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Abstract

The most prolific source rock in the eastern Georgian portion of the Kura Basin occurs
within the so-called “Maykop Formation” which is traditionally assigned to the Oligocene—
Early Miocene. Most of the existing litcrature on Maykop shales concentrate on the South
Caspian Basin and the Azerbaijani portion of the Kura Basin, while age and stratigraphic
data for the Georgian scctor is scarce. For this rcason, the present study aims to (1) in-
vestigate the source potential of the Maykop Formation and the underlying Upper Eocene
succession specific to the Near-Thilisi area and (2) establish a new stratigraphic division for

the Upper Eocence to Lower Miocenc interval.

For estimation of source potential and determination of depositional environments, drill
cuttings samples from three existing wells northeast of Thilisi (Norio-72, Ninotsminda-97,
and Manavi-12) were selected for elemental analysis using the LEC'O and Eltra methods,
Rock-Eval pyrolysis, organic pctrology. biomarker analysis, and carbonate isotopy. Age as-
signnient of the samples was carried out with calcareous nannoplankton data provided by
S. Corié. In addition, biomarker analysis on oil samples from the Ninotsminda field and
Manavi-12 well cnabled source-oil corrclation. 1-D thermal maturation modcling allowed

estimnation of eroded thickness, paleo-heat flow. and the onset of hydrocarbon generation.

Although most samplcs were contaminated by oil-based mud. important results could
still be obtained. A revised stratigraphy dates samnples to Eocene and Oligocene. Bulk
gcochemical paramcters and biomarkers indicate deposition in dysoxic environments. The
organic matter input canie from a mixed marine and terrestrial source, resulting in type
III-IT kerogen in Oligocene rocks and type II-IIT kerogen in Ilocene rocks. Relatively low
valucs for vitrinite reflectance and T, show that the studicd intervals are immature to
marginal mature. Qils froimn Eocene and Cretaceous reservoirs of the Ninotsminda field and
Manavi-12 well form one oil family and were most likely generated from FEocene source rocks.
Oun the other hand, asphaltene-rich oil from the Oligocene reservoir of the Ninotsminda field
forms a separate oil family. 1-D thermal models created using data from the Norio-72 and
Ninotsminda-97 wells suggest that the two arcas expericnced different amounts of uplift. The
original thickness of the combined Oligocene and Miocene rocks was significantly higher in
the Norio area compared to the Ninolsminda area. However, erosion al Norio was minimal

(0 to 5001m), while sediments up to 20001 thick were croded at Ninotsminda. Due to

a relatively low heat flow (approximately 45 mW /m?), significant hydrocarbon generation



could have occurred only at a maximum burial depth exceeding 5500 1. Time plots of
maturity and transformation ratio calibrated against vitrinite reflectance data imply that
hydrocarbon generation from the studied interval began in the Late Miocene at Norio and

did not occur at all at Ninotsminda.

Results of this study suggest that, following the nomenclature of Peters (1986), the upper
part of the Oligocene holds poor hydrocarbon potential, while the lower part holds fair gas
and oil potential. The Eocene succession shows very good gencrative potential for gas and

oil.



Kurzfassung

Die sogenannte ,,Maykop Formation* gilt als das wichtigste Muttergestein im ostgeor-
gischen Teil des Kura Beckens und wird in der Literatur dem Oligozin—Untermiozin zu-
geordnet. Wiahrend bereits existicrende Studien zu den , Maykop Shales® den Schwerpunks
auf das Kaspische Becken und den azerbaijanischen Teil des Kura Beckens setzen. sind nur
wenige Daten zur Stratigraphic des georgischen Teils vorhanden. Mit der vorlicgenden Stu-
die wird das Muttergesteinspotential der Maykop-Formation (Oligozin—Untermiozén) und
des Obereozéins untersucht und eine biostratigraphische Unterteilung der Schichtfolge des

Obcreozéans bis Untermiozéns versucht.

Das Muttergesteinspotential und die Ablagerungsbedingungen der untersuchten Einhei-
ten konnten anhand von Bohrkleinproben aus drei Bohrungen (Norio-72, Ninotsminda-97
und Manavi-12). welche nordostlich von Tiflis abgeteuft wurden, bestimmt werden. Um dies
zu crreichen wurden Elementaranalysen mit den LECO und Eltra Mcthoden, Rock-Eval Py-
rolyse, organische Petrologie, Biomarkeranalyse sowie Karbonatisotopie eingesetzt. Daten
von kalkigem Nannoplankton wurden von S. Cori¢ zur Verfiigung gestells und dienten der
Alterszuordnung der Proben. Des Weiteren wurden Biomarkerdaten benutzt um Ole aus
dem Ninotsiinda-97 Olfeld und der Manavi-12 Boluung mit Muttergesteinen zn korrelieren.
Fin eindimensionales thermisches Reifemodell wurde erstellt, um die erodierte Méachtigkeit
der Beckensedimente, den Wérmefluss und den Beginn der Kohlenwasserstoffgenerierung

abzuschitzen.

Nach der iiberarbeiteten Stratigraphie wurde den Proben ein Alter von Eozdn bis Oli-
gozin zugewiesen. Anhand von geochemischen Parametern und Biomarkern konnte fest-
gestellt werden, dass dic Sedimente unter dysoxischen Bedingungen abgcelagert wurden.
Eine Mischung aus marinen und terrestrischen organischemn Material bildete Typ ITI-II
Kerogen in Proben aus dem Oligozin und Typ TI-T1T Kerogen in den Fozénproben. Rela-

tiv niedrige Werte fiir Vitrinitreflexion und T zeigen, dass die untersuchten Intervalle

max
keine, beziehungsweise geringe Reife aufweisen. Korrelationen mittels Biomarkern weisen
darauf hin, dass Olc aus Eoziin- sowic Krcide-Speichergesteinen des Ninotsminda Olfeldes
und der Manavi-12 Bohrung der gleichen Olfamilie zngeordnet werden kéunen und von
Eozinmutlergesteinen generiert wurden. Ol aus dem oligozéinen Speichergestein des Ninots-

minda Feldes, welches cinen signifikanten Anteil an Asphaltenen beinhaltet, reprascentiort



eine zweite Olfamnilie. Mithilfe von eindimnensionalen thermischen Reifemodellen. fiir de-
ren Frstellung Daten aus den Norio-72 und Ninotsminda-97 Bohrungen verwendet wurden,
konnte die urspriingliche Machtigkeit des Oligozéns und des Miozéns abgeschéitzt werden.
Die zwei Bereiche unterscheiden sich deutlich in deren Ilebung. Die erodierte Méachtigkeit bei
Norio war minimal (0 bis 500 m). Hingegen wurden bei Ninotsminda bis zu 2000 m méchtige
Sedimente abgetragen. Anfgrund des geringen regionalen Warmeflusses (circa 451mW /mn?)

erfolgte die Kohlenwasserstoflgenese erst ab einer Versenkungstiele von 5500 m.

Die Ergebuisse dieser Studie zeigen, dass der obere Teil des Oligozéns nach der Nomen-
klatur von Peters (198G) ein geringes (.,poor“) Kohlenwasserstoffpotential aufweist, wobei
der untere Teil mittelméBiges (,,fair“) Potential fir Gas- und Olgenese vorweisen kann. Ge-
steine aus dem FEozéin hingegen zeigen sehr hohes (,.very good*) Potential fiir Gas- und
Olbildung.
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1. Introduction

The largest oil discoveries in Georgia are located in the Kura Basin, a NW-SE elongated
basin within the Transcaucasian intcrmontanc depression. It is bound to the north by the
Greater Caucasus Mountains and to the south by the Adjara-Trialeti fold-belt of the Lesser
Caucasus Mountains (Fig. 1.1). Organic-rich Oligocene and Lower Miocene rocks known as

the “Maykop Shale” are considered to be the main contributing source rocks in the region.
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Figure 1.1: Relief map of Georgia (modified from Ginkgo Maps, October 2014). The
locations of the Kura Basin and the study arca arc indicated.

In the Kura and Rioni basins of the Transcaucasian intermontane depression, the term
“Maykop” is most often used in describing the Oligocene—Lower Miocene successions (also
“Maykopian series” or “Maykop Formation”; Gamkrelidze, 1964; Popov et al., 2004), which
consist of altcrnating gypsifcrous clays and sandstones. Outcrops of these scdiments appcar
in the western part of the pre-Caucasus foredeep. This term has also been attributed to a
facies type (Popov et al., 2004), which has been characterized by Adamia et al. (2011) as

brown, agrillaccous-sandy, gypsifcrous, carbonate-poor rocks deposited in the semi-closed
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INTRODUCTION

basins of the Paratethys. In the present study, the termn “Maykop” is used the traditional

way and designated to the sediments belonging to the Oligocene—T.ower Miocene interval.

In general, literature on the geology of GGeorgia is scarce. with much of thein dating back
to the former USSR period. Scveral studics on the Maykop Shalc of the Fastern Paratcthys
(Fig. 1.2) have been published, although most of them focus on the South Caspian Basin
and the Azerbaijani portion of the Kura depression. The present study aims to characterize
the source potential of the Maykop and its underlying Upper Eocence succession occurring in
the Near-Thilisi area of the Kura Basin. In the context of this particular study, there are un-
certainties regarding the lower boundary of the Maykop interval, whereby in the wider scope
the upper boundary of the succession is also ambiguous. Moreover, the Eocene/Oligocene
boundary, marking the beginning of the deposition of organic-rich sediments under stagnant

watcr conditions, is still subject to debate (Popov et al., 1993: Schulz ¢t al., 2002).
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Figurc 1.2: Palcogeographic map of the Paratethys at the Focene/Oligocene transition
(simplified from Popov et al.. 2004).

Data and samples used in this investigation were provided by CanArgo Georgia Ltd. The
wells from which samples were obtained are located cast of Thilisi and penctrate large anti-
cline structures belonging to the Adjara-Trialet fold-belt (see below). Vertical variations in
hydrocarbon sourcc potential of the postulated Maykop scdiments in the Near-Thilisi arca
were investigated (Fig. 1.1). In addition, the Upper Eocene succession was evaluated in order

to determine its importance as source rocks in the region. To accomplish these objectives,
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INTRODUCTION

221 drill cuttings samples were analyzed with the Eltra or LECO methods for determina-
tion of their bulk geochemical parameters as well as with Rock-Eval pyrolysis. In order
to identify the Eocene/Oligocene boundary, calcareous nannoplankton analysis enabled age
assignment of the samples. Using organic petrology and biomarker data obtained through
Gas Chromatography-Mass Spectroscopy (GC-MS), thermal maturity profiles were created
to estimate former heat flow scenarios, eroded sediment thicknesses, and the ounset of hydro-
carbon generalion in the Norio and Ninotsminda areas. Biomarkers also enabled oil-source
correlation and determination of the depositional environment, of the Upper Eocence—Lower

Miocene rocks.

During the course of the study, it was discovered that all of the cuttings samples were
heavily contaminated by oil-based mud (OBM), making the application of standard organic
geochemical techniques and interpretations impossible.  Great cffort was placed into re-
moving the contaminant from the samples, testing different methods of pre-analysis sample
preparation, and applying advanced techniques to recognize and eliminate the eflect of con-
tamination in Rock-Eval signals. Howcever, none of the attempts led to complete removal
of the contaminant, although important results could still be obtained. Additionally. it be-
camc cvident that the stratigraphy of the drilled scctions had to be revised and that Upper

Focene rocks contain more organic matter than Oligocene rocks.

The next chapter describes the geological setting of the study arca. Especially duce to
the previously meuntioned contamination of the analyzed sammples. Chapter 3 is dedicated to
describing sample conditions and lithology. The analysis methods used in this investigation
arc cxplained in Chapter 4, while results arce presented in Chapter 5. The Appendices
encompass a complete list and photo documentation of the cuttings samples, calcareous
nannoplankton, GC-MS chromatograms, vitrinite reflectance and maccral analysis results,

carbonate isotopy results, and thermal model input parameters.
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2. Geological Setting

Georgia is located within the Caucasus region of the Alpine-Carpathian-Ilimalayan orogenic
belt, where the Eurasian plate is converging with the African-Arabian plate (Adamia, 1991;
Adamia et al., 2011). The geological evolution of this area is largely affected Dy its position
within a continent-continent collisional setling. A detailed geological description ol the

Cancasus is presented in Adamia ot al. (2011).

Throughout the Mesorzoic, the Caucasus was part of the Tethys Ocean and its bor-
dering Eurasian and Gondwana/African-Apulian-Arabian margins (Adamia et al., 2011).
Beginning in the Jurassic, subduction of the Tethyan seafloor led to the development of calc-
alkaline arc volcanism (Eppclbaum and Khesin, 2012). As a result, a system of island-arcs
and extensional intra-arc and back-arc basins existed in this active margin setting. As part
of the Alpine tectonic cycle, narrowing ol the Tethys began in the Late Mesozoic, while the
syn- and post-collisional intervals starting in the Oligocene were accompanicd by inversion
of the basins. Convergence led to the formation of the fold-thrust belts of the Greater and
Lesser Caucasus and the Transcaucasian intcrmontanc depression in between, which gave
shape to present-day Georgia. Following the closure of Tethys (Miocene, ~20Ma). north-
wards shifting of the subduction zone and the indentation of the Arabian block into Eurasia

scparated the Black Sca from the South Caspian Sca, where oceanic crust remained.

Due to uplilt and a eustatic sea-level drop, previously marine basins eveniually became
semi-isolated cuxinic basins, forming what became the Paratethys (Popov et al., 1993;
Adamia et al., 2011). In the Oligocene, sub-basins of the Paratethys hosted the deposition
of organic-rich sourcc rocks (Fig. 1.2). According to palcogcographic rcconstructions, this
realin has been subdivided into the Central Paratethys, which contains the Menilite For-
mation of the Carpathian Foreland and the Schoneck Formation of the Northern Alpine
Forcland Basin, and the Eastern Paratcethys, which hosts the Maykop Formation and its
equivalent Ruslar Formation in Bulgaria (Fig. 2.1: Koster et al., 1998: Schulz et al., 2002;
Popov ct al., 2004: Sachscnhofer ct al., 2009). In Georgia, Maykop scdiments were deposited

in the Kura Basin and Rioni Basin of the Transcaucasian intermontane depression.
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2.1. Evolution of the Kura Basin

This chapter discusses the tectonic and geodynamic evolution of the Kura Basin in more
detail (Section 2.1). Furthermore, Section 2.2 is dedicated to the stratigraphy of the Kura

Basin. Lastly, existing hydrocarbon shows and fields in Georgia are discussed in Section 2.3.

2.1 Evolution of the Kura Basin

The Kura Basin is an inter-arc feature, formed as a result of the Alpine-Himalayan com-
pression (Yikler et al., 2000). Previous studies have attempted to reconstruct the complex
tectonic processes occurring within the active plate margin, associated with periods of basin
closure and rejuvenation (Fig. 2.2; Adamia, 1991). The development of hydrocarbon fields
in the Ncar-Thilisi arca has provided data nccessary for understanding the geological his-
tory of the Kura Basin. The structural evolution could be inferred from well and seismic

data as well as surface geological maps (Patton, 1993).

Late Cretaceous -
Early Paleogene

1

Paleogene - l]]]]]]m
Neogene 2
s I ‘e ‘TC 88 GG N |__r| 3
- .
] 5

Figure 2.2: Geodynamic evolution of the Transcaucasus intermontane depression (modified
after Adawmia, 1991; Patton, 1993); I = Iranian Platform: LC = Lesser Caucasus (Pale-
otethys): ST, NT = southern and northern segment of Transcaucasian island arc: BC =
Black Sea-Caspian inter-arc (Adjara-Trialeti rift basin); SS = Marginal sea of Greater Cau-
casus (Main Range); TC = Transcaucasian island arc; GC = Greater Caucasus: 1 = occanic
crust: 2 = continental crust; 3 = volcanisin; 4 = faults; 5 = Mesozoic/Cenozoic sediments.

Prior to the Alpine collision, the Near-Thbilisi region was located in an intra-arc setting
within the castern end of the Adjara-Trialeti rift basin (Fig. 2.2). The Adjara-Trialeti fold-
belt, now the northernmost tectonic unit of the Lesser Caucasus, was formed during the
Styrian tectonic phase in the Middle Miocene. A system of E-W trending anticlines was

created as a result, forming hydrocarbon structural traps (Fig. 2.3). In the north, folding of
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2.1. Evolution of the Kura Basin

the Greater Caucasus occurred later in the Early Pliocene. Compression and the associated
thrusting gave form to an accretion prism below the Kura Basin. while deformation on
the northern and southern flanks of the Greater Caucasus main range took place (Fig. 2.4;
Philip et al., 1989). Detachment occurred within the plastic Maykop shales. Thrust and

strike-slip faults dominatce in this compressional sctting (Adamia ct al., 2011).

Figurc 2.3: Map of the E-W trending anticlines of the Adjara-Trialeti fold-belt on which
the hydrocarbon accumulations of the East-Thilisi region are located (CanArgo, 2013). The
three wells from which the investigated cuttings samples originate arc marked. The cross
section (A-A’) is shown in Fig. 2.4.

Well data from the Samgori ficld (Near-Thilisi arca, south of the study arca) shows
that the dominant thrust fault does not cut through Akchagilian (Pliocene) sediments,
while folding associated with the thrusting is cvident in rocks as young as Upper Miocene
(Patton, 1993: Fig. 2.4). Therefore, the main thrusting and accompanying folding occurred
in the Late Miocene—Early Pliocene, which is consistent with the findings of Mgeladze et al.
(1989).

Sedimentation of the source rocks in the Kura Basin was controlled by the evolution
of the Paratethys as well as climate conditions.  lsolation of the Paratethys, decepening

of the basin due to active sea-floor spreading, and mesophilic, humid climatic conditions
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2.2. Stratigraphy
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Figure 2.4: Structural cross section of the Ninotsminda and Norio fields (CanArgo, 2013).
The location of the cross scction is indicated on the map in Fig. 2.3.

led to thermohaline water stratification and a dominantly estuarine water circulation pat-
tern. This resulted in recurrent periods of stagnation and the deposition of dysoxic to oxic
scdiments of the “maykopian and menilitic facics” (Popov ¢t al., 2004). Unintcrrupted

sedimentation in the Late Eocene—Early Miocene took place.

In the Near-Thilisi arca, molasse sediments overlic folded Cretaccous—Palcogene sc-

quences belonging to the eastern end of the Adjara-Trialeti tectouic unit.

2.2 Stratigraphy

In Georgia. the Transcaucasian intermontane depression is superimposed onto the rigid
Georgian Massil and the Adjara-Trialeti [old-belt. The area encompasses iwo NW-SE {rend-
ing basins forming the Rioni-Kura intermontane rift (Adamia, 1991; Adamia ot al., 2011),
separated by the Dzirula massif consisting of uplifted crystalline Precambrian—Paleozoic

bascment and its sedimentary Latce Palcozoic—Cretaccous cover.

The stratigraphy of the Kura Basin has been determined based on well and outcrop
data (I'ig. 2.5; Patton, 1993) as well as geophysical data (CanArgo, 2013). The Mcesozoic—
Cenozoic sedimentary succession in the Near-Thilisi area comprises a total thickness of

12 km.
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2.2. Stratigraphy
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Figure 2.5: Stratigraphic column of the Kura Basin (modified after Georgian Oil, 1990;

Patton, 1993)
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2.2. Stratigraphy

Pre-Mesozoic

The Upper Precambrian crystalline basement. represented by the Dzirula Massif which sep-
aratcs the Kura Basin from the Rioni Basin in the west, is madce up of schists, paragneisscs,
and amphibolites. This complex is overlain by the thrusted and metamorphosed Lower or
Middle Paleozoic ophiolitic mélange. Both units are intruded by Late Paleozoic granites

and overlain by Late Viséan—Early Seplhukovian tuffs (Khain and Koronovsky, 1997).

Mesozoic

The Paleozoic succession is unconformably overlain by the Mesozoic and Cenozoic basement
cover (Khain and Koronovsky, 1997) beginning with Triassic=Jurassic terrigenous and car-
bonate deposits, porphyrites. and fine-grained siliciclastics. Outcrops of the volcaniclastic-
rich Cretaccous (Albian to Campanian—Maastrichtian) succession are present in the Trialeti
Range of the Adjara-Trialeti fold belt, which partly borders the Kura Basin in the south-
west. The Albian—Turonian interval contains tuffs, tuff breccias, and augite-labradorite
porphyrites, while the post-Turonian succession consists of silty limestones and marls with

rare silty tufis and conglomerate interbeds.

Paleocene—Eocene

Cenozoic sediments encompass the Palcocene to Pliocene. Palcocenc—Lower Eocene rocks
are characterized by marls in the lower part and sandstones, calcareous clays. and con-
glomcratc interbeds in the upper part. The Middle Eocene interval is rich in volcaniclastic

sediments.

The Upper Eocene—Maykop terrigenous turbidite interval is 3 to 5.5 km thick and con-
stitutes a deep mariune facies in the eastern part. In the west, evideuce of a shallow marine
facies includes an increased grain size and inter-formational erosion surfaces. The Upper
Eocene consists of sandy clays with marl interbeds in the lower part and alternating clays

and sandstones in the upper part.

In the western and central part of the Near-Thilisi region, the Upper Eocene conformably
overlies the Middle Eocene. The eastern segment (Patardzeuli-Ninotsminda-Manavi Zone)
is morc complex duc to regional thrust faults cutting into the upper scction of the Upper
Focene aud Maykop, reducing the commbined thickness of these intervals to a total of 300 to

330 m.
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2.3. Hydrocarbon Shows and Discoverics

Oligocene—Lower Miocene (Maykop)

The Oligocene—Lower Miocene interval, usually referred to as the Maykop Formation, is
made up of sandy clays with occasional finc-pebble conglomerate interbeds in the lower
part and sandstone with clay interbeds in the upper part. In these organic-rich rocks. an
abundance of pyrite in relation to iron oxides suggests that sedimentation occurred under
reducing conditions (Guliyev ot al., 2003). The Maykop is thickest in the southern and

northern parts of the Near-Thilisi region (2800 to 3200m) and thins towards the center.

The Lower Oligocene, characterized by grayish-brownish clays, sandstones, siltstonces,
and rare dolomitized limestones and marl interbeds, is more sandy than the Middle and
Upper Oligocene sediments. Sandstone contents and the amount of plant remains increasc
towards the west. An abundauce of reworked effusive rock fragments is present. Middle and
Upper Oligocene sediments are made up of brown jarosite-gypsum-bearing (Maykop-type)

clays with rare sandstone interbeds and low organic content.

The Sakaraulian (Lower Miocene; Fig. 2.1), which overlies the Oligocene, comprises
light-colored, grayish-yellowish, organic-rich, quartz-arkosce-sandstones as well as brownish,
jarosite-gypsum-bearing clays with low organic content. This formation is conformably
overlain by the Kozahurian (Middle Miocence), which consists of Maykop-type clays with

rare sandstone and siltstone beds.

2.3 Hydrocarbon Shows and Discoveries

Modern oil exploration in Georgia began in 1930, when the government-owned Georgian
Oil was founded (Patton, 1993). The major oil discoveries in eastern Georgia are located
at the contact between the Adjara-Trialeti fold-belt and the Kura Basin (Fig. 2.6). A
systemn of anticlines and faults exists, providing nmunerous structural hydrocarbon traps.
Among the hydrocarbon ficlds in this zonc arc Samgori-Patardzculi. Ninotsminda, Tclcti,
South Dome, Rustavi, West Rustavi, Norio/Martkopi, and Manavi. Three anticline series
with IE-W trending axes, at which the main producing fields are located, are present in the

Necar-Thilisi region (listed from north to south; sce IMig. 2.3):
Kavtiskhevi-Armazi-Norio-Martkopi-Manavi
Tabori-Varketili-Samgori-Patardzeuli-Ninotsminda

Amlcvi-Teleti-South Dome
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2.3. Hydrocarbon Shows and Discoverics
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Figurc 2.6: Map of the sedimentary basins and oil ficlds in Georgia (CanArgo, 2013).

In addition to trapping, the faults played an iimportant role in hydrocarbon accumulation,
as they provided secondary migration paths. Hence, the identification of major fault zones
is crucial for locating hydrocarbon-bearing zoncs. Other migration pathways include sandy-

silty Deds.

According to litcrature, the main hydrocarbon source in the Kura Basin is the Oligocenc—
Lower Miocene (Maykop) shale. These shales contain between 1 and 10% TOC and are
characterized by type II-IIT kerogen (Yikler ct al., 2000). In the Necar-Thilisi arca, the
Oligocene may have entered the oil window sometime during the second half of the Middle
Miocene (CanArgo, 2013). The Upper Locene, also a potential source rock. entered the oil

window towards the end of the Oligocene.

As reservoirs. the Upper Eocene and Maykop have proved to be oil-bearing. Reservoir
units in the Upper Eocene consist of fine to medium-grained, hard sandstones, some of
which are fractured. The thickness of the sandstone units reach several tens of meters in
some places. Based on corc data, total porosity is cstimated between 9.9 and 18.5%, and
the average porosity is 14.0%. Within the Maykop, quartz-arkose and quartz sandstones of
the Lower Miocene (Sakaraulo) with thicknesses of up to 6 m contribute to oil production.

