 N N
rare green-
yellow~-arange
possibly caved
2500
-} cammenta for 2818-28088
- Kergogen is lege
degradad than above -
which may reflect leas
2600 1 -apparent “smorphous® B
Keragan
no
fluorescence
) orange .
avoo possibly
in situ Sama a9 1678-2998. o
2800 A
-Semo a0 2815-280Ba,
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KEROGEN SUMMAHY CHART
. BUJAK DAVIES GROUP )
Terra Nova K-08 (Water-based mud-additive)

Scientist: E.H. Davoes Date: May, 1980
Area: Jeanne d'Arc Basin Scale: 2 cm = 100 meters
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PALYNOLOGICAL DIVERSITY CHART
BUJAK DAVIES GROUP .
Terra Nova C-09 (0il-based Mud Additive: Shell Sol DMS)

Scientist: E. H. Davies Date: May, 1990
Area: dJeanne d’'rc Basin . Scale: 2 cm = 100 meters
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PALYNOLOGICAL DIVERSITY CHART
BUJAK DAVIES GROUP
Terra Nova K-08 (Water-based mud-additive)

Scientist: E.H. Davies Date: May 1990
Area: Jeanne d’'Arc Basin Scale: 2 cm = 100 meters
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