Corc data shows that the total porosity of the sandstonces varics between 8.2 and 28.0%.
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2.3. Hydrocarbon Shows and Discoverics

Geuneral descriptions of the Upper Eocene and Maykop in this chapter are mostly based
on internal reports. For the present study, drill cuttings samples from the aforementioned
intervals from the Norio, Ninotsminda, and Manavi fields are described in detail in the next
chapter, while the rest of this work focuses on the organic geochemical parameters of these

potential source rocks.
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3. Samples

Second to core samples, drill cuttings provide the most complete record of the subsurface.
Cuttings samples taken from three wells cast of Thilisi (Norio-72, Ninotsminda-97. and
Manavi-12; see Fig. 3.1) and oil samples from the Ninotsminda field and Manavi-12 well
were the main sources of data [or this study. This chapter [ocuses on describing the lithology

and conditions of the studicd samples.

E 45°00' E 45°30°

Norio-72
°

~~Manavi=12
°

Ninotsminda-97

N 41°45*

Figure 3.1: Map of the Near-Thilisi study area, showing the locations of the Norio-72,
Ninotsminda-97, and Manavi-12 wells (modified from Google Earth, May 2014).

A total of 304 drill cuttings and five oil samples were provided by CanArgo Georgia Ltd.
The first sample sct was reecived on October 12, 2013, while the sccond sct was received
on December 16, 2013. Ultimately, 221 samples were selected for analysis (see Table 3.1),

whereby the analysis methods applied on each sample are specified in Appendix A.

Most of the delivered samples were dry and packed either inside sealed, labeled hrown

paper envelopes or cloth bags with sample tags. Only the wet, unwashed samples [rom
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3.1. Norio-72

Norio-72 from depths of 4510 to 4891 m were packed iu cloth bags with an inner plastic

lining.

Well Depth No. of Samples Date Received Description
Norio-72 3625 to 4510m 160 (126) Oct 12, 2014 washed

4510 to 4891m 37 (35) Dece 16, 2014 unwashed
Ninotsminda-97 2330 to 2560m 27 (23) Oct 12, 2014 washed
Manavi-12 3749 10 3821m 15 (0) Dec 16, 2014 washed

3821 to 3980w 52 (37) Oct 12, 2014 washed

3980 to 4050m 13 (0) Decc 16, 2014 washed

Table 3.1: Drill cuttings samples provided by CanArgo. Nwnbers in parentheses represent
the number of samples from a given depth interval which were sclected for analysis.

Various mud additives were used in all three wells. Ninotsminda-97 supplied the “clean-
est” samples, as the interval of interest was drilled entirely with KCL polymer mud. On
the other hand, Manavi-12 and some of the Norio-72 samples were contaminated with oil
(diescl oil and oil from Eocenc reservoirs) which had been added to the drilling mud. Addi-
tional contaminants such as rubber. iron splitters, plastic, wood, and insects were present
in the cuttings. For documentation, each sample was photographed using a digital single-
lens reflex camera (sce Appendix B). Representative samples from cach well are shown in
Fig. 3.2.

3.1 Norio-72

The Norio-72 exploration well (also Martkopi-72) is the deepest well in the CanArgo con-
cession. It was chosen as a key well because the available samples cover the greatest depth
interval. Cuttings samples were taken cvery 5m between depths of 3625 and 4510 m and
every 31 between depths of 4510 and 4841 m. A mud log (4298 to 4900 1) and wireline log
(2925 to 4450 m: gamma ray, spontaneous potential. caliper, resistivity, neutron-gamma)
were also provided by CanArgo. Some of the samples arc highly contaminated duc to the

use of OBM for drilling the sections below a depth of 4510 m.

Samples from the lower section (below 4510 1) are characterized by dark gray, flake-like
chips with uniform thickness and diameters reaching 1 cm. One side of each chip is polished
and the other side is marked by mm-wide striations (sce Fig. 3.3). This texture often results
frow the removal of chips by shearing action by a polycrystalline diamond compact (PDC)
bit, commonly used for drilling shale formations in combination with OBM (Preslar and
McDermaid, 1984: Graves, 1986).
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3.1. Norio-72
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Figure 3.2: Photos of representative cullings samples (length of scale bar is Tem): (a) pre-
dominantly light gray sample (NOR-72-48); (b) mixture of light gray, gray. and dark gray
grains (NOR-72-105); (c) predominantly dark gray sample (NOR-72-148); (d) dark gray,
oil-contaminated chips (NOR-72-189); (e) representative cuttings from the Ninotsininda-97
well (NTM-97-6); and (f) representative cuttings with brown coating from the Manavi-12
well (MNV-12-25).

Lach sample from the upper section (3625 to 4510m) consists of a mixture of light,
medium, and dark gray grains. Darker gray samples contain higher percentages of clayey
and silty inaterial which are rich in organic matter, whereas lighter gray samples are typically
more sandy. A high percentage of quartz and feldspar in these light gray samples was
confirmed by x-ray diffractometry. The grains are generally sub-rounded and soft enough
to be destroyed with a fingernail. Light gray and medium gray grains react with HCI while

dark gray grains do not. Mcdium gray grains contain swelling clay mincrals. The samples
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3.2. Ninotsminda-97

generally become darker towards the bottom of the section. Sub-angular dark gray grains

are dominant below a depth of 4280 m.

Several coaly grains were found in samples NOR-72-26 (3825 to 38401n) and NOR-
72-28 (3835 to 3810m). These were hand-picked for vitrinite reflectance measurements.
Aggregates of grains bound together by dry drilling mud as well as reddish-yellow grains

occurring as accessories were removed prior to analysis.

ridged side

polished side

Figurc 3.3: Stcrcomicroscopce photograph of cuttings from sample NOR-72-185 (4757 to
47601m). One side of each grain is polished while the other side is characterized by uniform
ridges. Each grain is slightly curved.

3.2 Ninotsminda-97

Ninotsminda-97 is a production well and is also the source of the shallowest samples in this
study (2330 to 25601m). Samples were taken at intervals of 51 and counsist of mixtures of
grains with dilferent shades of gray (light gray. medium gray, and dark gray). Brownish-gray
aggregates arc present as accessories. In general, the grains react with HCL Coal grains
in samples NTM-97-9 (2370 to 2375 m) and NTM-97-21 (2525 to 2530 m) were picked for

vitrinite reflectance measurcments.

3.3 Manavi-12

The Manavi-12 exploration well is one of the deepest wells in the CanArgo concession.

Samples from this well are characterized by a strong hydrocarbon scent. They contain gray
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3.4. Oil Samplecs

grains with a brown powdery coating. Sample intervals vary between 21 (3938 to 3960 1u;
3980 to 4050m), 3m (3749 to 3938 m) and 5m (3960 to 3980 m).

Samples fromn the second samnple delivery (above 3821 1n; below 3970 1n) were contam-
inated by cither thin. clear strands of unknown matcerial which adhere to the grains or
0.5 mm-wide strips of cellophane. These objects could neither be successtfully removed by
hand-picking nor with organic solvents (e.g., chloroform). For this reason, these samples

were not suitable for analysis.

3.4 Oil Samples

Four oil samples from wells in the Ninotsminda ficld were provided by CanArgo in October
2013. Three of the samples (G-NTM-21, G-NTM-59. and G-NTM-98) are fromn Eocene
reservoirs. One sample (G-NTM-78) came [rom an Oligocene reservoir. Information about

the locations of these wells is missing.

One oil sample [rom Manavi-12 (G-MNV-12) was provided al a late stage in the project
(April 2014). The origin of the oil is near the oil-water contact in a Cretaccous carbonate

reservoir. According to reports from CanArgo, oil from this reservoir was never produced.

3.5 Drilling Mud

Information on drilling mud and their chemical additives, which was provided by CanArgo,
is summarized in this scction becausce of its adverse cffect on analytical results. OBM was
used in Norio-72 and Manavi-12 to prevent swelling while drilling through clayey formations.
Table 3.2 summarizes the types of drilling muds used in the three wells at various depth

intervals.

‘Well Depth Interval Mud

Norio-72 3625 to 1371 m KCI,
4400 to 4867 m1 OBM
4867 o 4900 m KCL

Ninotsminda-97 2330 to 2560 m KCL

Manavi-12 1912 to 4100 m OBM
4100 to 51001 \WBM

Table 3.2: Drilling muds used in Norio-72, Ninotsminda-97, and Manavi-12 at various depth
intervals. KCL = potassiun chloride; OBM = oil-based mud; WBM = water-based mud.
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3.5. Drilling Mud

In Norio-72. the following additives were added to the KCL polymer mud: baryte,
Duo-Vis, sodium bicarbonate C110, sodium acid pyrophosphate (SAPP), citric acid C126,
calcium carbonate (CaCOg3), Milpark MD, Alcomer 120L, M-I CIDE, soda ash, lime, gyp-
sum, Kelzan XCD, calcium lignosulphonate, Unical. Staflo Exlo, Staflo Regular, Alcomer
110RD, Dcfoam-X™ Soltex , MIL-PAC LV, MIL-PAC R, GLYDRILL MC, xanthan
guin, and caustic soda. Additives for OBM include haryte, M-I SEAL (fine and mediun
blends), calcium carbonate, lime, mica (lakes (fine and medium grades). Soltex . calcium
chloride (CaCly), CARBO-MUL  HT, CARBO-TEC , CARBO-GEL , and CARBO-
TROL

In Ninotsminda-97, additives for KCL polymer mud include POLYPAC UL, calcium
carbonate, Drispac  regular, SPERSENE CFL (chrome-free lignosulfonate), baryte, caustic
soda, xanthan gum, D-SPERSE, TACKLE, M-I CIDE, and M-I PAC.

In Manavi-12, the following additives were added to the OBM: diesel, baryte, CaCOy3,
ccllophanc, lime, MI-X-IT (ccllulose fiber), mica flakes (medium and coarse grades), CaCla,
CARBO-MUL ., CARBO-GEL , OMNI-TEC . CARBO-TROL . and gilsonite. Ad-
ditives for the water-based mud (WBM) include baryte, Duo-Vis, xanthan gum, soda bi-
carbonate, KCL, CaCQOg, Milpark MD, caustic soda, M-I CIDE, soda ash, lime, calcium
lignosulfate, Defoam-X™ MI-X-II (cellulose fiber), mica (fine, medium, and coarse grades),
citric acid. PIPE-LAX (additive in diescl oil or OBM for freeing differentially stuck pipes),
and MIL-PAC
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4. Methods

Accomplishing the objectives mentioned in Chapter 1 required the application of several
standard mcthods for source rock investigations, which arc c¢xplained in this chapter. Sce-
tion 4.1 outlines the pre-analysis saiple preparation procedure for the drill cuttings. The
succeeding sections brieflly explain the theory behind the applied analysis methods and the
associated measurcient procedures. The table in Appendix B specifies the methods with

which each cuttings sample was analyzed.

4.1 Sample Preparation

For documentation, individual cuttings samples were photographed and observed with a
Leica MZ06 stercomicroscope. Contaminants such as rubber, iron splitters, plastic. wood,
and insects were removed using a magunet and a pair of tweezers. A representative portion

of each sample was dried and powdered for analysis.

One set of samples (NOR-72-161 to NOR-72-197) which had been stored in plastic-lined
cloth bags were covered in OBM and therefore required special handling. In order to remove
the OBM impregnation, a tablespoonful of cach sample was placed inside a tea filter and
dipped two to three times into a beaker filled with chloroform. The sample-filled filters
were then dricd overnight before the samples were removed and crushed. It is important to
note that the impregnating material could not be completely removed, as the samples still

retained their hydrocarbon-characteristic odor.

4.2 Elemental Analysis (TC, TOC, S)

The effectiveness of a source rock is dependent on the quantity, quality, and maturity of
the organic matter it contains (Peters ct al.. 2005b). The total organic carbon (TOC)
content, which can be obtained using the LECO and Eltra methods, is a measure for the

quantity of organic malter and therefore the organic richness of a rock sample. Because
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1.2. Elemental Analysis (TC. TOC, S)

it directly affects the generative potential of a hydrocarbon source rock. it is typically the
first screening parameter used in source rock analysis. Fair siliciclastic source rocks are
characterized by a minimum TOC of 0.5 wt.% (Peters and Moldowan, 1993). Cowbined
with Rock-Eval parameters (S; and S,: see Section 4.3), TOC provides a quick insight into

the amount of hydrocarbons which can be gencerated (Table 4.1).

TOC  S,* S, * Bitumen Hydrocarbons

Potential " % [melIC/grock]  [ppm] [ppm]
Poor <0.3 <0.5 <2.5 <500 <300
Fair 0.5-1 0.5-1 2.5-5 500-1000 300-600
Cood 1-2 1-2 510 1000-2000 600-1200
Very good 2-4 2-4 10-20 2000—4000 1200-2400
Excecllent >4 >4 >20 >4000 >2400

Table 4.1: Quantity-based generative potential of iinmature source rocks (Peters and Cassa,
1994). *Rock-Eval paramcters (sce below).

For the present investigation, two instruments with similar measuring principles, a LECO
CS-300 and an Eltra Helios Double Dual Range C/S Analyzer, were used for determining
TOC, total carbon (TC), and sulfur (S) contents in the rock samples. For TOC neasure-

ments, samples needed Lo be acidilied belorehand.

In both instruments. analysis involved combustion of the rock sample in a pure oxygen
atmosphere. Any carbon and sulfur present was converted to CO, and SO, respectively,
which flowed through an infra-red detection cell. The mass of the released gases was con-
verted to % C and %S based on the dry sample weight. Details on the LECO and Eltra

mecasurcment procedures arc explained in the subscctions below.

4.2.1 LECO

Prior to measurements using the LECO method, 80 mg of each powdered sample was pre-
trecated with 500 pL of alcohol. For TOC mcasurcments, the samples were pre-treated twice

with 500 uL of alcohol and 200 puL of concentrated HCI.

The instrument was calibrated with carbon (501-937) and sulfur (502-449) standards.
Tungsten and iron chips were added as accelerators for sample ignition. The samples were

burned in a pure oxygen atmosphere at 1500°C.
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1.3. Rock-Eval Pyrolysis

4.2.2 Eltra

For the Eltra method, 100 to 120 mg of each sample was burned in a pure oxygen atmosphere
at approximatcely 1350°C. Samples usced for TOC measurcments were pre-treated twice with
500 uL of distilled water followed by 1500 uL of 50% phosphoric acid on a heater at roughly
95°C.

The first run of TOC measurements showed that oil-containinated, liydrophobic samples
(NOR-72-161 to NOR-72-197; MNV-12-1 to MNV-12-49) yielded unrealistically high TOC
contents, most probably duc to incomplete carbonate removal. In a sccond run, these
samples were treated in an ultrasonic bath at 35°C for up to ten minutes before water and
phosphoric acid were added in order to ensurce that the acid was able to infiltrate the entire

sainple.

The instrument was calibrated with a calcium carbonate standard (#90810) for the low

carbon detector and a coal standard (#92511-3020 Lot: 20130708A) for the sulfur detector.

Parameters Derived from Elemental Analysis

Subtracting TOC from TC yiclds the total inorganic carbon (TIC) content, which is derived
from mineral matter as opposed to biogenic matter. This parameter is used to calculate
the calcite equivalent percentage calcite,, via the equation below. It is not to be confused

with the total ion current chromatogram (also TIC), mentioned in Scction 4.7.
calciteceg = TIC x 8.34 (4.1)

In non-marine scdiments. the low concentration of sulfate is a limiting factor for the
formation of sulfides, i.e., pyrite. On the other hand, an abundance of sulfate is present in
marine scdiments, where the major control on pyritc formation is the amount of decom-
posable organic matter. For this reason, the TOC/S ratio can be usetul for distinguishing

between marine and freshwater sediments (Berner, 1984).

4.3 Rock-Eval Pyrolysis

Rock-Eval pyrolysis enables determination of the generative potential (Table 4.1), kerogen
typc or source rock quality, and maturation stage of the samples. In this study, pyrolysis
was carried out in a Rock-Eval 2+ analyzer (Vinci Technologies) in combination with the
RockPlus software. Roughly 90 mg of each sample was analyzed, and every sample was

mecasurcd in duplicate.
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1.3. Rock-Eval Pyrolysis

During the first stage of pyrolysis, the sample was heated up to 300°C in an inert helivun
atmosphere. The temperature was then kept constant for three minutes while free and ad-
sorbed hydrocarbons (usually bitumen) were released and measured by a flame ionization
detector (FID) to give the S; peak [mgIIC/grock]. In the second stage, the sample was
heated further up to 550°C at a rate of 25°C per minute. Kerogen capable of gencrating
petrolenin and heavy extractable compounds such as resins and asphaltenes were converted
into hydrocarbons through thermal cracking. These hydrocarbons were quantified by the
FID to give the S, peak [mgHC/grock]. The temperature at which the maximum S, oc-

curred was recorded as T CO, and CO released from kerogen during heating contributed

max-

to the S5 peak and was not taken into account in this study.

Parameters Derived from Rock-Eval Pyrolysis

Several paramceters which are essential for the evaluation of hydrocarbon source potential
can be derived from the results of Rock-Eval pyrolysis. The hydrogen index (III) is an
indicator of whether a source rock is likely to be oil or gas prone (Table 4.2) and can be

calculated using the equation below (Espitalié et al., 1977):

52 x 100
HI|mgHC/gTOC| = ——— 4.2
[y HC/gTOC] = =75 (4.2)
HI
Kerogen Type Expelled Product*
[mg HC/g TOC]

1 >600 0il
11 300-600 Oil
11/I11 200-300 Oil/gas
111 50-200 Gas
1V <50 None

Table 1.2: Quality of potential source rocks (Peters and Cassa, 1991): *at peak maturity.

The sum of S, and S, gives the hydrocarbon gencration potential. The production index
(PI), which is the ratio between free hydrocarbous and potential hydrocarbons (generated
during the heating process), can be calculated using the equation below (Espitalié et al.,
1977):

S1

Pr=—-"t
S’] + SYQ

(4.3)

T increases first and foremost with increasing maturity and the associated hydrocarbon
generation, although contamination from OBM or migrated hydrocarbons affecting the S;

paramcter could also lead to clevated values.  After peak maturity, further increasc in
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41.1. Vitrinite Reflectance

maturity eventually causes a decrease in I as free hydrocarbons begin to migrate out of

the source rock, meaning that a low PI could also be a sign of overmature source rocks.

T
is required to generate hydrocarbons from kerogen (Killops and Killops, 1997). PTand T

max 18 & aturity parameter. As the stage of matwrity increases, higher thernal energy

max

can be compared with vitrinite reflectance (see next section) for determining the maturation

stage of a rock sample (Table 4.3).

4.4 Vitrinite Reflectance

In addition to Rock-Eval pyrolysis, another possibility for determining the thermal maturity
of a sample is by measuring the reflectance of vitrinite macerals (Tissot and Welte, 1984;
Mukhopadliyay and Dow, 1994). Under an iucident light microscope. vitrinite reflectance
increases progressively with thermal maturation. Two types of samples were prepared [or

this analysis: (1) picked coal grains (<1.5 mm diamcter) and (2) whole rock samples.

An extensive procedure for the preparation of polished blocks was completed prior Lo
microscopy. The first step involved embedding the selected samples in epoxy resin. For the
coal polished blocks, grinding and polishing followed in seven steps using silicon carbide
powdcr (graining: 220. 600, and 1200), diamond suspensions (9 um. 3 pm, and 1 pm). and
oxide polishing suspension colloidal silica (OP’S; 0.05 pm). Instead of water, ethylene glycol

was used with the polishing wheel in order {o preveni damage (o the coal samples.

For whole rock samples, silicon carbide powder (graining: 220, 600, 1200, 3000, 5000,
and 12000) and OPS (0.05 um) were used [or grinding and polishing. In order to minimize
damage to the clay-rich samples, the polished blocks were prepared manually in a dry state.
The polishing wheel and ethylene glycol were used only for the last polishing step with
OPS.

Mean random vitrinite reflectance (R,) was measured on the polished block samples
using an incident light Leica MPV microscope cquipped with an oil immersion objective
with 100x magnification. Measurement procedures followed established methods (Taylor
et al., 1998). The intensity ol reflected light with a wavelength ol 546 nm was measured
with a photomultiplicr. An yttrimm aluminum garnet standard (YAG, R, = 0.899%) and

gadolinium gallium garnet standard (GGG, R, = 1.699%) were used for calibration.

Table 4.3 suinarizes three maturation parameters and their approximate corresponding

values to the bottom and top of the zone of oil generation. According to Peters et al. (2005b),
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41.5. Scmi-Quantitative Maccral Analysis

the relationship hetween vitrinite reflectance (VR) and T is based on the following

max

equation, which is not recommended for T ., values below 420°C:

VR =0.018 X Tpop — 7.16 (4.4)

PI T R
Maturity Level e hi

[l [°C] [%]
Top of oil window 0.1 435to 445 0.6
Bottom ol oil window 0.4 470 1.4

Table 4.3: Geochemical and optical parameters describing thermal maturation levels (Pe-
ters, 1980).

4.5 Semi-Quantitative Maceral Analysis

The origins of diffcrent macceral groups arc described in Taylor et al. (1998). Vitrinite is
derived from terrestrial organic matter (e.g., higher plauts), liptinite from lipid-rich plant
material (e.g., algae, pollen, spores, resin, cork, and cuticles), and inertinite [rom oxidized
material (c.g., charcoal). The relative reflectivity, fluorescence and hydrocarbon potential

characteristic of each maceral group is shown in Table 4.4.

Maceral Group Reflectivity Fluorescence HC Potential

Vitrinite middle nouc or weak gas
Liptinite dark strong oil and gas
Inertinite bright none none

Tablc 1.1: Reflectivity, fluorescence. and hydrocarbon potential of maceral groups (Taylor
et al., 1998).

Organic petrology enabled quauntification of the maceral composition of 30 selected whole
rock samples. For this analysis, representative cuttings samples were prepared using the
samc procedurce as for vitrinite reflectance measurcments (sce Scction 4.4). The analysis
was performed using an incident light Leica MI’V microscope with reflected white and
fluorescent light and oil immersion objectives (50x and 100x magnification). The amounts

of vitrinite, liptinite, and inertinite inside the samples were roughly estimnated.
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1.6. Calcarcous Nannoplankton

4.6 Calcareous Nannoplankton

In order to obtain biostratigraphic age control for the studied successions, 52 samples were
analyvzed by S. Cori¢ (Geological Survey of Austria) for their calcareous nannoplankton
content.  Age assignments were conducted based on the stratigraphic chart in Fig. 2.1.
Smear slides of samples were prepared using standard procedures (Perch-Nielsen, 1985) and
examined under a LEICA DMLP light microscope (crossed and parallel polarization) with
1000x magnification.

4.7 Gas Chromatography-Mass Spectroscopy

Gas Chromatography-Mass Spectroscopy (GC-MS) is a sophisticated method for obtaining
biomarker data from rock samples. The analysis was performed on 24 rock extracts and

five oil samples.

Prior to measurement, representative portions of selected rock samples were powdered
and cxtracted using dichloromcthanc for onc hour at 75°C and 50 bar in a Dioncx ASE
200 accelerated solvent extractor. The extracts were then evaporated to 0.5 L using a Zy-
mark TurboVap 500 closed cell concentrator. Asphaltenes were precipitated from a hexane-
dichloromethanc solution (80:1 ratio) and scparated by centrifugation using a Labofuge
200. The hexane-soluble fractions were split into saturated (aliphatic) hydrocarbous, un-
saturated (aromatic) hydrocarbons, and NSO (nitrogen, sulfur. and oxygen) compounds
using medium pressure liquid chromatography (MPLC) with a Kohnen-Willsch MPLC in-
strument (Radke et al., 1980).

To obtain biomarker data, the aliphatic and aromatic hydrocarbons were analyzed using
a gas chromatograph equipped with a DB-5 fused silica column (30m x 0.25 mm, (.25 um
film thickness) and coupled with a Thermo Fischer ISQ quadrupole mass spectrometer. For
analysis. the oven temperature gradient was programmmned fromn 70 to 300°C at a rate of
1°Cper minute. This was followed by an isothcrmal period of 15 minutes. Helium was
used as a carrier gas. The sample was injected with an injector temperature of 275°C. The
spectrometer was operated in the electron ionization (IEI) mode over a mass/charge (m/z)
scanning range between 50 and 650 with 0.7s per scan.

The GC-MS data were processed in an Xcalibur data system. Individual components
were identified on the basis of retention time in the total ion current (TIC) chromatogram
and by comparison of the mass spectra with published data. Relative percentages and abso-

lute concentrations of various compound groups in the aliphatic and aromatic hydrocarbon
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1.7. Gas Chromatography-Mass Spcctroscopy

fractions were calculated using their peaks in the gas chromatograms and their relation to
the peaks of the internal standards (deuteriated n-tetracosane and 1.1-binaphthyl). The
concentrations were normalized to the TOC content. Examples of chromatograms for the
aliphatic and aromatic fractions of sample NTM-97-16 (2465 to 2470 m depth) are shown

in Fig. 4.1. The most important peaks which were quantified arc indicated.

Because samples from Manavi-12 were suspected of being contaminated by OBM, a
special test was performed on one of the samples (MNV-12-47) to investigate both hydro-
carbouns in the contaminating mud and the “indigenous bitumen”. The sample was placed
inside a filter bag and soaked in chloroform in order to dissolve the organic compounds
adhering to the grains. Afterwards, the sample was taken out of the filter bag, left to dry,
pulverized, and extracted. The chloroform solution with the dissolved organic compounds
was left overnight so that the chloroform cvaporated and only the “mud” or “contamina-
tion” remained. This “contamination” sample (MNV-12-471n) and the extract from the

washed sample (MNV-12-47w) were measured with GC-MS.

Organic Geochemical Parameters

Descriptions of organic geochemical parammeters incorporated in this study follow DPeters

et al. (2005a).

Pristane/n-C,, and phytane/n-C,; ratios increase significantly with hiodegradation

and decrease with thermal maturity.

Pristane/phytane (Pr/Ph) ratios: Pristane and phytane iolecules can be derived from
various sources. and their ratios can give an insight into the conditions of source rock
deposition. The most abundant source of pristane (Ciq) and phytane (Cyp) is the
phytyl side chain of chlorophyll “a” in phototrophic organisms and bacteriochlorophyll

Wl

“a” and “b” in purple sulfur bacteria. Reducing or anoxic conditions in scdiments
promote cleavage of the phytyl side chain to yield phytol, which wndergoes reduction
{o phytane and a rest. Oxic conditions promote the competing conversion of phytol
to pristene and then reduction to pristanc.

According to Didyk et al. (1978), Pr/Ph ratios below 1.0 indicate anaerobic conditions
during carly diagenesis. Valuces between 1.0 and 3.0 were interpreted as reflecting
dysaerobic environments.

There are, however, various other sources of pristane and phytane, which reduces

the usefulness of the Pr/Ph ratio as a redox indicator (ten Haven et al., 1987). For

example, phytanyl ether lipids in archaebacteria (e.g., methanogens and halophiles)
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1.7. Gas Chromatography-Mass Spcctroscopy

are potential sources of phytane (Volkinan and Maxwell, 1986: Teixidor et al., 1993),
and tocopherols (E vitamins; Goossens et al., 1984) and zooplankton can be significant
sources of pristane.

In hypersaline environments, halophilic bacteria are important, as they contain more
phytanyl lipids than mcthanogens. Thercfore, low Pr/Ph ratios (<1) characteristic
of hypersaline environinents are controlled by the salinity-dependent growth rate of

halophiles rather than the degree of anoxicity (ten Haven et al., 1987).

Oleanane index (oleanane/Cg)-hopane ratio) is a marker for source input and geologic
age. Oleananes are produced by angiosperms (flowering land plants), which usually
indicate a Cretaceous or younger (<100 Ma) source input. Although rare, there
is evidence of oleanane occurrence in pre-Cretaceous rocks (Moldowan et al., 1994;
Pcters ¢t al., 1999). According to Murray ct al. (1997). olcanancs arc best preserved

in deltaic rocks influenced by marine waters during early diagenesis.

C,,-diasterane/C,,-sterane ratios arc uscd to distinguish between oils from carbonate
and clastic source rocks (Mello et al., 1988). Low diasterane/sterane ratios point to-
wards anoxic clay-poor or carbonate source rocks, whereas high ratios indicate oxic
clay-rich source rocks. According to Rubinstein ot al. (1975), clay-rich source rocks fa-
cilitate the conversion of sterols to diasterenes, both precursors of diasteranes. Acidic
and oxic conditions contribute to diastercne formation during diagencesis, which is ul-
timately reduced to diasterane.

High diasterane/sterane ratios could be the result of high thermal maturity (Seilert
and Moldowan, 1978) and/or biodegradation (Scifert and Moldowan, 1979). There-
fore, this ratio should only be used to characterize the depositional environments of

samplcs with similar levels of thermal maturity.

C,5/Cyg sterane ratios in marine source rocks and petroleum increase through geologic
time (Grantham and Wakeficld, 1988). This rclationship may be associated with the
increased diversification of phytoplankton assemblages in the Jurassic and Cretaceous

periods. C,,/C,, sterane ratios are greater than 0.7 for Upper Jurassic-Miocene oils.

Dibenzothiophene/phenanthrene (DBT /P) ratios can be plotted against Pr/Ph ra-
tios in order (o distinguish between oils derived [rom dillerent depositional environ-
ments (Hughes ot al., 1995). High DBT/P ratios could be an indicator of oils origi-
nating from marine carbonate source rocks. while low ratios may indicate terrestrial
or marinc shale source rocks. Oils from carbonate source rocks gencrally tend to have
higher sulfur contents, which is why high DBT/P ratios are also associated with high

sullur contents.
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1.8. X-Ray Diffraction Analysis

(208)/(20S+20R) isomerization ratios (also expressed as 205/20R) of C,y steranes
increase with thermal maturity. Equilibrium of this isomerization reaction lies between
0.52 and 0.55 (Seifert and Moldowa, 1986).

(aBB) /(aBB+aaa) isomerization ratios (also cxpressed as 36/aa) of Cyg sterancs
increase with thermal maturity. The isomerization reaction reaches equilibrium be-
tween 0.67 and 0.71 (Seifert and Moldowan, 1986). The ratio is more effective at
highcer maturity levels than (20S)/(20S+20R) and is independent of source input.

Cayyy Cug, and C,g steranes are commonly plotted in a triangular diagram to infer the
source input and to perform oil-oil or source-oil correlations. Cog sterancs indicate a

terrestrial source, while Cy; and C,y steranes originate from phytoplankton.

Methylphenanthrene Index (MPI-1): The distribution of phenanthrene and 1-, 2-, 3-,
and 9-methylphenanthrene isomers is used to calculate MPI-1, a thermal maturity
indicator. This index can be calibrated with vitrinite reflectance for shales and coals
containing organic matter which result in type I kerogen (Radke and Welte, 1983).
Therefore, MPI-1 obtained for a rock extract allows estimation of vitrinite reflectance
if the rock sample lacks vitrinite. In addition, the MPI-1 obtained from an oil sample
is useful for estimmating the vitrinite reflectance of its source rock at the time of oil
generation. Because MPI-1 increases and then decrcasces again with incrcasing thermal
maturity, it is possible that the same ratios occur in samples of different maturity
levels. Furthermore, it is also influenced by the source input and lithology of the

source rock (Pcters ct al., 2005a).

4.8 X-Ray Diffraction Analysis

In the scope of the present study, x-ray diffraction (XRD) analysis cnabled a first look into
the mineral composition of five selected cuttings samples from the Norio-72 well. Inter-
pretation results were mainly used for correlation with the Norio-72 mud log provided by

CanArgo.

The analysis was carried out on a Philips PW 1830/40 device using Cu-Ka-radiation
(1.54 A, 35kV. 35mA). Scans with a step size of 0.02° were run between 2 and 67°26 in the
air-dry state (random powder mount and oriented powder mount) after heating to 350 and
550°. Qualitative interpretation was carried out using the dataset of Brindley and Brown
(

1980) and Moore and Reynolds (1997).
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4.9 Isotope Geochemistry of Carbonates

In addition to biomarkers, stable carbon and oxygen isotopes in carbonates provide an in-
sight into changes in the environmental conditions under which source rocks were deposited.
In a marince sctting, tempcerature, water column stratification, biological productivity, and
the effects of diagenesis may control the §13C/42C and §80/0100 isotope ratios of car-
bonates. Furthermore, isotopic compositions are influenced by evaporation and [reshwater

imflux.

For the present investigation, carbon and oxygen isolope measurements were carried out
on samples with the highest TIC contents from the Norio-72 and Ninotsminda-97 wells.
The pulverized samples were heated with 100% II;PO, at 70°C in an online system (Gas-
bench IT with carbonate option). Analysis was performed using a ThermoFisher DELTA V
isotope ratio mass spectrometer. Carbon and oxygen isotope compositions were reported
relative to the V-PDDB (Vienna PeeDee Belemnite) standard for both §'3C and 6'¥0. The

reproducibility exceeded 0.2

4.10 Maturity Modeling

Thermal maturity modcling aims to predict the thermal history of rocks and the associated
temperature change-induced hydrocarbon generation and cracking (Waples, 1994). Over
time, onc-dimensional modcls along the z axis have cvolved into morc complex two or
three-dimensional models. Different types of thermal modeling are useful in studying the
thermal history of sedimentary basins, the evolution of a petroleum system, and the type

of hydrocarbon fluids which may have been gencrated.

Creating thermal maturity models served as a supplement to maturity investigations of
the studied source rock intervals with Rock-Eval pyrolysis and biomarker analysis (sce pre-
vious sections). For the present study, a 1-D basin system modeling software (PetroMod of
TES, Schlumberger) was used to rcconstruct palco-hcat flow and the timing of hydrocarbon
generation for the Norio-72 and Ninotsminda-97 wells. These two wells were cliosen because
(1) samples from Norio-72 represent the greatest depth interval and (2) Ninotsminda-97 is
least affected by contamination of OBM. As temperature data was not available, the modcls
presented in this work merely serve as reconstructions of two possible “cold” (401mW /imn?)
and “hot” (50mW /m?) paleo-heat flow scenarios and the associated timing and duration of

hydrocarbon gencration. A constant heat flow is assumed to have existed since the Eocenc.
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1.10. Maturity Modecling

Input parameters for the burial history curve and the thermal model were obtained from
literature as well as laboratory analysis results from this study. According to Patton (1993),
a geothermal gradient of 28°C/km is typical of the region. Sediment thicknesses obtained
from literature (Samgori field; Patton, 1993), biostratigraphic data from calcareous nanno-
plankton. and lithology data from the provided mud logs were incorporated as input values
for the burial history curves for all of the possible scenarios. Thermal models were cali-
brated on thermal indicators, i.e., vitrinite reflleclance and biomarker (sterane and hopane

isomerization) data.
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5. Results

Results from the executed analyses provided a basis for determining the stratigraphy and
ultimatcly for evaluating the source potential of the Upper Eocene and postulated Maykop
interval in the study area. A compilation of raw data obtained during this study is included

in the Appendices.

5.1 Norio-72
5.1.1 Stratigraphy

Descriptions on the wircline and mud logs from CanArgo show that at least two strongly
differing stratigraphic schemes exist for the Norio-72 well (Fig. 5.1). According to the
wireline log (2925 to 4450m). the top of the Middle Miocene occurs at approximately
3475m. The Maykop (Oligocenc—Lower Miocene) extends from around 3650 m to 4400 m
and is made up of alternating layers of white to light gray sandstones and light gray to gray
clays. Kvidence for the age assignment of these intervals is unavailable. In order to obtain
a clear stratigraplic division and to determine the true Eocene/Oligocene boundary in this
well, 28 samples representing the depth interval between 3625 and 4891 m were investigated
for calcarcous nannoplankton. Dctailed descriptions of the nannoplankton assemblages arc

included in Appendix C.

According to the wircline log, samples between 3625 and 3745 m are attributed to the
uppermost Oligocene and lowermost Miocene. However, taxa observed in the samnples
(NOR-72-1: Sphenolithus cf. capricornutus. nannoplankton zoncs NP25-NNT1; NOR-72-
9: Sphenolithus dissimnilis, upper NP24-NN2) do not include Miocene nannoflora. For this

reason, this entire depth interval was re-assigned solely to the Upper Oligocene (Chattian).

Samples between 3790 and 42501 contain taxa with a last occurrence at the NIP21/22

boundary, whereas typical [Locene forms are largely missing. This indicates that this depth
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Figure 5.1: Stratigraphy and depth plots of bulk geochemical paraineters and vitrinite
rcflectance in Norio-72. Corrected HI values in Oligocence units are shown by red symbols;

uncorrected values are shown by open symbols.

See text for further explanation. The

rclation between vitrinite reflectance and T, is described in Eq. 4.4 in Scction 4.4.

interval belongs to the lowermost Oligocene (Rupelian: Pshekian; see Fig. 2.1). Conse-

quently, sediments with a middle Oligocene age (lower part of NP24 to NP22) are either

very thin (between 3745 and 3790m) or missing.

Nannoplankton assemblages from samples between 4345 and 4505 m (NOR-72-129 to

NOR-72-159) do not allow precise stratigraphic attributions, but support an Eocenc to car-

liest Oligocene age. Samples NOR-72-165 (4549 to 4553 m) to NOR-72-197 (48388 to 4891 m)

contain coaly magerial, but calcarcous nannoplankton arc missing. Similar organic-rich scd-

iments in Ninotsminda-97 were dated to the Late Eocene (see below). For this reasou, and

because a Middle Eocene age is generally accepted for the underlying volcaniclastic sedi-

ments, a Late Eocene age (Priabonian: Beloglinian) is likely for the studied interval below
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5.1. Norio-72

4510m depth. In this report, a depth of 37901 is accepted as the boundary between the
Upper and Lower Oligocene, whereas a depth of 4500 m is adopted as the boundary between

the Lower Oligocene and the Upper Eocene.

To obtain a broad dcscription of the lithology of the Oligocene, three representative sam-
ples from Norio-72 (NOR-72-30, 3845 to 3850, light gray: NOR-72-38, 3885 to 3890 1.,
medium gray; NOR-72-138, 4395 to 4400 m, dark gray) were chosen for XRD analysis. A
qualitative interpretation was carried out to determine the minceralogical composition of the
samples. The intensity of the quartz and calcite peaks in NOR-72-30 were higher compared
to the other two samples, which was anticipated because lighter-colored samples were as-
sociated with sandier lithologies. The identified minerals in these samples include quartz,
feldspar (plagioclase and orthoclase), calcite, dolomite, illite, montmorillonite, muscovite,
chlorite, glauconite, and pyrite. This is in accordance with the presence of alternating layers
of sandy and silty to clayey layers indicated in the wireline and mud logs. A quautitative

interpretation of the mineralogical composition is beyond the scope of this work.

5.1.2 Carbonate Content

The mud log provided by CanArgo for Norio-72 is supplemented with a calcietry log
depicting the amount of calcite and dolomite in the drilled [ormations. The method with
which these values were obtained is unknown. Between depths of 4298 and 4400w, the
calcite content in the mud log hovers around 5%, and the calcite+dolomite content ranges
between 5 and 15%. There arc three major spikes in the curves at 4316 m, 4360 m, and

44001, where calcite content reaches up to 20% and calcite+dolomite up to 38%.

These carbonate contents can be compared to measured TIC contents from the LECO
and Eltra methods (see Appendix D). Elevated TIC contents occur at 3710m, 37451,
3775 m, and 4400 m. Below 4400 m, the calcite content remains relatively low and constant
at values mostly below 5%, while the calcite+dolomite curve is constant at around 5%.
Elevated carbonate contents occur at around 4418 m, 4472 m, and 4684 m, which are do not
occur in the LECO and Eltra data for these depths. Apart from the carbonate spike at
4400 m, there is incongruence between the carbonate contents from the elemental analysis

and the mud log.

5.1.3 Bulk Geochemical Parameters and Vitrinite Reflectance

Bulk geochemical parameters are listed in Appendix D. Vertical profiles of calcite,. TOC,

TOC/S, HI, and PI based on elemental analysis and Rock-Eval pyrolysis data are shown
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5.1. Norio-72

in Fig. 5.1. Furthermore, average parameters for the Oligocene and Eoceune successions are

summarized in Table 5.1.

Depth TOC TOC/S HI PI

Unit
(] (%] [ [ugHC/gTOC]  []

Oligocene  3625-4510  0.30-1.61 (0.78)  0.35-2.63 (0.99)  77-208 (128)  0.26
Eocene 15101891  2.19-1.56 (3.33)  0.89-1.50 (1.59)  122-102 (237)  0.62

Table 5.1: Summary of bulk gcochemical parameters for Norio-72. Average values arc shown
in parentheses. HI data for the Oligocene are based on corrected S, values.

With the exception of thin layers with increased carbonate contents, calcite,, contents
in Oligocene rocks are typically around 10 to 15%. Calcitey, deercases downwards to 2%
between 4400 and 4555 m across the Oligocene/Eocene houndary. Slightly lower values (5
to 10%) prevail in most of the Upper Eocene succession. In general, the observed trend
fits well with the calcite and dolomite contents documented in the calcimetry column of
the mud log (4300 to 4891 m; December 2005). However. the calcimetry data also indicates
a thin horizon with clevated carbonate contents within the Eocene succession at 4694 m,

which does not occur in the calcite,, depth profile.

TOC contents of Upper Oligocenc rocks arc in the order of 0.5%. Slightly higher valucs
(0.6 to 1.0%) occur over a small iuterval in the uppermost part of the Lower Oligocene
succession (3790 to 3840 m). In the rest of the Lower Oligocene, TOC increases regularly
with depth from 0.3 to 1.6%. TOC contents in Eocene sediments arce significantly higher
(average 3.3%) and show a subtle increase with depth. There is a sudden increase in TOC
at the postulated Oligocene/Eocenc boundary. It is important to note that this boundary
coincides with sample sets delivered in October 2013 (Oligocene: dry samples) and Decewber
2013 (Eocene; oil-drenched samples; see Section 3.1). Thus, an effect of different sample

treatment or contamination cannot be completely excluded.

S contents vary significantly in Oligocene rocks (0.4 to 1.6%). Similar to TOC, S increases
with depth in the lower part of the Oligocene succession (0.7 to 2.7%) but arc rclatively
low (0.5 to 1.4%) in its lowermost part (3845 to 4120m). S contents in Eocene sediments

arc about 0.5% and show a general increasc with depth (0.8 to 3.0%).

The resulting TOC/S ratios are significantly below 2.8, characteristic for sediments
deposited in oxygen-deficient environments (Berner and Raiswell, 1983). In gencral, the
TOC/S ratios in the Oligocene sediments vary between 0.5 and 1.5. There is a significant

downward increase in TOC/S ratios from 0.5 to 2.0 in a narrow depth interval (4450 to
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5.1. Norio-72

4475m) in the lowermost part of the Oligocene succession. With the exception of several

outliers. TOC/S ratios in the Focene succession decrease with depth from 2.0 to 1.0.

Many of the Rock-Eval traces for the Oligocene rocks (above 4510m) show bimodal S,

pcaks, resulting in two T, values (sce Fig. 5.2). The higher pcak (115 to 112°C) represents

max
hydrocarbons generated by thermal cracking of kerogen which was originally in the rock,
while the lower peak (348 to 369°C) corresponds to impregnation, most likely by drilling
additives (sce also Peters, 1986). Thus in these samples the measured S, valuce significantly
overestimates the true S, value. A graphical approach was applied to remove the effect
of contamination and to assess the true S,. Both measured and corrected S, values are

included in Appendix D.

300 350 400 450 500 550
1 1 1 1

Tmax, low Tmax. high

Figure 5.2: An example of a Rock-Eval trace with a double S, peak (sample NOR-72-138,
depth of 41395 m). The arca under the curve corresponds to the measured S,. The yellow
area is the area under the second peak after deconvolution and approximnates the true S,.

The HI log in Fig. 5.1 shows HI values based on both uncorrected S, values (open
symbols) and corrected S., values (red symbols). The corrected HI varies between 75 and
210mg HC/g TOC (average 128 mg HC /g TOC) and indicates the presence of type IIT kero-
gen in Oligocene rocks (see also Fig. 5.3). HI values from Eocene rocks vary between 122 and
402mg HC/g TOC (average 238 mg HC/g TOC), indicating typc III-IT kerogen (Fig. 5.3).

Measured vitrinite reflectance values range from 0.41 to 0.56% R, (see Appendix E) but
do not show a clear depth trend (Fig. 5.1). In gencral, there is a good fit between measured

vitrinite reflectance (VR) and vitrinite reflectance calculated from T using Eq. 4.4 (see

max
Section 4.4). The measured vitrinite reflectance of the NOR-72-184 sample (4748 to 4751 m)
is 0.43% R,, indicating that cven the deepest sample is thermally immature. Low maturity

is also indicated by vitrinite with orange interior reflections in NOR-72-26 (3825 to 3830 m).
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Figurc 5.3: Hydrogen Index (HI) based on uncorrected and corrected S, values versus T,
for Norio-72.

As seen in Table 5.1, PI values in Oligocene (0.26) and Eocene sediments (0.62) difler
considcrably, which may be an cffect of different types of contamination in sample scts
delivered separately in October and December 2013. Thus, PI values are of no use for the

interpretation of maturity.

5.1.4 Biomarker Proxies

Three Eocene and three Oligocene sample extracts from Norio-72 were analysed for molec-
ular biomarkers, the results of which arc included in Appendix F. All Eocence samples show
evidence of contamination by OBM. An example chromatogram of these extracts is shown
in Fig. 5.4. In these samples, n-alkanes, pristane, and phytane could be quantified. How-
ever, steranes and hopancs are cither absent or occur in amounts below the detection limit.

Thus. quantification of aromatic fractions for the Eocene saimnples was not justified.

Cyg-steranc isomerization ratios of Oligocence sample extracts from Norio-72 vary sig-
nificantly (Fig. 5.5) despite similar depths, making it impossible to use this parameter as
a maturity indicator. It is likely that this variation is duc to contamination, rendering
the biomarker data derived from Norio-72 samples unsuitable for further interpretations on

depositional setting and source input.
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Figure 5.4: A chromatogram of the aliphatic fraction of Eocene sample NOR-72-161. The
“hill” could be associated with biodegradation or contamination.

0.8
[2]
0]
c
e n
& 08 Equilibrium
L ]
2 ° |
O e ° |
g 0 |
S 04 |
o ¢ |
|
% = |
N .
g ﬂ‘ A @ Oil Samples
S 0.2 A B NOR-72 Extracts
5 £, & A NTM-97 Extracts
e} A * MNV-12 Extract
N & MNV-12 Contamination
| | | ‘\
0.0 0.2 0.4 0.6 0.8

app/(app+aaa) C,-Steranes

Figurc 5.5: Thermal maturity paramcters based on apparcnt isomcrization of asymmet-
ric centers in G,y steranes for oil samples and rock extracts measured using GC-MS.
af3/(aif+aaa) isomerization is plotted against (20S)/(20S+20R) isomerization.

5.1.5 Maceral Composition

Thirteen organic matter-rich Eocene sainples were selected for organic petrological inves-
tigations, the results of which are included in Appendix E. Maceral micrographs showing

vitrinite, liptinite, and framboidal pyrite in the studied samples can be found in Fig. 5.6,
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and a ternary diagram of maceral compositions is shown in Fig. 5.7.

a) NOR-72-169 b) NOR-72-188

lamalginite

s

lamalginite
c) NOR-72-188 d) NOR-72-188

sporinite

50 um

c) NOR-72:188F & ol f) NOR-72-188%4 *

Te

vitrinite

50 mi
—'

Figure 5.6: Micrographs of macerals in Norio-72 samples under fluorescent light (a-c) and re-
flected white light (d-f) and oil-immersion objectives (50x maguification); pyr = framboidal
pyrite.

In the most of the studied samples, liptinite is the most abundant maceral group (up to
80 vol.%). The only cxceptions arc NOR-72-181 (4718 to 4721 m), NOR-72-183 (4739 to
4742m), and NOR-72-195 (4895 to 4862 1), where vitrinite is the most dominant maceral
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Figure 5.7: Maceral composition of samples from Norio-72, Ninotsminda-97, and Manavi-12.

group. The samples also contain small amounts of incrtinitc (up to 20vol.%). Therce is a
general trend that samples with high liptinite/inertinite ratios are characterized by higher

HI values than liptinite-poor samples.

The liptinite exhibits orange fluorescence and is present mostly in the form of lamalginite
(see Fig. 5.6). However, telalginite and sporinite with visible cell structures as well as
liptodetrinite can also be obscerved.  Abundant framboidal pyrite, often occurring within
liptinite, suggests that sedimentation may have occurred in a reducing environment. Several
large vitrinite grains in NOR-72-184 (4748 to 4751 m) with diamcters of up to 50 pum were

used for vitrinite reflectance measurements (see previous section).

The hand-picked coal from NOR-72-92 (4155 to 4160 m) occurs as thin laycrs in mincral
matter. Coal in NOR-72-150 (4455 to 44601m) contains phlobaphenite and funginite.

5.2 Ninotsminda-97
5.2.1 Stratigraphy

Seven samples representing the depth interval between 2335 and 2555 m were analyzed
for calcarcous nannoplankton, dctailed descriptions of which arc included in Appendix C.
Labels on the sample bags suggest that all of these samples were previously considered to
be Upper Locene. All of the samples, with the exception of NTM-97-12 (2445 to 2450m),

contain Reticulofenestra umbilica, a specics which existed from NP16 to the upper boundary
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5.2. Ninotsminda-97

of NI22. Because no typical Eocene forms could be observed above 236010, these sainples
are assigned to the Tower Oligocene (Pshekian: NP21/22). Samples between 2375 and
2525m contain Cibrocentrum reticulotum, placing them the Upper Eocene (Priabonian).

Thus, the Oligocene/Eocene boundary is located between 2360 and 2375 m (Fig. 5.8).
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Figure 5.8: Stratigraphy and depth plots of bulk geochemical parameters and vitrinite re-
flectance in Ninotsminda-97. Corrccted HI values are shown by red symbols and uncorrected

values by open symbols. See text for further explanation. The relation between vitrinite
reflectance and T, is described in Eq. 4.4 in Section 4.4.

5.2.2 Bulk Geochemical Parameters and Vitrinite Reflectance

Depth profiles of bulk geochemical parameters from the Ninotsminda-97 well are illustrated
in Fig. 5.8. Calcitey, contents arc around 20% and remain constant with depth. TOC (0.6
to 2.7%; average: 1.7%) and S contents (1.18 to 2.97%: average 2.18%) increase with depth.

Resulting TOC/S ratios arc very low (0.5 to 1.1) and show a downward incrcasing trend.

Similar to Norio-72 samples, Lower Oligocene samples (2330 to 2365m) show double-
pcaked Rock-Eval signals, indicating the presence of contaminating material with T,
values around 369°C. Corrected HI values of the shallow interval are around 100 mg/g TOC,
indicating the presence of type IIT kerogen (Fig. 5.9). Average HI values of the organic
watter-rich deeper part of the investigated scetion is 358 mg HC/g TOC, causing a shift

from type III to tvpe II kerogen.

T, ax Values vary between 421 and 431°C, resulting in calculated vitrinite reflectance in
the order of 0.4 to 0.6% R,. This maturity range is supported solely by the measured vitrinite
reflectance in sample NTM-97-21 (0.55% R;; 2525 to 2530m). Other samples yiclded lower
vitrinite reflectance values which might have been suppressed by bitumen impregnation
(e.g., Carr, 2000). Furthermore, low maturity is also confirmed by the presence ol orange

interior reflections in vitrinite observed in coal particles from NTM-97-9 (2370 to 23735 1w;
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Figurc 5.9: Hydrogen Index (HI) based on uncorrected and corrected S, values versus T,
for Ninotsiinda-97 and Manavi-12.

0.32% R,). Thus, maturily data indicale that the Ninotsminda-97 samples are thermally

immaturec.

PI values decrease with depth (0.29 to 0.14) and therefore could be allected by varying
degrees of contamination. For this rcason, Pl was not considered as a a valid maturity

parameter for the Ninotsminda-97 samples.

MPI-1 values for the Ninotsminda-97 extracts range from 0.67 to 0.86, and convert-
ing this parameter according to the correlation by Radke and Welte (1983) results in
overestimated values for vitrinite reflectance (0.80 to 0.92%R,). The possibility that the
Ninotsminda-97 rocks are more mature than the source rocks from which the analyzed oils
were generated can be excluded (see Section 5.4). Therelore, MPI-1 is a maturity parame-

ters which must be used cautiously.

5.2.3 Biomarker Proxies

Because Ninotsminda-97 samples show no evidence of OBM contamination, 16 samples
from this well were sclected for biomarker analysis. The complete biomarker data for all
analyzed samples are included in Appendix F, while facies-related proxies are explained in

Scction 35.5.

Maturity-related parameters show pronounced depth trends.20S/20R ratios (0.11 to
0.26) and BF/aca ratios (0.30 to 0.40) of Cyg-sterancs, along with 225/22R valucs of Cq)-
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hopanes (0.45 to 0.55). increase downwards. The positions of the samples in the C,q-sterane
isomerization plot (Fig. 5.5) indicate low maturity, supporting vitrinite reflectance and T,

data. Here it is important to remember that that the Ninotsminda-97 samples represent

the shallowest depth interval within this study.

5.2.4 Maceral Composition

Three samples from Ninotsminda-97 were selected for semi-quantitative maceral analysis.

Maceral micrographs are shown in Fig. 5.10.

Samples from Ninotsminda-97 contain more vitrinite (4 to 6vol.%) than liptinite (2 to
3vol.%) and very low amounts of inertinite (up to 1vol.%. also see Fig. 5.7). Liptinite
occurs mostly in the form of lamalginite, although tclalginite and liptodctrinite arc also
present. Sporinite occurs in small aimnounts. Because of low maturity, the fluorescence color

of the liptinite is yellow. Framboidal pyrite is common in all samples.

5.3 Manavi-12
5.3.1 Stratigraphy

Scventeen samples representing the depth interval between 3749 and 4036 m were analyzed
for calcareous nannoplankton. Detailed descriptions of the observed taxa are included in
Appendix C. According to information provided by CanArgo, the entire studied section

represents Oligocenc—Lower Miocene “Maykop” sediments (3819 to 4038 m: sce Fig. 5.11).

Samples [rom the upper section (3749 to 3917 m) contain very low amounts of poorly
preserved fossils, which hindered age determination. It remains unclear as to whether the
samples above 3932 m are from the Upper Eocene or Oligocene. In contrast, samples from
the lower scection (3932 to 4036 m depth) arc rich in calcarcous nannoplankton. Based on
the co-occurrence of Cribocentrum reticulatum and Isthomlithus recurvus, these samples are

dated as latest Eocene (Priabonian: NP19-21).

5.3.2 Bulk Geochemical Parameters and Vitrinite Reflectance

The depth profiles of bulk geochemical parameters and vitrinite reflectance of the Manavi-12
samples are shown in Fig. 5.11. Calcite,, values are generally low (<10%), but everal layers
with high carbonatc contents occur in the lower part of the studied scetion. TOC of the

analyzed samples range between 3.3 and 5.4%, while the average TOC' is 4.2%. S contents

Page 44



5.3. Manavi-12

>

vitrinite lamalginite

100 pm ' 100 pm
| :

h)
lamalginite

100 pm 100 pm
L] L |

Figure 5.10: Micrographs of macerals in NTM-97-25 (2545 to 2550 m) under reflected white
light (a, d, f) and fluorcscent light (b, ¢, ¢, g, h, i) and oil-immersion objectives (with 50x
and 100x magnification); pyr = framboidal pyrite.

vary between 1.6 and 4.1%. TOC/S ratios range from 0.9 to 2.8 and show a downward

decreasing trend.
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Figurc 5.11: Stratigraphy and dcpth plots of bulk gcochemical paramecters and vitrinite
reflectance in Manavi-12. Corrected HI values are shown by red symbols and uncorrected
valucs by open symbols. Sce text for further explanation. The relation between vitrinite
reflectance and T is described in Eq. 4.4 in Section 4.4.

ax

HI values vary between 120 and 279 mg HC/g TOC, indicating the presence of type TTI(-
I1) kerogen. T, values below 430°C show that the studied interval is thermally immature
and has not yet entered the oil window. This is supported by the measured vitrinite
reflectance of three samples (0.45% R;), which deviate only slightly from the cstimated
vitrinite reflectance (0.44 to 0.49%R,). Very high PI values (0.52 to 0.73) clearly result
from contamination, i.e.. adsorption of organic compounds from the OBM to the sample

grains.

5.3.3 Biomarker Proxies

The MNV-12-47 sample (3958 to 3960 m) was tested for diesel oil using the GC-MS method.
Chloroform was uscd as a solvent to wash the sample and dissolve organic compounds.
Biomarker data of the chloroform-washed sample (MNV-12-47w) and the contamination
(MNV-12-17m) is included in Appendix F. The chromatograms and biomarker ratios for
both samnples are similar. This suggests that the extract of the washed sample still contains
a significant amount of contaminans. Therefore, it is assumed that the rest of the samples
from Manavi-12 arc also contaminated. As is the case with Norio-72. biomarker data from
Mauavi-12 were plotted in figures but were not used for interpretation (see Fig. 5.5 and

other figures in Scction 5.5).

5.3.4 Maceral Composition

Thirteen samples from Manavi-12 were selected for semi-quantitative maceral analysis.
Maceral micrographs are shown in Fig. 5.12. The amount of vitrinite exceeds the amount of
liptinite in most of the samples, although both are present at around 1 to 4vol. % (Fig. 5.7).

Inertinite is present in small amounts (<1vol.7¢) and is nearly absent in some samples.
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Lamalginite is the wmost common liptinite maceral occurring in samples from Manavi-
12. Liptodetrinite and small amounts of telalginite are also present. Framboidal pyrite is
distributed homogeneously throughout the samples. Cutinite was found in sample MNV-
12-17 (3872m). Liptinite macerals in the Manavi-12 samples are characterized by a dark

orangc fluorescence.

a) MNV-12-37 b) MNV-12-37

lamalginite

b

lamalginite

c) MNV-12-25

h

lamalginite ‘

*

Figure 5.12: Micrographs of macerals in sammples MNV-12-37 (a and b; 3938 m) and MNV-
12-25 (¢ through f; 3896 m) under reflected white and fluorescent light and oil-immersion
objectives (with 50x magnification); pyr = framboidal pyrite.
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5.4 Oil Samples

Biomarker data and chromatograins of aliphatic and aromatic fractions of the five oil sam-
ples analvzed using GC-MS are shown in Appendix F. Of the four samples from the Ninots-
minda ficld, three came from an Eocence reservoir and one came from an Oligocenc reservoir.
A fifth sample originates from a Cretaceous reservoir penetrated by the Manavi-12 well. Ex-
ample chromatograms of the aliphatic and aromatic [ractions of the G-NTM-21 oil sample

(Eocene reservoir), in which the quantified peaks are labeled, are presented in Fig. 5.13.

In general, the crude oil samples are characterized by relative proportions of 21 (o 43 wt.%
saturated compounds and 12 to 16 wt.% aromatic compounds. NSO compounds contribute

between 42 and 65 wt.% to the oils. Asphaltene contents are typically very low (1 wt.%).

The oil from the Oligocene reservoir is an exception. The sample contains only 8 wt.%
saturated and 4 wt.”% aromatic compounds. while 31 wt.% NSO compounds and a relatively
high asphaltene content of 57 wt.% arc present. The n-alkane patterns show that the oil is
not biodegraded (see also Fig. 5.16). Therefore, the high asphaltene content is attributed

Lo asphaltene precipitatlion.

Indicators of source input material and depositional enviromment (e.g., oleanane index,
Fig. 5.11; diasteranes/steranes ratios, Fig. 5.15) are discussed in detail in Section 5.5. These
paraieters suggest that the oils from the Eocene reservoir in the Ninotsminda field are
derived from the same source as the Cretaceous reservoir oil from Manavi-12. In contrast,
the Oligocence rescrvoir oil from the Ninotsminda ficld is likely to come from a different

source.

In the Cyg-sterances isomerization plot (Ifig. 5.5), all of the oil samples form a cluster close
to equilibriuan, with 20S/20R values between 0.48 and 0.53 aud 3/3/a« values between 0.45
and 0.51. This indicates that the source rock from which the oils are derived are more mature
than the Ninotsiminda-97 rock extracts. Similar to 20S/20R Cyg-steranes isomerization, the
225/22R C4;-hopanes isomerization ratios of the oil samples are also close to equilibrium.
Vitrinite reflectance calculated from MPI-1 suggests that the level of thermal maturity of

the source rock during hydrocarbon generation approximated 0.8 %R...

5.5 Depositional Environment and Source Input

A number of biomarker parameters were plotted in order to determine the depositional

environment and source input of (1) the intervals represented by the studied cuttings sam-
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Figure 5.13: Chromalograms ol the aliphatic (lop) and atomatic (bottom) [ractions of the
Eocene oil sample G-NTM-21. The labeled peaks were gquantified.

Page 49



5.5. Dcpositional Environment and Source Input

ples and (2) the source rocks from which the oil samples were derived (see Section 4.7 for
explanation). Because of the impact of contamination on the measured biomarker parame-
ters, GC-MS data of the Norio-72 and Manavi-12 extracts were not used for correlation, as

mentioned in the previous sections.

The Pr/Ph ratios of the Ninotsminda-97 extracts (1.3 to 2.3) show that the sedinients
were deposited under dysaerobic conditions (Fig. 5.14: Didyk et al.. 1978). Similarly, Pr/Ph
ratios of the oil samples (1.5 to 1.9) also indicate oxygen-depleted conditions during source
rock deposition. High S contents (2.10 to 2.97%) in the cuttings samples from which these
extracts were derived can be attributed to the abundance of framboidal pyrite, which is also

evidence of oxygen-depleted conditions at deposition.

The occurrence of olcananc in all of the extracts and oil samples confirms the presence
of terrestrial organic matter in the source rocks. In addition, this age parameter confirms
that the rocks are not older than Cretaceous. The oleanane index (Fig. 5.14) increases in
the following sample group order: (1) oil from Oligocence reservoir, (2) oil from Eocene and

Cretaceous reservoirs, and (3) Ninotsminda-97 extracts.

The Cog/Cyq sterancs ratio (Fig. 5.15) also functions as an age paramcter for oils derived
from marine source rocks. C,g/C,, steranes ratios for the oil samples (0.82 to 0.95) indicate
that the age of the rocks lics between the Late Jurassic and Miocene (Grantham and Wake-
field, 1988). In addition, variations in the Cyg/Cyq steranes ratios of the Ninotsminda-97
samples (0.9 to 1.2) reflect different amounts of terrestrial input. Ratios below 1.0, similar
to thosc obscrved in oil samples. arc found predominantly in the TOC-rich lower part of

the studied section.

In the Pr/n-C|, versus Ph/n-C,, diagram (I'ig. 5.16), the oil samples plot closcly to the
Ninotsminda-97 extracts. indicating that both are derived fromn source rocks with mixed
marinc-terrestrial input. This is supported by the C,--Cqog-Cyg sterancs ratios ternary plot
(Fig. 5.17). Again, a good correlation between Ninotsminda-97 extracts and oil samples
can be observed, all of which plot in the center of the diagram. According to Moldowan
ct al. (1983). this suggests that the source rocks contain mixed planktonic-bactcerial-land

plant input.

Cyp-diasterancs/Cy,-sterancs ratios are often uscful for distinguishing between clay-rich
source rocks deposited under oxic conditions and clay-poor or carbonate source rocks de-
posited under anoxic conditions. Howcver. high Cgy -diasterancs/Cyr-sterancs ratios arc
also associated with high thermal maturity (Seifert and Moldowan, 1978), and therefore

these ratios should only be used for source-oil correlation for samples with the same level of
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Figure 5.15: Co,-diasteranes/Coq-steranes plotted against Cog/Coq steranes ratios for oil
samples and rock cxtracts mcasurcd using GC-MS. The Oligocenc oil sample G-NTM-78
has a much lower Cy,-diasteranes/Cqy,-steranes ratio than the other oils.
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Figurc 5.16: Pr/n-C,, versus Ph/n-C ., ratios for oil samples and rock extracts measurced
using GC-MS, enabling source-oil correlation and comparison of depositional environment
(after Lijmbach, 1975).
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5.5. Dcpositional Environment and Source Input

masurity. T and vitrinite reflectance of the the Ninotsminda-97 samples point towards

max
low thermal magurity, while the oil samples were generated from mature source rocks. Be-
cause of the difference in maturity levels, the C,, -diasteranes/C,. -steranes ratios of the oil

samples cannot be directly compared with the ratios for the Ninotsminda-97 rock extracts.

The DBT/P ratio distinguishes between source rocks of marine carbonate origin and
terrestrial or marine shale origin. Relatively low DBT /P ratios of the analyzed oil samples
rangc from 0.10 to 0.17, which implics that the source rocks arc not marine carbonates.
DBT/P ratios for Ninotsiinda-97 samples are even lower (below 0.10), arguing against free
H,S in the water column. The slight difference in DBT/P ratios between oils and rock
samples does not argue against the possibility that the oil samples were generated from the

studied Eocene rocks.

Carbonate Isotopy

The complete isotopic data of the O and C in carbonate minerals in sclected samples from

Norio-72 and Ninotsminda-97 are shown Appendix G.

A plot of the §13C/12C versus 6180 /160 data of the carbonates in selected Norio-72 and
Ninotsminda-97 samples (Fig. 5.18) shows great variability in the Norio-72 isotope ratios.
These variations could be traced back to changes in diagenctic processes, although it is
likely that there is substantial influence from contaminants. Therefore, isotopic data from

these samples will not be discussed further.

Ninotsininda-97 samples form two clusters with a noticeable difference in 6'3C/*2C ra-
tios. Fluctuations in the §'80/'0 ratios (-3.6 to -3.5) may be related to changes in water
temperature and diagenetic processes. 63C/12C ratios show normal marine values (-1.6
to 0) in the upper and lower section. Samples with light C isotopes (-7.8 to -3.8) are re-
stricted to the middle seetion (2440 to 2475m). These values might indicate incorporation

of bacterially derived, isotopically lighter C into the carbounate inerals.

Implications for Oil-Source Correlation

Biomarker proxics obtained from the oil samples and the Ninotsminda-97 rock extracts have
led to several conclusions. Firstly. the oils from the Eocene reservoirs (Ninotsminda field)
and Crelaceous reservoir (Manavi-12) form one oil family (Fig. 5.14 and 5.15). These are
most likely derived from Eocene organic matter-rich source rocks of marine-terrestrial origin

at a maturity between 0.75 and 0.85%R,.
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Figure 5.18: §'3C/2C versus 680 /0 of calcite in Oligocene rocks from well Norio-72 and
Upper Eocene rocks from Ninotsminda-97 (left); depth plots of isotope ratios (right).

Asphaltene-rich oil from the Oligocene reservoir in the Ninotsminda field (G-NTM-78)
forms a scparate oil family. It is possible that an additional source rock contributed to the

oil accunulation in this reservoir.

5.6 Maturity Modeling

Thermal histories were studied for the Norio-72 and Ninotsiinda-97 wells. While modeling
the burial history curves, the lithology of the wells and the newly-obtained biostratigraphic
data from this study were taken into consideration. The models were calibrated with ma-
turity data (measured vitrinite reflectance, vitrinite reflectance calculated from T, .. and

sterane and hopane isomerization ratios). Temperature data were not available.

Input data for the models presented in this chapter are listed in Appendix H. The saine
water depth trends and SWIT temperatures were adopted for both wells. The Pliocenc
and Quaternary were considered as periods of erosion. Pre-defined physical parameters
for different lithologies from software were adopted, while the applied time scale follows
Gradstein ct al. (2004). All of the above information was used to reconstruct de-compacted
subsidence histories and the temperature field through tine. The models were calihrated
by adjusting the heat flow and the thickness of eroded Miocene rocks until a satisfactory fit

between measured and caleulated vitrinite reflectance and biomarker ratios was obtained.

Page 54



5.6. Maturity Modcling

Vitrinite reflectance was calculated using the kinetic EASY%R,, approach (Sweeney and
Burnham, 1990). Biomarker ratios were calculated using kinetic data from Rullkdtter and
Marzi (1988). Because vitrinite reflectance and biomarker ratios are mainly coutrolled by
maximum temperatures, only the heat flow around times of maximum temperature could
be determined preciscly. For the sake of simplicity, time-constant heat flow was assumed
in the models (see also Patton, 1993). For each of the modeled wells, a “cold” and “hot”

scenario was modeled with 40 and 50 mW/m? respectively.

“Cold” Heat Flow Scenario (40 mW /m?)

The burial history curve for the “cold” scenario for Norio-72 is shown in Fig. 5.19. An
acceplable [it with biomarker data. measured vitrinite refleclance, and calculated vitrinite
data from the Eocene section (Fig. 5.20) was obtained in a model in which the thickness of
the eroded sediments was 500 m. The time plots in Fig. 5.21 show that hydrocarbon gen-
cration was minor and did not commence until the Latc Miocene. Hydrocarbon gencration

before the Late Miocene was negligible.
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Figure 5.19: Burial history curve for the Norio-72 “cold” scenario.

The burial history curve of the Ninotsminda-97 “cold” scenario is presented in Fig. 5.22.
In this well, the “cold” scenario and erosion of 2000 m-thick Miocene sediments result in a

good fit with vitrinitc reflectance and biomarker data, although hopanc isomerization ratios
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Figure 5.20: Depth plots of temperature, vitrinite reflectance, sterane and hopane isomer-
ization for Norio-72 “cold” and “hot” scenarios. Mcasured data arc shown with red symbols.
Calculated vitrinite reflectance data (open symbols) are derived from T
Scction 4.4.
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Figurc 5.21: Time plots of maturity and transformation ratio for Norio-72 “cold” and “hot”
scenarios, calibrated with measured and calculated vitrinite reflectance data.
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5.6. Maturity Modcling

are slightly underestimated (Fig. 5.23). However, measured vitrinite reflectance data from
the lower part of the Oligocene section are overestimated. A time plot of the transformation
ratio (Fig. 5.24) shows that no hydrocarbons have been generated from the studied source

rock intervals in the Ninotsminda area.
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Figure 5.22: Burial history curve [or the Ninotsminda-97 “cold” scenario.
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Figure 5.23: Depth plots of temperature, vitrinite reflectance, sterane and hopane isomer-
ization for Ninotsimninda-97 “cold” and “hot” scenarios. Measured data are shown with red
symbols. Calculated vitrinite reflectance data (open symbols) arc derived from T . using
Eq. 4.4 in Section 4.4.
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Figure 5.24: Tiwme plots of matwrity and transformation ratio for Ninotsminda-97 “cold”
and “hot” scenarios, calibrated with measured and calculated vitrinite reflectance data.

“Hot” Heat Flow Scenario (50 mW /m?)

‘The burial history curve for the “hot” scenario for Norio-72 and Ninotsminda-97 are shown
in Fig. 5.25 and 5.26. In the Norio-72 well, the “hot” heat flow scenario resulted in a fit
with vitrinitc data ncar the basc of the Oligocene interval. However, the model showed
a tendency towards overestimating biomarker ratios, even when no erosion was considered
(Fig. 5.20). Only slightly morc hydrocarbons were gencrated in the “hot” scenario than in

the “cold” scenario (Fig. 5.21).

In the Ninotsminda-97 well, a heat flow of 50mW /m? resulted in a good fit with cali-
bration data as soon as the eroded thickness was reduced to 800w (Fig. 5.23). As in the
“cold” scenario, no significant hydrocarbon generation occurred in the studied source rocks
in this well (Fig. 5.24).

Implications for Heat Flow, Thickness of Eroded Rocks, and HC Genera-
tion

Scveral interpretations could be made based on the four models which have been discussed.

Results point to relatively low paleo-heat flow in the order of 40 to 45 mW/m?. This
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Figurc 5.26: Burial history curve for the Ninotsminda-97 “hot” scenario.
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5.6. Maturity Modcling

estimate agrees with the low geothermal gradieuts of the area (28°C/kin; Patton, 1993). A

heat flow higher than 50 mW /m? can be excluded.

According to the 1-D models, the thickness of the eroded Miocene rocks in Ninotsminda-
97 (800 to 2000 m) was greater than in Norio-72 (0 to 500 m). Howcver, the original thickness
of the combined Oligocene and Miocene rocks prior to erosion in Norio-72 (cold scenario:
5000 m: hot scenario: 4500 m) was greater than in Ninotsminda-97 (cold scenario: 4360 m;

hot scenario: 3160m).

Time plots reveal that due to the relatively low heat flow, significant hydrocarbon gen-
cration did not occur until a maximum burial depth cxceeding 5500 m was rcached. This
suggests that in the studied area, hydrocarbons could not have been generated by the

Oligocenc interval, as only the Eocence succession rcached the top of the oil window.
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6. Conclusions

The study aimed at obtaining a clear stratigraphy of the studied successions represented
by the drill cuttings samples and cvaluating their hydrocarbon potential. Contamination
of the analyzed samnples became a key issue throughout the entire study and necessitated
modifications in the original analytical program. Because the ellects ol OBM could not be
removed completely (e.g., bimodal peaks in Rock-Eval signals), it is impossible to exclude
that the rock data is still affected by residual contamination. Nevertheless, important results

on the source rocks and their hydrocarbon potential in the studicd arca could be obtained.

One of the main findings of this study is the revised biostratigraphy of the studied
successions, which were previously assigned to the Upper Eocene (Ninotsminda-97 samples)
and the Oligocene—Lower Miocene “Maykop” formastions (Norio-72 and Manavi-12 samples).
Based on calcareous nannoplankton analysis by S. Cori¢, the [ ollowing age assignments were

established:

Depth
‘Well ep Age
[m]
Norio-72 3625 — 3790 lLate Oligocene
3790 — 4500 Tarly Oligocene
4500 — 4891 Eocene

Ninotsminda-97 2330 — 2360/2375  Larly Oligocenc
2360/2375 — 2560 Late Eocenc

Manavi-12 3749 — 3932 Late Eocene or Late Oligocene
3932 — 4036 Late Eocenc

Table 6.1: Summary of the age assignment of the studied successious.

According to the nomenclature by Peters and Cassa (1994) and based on the quantity
of organic matter in the cuttings samples (i.c., TOC), the source potential of the studied
suiccessions range from “poor” to “good” in the Oligocene section and from “very good” to

“cxcellent” in the Focene section of Norio-72. In the casc of this well, however, it is possible
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that the relatively high TOC coutents are associated with migrated foreign hydrocarhons or
impregnation by OBM. Throughout the lowermost Oligocene, TOC contents increase with
depth. TOC/S ratios below 2.8 indicate sediment deposition in oxygen-deficient environ-
ments, which is further supported by biomarker data. Ninotsminda-97 provided the cleanest
cuttings samples, with TOC contents within the “fair” to “very good” range. Manavi-12
cuttings, which also show contaminant residue, would normally be categorized as having

“very good” (o “excellent” potential.

The organic matter input in the studied samnples originates from a mixed marine and
terrestrial source. resulting in type ITI-IT kerogen (see Fig. 5.3 and 5.9). Type IT kerogen
prevails in the Eocene succession. Maturity parameters incorporated into this study show
that samples from Norio-72 and Manavi-12 are marginal mature, whereas Ninotsminda-97

samples arc immature.

Biomarker data enabled oil-source correlation to a limited extent. Oils from the [Focene
and Crctaccous reservoirs in the Ninotsminda ficld and Manavi-12 well may have been
generated from Eocene source rocks and form one oil family. On the other hand. the
asphaltene-rich oil sample from the Oligocene reservoir in the Ninotsminda field must belong

to a separate oil family.

Although the Oligocene and Miocene successions in Norio-72 were thicker than thosc in
Ninotsminda-97, 1-D basin modeling revealed that the magnitude of erosion was greater
in the Ninotsminda area. Thermal maturity models created using information about basin
history showed that hydrocarbon gencration in the studiced arca could only occur at a maxi-
mum burial depth exceeding 5500 m due to a relatively low heat flow of around 451mW /2.
Any hydrocarbons generated from source rocks in the studied area could not have originated

from the Oligocene succession, as only the Upper Eocene reached the top of the oil window.

To conclude. following the nomenclaturce of Peters (1986) lcads to the determination
of a “poor” hydrocarbon potential for the upper part of the Oligocene. The lower part
of the Oligocene holds a “fair” gas and oil potential. In contrast, the Itocene succession
shows a “very good” gencrative potential for gas and oil. These results show that although
the Oligocene to Lower Miocene (“Maykop”) rocks have heen widely considered as very
important source rocks contributing to hydrocarbon accumulations in the Near-Thilisi area,
the Upper Eocene succession shows greater generation potential. These findings may provide
a basis for placing greater attention on the Upper Eocene succession as potential source rocks
in the region. Future investigations using core and outcrop samples which have not been
affected by contamination may lead to optimized evaluation of the Eocene and Oligocene

source polential.
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Appendices

Appendix A: Samples and Methods Applied

Sample Top Bottom RE LECO | Eltra CN VR MA GC-MS CI
NOR-72-1 3625 3630 X X X X
NOR-72-2 3700 3705 X X
NOR-72-3 3705 3710
NOR-72-4 3710 3715 X X X
NOR-72-5 3715 3720
NOR-72-6 3720 3725 X X
NOR-72-7 3725 3730
NOR-72-8 3735 3740 X X X
NOR-72-9 3740 3745 X

NOR-72-10 3745 3750 X X X
NOR-72-11 3750 3755

NOR-72-12 3755 3760 X X

NOR-72-13 3760 3765

NOR-72-14 3765 3770 X X

NOR-72-15 3770 3775

NOR-72-16 3775 3780 X X X X
NOR-72-17 3780 3785

NOR-72-18 3785 3790 X X

NOR-72-19 3790 3795 X

NOR-72-20 3795 3800 X X X
NOR-72-21 3800 3805

NOR-72-22 3805 3810 X X

NOR-72-23 3810 3815

NOR-72-21 3815 3820 X X

NOR-72-25 3820 3825

NOR-72-26 3825 3830 X X X Xe

NOR-72-27 3830 3835 X

NOR-72-28 3835 3810 X X X X¢ X
NOR-72-29 3840 3845

NOR-72-30 3815 3850 X X

NOR-72-31 3830 3855

NOR-72-32 3855 3860 X X

NOR-72-33 3860 3865

NOR-72-34 3865 3870 X X

NOR-72-35 3870 3875 X

NOR-72-36 3875 3880 X X X

NOR-72-37 3880 3885

RE = Rock-Eval; Nanmo = Calcarcous Nannoplankton; VR = Vitrinite Reflectance; MA = Maccral Analysis;
CT = Carbonatc Tsotopy; X¢ = coal sample
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Appendix A

Sample Top Bottom RE LECO | Eltra CN VR MA GC-MS CI
NOR-72-38 3885 3890 X X
NOR-72-39 3890 3895
NOR-72-40 3895 3900 X X
NOR-72-41 3900 3905
NOR-72-42 3905 3910 X X
NOR-72-43 3910 3915 X X X
NOR-72-44 3915 3920 X X X
NOR-72-45 3920 3925 X X
NOR-72-46 3925 3930 X X
NOR-72-17 3930 3935 X X
NOR-72-48 3935 3940 X X
NOR-72-19 3910 3915
NOR-72-50 3945 3950 X X
NOR-72-51 3950 3955 X
NOR-72-52 3955 3960 X X
NOR-72-53 3960 3965 X X
NOR-72-54 3965 3970 X X
NOR-72-55 3970 3975
NOR-72-56 3975 3980 X X X
NOR-72-57 3980 3985 X X
NOR-72-58 3985 3990 X X
NOR-72-59 3990 3995 X X X
NOR-72-60 3995 4000 X X
NOR-72-61 4000 4005 X X
NOR-72-62 4005 4010 X X
NOR-72-63 4010 4015 X X
NOR-72-64 4015 4020 X X
NOR-72-65 4020 4025 X X
NOR-72-66 4025 4030 X X
NOR-72-67 4030 4035 X X X
NOR-72-68 4035 4040 X X X
NOR-72-69 4040 4045 X X
NOR-72-70 1015 1050 X X
NOR-72-71 4050 4055 X X
NOR-72-72 1055 1060 X X
NOR-72-73 4060 4065 X X
NOR-72-71 1065 1070 X X
NOR-72-75 4070 4075 X X X
NOR-72-76 1075 1080 X X X
NOR-72-7T7 4080 4085 X X
NOR-72-78 1085 1090 X X
NOR-72-79 4090 4095 X X
NOR-72-80 1095 4100 X X
NOR-72-81 4100 4105 X X
NOR-72-82 4105 4110 X X
NOR-72-83 4110 4115 X
NOR-72-84 4115 4120 X X
NOR-72-85 4120 4125 X X
NOR-T72-86 4125 4130 X X X
NOR-72-87 4130 4135
NOR-T72-88 4135 4140 X X
NOR-72-89 4140 4145 X X
NOR-72-90 4145 4150 X X

RE = Rock-Eval; Nanno = Calcareous Nannoplankton; VR = Vitrinite Reflectance; MA = Maceral Analysis;
CI = Carbonate Isotopy; X¢ = coal sample
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Appendix A

Sample Top Bottom RE LECO | Eltra CN VR MA GC-MS CI
NOR-72-91 4150 4155 X
NOR-72-92 4155 4160 X X Xe
NOR-72-93 4160 4165 X X
NOR-72-94 4165 4170 X X X
NOR-72-95 4170 4175 X X
NOR-72-96 4175 4180 X X
NOR-72-97 4180 4185 X X
NOR-72-98 4185 4190 X X
NOR-72-99 4190 4195 X
NOR-72-100 1195 1200 X X X
NOR-72-101 4200 4205 X X
NOR-72-102 1205 1210 X X
NOR-72-103 4210 4215 X
NOR-72-101 1215 1220 X X
NOR-72-105 4225 4230 X X
NOR-72-106 1230 1235 X X
NOR-72-107 4235 4240 X X X
NOR-72-108 1210 1215 X X
NOR-72-109 4245 4250 X X X
NOR-72-110 1250 1255 X X
NOR-72-111 4255 4260 X X
NOR-72-112 4260 4265 X X X
NOR-72-113 4265 4270 X X
NOR-72-114 4270 4275 X X X
NOR-72-115 4275 4280 X X
NOR-72-116 4280 4285 X X
NOR-72-117 4285 4290 X X X
NOR-72-118 4290 4295 X X X
NOR-72-119 4295 4300
NOR-72-120 4300 4305 X X X
NOR-72-121 4305 4310 X X
NOR-72-122 4310 4315 X X
NOR-72-123 1315 1320
NOR-72-124 4320 4325 X X
NOR-72-125 1325 1330
NOR-72-126 4330 4335 X X
NOR-72-127 1335 1310
NOR-72-128 4340 4345 X X
NOR-72-129 1315 1350 X X X
NOR-72-130 4350 4355 X X
NOR-72-131 1360 1365 X X
NOR-72-132 4365 4370 X X X
NOR-72-133 1370 1375
NOR-72-134 4375 4380 X X
NOR-72-135 4380 4385 X X
NOR-72-136 4385 4390 X X X
NOR-72-137 4390 4395 X X
NOR-72-138 4395 4400 X X
NOR-72-139 4400 4405 X X X X
NOR-72-140 4405 144107 X X X
NOR-72-141 4410 4415 X X
NOR-72-142 4415 42207 X X
NOR-72-143 4420 4425 X X X

RE = Rock-Eval; Nanno = Calcareous Nannoplankton; VR = Vitrinite Reflectance; MA = Maceral Analysis;
CI = Carbonate Isotopy; X¢ = coal sample
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Appendix A

Sample Top Bottom RE LECO | Eltra CN VR MA GC-MS CI
NOR-72-144 4425 4430 X X
NOR-72-145 4430 4435 X X
NOR-72-146 4435 4440 X X X X X
NOR-72-147 4440 4445 X X
NOR-72-148 4445 4450 X X
NOR-72-149 4450 4455 X X X X X
NOR-72-150 4455 4460 X X X X
NOR-72-151 4460 4465 X X
NOR-72-152 4465 4470 X X
NOR-72-153 1170 ANT75 X X
NOR-72-154 4475 4480 X X X
NOR-72-155 1180 1185
NOR-72-156 4485 4490 X X
NOR-72-157 1190 1195 X X X X
NOR-72-158 4495 4500 X X X
NOR-72-159 1500 1505 X X X
NOR-72-160 4505 4510 X X
NOR-72-161 1510 1513 X X X
NOR-72-162 4519 4522 X X
NOR-72-163 1528 1531 X X
NOR-72-164 4540 4543 X X
NOR-72-165 4549 4553 X X X X
NOR-72-166 4559 4562 X X X X
NOR-72-167 4568 4571 X X
NOR-72-168 4577 4580 X X X
NOR-72-169 4589 4592 X X X
NOR-72-170 4598 4601 X X X X
NOR-72-171 4607 4610 X X
NOR-72-172 4619 4622 X X
NOR-72-173 1628 4631 X X X
NOR-72-174 4637 4640 X X
NOR-72-175 4649 4652 X X X X
NOR-72-176 1658 1661 X X
NOR-72-177 1667 4670 X X
NOR-72-178 1679 1682 X X
NOR-72-179 4697 4700 X X X
NOR-72-180 1709 1712 X X
NOR-72-181 4718 4721 X X X
NOR-72-182 1727 1730 X X
NOR-72-183 4739 4742 X X X
NOR-72-181 1718 1751 X X X X X
NOR-72-1385 4757 4760 X X
NOR-72-186 1769 A7T72 X X
NOR-72-187 4778 4781 X X
NOR-72-188 4790 4793 X X X
NOR-72-189 4799 4802 X X X
NOR-72-190 4808 4811 X X
NOR-72-191 4817 4820 X X
NOR-72-192 4820 4823 X X
NOR-72-193 4826 4829 X X
NOR-72-194 4847 4850 X
NOR-72-195 4859 4862 X X X
NOR-72-196 4880 4883

RE = Rock-Eval; Nanno = Calcareous Nannoplankton; VR = Vitrinite Reflectance; MA = Maceral Analysis;
CI = Carbonate Isotopy; X¢ = coal sample
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Appendix A

Sample Top Bottom RE LECO | Eltra CN VR MA GC-MS CI
NOR-72-197 4888 4891 X X X
NTM-97-1 2330 2335 X X
NTM-97-2 2335 2340 X
NTM-97-3 2340 2345 X X X
NTM-97-4 2345 2350
NTM-97-5 2350 2355 X X X
NTM-97-6 2335 2360 X
NTM-97-7 2360 2365 X X X
NTM-97-8 2365 2370
NTM-97-9 2370 2375 X X X X
NTM-97-10 2375 2380 X X X X
NTM-97-11 2110 2115 X X X
NTM-97-12 2445 2450 X X X X
NTM-97-13 2150 2455 X X X
N1TM-97-14 2455 2460 X X X
NTM-97-15 2160 2465 X X X
N1TM-97-16 2465 2470 X X X X
NTM-97-17 2170 2475 X X Xe X X
NTM-97-18 2475 2480 X X X X
NTM-97-19 2515 2520 X X X
NTM-97-20 2520 2525 X X X X X
NTM-97-21 2525 2530 X X X X X
NTM-97-22 2530 2535 X X X X
NTM-97-23 2535 2540 X X
NTM-97-24 2540 2545 X X X X
NTM-97-25 2545 23550 X X X X X
NTM-97-26 2550 2555 X X X X
NTM-97-27 25355 2560 X X X
MNV-12-1 3821 3824 X X X X
VINV-12-2 3824 3827 X
MNV-12-3 3827 3830 X X
VINV-12-4 3830 3833
MNV-12-5 3833 3836 X X X X
MNV-12-6 3836 3839
MNV-12-7 3839 3812 X X
MNV-12-8 3842 3845 X
MNV-12-9 3818 3851 X X X X
MNV-12-10 3851 3854
MNV-12-11 3851 3857 X X
MNV-12-12 3857 3860
MNV-12-13 3860 3863 X X X X
MNV-12-13ca 3360 3863 X
MNV-12-11 3863 3866
MNV-12-15 3366 3869 X X
MNV-12-16 3869 3872
MNV-12-17 3872 3875 X X X X
MNV-12-18 3875 3878
MNV-12-19 3878 3881 X X X
MNV-12-20 3881 3884
MNV-12-21 3884 3887 X X X X
MNV-12-22 3887 3890
MNV-12-23 3890 3893 X X
MNV-12-24 3893 3896 X X

RE = Rock-Eval; Nanno = Calcareous Nannoplankton; VR = Vitrinite Reflectance; MA = Maceral Analysis;
CI = Carbonate Isotopy; X¢ = coal sample
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Appendix A

Sample Top Bottom RE LECO | Eltra CN VR MA GC-MS CI
MNV-12-25 3896 3899 X X X X X X
MNV-12-26 3899 3902 X X
MNV-12-27 3902 3905 X X
MNV-12-28 3905 3908 X X
MNV-12-29 3908 3911 X X X X X
MNV-12-30 3911 3914
MNV-12-31 3914 3917 X X X
MNV-12-32 3920 3923 X X
MNV-12-33 3923 3926 X X X X
MNV-12-31 3929 3932 X X
MNV-12-35 3932 3935 X X X
MNV-12-36 3935 3938 X X
MNV-12-37 3938 3940 X X X X
MNV-12-38 3910 3912 X X
MNV-12-39 3942 3944 X X
MNV-12-10 3911 3916 X X
MNV-12-41 3946 3948 X X X X
MNV-12-12 3918 3950 X X
MNV-12-43 3950 3952 X X
MNV-12-11 3952 3951 X X X
MNV-12-45 3954 3956 X X X X X
MNV-12-46 3956 3958 X X
MNV-12-47 3958 3960 X X
MNV-12-48 3960 3965 X X
MNV-12-49 3965 3970 X X X X X
MNV-12-50 3970 3975
MNV-12-51 3975 3980
MNV-12-52 3749 3752 X
MNV-12-53 3755 3758
MNV-12-54 3758 3761 X
MNV-12-55 3770 3773 X
MNV-12-56 3773 3776
MNV-12-57 3779 3782 X
MNV-12-58 3785 3788
MNV-12-59 3788 3792
MNV-12-60 3797 3800
MNV-12-G1 3800 3803
MNV-12-62 3806 3809 X
MNV-12-G3 3809 3812
MNV-12-64 3812 3815
MNV-12-G5 3815 3818
MNV-12-66 3318 3821
MNV-12-67 3980 3982 X
MNV-12-68 3984 3986
MNV-12-69 3990 3992
MNV-12-70 3994 3996
MNV-12-71 4000 4002 X
MNV-12-72 4004 4006
MNV-12-73 4010 4012
MNV-12-74 4014 4016
MNV-12-75 4018 4020
MNV-12-76 4024 4026 X
MNV-12-77 4030 4032

RE = Rock-Eval; Nanno = Calcareous Nannoplankton; VR = Vitrinite Reflectance; MA = Maceral Analysis;
CI = Carbonate Isotopy; X¢ = coal sample
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Appendix A

Sample Top Bottom RE LECO | Eltra CN VR MA GC-MS C1
MNV-12-78 4034 4036 X
MNV-12-79 4048 4050

RE = Rock-Eval; Nauno = Calcarcous Nannoplankton; VR = Vitrinite Rellectance; MA = Maceral Analysis;
CI = Carbonate Isotopy; X¢ = coal sample
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Appendix B: Sample Photographs

NOR-72-3
Depth: 5128 m

NOR-72-14
Depth: 350m

NOR-72-15
Depth: 3330 m

NOR-72- 19
Depth: 3390 m

NOR-72- 25
Depth: 3%.0 m

NOR-72- 7%
Deplh: %50 »

NOR-72-3t
Depth: %50 =

NOR-T2-4
Depth: 5310

NOR-72- ¥
Depth: 33 m

NOR-72-f1
Depth: 3355 m

NOR-72- 16
Depth: 335 m

NOR-72-20
Depth; 5as =

NOR-72-24

Depth: 36 i5 m

NOR-72-1%
Depth: %35 m

NOR-72- 32
Depth: 2§55 =

Page A-8



Appcndix B

NOR-72-3%
Depth: %o =

NOR-72- 38
Deplh: 3585 =

NOR-T2-Ht NOR-72-k
Depth: 3c0 =

NOR-T2-4
Depih: 30 ™ NOR-72-%0
— Depth: 3aus =

NOR-72-5 NOR-72- 54
Depth: %es =

NOR-72-5%
Depth: Firo =

NOR-72-64 NOR-72-te2.
Deplh: wees =

NOR-T2-3%
Depth: 28490 =

NOR-72-4%+ NOR-T2-4%
Depth: 3o = Dopth: s =

NOR-72- 54 NOR-72-72
Depth: 3o m [

i NOR-72- %
Dot e e

NOR-72-é0
Depth: 3445

NOR-72- &% NOR-72- M
Deplh: toie = Depth: wows =

NOR-72-63 NOR-72-G%
Depth: ueto m Depth: wexsm

Page A-9



Appcndix B

NOR-72-4
Depth: uevo e

NOR-72-33

NOR-72- #
Depth: yo# =

NOR-72-8¢
Depth: Lico m

NOR-72- 25
Depth: o =
o 4

NOR-72- 4
Depth: 4o =

NOR-7T2-+4
Depih: 'wous

NOR-72-93
Deplh: uieom

NOR-72- 4%
Depth: o m

NOR-T2-104
Depth: 4120 m

NOR-72-30
Dapth: kews ™

NOR-72-3%
Depth: uoes m

NOR-72- B2
Depth: tuoy m

NOR-72-94
Depth: ywes m

NOR-72- 4%

Depth: wes m
‘3
NOR-72- {on.

Depth: 305 m

r

NOR-72-H
Dopth: wosom

NOR-72-39
Depth: Loy o

—

NOR-72-§3
Depth: g m

NOR-72-¥%
Depih: 50

NOR-72-94
Depth: wse =

NOR-72-95
Depth: 4o =

"‘

NOR-72-%
Deplh: o m

NOR-72-103
Depth: taio m

NOR-72-31
P wess -

NOR-72-e
Depth: ucwr =

NOR-TZ- %0
Depth: ot =

NOR-72- &4
Depth: e =

NOR-72-%0.
Depth: tiss m

NOR-72- %
Depth:yias =

NOR-72- {0
Depth: a5 m

NOR-T2- 108
Depth: wuis m
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Appendix C: Calcareous Nannoplankton

Analysis by Stjepan Cori¢, Geological Survey of Austria

2121212(31212(3(212 13121312 |3|8|2|2 |2 |5|2 |3 |5 |2 B 2|8 |3
SRIFERERREREEREIRERERIBRRERRREREREE Sample
sle|z|2 (3|55 5 5 5 |5 |5 5|5 8|2 5 3 = 6|2 |B || 5|5
< |< < - < <l<|= < <
-~ ; g ;':‘ ; g' g ; ; 3 3 HEIEIE Description
x x Braarudosphaera bigelowii
= Calcidiscus sp.
-] |_chiasmoithus camurensi_|
] Chisamolithus sp.
=N Coccolithus eopelagicus
x x = = = |=|= Coccolithus pelagicus

Coccolithus subdistichus

x x = = x = x |o|=|o Cyclicargolithus floridanus
x Cribrocentrum reticulatum
x Discoaster tani nodifer
x Discoaster sp.
= Ericsonia robusta
» Ericsonia sp.
~ Helicosphaera sp.
DL T D e | samternthus minas |
x x = |=x |= |= = |=|= Micula decussata
x Neococcolithes sp.
x x Pontosphaera exilis
= x Pontosphaera multipora
D] L IS D T e[ reticvorenestrabisecta |
x 0 o x x x Reticulofenestra dictyda
x Reticulofenestra erbae
EEEERRERENE | reticiojencsraitae__|
x = |x x| = Reticulofenestra lockeri
x x | = x | = Reticulofenestra minuta
Reticulofenestra cf. ornata
x Reticulofenestra stavensis

Reticulofenestra vadae

Reticulofenestra sp.
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Z|Z|Z2|Z2|Z|Z|Z2|2|2|2|Z2|2|Z2|2|2
SEIEIEI S B E I E E E B A ERHEHBRBREEE
PIZPIZIZI2P1I2I12121Z201212 121212 2= == === =277z |2
SIRISIRISISINISISISISISISISIS NN N NN N Ny N[N ~]LE Sample
KN (K FOR JURG XY (U PURY Y O Y O Y (N (R (U Bl vl Bl el R Bl Bl el el Bl S0 D
Vol |vN|laoaoju|lunuls|lw Nl HTL

V||V ININ|IY|IOO|LElWINIR|IO|O 0| =
il i kel oy Rl PRl POl v Rl KGR RGR RUH RSOR Rl Rvell Rod Rl Rl Al Bl Al Rl Rl Al Bl R

s|= = = 1FEIEIEE 3 Sl Sl S Il Description

S E R El A EIEIEAEREl REIEEIEAEAE P

Sphenolithus cf. capricornutus

Sphenolithus sp.

Sphenolithus moriformis

Thoracosphaera sp.

Arkhangelskiella cymbiformis

Biscutum ellipticum

Broinsonia parca parca

Cribrosphaera ehrenbergii

x | Cyclagelosphaera reinhardtii

Eiffellithus eximius

Eiffellithus gorkae

Micrantholithus decoratus

Prediscosphaer cretacea

Retecapsa crenulata

Reinhardtites sp.

Umiplanarius gothicus

Watznaueria barnesae

Watznaueria brittanica

watznaueria fossacincta

Watznaueria manivitae

Zeugrhabdotus diplogramus
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zlzlz|zlz|=z]|=
EIEIEIEIEIEL =
HHEEERHEE
slole|s|s|E]|E Sample
I il e e B L
HEHEEEIR z
e HHEHEEHHEEHEEEEHEE
- S RN _— S FAF
SNEENEE Description IEIEIEIEIEIEIEIEIEIEIEIZIEEEE Sample
o ol o 1 N N S e Y L e R e R e
== x Blackites sp. E;:Eﬁﬁﬂﬁﬁﬁmmﬂﬂﬂﬂﬂ
ol ks * Bramletteius serraculoides N N G = = =|=|= b ot
- - escription
- - Chiasmolithus oamurensis SEEE 3 3 3[3|=
E] Blackites sp.
Coccolithus pelagicus x |x Bramleteius serraculoides
B B B = Coccolithus formosus
Cyclicargolithus floridanus = Coccolithus eopelagicus
B B B B = » Coccolithus pelagicus
* Discoaster sp. Coccolithus subdistichus
* Germanicus corranlus
= Cyclicargolithus floridanus
Helicosphaera euphratis
= Micula decussata
== * Pemma basquensis
* Pemma papilatim
x x Micula decussata
= Pontosphaera exilis
- = Pontosphaoera multipora
* * Pontosphaera multipora
- - = Pontosphaera sp.
ontosphaera sp.
x Pyrocyclus orangensis B El B B * = Reticulofenestra bisecta
il Eall Bl Bl Bl Reticulofenestra dictyoda ol il il I Reticulofenestra lockeri
| 2 |Reticulofenestra cf. fillewiczae === 1= Reticulofenestra minuta
2 [ [ | | | Reticulofenestra sp. s o | | Reticwlofenestra scripsae
S BN ENES B B B Reticulofenestra minuta s | | | *x Reticulofenestro wadoe
x> ol kel Reticulofenestra scripsae e |se s | e Reticulofenestra sp.
| | | H i
Reticulofenestra stavensis - Scyphosphaera sp.
= Sphenolithus moriformis
= x Sphenolithus editus
Sphenolithus pseudoradians
> > il kel ke Sphenolithus moriformis orerolith
x phenolithus sp.
x Sphenolithus predistentus
E Thoracosphoera saxea

Watznaueria barnesae
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Zzzgzzzzzgggzzzzz
HEHEEHEEEHBEEEHEHEHEEE
NN RRRERRERENE RN RS
elelslslelele s e m]olo e le]e]e]- Sample
o i S N S S R S N N S
glulyle]|s|lw|le|h]|e|w]|s]S|o|d]d]d]dn
w|a|=[~]s|a|=[w]e]|g [} RS Ivl N B
Kel KN Kol Kal = = 5|‘_<‘ b inti
‘ "~ escription
3 3 3(3 |3 P

w
w
w
w

*® = |Arkhangelskielly cymbiformis
x Broinsonia parca parca
- Lucianorhabdus cayexii
x x x |o | Microrhabdulus decoratus
x E Prediscosphaera cretacea
= Retecapsa crenulata
PYES x o o =] Watznaueria barnesae
% » Watznaueria fossacincta

NOR-72-1

Stratigraphic attribution: Sphenolithus dissimilis has short biostratigraphic range: upper
NP24 — NN2. Miocene taxa could not be observed. Probably upper NP24/25; upper-
most Oligocene (Chattian).

Rare, moderately preserved calcareous nannoplankton; plant remains

Coccolithus pelagicus (Wallich 1877) Schiller 1930, Clyclicargolithus floridanus (Roth and
Hay in Hay et al., 1967) Bukry, 1971, Lanternithus minutus Straduer, 1961, Reticulofenestra
bisecta (Hay, Mohler and Wade. 1966) Roth, 1970. Reticulofenestra dictyoda (Deflandre in
Dcflandre & Fert, 1954) Stradner in Stradner & Edwards, 1968, Sphenolithus dissimilis
Bukry and Percival, 1971.

Reworking from Cretaccous:

Cyclagelosphaera reinhardlii (Perch-Nielsen, 1968) Romein, 1977, Micula decussala Vek-
shina, 1959.

NOR-72-9

Stratigraphic attribution: Sample contains Sphenolithus cf. capricornutus with strati-
graplhic range from uppermost NP25-NN1; Miocene nannoflora could not be obscrved.

Upper NP25; uppermost Oligocene (Chattian).
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Rare, moderately preserved calcareous nannoplankton; plant remains

Coccolithus formosus (Kamptncer, 1963) Wisc 1973, Coccolithus pelagicus (Wallich 1877)
Schiller 1930. Cyclicargolithus floridanus (Roth and Hay in Hay et al., 1967) Bukry, 1971.
Lanternithus minutus Stradner, 1961. Pontosphacra multipora (KKamptner, 1918) Roth,
1970, Reticulofenestra bisecta (Hay, Moller and Wade, 1966) Roth, 1970, Reticulofenestra
lockeri Miiller. 1970, Reticulofenestra stavensis (Levin & Joerger, 1967) Varol, 1939, Sphe-
nolithus cf. capricornutus Bukry & Pcrcival 1971, Sphenolithus moriformis (Bronnimann
and Straduer, 1960) Bramlette and Wilcoxon, 1967, Zygrhablithus bijugatus (Deflandre in
Deflandre and Fert, 1954) Deflandre. 1959.

Reworking froin Cretaceous:

Arkhangclskiclla cymbiformis Vekshina, 1959, Micula decussata Vekshina, 1959, Watznauc-

ria barnesae (Black in Black and Barnes, 1959) Perch-Nielsen, 1968.

NOR-72-19

Stratigraphic attribution: Sample contains rarc nannoflora with Coccolithus formosus whosc

last occurrence defines NP21/22 boundary. NP21 (early Oligocene; lower Rupelian).
Rare, moderately preserved calcarcous nannoplankton; plant remains

Coccolithus formosus (Kamptner, 1963) Wise 1973, Coccolithus pelagicus (Wallich 1877)
Schiller 1930, Cyclicargolithus flovidanus (Roth and Hay in Hay ot al., 1967) Bukry, 1971,
Lanternithus minutus Stradner, 1961, Pontosphaera exilis (Bramlette & Sullivan, 1961)
Romcin, 1979, Reticulofencstra bisecta (Hay, Mohler and Wade, 1966) Roth, 1970, Retic-
ulofenestra erbae. Reticulofenestra lockers Miiller. 1970, Reticulofenestra minato Roth, 1970,
Thoracosphaera sazea Stradner, 1961, Zygrhablithus bijugalus (Dellandre in Dellandre and
Fert, 1954) Deflandre, 1959.

Reworking [rom Cretaceous:

Arkhangelskiella cymbiformis Vekshina, 1959, Broinsonia parca (Stradner 1963) Bukry
1969. Micula decussata Vekshina, 1959, Fiffellithus gorkae Reinhardt, 1965, Microrhab-
dulus decoratus Deflandre 1959, Micula decussata Vekshina, 1959, Prediscosphaera cretacea
(Arkhangelsky, 1912) Gartner, 1968, Watznaueria barnesae (Black in Black and Barnes,
1959) Perch-Niclsen, 1968, Watznaueria britannica (Stradner, 1963) Reinhardt, 1964, Watz-
naueria fossacincta (Black. 1971) Bown in Bown & Cooper, 1989.
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NOR-72-27

Stratigraphic attribution: Sample contains Coccolithus formosus and Reticulofenestra um-
bilicus. No typical Eocene taxa could be obscrved; NP21; early Oligocene; lower

Rupelian.
Rarc, modcratcly prescerved calcarcous nannoplankton; plant remains

Braarudosphaera bigelowii (Gran & Braarud 1935) Deflandre 1947, Coccolithus formosus
(Kamptncr, 1963) Wisc 1973, Coccolithus pelagicus (Wallich 1877) Schiller 1930, Cribrocen-
tram reticulatum (Gartner & Swmith, 1967) Perch-Nielsen, 1971, Cyclicargolithus floridanus
(Roth and Hay in Hay ct al., 1967) Bukry, 1971, Discoaster sp., Lanternithus minutus Strad-
ner, 1961, Reticulofenestra bisecta (Hay, Mohler and Wade, 1966) Roth, 1970, Reticulofen-
estra minuta Roth, 1970, Reticulofenestra umbilicus (Levin, 1965) Martini & Ritzkowski,
1968, Thoracosphacera saxea Stradncr, 1961, Zygrhablithus bijugatus (Dcflandre in Deflandre
and Fert, 1954) Deflandre, 1959.

Reworking from Cretaccous:

Arkhangelskiella cymbiformis Vekshina, 1959, Micula decussata Vekshina, 1959. Predis-
cosphaera cretacea (Arkhangcelsky. 1912) Gartner, 1968, Watznaueria barnesac (Black in

Black and Barnes, 1959) Perch-Nielsen, 1968.

NOR-72-35

Stratigraphic attribution: Bascd on the ocurrence of Reticulofenestra hillac upper Eocene
or lower Oligocene (NP17-NP22).

Very rare, modcerately preserved calcarcous nannoplankton; plant remains

Cyclicargolithus [loridanus (Roth and Hay in Hay et al., 1967) Bukry, 1971, Reliculofenesira
dictyoda (Deflandre in Deflandre & Fert, 1954) Straduer in Stradner & Edwards, 1968,
Reticulofenestra hillae Bukry & Percival, 1971.

NOR-72-43

Barren by calcarcous nannofossils
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NOR-72-51

Stratigraphic attribution: DBased on the presence of Coccolithus formosus. Lanternithus
menutus and the absence of typical Eocence discoasterids: NP21; lower Oligocene; Ru-

pelian.
Very rare, modcrately preserved calcarcous nannoplankton; plant remains

Coccolithus formosus (Kamptner, 1963) Wise 1973, Coccolithus pelagicus (Wallich 1877)
Schiller 1930. Cyclicargolithus floridanus (Roth and Hay in Hay ct al., 1967) Bukry, 1971,
Lanternithus minutus Stradner. 1961, Reticulofenestra bisecta (Hay, Mohler and Wade,
1966) Roth, 1970. Reticulofenestra dictyoda (Deflandre in Deflandre & Fert, 1951) Stradner
in Straduer & BEdwards, 1968, Reticulofenestra stavensis (Levin & Joerger, 1967) Varol,
1989, Reticulofenestra vadae, Reticulofenesta sp., Sphenolithus sp., Zygrhablithus bijugatus
(Dcflandre in Deflandre and Iert, 1954) Deflandre, 1959.

Reworking from Cretaceous:

Watznaueria barnesae (Black in Black and Barnes, 1959) Perch-Nielsen, 1968.

NOR-72-59

Barren by calcarcous nannofossils: plant remains

NOR-72-67

Stratigraphic attribution: Very rare calcareous nannoplankton with Lanternithus minutus,
which has the last occurrcnce in NP21; Lowest Oligocene?

Very rare, moderately preserved calcareous nannoplankton

Coccolithus pelagicus (Wallich 1877) Schiller 1930, Cyclicargolithus floridanus (Roth and
ITay in Ilay et al., 1967) Bukry, 1971, Lanternithus minutus Stradner, 1961, Reticulofenestra
bisecta (Hay, Mohler and Wade, 1966) Roth, 1970, Thoracosphacra sazea Stradner, 1961,
Zygrhablithus bijugatus (Deflandre in Deflandre and Fert, 1954) Deflandre, 1959.

NOR-72-75

Stratigraphic attribution: asscmblage with Coccolithus formosus NP21; lower Oligocene?

Very rare. moderately preserved calcareous nannoplankton
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Coccolithus formosus (Kawmptuer, 1963) Wise 1973, Pontosphaera multipora (Kamptuer,
1948) Roth, 1970, Reticulofenestra bisecta (Hay, Mohler and Wade, 1966) Roth, 1970,
Reticulofenestra dictyoda (Deflandre in Deflandre & Fert, 1954) Straduner in Stradner &
Edwards, 1968, Sphenolithus moriformis (Bronnimann and Stradner, 1960) Bramlette and
Wilcoxon, 1967, Zygrhablithus bijugatus (Dcflandre in Deflandre and Fert, 1954) Deflandre,
1959.

Reworking from Cretaccous:

Arkhangelskiella cymbiformis Vekshina, 1959, DBroinsonia parca (Stradner 1963) Bukry
1969, Eiffellithus eximius (Stover, 1966) Pcrch-Niclsen, 1968, Micula decussata Vckshina,
1959

NOR-72-83

Stratigraphic attribution: nannoplankton asscmblage with Reticulofenestra lockeri and Zy-

grhablithus bijugatus; Eocene/Oligocene.
Very rare, modcerately preserved calcarcous nannoplankton; plant remains

Cyclicargolithus [loridanus (Roth and Hay in Hay et al., 1967) Bukry, 1971, Ericsonia sp.,
Reticulofenestra lockeri Miller, 1970, Zygrhablithus bijugatus (Deflandre in Deflandre and
Fert, 1954) Deflandre, 1959.

Reworking from Cretaceous:

Prediscosphaera cretacea (Arkhangelsky, 1912) Gartner, 1968, Micula decussata Vekshina,
1959. Uniplanarius gothicus (Deflandre, 1959) Hattner & Wise, 1980, Watznaueria barnesae
(Black in Black and Barnes, 1959) Perch-Nielsen, 1968.

NOR-72-91

Stratigraphic attribution: The co-occurrence of Clausicoccus subdistichus, Coccolithus for-

mosus and Discoaster tani nodifer: NP21; early Oligocene, Rupelian.

Few, moderately preserved calcareous nannoplankton Chiasmolithus sp., Clausicoccus sub-
distichus (Roth & Hay in Hay et al., 1967) Prins, 1979, Coccolithus formosus (Kamptner,
1963) Wisc 1973, Cyclicargolithus floridanus (Roth and Hay in Hay ct al.., 1967) Bukry, 1971,
Discoaster tani nodifer Bramlette & Riedel, 1954, Reticulofenestra bisecta (Hay, Mohler and
Wade, 1966) Roth. 1970, Reticulofenestra dictyoda (Deflandre in Deflandre & Fert, 1951)
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Stradner in Straduer & Edwards, 1968, Reticulofenestra lockeri Niiller, 1970, Reticulofen-
estra minuta Roth. 1970.

Reworking fromn Cretaceous:

Arkhangelskiclla cymbiformis Vckshina, 1959, Biscutum cllipticum (Gorka, 1957) Griin in
Griin and Allemann. 1975, Cribrocentrum reticulatum (Gartner & Smith, 1967) Perch-
Niclsen, 1971, Micula decussata Vckshina., 1959, Watznaueria barnesae (Black in Black and
Barnes, 1959) Perch-Nielsen, 1968, Watznaueria fossacincta (Black, 1971) Bown in Bown
& Cooper, 1989.

Reliculofenestra bisecla

NOR-72-99

Stratigraphic attribution: Very rarc nannoplankton with Reticulofenestra bisecta and Retic-
ulofenestra lockeri: middle Eocene/Oligocene.

Very rare, moderately preserved calcarcous nannoplankton

Reticulofenestra bisecta (Hay, Mohler and Wade, 196G) Roth, 1970, Reticulofenestra lockeri
Miiller, 1970, Reticulofenestra minuto Roth, 1970.

Reworking from Crctaccous:

Micula decussata Vekshina, 1959, Watznaueria barnesae (Black in Black and Barnes, 1959)

Pecrch-Niclsen, 1968.

NOR-72-103

Barren by calcareous nannofossils
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NOR-72-109

Stratigraphic attribution: Nannoplankton assemblage with Chiasmolithus oamaurensis,

Coccolithus formosus and Reticulofenestra umbilicus; NP21 early Oligocene; Rupelian.
Few. well preserved calcareous nannoplankton

Braarudosphaera bigelowii (Gran & Braarud 1935) Deflandre 1947, Calcidiscus sp., Chias-
molithus oamaurensis (Deflandre 1954) Hay. Mohler & Wade 1966, Coccolithus formosus
(Kamptncr, 1963) Wisc 1973, Coccolithus pelagicus (Wallich 1877) Schiller 1930, Cyclicar-
golithus floridanus (Roth and Hay in Hay et al., 1967) Bukry, 1971, Lanternithus minu-
tus Stradncr, 1961, Neococcolithes sp., Pontosphacra cxilis (Bramlette & Sullivan, 1961)
Rowein, 1979, Reticulofenestra bisecta (Hay, Mohler and Wade, 1966) Roth, 1970, Retic-
ulofenestra dictyoda (Deflandre in Deflandre & Fert, 1954) Stradner in Stradner & Iid-
wards, 1968, Reticulofenestra hillac Bukry & Pcrcival, 1971, Reticulofencestra locker: Miller,
1970. Reticulofenestra minuta Roth, 1970, Reticulofenestra wmbilicus (Levin, 1965) Mar-
tini & Ritzkowski, 1968, Reliculofenestira vadae. Sphenolithus moriformis (Bronnimann and
Straduner, 1960) Bramlette and Wilcoxown, 1967, Thoracosphaera saxea Straducr, 1961, Zy-
grhablithus bijugatus (Deflandre in Deflandre and Fert, 1954) Deflandre, 1959.

Reworking from Cretaceous:

Arkhangelskiclla cymbiformis Vckshina, 1959, Broinsonia parca (Stradner 1963) Bukry
1969. Cyclagelosphaera reinhardtii (Perch-Nielsen, 1968) Rowein, 1977, Eiffellithus gorkae
Reinhardt, 1965, Microrhabdulus decoratus Deflandre 1959, Micula decussata Vekshina,
1959. Prediscosphaera cretacea (Arkhangclsky, 1912) Gartner, 1968, Retecapsa crenulata
(Bramlette & Martini, 1964) Griin in Griin and Allemann, 1975, Watznaueria barnesae
(Black in Black and Barnes, 1959) Perch-Nielsen, 1968, Watznaueria manivitae Bukry,
1973, Zeugrhabdotus diplogramus (Deflandre, 1954) Burnett, 1996.

NOR-72-117

Barren by calcareous nannofossils

NOR-72-129

Stratigraphic attribution: Genus Reticulofenstra has a long stratigraphic range: lower

Focene—recent.

Very rare. moderately preserved calcareous nannoplankton
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Reticulofenestra sp.

NOR-72-149

Stratigraphic attribution: Nannoplankton asscmblage docs not allow precise stratigraphic

attribusion: Eocene/Oligocene.

Very rarc, moderately prescerved calcarcous nannoplankton Cocceolithus pelagicus (Wallich
1877) Schiller 1930, Cyclicargolithus floridanus (Roth and Hay in Hay et al., 1967) Bukry.
1971. Reticulofenestra dictyoda (Deflandre in Deflandre & Fert. 1951) Stradner in Seradner
& Edwards, 1968.

Reworking from Cretaccous:

Watznaueria barnesae (Black in Black and Barnes, 1959) Perch-Nielsen, 1968

NOR-72-159

Stratigraphic attribution: Coccolithus formosus has its last occurrcnce in carly Oligocenc;

up to NP21/22 boundary.

Very rare, moderately prescrved calcarcous nannoplankton; plant remains
Coccolithus formosus (Kamptner, 1963) Wise 1973

Reworking from Cretaceous:

Micula decussata Vekshina, 1959

NOR-72-165

Barren by calcareous nannofossils

NOR-72-170

Barren by calcareous nannofossils

NOR-72-175

Barren by calcarcous nannofossils
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NOR-72-179

Barren by calcareous nannofossils

NOR-72-184

Barren by calcarcous nannofossils

NOR-72-189

Barren by calcareous nannolossils

NOR-72-194

Barren by calcareous nannofossils

NOR-72-197

Barren by calcarcous nannofossils

NTM-97-2

Stratigraphic attribution: Reticulofenestra umbilica has stratigraphic range NP16-NP22.
Its last occurrence defines NP22/23 boundary. This sample doesn’t contain any Miocene

taxa and no typical Eocene forms could be observed; NP22; early Oligocene; Rupelian.
Rarc, modcratcly preserved calcarcous nannoplankton

Coccolithus pelagicus (Wallich 1877) Schiller 1930, Cyclicargolithus floridanus (Roth and
Hay in Hay ct al., 1967) Bukry, 1971, Pontosphacra sp., Reticulofenestra bisecta (Hay,
Moller and Wade, 1966) Roth, 1970. Reticulofenestra dictyoda (Deflandre in Deflandre &
Fert, 1951) Stradner in Stradner & Edwards, 1968. Reticulofenestra locker: Miiller, 1970,
Reticulofenestra minuta Roth, 1970, Reticulofenestra scripsae, Reticulofenestra stavensis
(Levin & Joerger, 1967) Varol, 1989, Reticulofenestra umbilica (Levin, 1965) Martini &
Ritzkowski, 1968, Reticulofenestra wadae, Reticulofenestra sp., Sphenolithus moriformis
(Bronnimann and Straduer, 1960) Bramlette and Wilcoxon. 1967, Zygrhablithus bijugatus
(Deflandre in Deflandre and Fert, 1954) Deflandre, 1959.
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NTM-97-6

Stratigraphic attribution: Occurrences of Coccolithus formosus and Reticulofenestra umbil-

ica allow the attribution to NP21; early Oligocene; Rupelian.
Rare, moderately preserved calcareous nannoplankton

Coccolithus formosus (Kamptuer, 1963) Wise 1973, Coccolithus pelagicus (Wallich 1877)
Schiller 1930. Cyclicargolithus floridanus (Roth and Hay in Hay et al., 1967) Bukry, 1971.
Reticulofencstra bisecta (Hay, Mohler and Wade, 1966) Roth, 1970, Reticulofenestra dicty-
oda (Deflandre in Deflandre & Fert, 1954) Straduner in Stradner & Edwards, 1968, Retic-
ulofenestra hillac Bukry & Percival, 1971, Reticulofenestra lockeri Miller, 1970, Retic-
ulofenestra minuta Rotly, 1970, Reticulofenestra scripsae, Reticulofenestra stavensis (Levin
& Joerger, 1967) Varol, 1989, Reticulofenestra umbilica (Levin, 1965) Martini & Ritzkowski,
1968, Reticulofenestra wadae, Reticulofenestra sp., Sphenolithus moriformis (Bronnimann
and Straduer, 1960) Bramlette and Wilcoxon, 1967, Zygrhablithus bijugatus (Deflandre in
Defllandre and Fert, 1954) Dellandre, 1959.

NTM-97-10

Stratigraphic attribution: The assemblage withh Cribrocentrum, reticulatum and Discoaster

cl. barbardiensis: Eocene; NP15-NP21.
Abundant. moderately preserved calcareous nannoplankton

Blackites sp., Bramletteius serraculoides Gartner, 1969, Chiasmolithus cf. oamaurensis
(Deflandre 1954) Hay, Mohler & Wade 1966. Coccolithus formosus (Kamptner. 1963) Wise
1973. Cocceolithus pelagicus (Wallich 1877) Schiller 1930. Coranulus germanicus Stradner,
1962. Cribrocentrum reticulatum (Gartuer & Smith, 1967) Perch-Nielsen, 1971, Cyclicar-
golithus floridanus (Roth and Hay in Hay et al., 1967) Bukry. 1971, Discoaster cf. barbardi-
ensis Tan, 1927, Lanternithus minutus Stradncr, 1961, Pemma basquensis (Martini, 1959)
Béldi-Beke, 1971, Pontosphaera multipora (Kamptner, 1948) Roth, 1970, Reticulofenestra
bisecta (Hay, Mohler and Wade, 1966) Roth. 1970, Reticulofenestra dictyoda (Deflandre
in Deflandre & Fert, 1954) Stradner in Stradner & Edwards, 1968, Reticulofenestra erbae,
Reticulofenestra hillae Bukry & Percival. 1971, Reticulofenestra lockeri Miller, 1970, Retic-
ulofenestra minuta Roth. 1970, Reticulofenestra stavensis (Levin & Joerger, 1967) Varol,
1989. Reticulofenestra wmbilica (Levin, 1965) Martini & Ritzkowski, 1968, Reticulofenestra
wadae, Reliculofeneslra sp., Sphenolilhus edilus Perch-Nielsen in Perch-Nielsen et al. 1978,

Sphenolithus moriformis (Bronnimann and Stradner, 1960) Bramlcette awd Wilcoxon, 1967,
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Thoracosphaera sazea Straduer, 1961, Zygrhablithus bijugatus (Deflandre in Deflandre and

Fert, 1954) Deflandre, 1959.

Reworking fromn Cretaceous:

Watznaueria barnesae (Black in Black and Barnes, 1959) Perch-Niclsen, 1968.

Dramletteius serraculoides Coccolithus formosus Cribrocentrum reticulatum

Lanternithus minutus Reticulofenestra dictyoda Zygrhablithus bijugatus

NTM-97-12

Stratigraphic attribution: Reticulofenestra dictyoda has FO in NP13 whereas its LO is not
well documented.

Rare, moderately preserved calcareous nannoplankton

Reticulofenestra dictyoda (Deflandre in Deflandre & Fert, 1954) Straduner in Stradner &
Edwards, 1968, Reticulofenestra minuta Roth, 1970, Reticulofenestra sp.
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NTM-97-18

Stratigraphic attribution: Sample contains Cribrocentrum reticulatum and Chiasmolithus

cf. oamaurensis: NP18-NP21; uppermost Bartonian/Priabonian.
Few. moderately preserved calcareous nannoplankton; common plant remains

Blackites sp., Bramletteius serraculoides Gartuer, 1969, Chiasmolithus cf. oamaurensis (De-
flandre 1954) Hay, Mohler & Wade 1966. Coccolithus pelagicus (Wallich 1877) Schiller 1930,
Cribrocentrum reticulatum (Gartner & Smith, 1967) Perch-Niclsen, 1971, Cyclicargolithus
floridanus (Roth and Hay in Hay et al., 1967) Bukry, 1971, Lanternithus minutus Straduer,
1961. Pemma basquensis (Martini, 1959) Baldi-Beke, 1971, Pyrocyclus orangensis (Bukry
1971), Reticulofenestra bisecta (Hay, Mohler and Wade, 1966) Roth, 1970, Reticulofenes-
tra dictyoda (Deflandre in Deflandre & Fert, 1954) Stradner in Stradner & Edwards, 1968,
Reticulofenestra hillac Bukry & Percival, 1971, Reticulofenestra lockeri Miller, 1970, Retic-
ulofenestra minuta Roth, 1970, Reticulofenestra scripsae, Reticulofenestra stavensis (Levin
& Joerger, 1967) Varol, 1989, Reliculofenesira umbilica (Levin, 1965) Martini & Ritzkowski,
1968, Reticulofenestra wadae, Reticulofenestra sp., Sphenolithus moriformis (Bronmimann
and Stradner, 1960) Bramlette and Wilcoxon, 1967, Thoracosphaera sazea Stradner, 1961,
Zygrhablithus bijugatus (Deflandre in Deflandre and Fert, 1954) Deflandre, 1959.

NTM-97-20

Stratigraphic attribution: Cribrocentrum reticulatum, Clausicoccus subdistichus, Spheno-

lithus predistentus: NP17-NP21; uppermost Bartonian/Priabonian.
Common, moderately preserved calcareous nannoplankton: common plant remains

Blackites sp., Bramletteius serraculoides Gartuer, 1969, Clausicoccus subdistichus (Roth &
Hay in Hay et al., 1967) Prins. 1979, Coccolithus formosus (Kamptner, 1963) Wise 1973,
Coccolithus pelagicus (Wallich 1877) Schiller 1930, Cribrocentrum reticulatum (Gartner &
Smith, 1967) Perch-Nielsen, 1971, Cyclicargolithus floridanus (Roth and Hay in Hay et al.,
1967) Bukry. 1971, Discoaster sp.. Helicosphaera compacta Bramlette & Wilcoxon, 1967,
Helicosphaera bramlettei (Miiller, 1970) Jafar & Martini, 1975, Lanternithus minutus Strad-
ner, 1961, Pemma basquensis (Martini, 1959) Baldi-Beke, 1971, Pemma papillatum Martini,
1959, Pontosphacra cxilis (Bramlette & Sullivan, 1961) Romcin, 1979, Pontosphacra multi-
pora (Kamptuer, 1948) Roth, 1970, Reticulofenestra bisecta (Hay, Mohler and Wade, 1966)
Roth, 1970, Reticulofenesira diclyoda (Deflandre in Dellandre & Fert, 1954) Stradner in

Page A-31



Appendix C

Stradner & Edwards, 1968. Reticulofenestra hillae Bukry & TPercival. 1971, Reticulofen-
estra lockeri Miller, 1970, Reticulofenestra minuta Roth, 1970, Reticulofenestra scripsae,
Reticulofenestra stavensis (Levin & Joerger, 1967) Varol, 1989, Reticulofenestra wmbilica
(Levin, 1965) Martini & Ritzkowski, 1968, Reticulofenestra wadae, Reticulofenestra sp.,
Sphenolithus editus Perch-Niclsen in Perch-Niclsen et al. 1978, Sphenolithus predistentus
Bramlette & Wilcoxon 1967, Sphenolithus moriformis (Bronmimanu and Straduer, 1960)
Bramlette and Wilcoxon, 1967, Thoracosphaera sazea Stradner, 1961, Zygrhablithus biju-
gatus (Deflandre in Deflandre and Fert, 1954) Deflandre, 1959.

Reworking from Cretaceous:

Micula decussata Vekshina, 1959.

NTM-97-26

Stratigraphic attribution: Reticulofenestra umbilica: NP16-NP22; middle Eocene—
early Oligocene.
Rarc, modcratcly prescerved calcarcous nannoplankton

Blackites sp., Cyclicargolilhus [loridanus (Roth and Hay in Hay et al., 1967) Bukry, 1971,
Reticulofenestra bisecta (Hay, Mohler and Wade, 1966) Rotly, 1970, Reticulofenestra minuta
Roth, 1970, Reticulofenestra umbilica (Levin, 1965) Martini & Ritzkowski, 1968.

MNV-12-52

Barren by calcarcous nannofossils

MNV-12-54

Stratigraphic attribution: Sample contains only Mesozoic taxa.
Very rare. moderately preserved calcareous nannoplankton

Micula decussata Vckshina, 1959, Watznaueria barnesae (Black in Black and Barnes, 1959)
Perch-Nielsen, 1968.

MNV-12-55

Stratigraphic attribution: Rarc nannoplankton with Reticulofenestra bisecta suggest Early

Eocene—Early Miocene age.
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Rare, moderately preserved calcareous nannoplankton

Reticulofencstra bisecta (Hay, Mohler and Wade, 1966) Roth, 1970. Thoracosphaera sazea
Stradner, 1961

Reworking from Cretaccous:

Arkhangelskiella cymbiformis Vekshina, 1959, Miculo decussala Vekshina, 1959, Relecapsa
crenulato (Bramlette & Martini, 1964) Griin in Griin and Allemann, 1975, Watznaueria
barnesae (Black in Black and Barnes, 1959) Perch-Nielsen, 1968.

MNV-12-57

Stratigraphic attribution: Coccolithus pelagicus has long stratigraphic range: Paleocene—

recent.

Very rare, moderately preserved calcarcous nannoplankton
Coccolithus pelagicus (Wallich 1877) Schiller 1930
Reworking from Cretaceous:

Lucianorhabdus cayerii Deflandre, 1959, Micula decussata Vekshina, 1959, Watznaueria

barnesae (Black in Black and Barnes, 1959) Perch-Nielsen, 1968.

MNV-12-62

Barren by calcarcous nannofossils

MNV-12-2

Barren by calcareous nannofossils

MNV-12-8

Barren by calcareous nannofossils

MNV-12-13ca

Barren by calcarcous nannofossils
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MNV-12-19

Stratigraphic attribution: The last occurrence of Cyclicargolithus floridanus is placed in the
middle Miocene (NNG6).

Rare, moderately preserved calcareous nannoplankton

Cyclicargolithus floridanus (Roth and Hay in Hay et al., 1967) Bukry, 1971

Reworking from Cretaccous:

Miculo decussata Vekshina, 1959, Prediscosphaera cretacea (Arkhangelsky, 1912) Gartner,
1968. Watznauceria barnesac (Black in Black and Barncs, 1959) Perch-Niclsen, 1968, Watz-
naueria fossacincta (Black. 1971) Bown in Bown & Cooper, 1989.

MNV-12-25

Barren by calcarcous nannofossils: plant remains

MNV-12-31

Barren by calcareous nannofossils: plant remains

MNV-12-35

Stratigraphic attribution: Sample contains Cribrocentrum reticulatum, which has its last oc-
currence in the uppermost Eocene, NP21; Priabonian. Stratigraphic range of Cribro-

centrum reticulatum: NP15-NP21.
Rare, moderately preserved calcareous nannoplankton

Coccolithus formosus (Kamptuer, 1963) Wise 1973, Coccolithus pelagicus (Wallich 1877)
Schiller 1930, Cribrocentrum reticulatum (Gartner & Smith, 1967) Perch-Nielsen, 1971.
Cyclicargolithus floridanus (Roth and Hay in Hay ct al., 1967) Bukry, 1971, Reticulofenestra
bisecta (Hay, Moller and Wade, 1966) Roth., 1970, Reticulofenestra dictyoda (Deflandre in
Deflandre & Fert, 1954) Stradner in Stradner & Edwards, 1968, Reticulofenestra umbilicus
(Levin, 1965) Martini & Ritzkowski, 1968, Reticulofenestra vadae.

Reworking from Cretaccous:

Arkhangelskiella cymbiformis Vekshina, 1959, Broinsonia parca (Stradner 1963) Bukry
1969. Micula decussata Vcekshina, 1959, Prediscosphaera cretacea (Arkhangelsky, 1912)
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Gartner, 1968, Watznaueria barnesae (Black in Black and Barnes, 1959) Perch-Nielsen,
1968. Watznaueria fossacincta (Black, 1971) Bown in Bown & Cooper. 1989.

MNV-12-44

Barren by calcareous nannofossils: plant remains

MNV-12-67

Stratigraphic attribution: Rich nannoplankton with Cribrocentrum reticulatum and Clau-

sicoccus subdistichus: upper Eocene.
Common, modcrately preserved calcarcous nannoplankton

Clausicoccus subdistichus (Roth & Hay in Hay et al., 1967) Prins, 1979, Coccolithus formosus
(Kamptncr, 1963) Wisc 1973, Coccolithus pelagicus (Wallich 1877) Schiller 1930, Cribrocen-
trum reticulatum (Gartner & Smith, 1967) Perch-Nielsen, 1971, Cyclicargolithus floridanus
(Roth and Hay in Hay ct al., 1967) Bukry, 1971, Helicosphaera compacta Bramlctte &
Wilcoxon, 1967, Helicosphaera euphratis Haq, 1966, Isthmolithus recurvus Deflandre in De-
flandre and Fert. 1954, Lanternithus minutus Stradner. 1961, Reticulofenestra bisecta (Hay,
Mohler and Wade, 1966) Roth, 1970, Reticulofenestra dictyoda (Dcflandre in Deflandre &
Fert, 1954) Straduer in Stradner & Edwards. 1968, Reticulofenestra hillae Bukry & DPerci-
val, 1971, Reticulofenestra lockeri Miiller, 1970. Reticulofenestra minuta Roth, 1970, Retic-
ulofenestra scripsae, Reticulofenestra stavensis (Levin & Joerger, 1967) Varol, 1989, Retic-
ulofenestra vadae, Reticulofenestra sp., Sphenolithus predistentus Bramlette & Wilcoxon
1967, Sphenolithus moriformis (Bronnimann and Stradncer, 1960) Bramlette and Wilcoxon,
1967. Zygrhablithus bijugatus (Deflandre in Deflandre and Fert, 1954) Deflandre. 1959.

Reworking from Cretaccous:

Micula decussata Vekshina. 1959

Page A-35



Appendix C

Reticulofenestra bisecta Isthmolithus recurvus

Reticulofenestra stavensis Isthmolithus recurvus

MNV-12-71

Stratigraphic attribution: Based ou the co-occurrence of Isthmolithus recurvus and Cribro-
centrum reticulatum this sample can be attributed into NP19-21; uppermost Eocene;

Priabonian.
Common, moderately preserved calcareous nannoplankton

Bramletteius serraculoides Gartuer, 1969, Chiasmolithus grandis (Bramlette & Riedel. 1954)
Radomski, 1968, Coccolithus formosus (Kamptner, 1963) Wise 1973, Coccolithus pelagicus
(Wallich 1877) Schiller 1930, Cribrocentrum. reticulotumn (Gartner & Smith, 1967) Perch-
Nielsen, 1971, Cyclicargolithus floridanus (Roth and Hay in Hay et al., 1967) Bukry, 1971.
Isthmolithus recurvus Deflandre in Deflandre and Fert, 1954, Lanternithus minutus Strad-
ner, 1961, Pontosphaera multipora (Kamptuer, 1948) Roth, 1970. Pontosphaera sp., Retic-
ulofenestra bisecta (Hay, Mohler and Wade, 1966) Roth, 1970, Reticulofenestra dictyoda
(Dcflandre in Deflandre & Fert, 1954) Stradner in Stradner & Edwards. 1968, Reticulofen-
estra hillae Bukry & Percival, 1971, Reticulofenestra lockeri Miiller. 1970, Reticulofenestra

manuta Roth, 1970. Reticulofenestra scripsae, Reticulofenestra stavensis (Levin & Jocrger,
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1967) Varol. 1989. Reticulofenestra umbilicus (Levin, 1965) Martini & Ritzkowski., 1968.
Reticulofenestra vadae. Reticulofenestra sp., Sphenolithus cf. pseudoradians Bramlette &
Wilcoxon 1967, Sphenolithus moriformis (Bronmimann and Straduner, 1960) Bramlette and
Wilcoxon, 1967, Thoracosphaera sarea Stradner, 1961, Zygrhablithus bijugatus (Deflandre
in Deflandre and Fert, 1954) Deflandre, 1959.

MNV-12-76

Stratigraphic attribution: NP19-21; uppermost Eocene; Priabonian, based on the

co-occurrcnce of Isthmolithus recurvus and Cribrocentrum reticulatum.
Abundant, moderately preserved calcareous nannoplankton

Blackites sp., Bramletteius serraculoides Gartner, 1969, Coccolithus eopelagicus (Bramlette
& Riedel, 1954) Bramlette & Sullivan. 1961, Coccolithus formosus (Kamptner, 1963) Wise
1973. Coccolithus pelagicus (Wallich 1877) Schiller 1930, Cribrocentrum reticulatum (Gart-
ner & Smith. 1967) Perch-Nielsen, 1971, Cyclicargolithus floridanus (Roth and Hay in Hay
ct al., 1967) Bukry, 1971, Isthmolithus recurvus Deflandre in Deflandre and Fers, 1951, Lan-
ternithus minutus Straduer, 1961, Reticulofenestra bisecta (Hay, Mohler and Wade, 1966)
Roth, 1970, Reticulofenestra dictyoda (Deflandre in Deflandre & Fers, 1954) Stradner in
Stradner & Edwards, 1968, Reticulofenestra hillac Bukry & Pecrcival, 1971, Reticulofen-
estra lockeri Miiller, 1970, Reticulofenestra minuta Roth, 1970, Reticulofenestra scripsae,
Reliculofenesira stavensis (Levin & Joerger, 1967) Varol. 1989, Reticulofenesira umbili-
cus (Levin, 1965) Martini & Ritzkowski, 1968, Reticulofenestra vadae, Reticulofenestra sp.,
Scyphosphaera sp., Sphenolithus predistentus Bramlette & Wilcoxon 1967, Sphenolithus
moriformis (Bronnimann and Stradncr, 1960) Bramlcette and Wilcoxon, 1967, Zygrhablithus
bijugatus (Deflandre in Deflandre and Fert, 1954) Deflandre, 1959.

Reworking from Cretaccous:

Watznaueria barnesae (Black in Black and Barnes, 1959) Perch-Nielsen, 1968.

MNV-12-78

Stratigraphic attribution: Cribrocentrum reticulatum and Isthmolithus recurvus: NP19-

21; uppermost Eocene; Priabonian.

Common, moderately preserved calcareous nannoplankton
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Coccolithus pelagicus (Wallich 1877) Schiller 1930, Cribrocentrum. reticulatwn (Gartuer &
Smith, 1967) Perch-Nielsen, 1971, Cyclicargolithus floridanus (Roth and Hay in Hay et al.,
1967) Bukry, 1971, Isthmolithus recurvus Deflandre in Deflandre and Fert, 1954, Retic-
ulofenestra bisecta (Ilay, Mohler and Wade, 1966) Roth, 1970, Reticulofenestra dictyoda
(Deflandre in Deflandre & Fert, 1954) Stradncer in Stradner & Edwards. 1968, Reticulofen-
estra lockeri Miiller, 1970, Reticulofenestra minuta Roth, 1970, Reticulofenestra scripsae,
Reliculofenesira umbilica (Levin, 1965) Martini & Ritzkowski, 1968, Reliculofenesira vadae,
Reticulofenestra sp., Sphenolithus moriformis (Bronnimann and Stradner, 1960) Bramlette
and Wilcoxon, 1967, Thoracosphaera sazea Stradner, 1961, Zygrhablithus bijugatus (Deflan-
drc in Deflandre and Fert, 1934) Deflandre, 1959.

Reworking from Cretaceous:

Watznaueria barnesae (Black in Black and Barnes, 1959) Perch-Nielsen, 1968.
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Appendix D

Appendix D: Bulk Geochemical Parameters

An explanation for Sy oy Ty, Thages and HLyg, can be found in Section 5.1.
Sample S, Sa  Sacorr | Timaet Taaxz | TIC TOC S TOC/S PI | HI  Hi,,
[mg IIC/g] [cl (%] Ll [mg IIC/g 1 OC]

NOR-72-1 0.58 1.68 0.79 361 118 2.08 0.70 1.35 0.51 0.26 242 182
NOR-72-2 0.50 1.36 365 1.49 0.44 0.58 0.76 0.27 309
NOR-72-4 0.40 1.27 366 3.66 0.48 0.88 0.55 0.24 262
NOR-72-6 0.54 1.31 360 1.82 0.49 1.06 0.46 0.29 268
NOR-72-8 0.47 1.53 361 115 1.79 0.52 0.89 0.59 0.23 292
NOR-72-10 0.36 1.08 0.52 362 417 5.59 0.54 1.55 0.35 0.25 200 181
NOR-72-12 0.40 1.38 355 1.74 0.52 0.95 0.54 0.22 265
NOR-72-14 0.54 1.82 360 171 0.62 0.58 0.70 0.23 | 294
NOR-72-16 0.11 1.11 356 3.23 0.50 0.39 1.28 0.28 228
NOR-72-18 0.65 1.79 355 1.08 0.43 0.76 0.57 0.27 416
NOR-72-20 0.4 1.54 0.72 350 421 2.09 0.76 0.85 0.89 0.26 204 175
NOR-72-22 0.25 1.11 0.48 356 431 2.02 0.56 0.68 0.83 0.18 198 178
NOR-72-21 0.50 1.32 0.58 351 126 1.81 0.65 1.05 0.62 0.27 202 175
NOR-72-26 0.61 2.00 354 1.48 0.81 1.16 0.70 0.23 246
NOR-72-28 0.69 2.94 1.55 369 431 2.21 0.99 1.59 0.62 0.19 296 185
NOR-72-30 0.38 0.83 0.91 0.30 0.30 0.98 0.31 27%
NOR-72-32 0.35 1.01 353 1.39 0.143 0.61 0.72 0.25 240
NOR-72-34 0.43 0.92 356 1.42 0.37 0.43 0.86 0.32 249
NOR-72-36 0.78 1.44 356 0.52 0.42 0.28 1.49 0.35 342
NOR-72-38 0.67 1.89 358 1.05 0.64 0.78 0.82 0.26 294
NOR-72-10 0.49 1.16 0.61 319 131 1.42 0.57 0.67 0.86 0.30 201 175
NOR-72-42 0.60 1.84 362 1.11 0.44 0.57 0.77 0.25 417
NOR-72-43 1.09 3.28 362 429 0.50 0.25
NOR-72-44 0.65 2.32 1.16 359 433 2.07 0.70 1.17 0.60 0.22 333 180
NOR-72-15 0.72 2.20 363 126 1.40 0.53 0.53 0.99 0.25 116
NOR-72-46 0.75 2.50 363 1.88 0.73 0.97 0.75 0.23 343
NOR-72-47 0.98 2.84 359 0.97 0.68 0.53 1.29 0.26 419
NOR-72-48 0.79 1.84 359 1.10 0.41 0.53 0.78 0.30 448
NOR-72-50 0.66 2.16 357 1.32 0.59 0.51 1.16 0.23 361
NOR-72-52 0.60 1.75 356 0.92 0.55 0.48 1.15 0.25 319
NOR-72-53 0.67 1.74 353 1.39 0.45 0.41 1.10 0.28 386
NOR-72-54 0.58 1.78 356 0.98 0.41 0.25 1.67 0.24 429
NOR-72-56 0.52 1.16 350 128 0.83 0.39 0.36 1.09 0.29 295
NOR-72-57 0.76 1.58 351 431 1.25 0.52 0.57 0.92 0.32 301
NOR-72-58 0.67 1.72 358 1.46 0.35 0.44 0.79 0.28 488
NOR-72-59 0.82 1.96 356 0.76 0.57 0.40 1.41 0.29 344
NOR-72-60 0.63 1.78 360 0.93 0.41 0.59 0.74 0.27 108
NOR-72-61 0.93 2.29 357 1.03 0.66 0.51 1.28 0.29 349
NOR-72-62 0.57 1.42 352 0.90 0.58 0.43 1.35 0.29 244
NOR-72-63 0.75 1.67 356 432 1.02 0.58 0.48 1.20 0.31 287
NOR-72-61 0.62 1.81 360 1.16 0.51 0.18 1.06 0.26 338
NOR-72-65 0.77 2.02 356 1.12 0.59 0.44 1.35 0.28 341
NOR-72-66 0.51 1.53 361 1.24 0.45 0.38 1.20 0.25 338
NOR-72-67 0.76 2.37 355 424 1.35 0.59 0.41 1.46 0.24 399
NOR-72-68 0.47 1.73 0.72 358 128 1.79 0.93 1.04 0.89 0.21 186 179
NOR-72-69 0.84 1.93 356 0.95 0.66 0.43 1.54 0.30 292
NOR-72-70 0.56 1.76 0.61 363 427 1.27 0.54 0.74 0.73 0.24 3206 181
NOR-72-71 0.88 2.53 359 122 1.214 0.55 0.10 1.39 0.26 156
NOR-72-72 0.61 2.10 0.77 366 131 1.86 0.65 0.95 0.69 0.22 321 183
NOR-72-73 0.79 2.24 362 422 2.03 0.62 0.50 1.25 0.26 360
NOR-72-74 0.42 1.21 0.60 349 430 1.82 0.50 0.74 0.67 0.26 244 175
NOR-72-75 0.82 2.12 353 122 1.06 0.61 0.51 1.19 0.28 351
NOR-72-76 0.69 2.82 361 1.42 0.72 0.71 0.96 0.20 393
NOR-72-77 1.07 2.47 363 1.29 0.84 0.52 1.62 0.30 293
NOR-72-78 0.58 1.90 360 1.45 0.61 0.62 0.98 0.23 313
NOR-72-79 1.00 3.16 363 135 1.27 0.76 0.19 1.55 0.21 115
NOR-72-30 0.16 1.13 0.11 319 126 1.03 0.58 0.61 0.91 0.29 193 171
NOR-72-31 0.80 1.48 357 0.87 0.50 0.41 1.22 0.35 293
NOR-72-32 0.80 2.56 3063 0.95 0.59 0.50 1.17 0.24 437
NOR-72-31 0.67 1.98 360 1.01 0.52 0.11 1.17 0.25 381
NOR-72-35 1.12 2.31 361 1.06 0.61 0.16 1.10 0.32 368
NOR-72-36 0.71 1.56 359 1.69 0.43 0.33 1.33 0.31 360
NOR-72-38 0.84 2.07 358 1.08 0.46 0.47 0.97 0.29 450
NOR-72-39 1.06 2.13 357 1.01 0.60 0.31 1.92 0.33 353
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Sample ER S, Sz,00rr | Tmaxt  Tmaxz | TIC TOC S TOC/S PI | HI  Hlcopr
[mg HC/g) Ll (%) ] [ng HC/g TOC]
NOR-72-90 1.09 1.88 353 428 1.14 0.45 0.39 1.14 0.34 418
NOR-72-92 0.96 1.92 361 418 1.32 0.46 0.45 1.01 0.30 421
NOR-72-93 1.08 2.26 351 120 1.40 0.65 0.17 1.39 0.32 249
NOR-72-91 0.68 1.61 360 2.55 0.18 0.52 0.91 0.30 337
NOR-72-95 1.08 2.34 358 430 1.63 1.05 0.77 1.36 0.31 223
NOR-72-96 0.80 1.78 0.62 355 429 1.04 0.7L1 0.62 1.14 0.31 251 178
NOR-72-97 0.95 2.27 358 129 1.53 0.81 0.714 1.08 0.29 281
NOR-72-98 0.83 1.81 0.61 351 128 1.11 0.72 0.76 0.95 0.32 231 177
NOR-72-100 0.98 2.14 359 1.04 0.86 0.66 1.29 0.31 249
NOR-72-101 0.89 2.36 360 1.24 0.74 0.68 1.09 0.27 319
NOR-72-102 0.76 2.50 0.95 365 132 1.5 0.82 1.01 0.81 0.23 305 182
NOR-72-101 0.38 1.90 0.80 361 128 1.68 0.61 0.87 0.73 0.23 297 182
NOR-72-105 0.87 2.61 363 422 1.53 0.66 0.76 0.87 0.25 397
NOR-72-106 0.85 2.23 0.82 361 1.67 0.88 1.01 0.87 0.28 254 181
NOR-72-107 1.13 3.11 366 131 2.10 0.97 1.76 0.55 0.25 352
NOR-72-108 0.63 1.51 0.61 351 128 1.15 0.66 0.31 0.78 0.30 229 177
NOR-72-109 0.98 2.71 366 424 1.75 0.82 0.93 0.88 0.26 332
NOR-72-110 0.82 3.45 1.77 367 428 1.81 0.89 1.00 0.89 0.19 387 184
NOR-72-111 0.89 2.81 358 131 1.614 0.86 0.91 0.91 0.21 226
NOR-72-112 0.78 2.37 0.88 368 1.93 0.84 1.01 0.83 0.25 283 184
NOR-72-113 1.23 3.29 365 1.47 1.01 1.56 0.65 0.28 326
NOR-72-114 0.63 1.93 0.81 365 431 1.52 0.82 0.99 0.83 0.25 236 182
NOR-72-115 0.77 2.35 362 127 1.19 0.71 0.91 0.81 0.25 318
NOR-72-116 0.69 2.17 0.79 362 1.39 0.86 1.17 0.73 0.24 252 181
NOR-72-117 0.92 3.02 362 439 1.48 0.85 1.06 0.80 0.23 336
NOR-72-118 0.56 1.67 0.64 350 432 1.38 0.78 0.35 0.91 0.25 2135 1735
NOR-72-120 0.51 1.87 0.69 363 1.22 0.81 0.99 0.82 0.21 230 182
NOR-72-121 1.07 2.63 358 434 1.68 0.87 0.38 0.99 0.29 301
NOR-72-122 0.60 2.14 1.07 358 432 1.78 0.75 1.10 0.68 0.22 287 179
NOR-72-124 0.77 2.42 1.18 356 433 1.80 0.88 1.15 0.76 0.24 276 178
NOR-72-126 0.63 2.68 1.30 365 129 1.91 0.85 1.23 0.70 0.19 313 182
NOR-72-128 0.76 2.74 1.46 362 430 1.71 0.86 1.27 0.68 0.22 317 181
NOR-72-129 0.99 3.21 364 433 1.74 0.98 1.05 0.93 0.24 328
NOR-72-130 0.96 2.49 1.26 352 435 1.12 1.00 0.72 1.38 0.28 250 176
NOR-72-131 1.15 2.96 350 132 1.80 1.02 1.38 0.71 0.28 289
NOR-72-132 0.81 2.18 1.19 349 434 1.32 1.05 1.52 0.69 0.27 207 173
NOR-72-134 0.94 3.15 1.49 358 437 1.41 1.13 1.46 0.77 0.23 279 179
NOR-72-135 L.18 3.77 359 432 1.49 1.11 1.28 0.86 0.24 340
NOR-72-136 0.92 2.81 1.19 357 137 1.40 1.16 1.66 0.70 0.21 245 178
NOR-72-137 1.33 4.29 432 1.48 1.10 1.30 0.85 0.22 389
NOR-72-138 1.53 4.69 2.53 367 435 L.80 .35 1.59 0.85 0.25 348 183
NOR-72-139 1.09 3.41 430 8.H8 1.09 0.41 2.63 0.24 314
NOR-72-110 1.04 3.15 1.77 359 136 2.12 1.09 1.28 0.85 0.25 289 179
NOR-72-141 1.37 4.65 357 439 1.09 1.33 1.70 0.79 0.23 348
NOR-72-142 0.98 4.33 2.83 353 443 0.83 1.36 1.8 1.02 0.18 319 177
NOR-72-143 1.19 4.31 356 436 3.49 1.26 1.49 0.8H 0.22 342
NOR-72-1141 0.7 3.15 1.71 362 136 1.64 1.02 1.84 0.56 0.20 308 181
NOR-72-145 1.12 3.72 361 437 1.59 1.15 1.47 0.78 0.23 324
NOR-72-146 .09 3.67 1.96 359 437 0.83 1.48 1.95 0.76 0.23 247 179
NOR-72-147 1.27 3.36 355 437 1.10 1.26 1.75 0.72 0.25 266
NOR-72-148 1.25 1.03 1.91 360 138 0.81 1.28 2.73 0.47 0.21 313 180
NOR-72-149 1.88 4.10 352 432 1.27 1.42 2.63 0.54 0.23 288
NOR-72-150 1.14 3.58 1.73 358 438 0.99 1.30 1.42 0.92 0.24 275 179
NOR-72-151 1.55 4.06 354 438 0.95 1.35 1.03 1.31 0.28 300
NOR-72-152 1.25 3.31 1.13 363 131 0.81 1.10 0.70 1.58 0.21 303 182
NOR-72-153 1.22 3.36 352 440 0.75 1.16 0.53 2.19 0.27 289
NOR-72-154 L.10 4.17 2.54 349 439 0.52 1.22 0.65 1.88 0.21 342 174
NOR-72-156 0.95 3.34 1.92 348 441 0.56 1.29 0.90 1.44 0.22 259 174
NOR-72-157 1.43 1.58 352 110 0.47 1.514 0.91 1.64 0.21 297
NOR-72-158 0.92 3.68 2.41 350 440 0.67 1.39 1.32 1.05 0.20 263 173
NOR-72-159 1.28 4.88 351 441 0.7L1 1.44 1.28 1.13 0.21 338
NOR-72-160 0.95 1.17 2.15 359 112 0.39 1.61 1.31 1.22 0.18 259 180
NOR-72-161 12.80 7.13 127 0.147 3.57 0.79 1.50 0.61 200
NOR-72-162 8.33 7.38 431 0.43 2.91 0.3 3.61 0.54 2353
NOR-72-163 7.85 8.03 425 0.34 2.70 1.5 1.74 0.49 297
NOR-72-1641 6.59 10.37 130 0.42 2.98 1.5:0 1.63 0.39 247
NOR-72-165 35.47 5.76 135 0.17 2.19 1.63 1.34 0.19 263
NOR-72-166 13.99 11.34 436 0.7 4.22 217 1.95 0.55 269
NOR-72-167 11.35 9.12 430 0.94 3.12 2.16 1.45 0.55 292
NOR-72-168 12.85 10.07 132 1.014 3.62 2.18 1.67 0.56 278
NOR-72-169 11.37 8.91 128 1.13 3.30 2.51 1.30 0.56 271
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Sample S, S, S5 corr T onox1 T ox2 TIC TQC S TOC/S PI HI Hlcorr
g HC/g] K¢ (%] L] g HC/g TOC]
NOR-72-170 1.7 8.83 429 0.84 3.27 2.38 1.37 0.57 270
NOR-72-171 12.75 10.52 432 0.85 3.34 2.38 1.40 0.55 313
NOR-72-172 15.12 8.82 130 0.90 3.47 2.38 1.46 0.61 251
NOR-72-173 12.88 10.25 131 0.61 3.57 2.11 1.69 0.56 287
NOR-72-174 11.09 11.18 434 0.49 3.43 2.25 1.52 0.50 326
NOR-72-175 8.64 10.15 432 0.55 3.19 2.58 1.24 0.46 318
NOR-72-176 13.18 6.71 127 0.78 3.41 2.68 1.27 0.66 197
NOR-72-177 13.37 8.91 131 1.07 3.51 2.67 1.32 0.63 2352
NOR-72-178 13.60 7.13 431 0.85 3.36 2.46 1.37 0.66 212
NOR-72-179 14.83 7.46 431 0.63 3.63 2.91 1.25 0.67 | 206
NOR-72-180 15.67 7.79 430 0.71 3.62 2.78 1.30 0.67 | 215
NOR-72-181 11.09 7.19 132 0.79 3.47 2.72 1.28 0.66 207
NOR-72-182 11.80 4.60 422 0.63 2.98 2.67 111 0.72 155
NOR-72-183 14.19 3.75 422 1.01 3.08 2.47 1.25 0.79 122
NOR-72-181 16.91 6.90 131 1.06 3.38 3.10 1.09 0.71 201
NOR-72-185 16.97 7.02 132 0.50 1.11 2.90 1.13 0.71 169
NOR-72-186 10.80 4.09 423 0.63 2.91 2.52 1.15 0.73 141
NOR-72-187 12.35 4.23 425 0.57 2.97 2.16 1.37 0.74 143
NOR-72-188 17.01 6.79 130 0.61 3.76 2.95 1.28 0.71 180
NOR-72-189 16.85 4.78 419 1.04 3.18 2.85 1.12 0.78 150
NOR-72-190 7.40 4.93 427 0.32 2.41 2.69 0.89 0.60 203
NOR-72-191 9.03 11.42 430 0.48 2.84 2.22 1.28 0.44 402
NOR-72-192 17.16 7.68 430 0.96 3.07 1.88 1.64 0.69 250
NOR-72-193 21.02 8.42 424 0.71 4.27 2.53 1.69 0.71 197
NOR-72-195 22.21 7.25 433 1.01 3.17 0.97 3.29 0.75 228
NOR-72-197 23.52 9.55 429 0.80 4.56 3.03 1.50 0.71 209
NTM-97-1 0.61 1.83 0.83 361 122 1.86 0.79 1.33 0.59 0.26 233 181
NTM-97-3 0.73 1.97 362 421 2.49 0.82 1.18 0.69 0.27 241
NTM-97-5 0.35 1.23 0.66 358 422 2.73 0.63 1.20 0.52 0.22 196 179
N1IM-97-7 0.83 2.32 361 424 2.50 0.81 1.18 0.69 0.26 286
NTM-97-9 0.60 1.17 0.66 122 2.52 0.73 1.51 0.49 0.29 199 89
NTM-97-10 0.58 1.82 424 2.69 0.82 1.29 0.63 0.24 221
NTM-97-11 0.79 2.73 428 2.77 1,22 2.10 0.58 0.22 224
N IM-97-12 1.07 3.54 430 2.32 1.45 2.49 0.58 0.23 244
NTM-97-13 0.59 3.12 2.18 131 2.79 1.35 2.63 0.51 0.16 230 161
NTM-97-14 0.90 3.82 429 2.61 1.49 2.38 0.63 0.19 2357
NTM-97-15 0.87 3.85 430 2.57 1.59 2.37 0.67 0.18 242
N'IM-97-16 1.56 6.76 430 1.88 2.24 2.97 0.75 0.19 302
NTM-97-17 1.35 5.81 128 2.70 1.88 2.91 0.65 0.19 300
NTM-97-18 1.52 6.61 431 2.26 2.09 2.59 0.81 0.19 316
NTM-97-19 1.86 8.52 429 3.54 2.25 2.18 1.03 0.18 379
N'T'M-97-20 2,11 9.96 428 2.40 2.62 2.67 0.98 0.17 | 380
NTM-97-21 0.97 5.81 128 2.60 1. 2.31 0.81 0.11 310
NTM-97-22 1.89 9.58 428 2.63 2. 2.54 0.94 0.16 400
NTM-97-23 2.05 9.98 429 2.52 2. 2.72 1.00 0.17 | 369
N'TM-97-24 1.59 10.01 426 2.48 2, 2.51 1.07 0.14 373
NTM-97-25 1.31 6.52 128 2.53 1.6 2.14 0.80 0.17 | 332
NTM-97-26 2.29 7.20 427 2.17 2. 2.24 1.00 0.24 323
NTM-97-27 2.14 9.25 427 2.38 2.59 2.47 1.05 0.19 357
MNV-12-1 14.43 10.57 9.25 426 0.68 4.08 2.74 1.49 0.58 259 259
MNV-12-3 21.19 11.03 310 126 1.11 1.21 1.69 2.50 0.66 262
MNV-12-3 25.97 9.90 430 0.7 4.54 1.94 2.34 0.72 218
MNV-12-7 19.34 12,14 427 0.92 4.49 1.60 2.80 0.61 271
MNV-12-9 26.12 13.04 429 1.07 5.04 2.65 1.90 0.67 258
MNV-12-11 12.12 10.39 122 0.42 1.17 2.97 1.41 0.51 219
MNV-12-13 12.44 9.35 425 0.66 3.7 3.27 1.14 0.57 2351
MNV-12-15 14.78 10.59 423 0.30 4.17 2.80 1.49 0.58 254
MNV-12-17 10.66 8.98 426 0.62 3.41 2.13 1.60 0.54 263
MNV-12-19 21.07 10.12 121 0.94 1.75 2.87 1.65 0.67 | 219
MNV-12-21 19.51 9.31 427 1.62 3.54 3.31 1.07 0.68 263
MNV-12-23 18.34 11.65 427 0.61 4.74 3.31 1.43 0.61 246
MNV-12-21 16.96 8.28 123 0.53 1.37 3.15 1.39 0.67 189
MNV-12-23 15.17 9.62 123 0.59 1.35 3.38 1.29 0.61 221
MNV-12-26 11.05 9.74 421 0.59 3.86 3.08 1.25 0.53 252
MNV-12-27 12.98 11.68 426 0.6Y 4.34 3.28 1.32 0.53 269
MNV-12-28 10.99 7.33 118 0.31 3.81 3.02 1.26 0.60 192
MNV-12-29 17.50 9.56 125 3.05 3.81 2.62 1.45 0.65 251
MNV-12-31 21.80 12.40 425 0.71 5.29 3.10 1.71 0.64 234
MNV-12-32 13.64 7.19 407 0.42 4.48 3.50 1.28 0.65 161
MNV-12-33 20.97 8.77 117 0.72 1.67 3.70 1.26 0.71 188
MNV-12-31 12.81 9.32 122 1.52 3.31 2.25 1.48 0.58 279
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Sample ER S, Sz,00rr | Tmaxt  Tmaxz | TIC TOC S TOC/S PI | HI  Hlcopr

[mg HC/g) Ll (%) ] [ng HC/g TOC]
MNV-12-35 10.02 6.99 415 0.72 3.67 2.60 1.41 0.59 190
MNV-12-36 3.93 3.36 409 0.17 2.80 3.09 0.91 0.54 120
MNV-12-37 10.64 6.01 108 0.71 3.43 3.13 1.10 0.61 176
MNV-12-38 9.79 7.61 110 1.01 3.61 3.28 1.11 0.56 209
MNV-12-39 7.96 7.40 404 0.63 3.85 3.61 1.07 0.52 193
MNV-12-40 12.82 10.36 415 1.00 4.45 3.23 1.38 0.55 233
MNV-12-41 10.21 5.77 109 0.86 1.15 1.10 1.01 0.61 139
MNV-12-12 11.82 7.92 115 0.15 1.11 3.98 1.11 0.65 180
MNV-12-43 15.36 7.22 415 0.68 4.39 3.77 1.16 0.68 164
MNV-12-44 16.88 7.40 411 2.18 4.69 3.73 1.26 0.70 158
MNV-12-15 17141 7.63 122 5.86 3.12 2.17 1.43 0.70 245
MNV-12-16 17.90 9.89 117 2.91 1.39 3.27 1.31 0.61 223
MNV-12-47 17.30 11.05 418 2.14 5.38 3.73 1.44 0.61 205
MNV-12-48 18.74 8.72 416 1.14 5.00 3.34 1.30 0.68 174
MNV-12-19 22.51 8.33 111 1.26 1.66 3.78 1.23 0.73 179
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Appendix F

Appendix F: Gas Chromatography-Mass Spectroscopy

3 2 nCisqs/ni nCapasin-| nCaaq!
oil S—— Sat. HC | Arom. HC| NSO Asph Resins | n-Alkanes |lsoprenoids Pl P e CPI
%] | [wt%] | %] | [wt%] | [(w.%] | [ug/g Oill | [ugig Oil

G-NTM-21 Eocene 24 16 59 1 60 33352 8027 0.37 0.33 0.17 1.03
G-NTM-59 Eocene 21 14 65 1 65 27073 6588 0.36 0.33 0.18 1.02
G-NTM-78 Oligocene 8 4 A 57 89 10066 2183 0.35 0.35 0.18 1.04
G-NTM-98 Eocene 43 a5 42 1 42 57752 11848 0.39 0.33 0.16 1.04
G-MNV-12 Cretaceous 35 12 52 1 53 10256 2178 0.42 0.32 0.13 1.02

Extract Top | Bottom | Sat. HC | Arom. HC| NSO Asph. Resins | n-Alkanes |lsoprenoids n:i'.":':;sn nﬁi‘:;ef:' :;if:r‘n:s CPI

[m] [m] [wt%] | [wt%] | [wt%] [ [wt%] [wt.%] | [ug/g TOC] | [ug/g TOC]
NOR-72-146 4435 4440 22 a3 62 3 5188 927 0.34 0.38 0.15 1.14
NOR-72-149 4450 4455 38 11 40 i 1911 388 0.33 0.35 0.19 1.23
NOR-72-157 4490 4495 43 8 43 6 8900 1552 0.33 0.36 0.18 1.16
NOR-72-166 4559 4562 30 16 53 1 1569 766 0.69 0.20 0.00 1.73
NOR-72-193 4826 4829 13 i 76 1 4801 2196 0.68 0.20 0.00
NOR-72-197 4838 4891 17 15 68 1 5109 2414 0.68 0.20 0.00 1.59
NTM-97-11 2440 2445 17 9 48 26 1140 442 0.63 0.17 0.09 1.55
NTM-97-12 2445 2450 29 13 55 4 3339 1505 0.73 0.14 0.06 1.29
NTM-97-13 2450 2455 26 13 58 4 2592 835 064 0.18 0.08 121
NTM-97-14 2455 2460 24 13 55 8 1719 546 0.61 0.20 0.09 1.24
NTM-97-15 2460 2465 21 11 60 8 1514 441 0.58 0.22 0.10 1.26
NTM-97-16 2465 2470 63 15 10 12 7085 3452 0.68 0.17 0.03 1.22
NTM-97-17 2470 2475 28 3 53 5 3543 1394 0.70 0.16 0.05 1.18
NTM-97-18 2475 2480 22 13 62 3 1259 446 0.60 0.22 0.09 120
NTM-97-19 2515 2520 21 1 62 6 4264 1085 0.46 0.30 0.13 1.09
NTM-97-20 2520 2525 38 16 28 19 0.65 0.16 0.08 1.01
NTM-97-21 2525 2530 20 11 65 5 3857 813 0.42 0.32 0.14 111
NTM-97-22 2530 2535 33 11 48 8 4992 1153 0.39 0.35 0.13 1.14
NTM-97-24 2540 2545 27 11 59 3 5598 1346 0.41 0.33 0.13 1.06
NTM-97-25 2545 2550 18 10 68 4 3624 928 0.49 0.28 0.11 1.09
NTM-97-26 2550 2555 34 15 47 4 8473 3485 0.66 0.19 0.07 1.06
NTM-97-27 2565 2560 27 1 58 4 8220 2196 0.47 0.30 0.11 1.06
MNV-12-47w 3965 3970 27 5 61 7 3982 2693 0.51 0.34 0.01 1.70
MNV-12-47m 3965 3970 41 17 42 0 0.63 0.24 0.01 1.28
Phin- Cz5HBI  [Ca5 HBI/ Cz7 Diasteranes | Cy; Steranes / | Cy3 Steranes / |Czs Steranes /
Qil Reservoir PrinCa Cie sl Alkane n-C21 S I C37 Steranes Steranes Steranes Steranes
[ug/g Oil] [ug/g Oil]
G-NTM-21 Eocene 1.29 0.72 1.92 141 0.06 304 0.93 0.36 0.30 0.33
G-NTM-59 Eocene 1.37 0.75 1.84 106 0.06 255 1.00 0.36 0.29 0.35
G-NTM-78 Oligocene 1.24 0.77 1.69 48 0.06 125 0.74 0.35 0.29 0.36
G-NTM-98 Eocene 0.87 0.59 1.66 141 0.04 318 1.01 0.45 0.26 0.30
G-MNV-12 Cretaceous 0.83 0.65 1.50 50 0.07 54 0.95 0.36 0.31 0.33
Phin- CasHBI [ Cas HBI/ Cyr Diasteranes | Cy; Steranes / | Cy Steranes / |Cps Steranes /
Extract Ton Botom; | Prd Ly Cis RELEN Alkane n-C21 Mioranas | C37 Steranes Steranes Steranes Steranes
[m] [m] [ug/g TOC] [ug/g TOC]

NOR-72-146 4435 4440 0.97 0.66 1.55 10 0.02 41 0.75 0.37 0.23 0.41
NOR-72-149 4450 4455 1.28 0.81 1.42 8 29 0.33 0.37 0.26 0.37
NOR-72-157 4490 4495 125 056 | 207 11 002 34 066 037 023 0.40
NOR-72-166 4559 4562 114 111 1.10 0 0.00 0
NOR-72-193 4826 4829 1.18 0.99 1.17 53 0.11 0
NOR-72-197 4388 4891 1.07 2 1.10 61 0.13 0
NTM-97-11 2440 2445 1.23 0.76 1.70 4 0.06 28 0.42 0.34 0.34 0.32
NTM-97-12 2445 2450 1.29 080 | 225 4 0.03 52 0.46 0.32 0.35 0.33
NTM-97-13 2450 2455 1.09 054 | 2.03 4 0.03 56 0.44 0.34 0.32 0.34
NTM-97-14 2455 2460 1.04 0.58 1.89 4 0.04 42 0.44 0.36 0.34 0.30
NTM-97-15 2460 2465 1.02 0.58 1.80 ] 0.03 34 0.50 0.32 0.34 033
NTM-97-16 2465 2470 1.30 096 1.3 79 0.15 68 050 0.34 031 0.34
NTM-97-17 2470 2475 1.22 0.74 1.93 8 0.04 54 045 0.36 0.35 0.29
NTM-97-18 2475 2430 131 0.63 2.18 2 0.05 34 0.48 0.36 0.35 0.29
NTM-97-19 2515 2620 1.16 0.62 | 2.02 i 0.02 80 0.49 0.35 0.35 0.30
NTM-97-20 2520 2625 0.15 0.50 0.34 0.31 0.34
NTM-97-21 2525 2530 1.06 0.58 1.84 9 0.03 68 0.49 0.36 0.33 0.30
NTM-97-22 2530 2535 1.08 0.73 1.40 22 0.05 102 0.51 0.39 0.30 0.31
NTM-97-24 2540 2545 1.17 0.66 1.76 24 0.05 119 0.45 0.34 0.33 0.33
NTM-97-25 2545 2550 1.06 0.63 1.76 17 0.06 67 0.44 0.36 0.31 0.32
NTM-97-26 2550 2555 1.16 0.85 1.98 43 0.10 98 045 0.39 0.30 0.31
NTM-97-27 2555 2560 1.12 0.68 1.69 29 0.05 146 047 0.35 0.33 0.32
MNV-12-47w 3965 3970 2.46 2.11 0.96 110 0.25 25 0.59 0.44 0.32 0.24
MNV-12-47m 3965 3970 0.18 0.55 0.44 0.34 0.21
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20S / (205+20R) | app/(app + aaa)| Csg/ Ca H Ts/ Hopane / | Oleanane |Cas/ (C34-Cas) | 225 / (225+22R)
Qil Reservoir aan Czs-Steranes| Cye-Steranes | Steranes apancs (Ts+Tm) | Moretane Index Hopanes Cas-Hopanes
[ng/g Oil]
G-NTM-21 Eocene 0.48 046 0.92 639 0.51 7.16 0.20 0.06 0.58
G-NTM-59 Eocene 0.49 0.46 0.83 565 0.55 7.10 0.22 0.06 0.58
G-NTM-78 Oligocene 0.50 0.45 0.82 437 0.50 7.30 0.11 0.07 0.59
G-NTM-98 Eocene 0.51 043 0.86 629 0.59 .77 0.22 0.06 0.59
G-MNV-12 Cretaceous 0.53 0.51 0.95 130 0.62 8.34 0.22 0.00 0.61
. Top | e 205/ (205+20R) | app/(aPp + aaa)| Cy/ Cos Hopanes Ts!/ Hopane / | Oleanane |Cys/ (C31-Cas) | 225 / (225+22R)
xtract aoa Cyg-Steranes| Cyg-Steranes | Steranes (Ts+Tm) [ Moretane Index Hopanes Cas-Hopanes
[m] [m] [1g/g TOC]
NOR-T2-146 4435 4440 047 043 0.56 204 0.67 8.18 0.09 0.00 0.60
NOR-72-149 4450 4455 0.29 0.29 0.68 86 0.62 7.2 0.11 0.00 0.55
NOR-72-157 4490 4495 0.62 0.36 0.59 468 0.73 10.00 0.05 0.00 0.56
NOR-72-166 4559 4562 0
NOR-72-193 4826 4829 0
NOR-72-197 4888 4891 0
NTM-97-11 2440 2445 017 0.30 1.06 30 0.41 549 0.35 0.00 0.46
NTM-97-12 2445 2450 0.11 0.34 1.07 52 0.44 5.36 0.36 0.00 0.45
NTM-97-13 2450 2455 0.16 0.36 0.94 54 0.48 5.69 0.36 0.00 0.51
NTM-97-14 2455 2460 0.15 0.30 1.14 39 0.51 6.19 0.35 0.00 0.45
NTM-97-15 2460 2465 0.14 0.31 1.03 35 0.48 528 0.35 0.00 0.49
NTM-97-16 2465 2470 0.19 0.33 0.91 65 0.43 4.38 0.40 0.00 0.46
NTM-97-17 2470 2475 0.16 0.30 1.20 49 0.39 6.20 0.43 0.00 0.49
NTM-97-18 2475 2480 0.16 0.30 1.18 33 0.48 540 0.41 0.00 0.48
NTM-97-19 2515 2520 0.22 0.34 1.18 85 0.52 6.89 0.29 0.00 0.49
NTM-97-20 2520 2525 0.19 0.33 0.91 043 438 0.00 0.46
NTM-97-21 2625 2530 0.21 0.39 1.10 17 0.52 6.53 0.36 0.00 0.55
NTM-97-22 2530 2535 0.26 0.40 0.95 106 0.55 543 0.38 0.00 0.50
NTM-97-24 2540 2545 0.22 0.38 0.98 116 0.53 6.40 0.35 0.00 0.55
NTM-97-25 2545 2550 0.22 0.35 0.97 66 045 642 0.37 0.00 0.53
NTM-97-26 2550 2555 0.20 0.35 0.96 100 0.45 5.07 0.34 0.00 0.51
NTM-97-27 2555 2560 0.23 0.38 1.05 148 0.48 744 0.35 0.00 0.50
MNV-12-47w 3965 3970 0.36 041 1.33 26 0.44 5.62 0.17 0.00 0.49
MNV-12-47m 3965 3970 0.45 0.32 1.61 0.54 6.41 0.00 0.52
100 x (Trcycl. |44 233 R. Type-| DBT/ Steranes / | Moretane
0il Reservoir P;n(t::r;zl.]] Terpanes - . L e MPI1 | R. | MDR 1 P L Hopanes | Index
[1g/g Oil] | [wg/g Oil] | [ng/g Oil] | [wg/g Oil] [%] [%] [rg/g Oil]
G-NTM-21 [Eocene 15.19 1.57 4305 7915 4258 1455 0.61 [ 0.77 | 4.13 0.81 0.11 136 0.75 0.14
G-NTM-59 Eocene 12.77 2.01 1543 4546 1712 21 062 [ 0.77 | 3.99 0.80 0.10 70 0.69 0.14
G-NTM-78 Oligocene 8.31 1.61 423 855 569 190 060 [ 0.76 | 3.51 077 0.13 51 045 0.14
G-NTM-98 Eocene 19.23 1.63 1757 3872 2250 939 072 (083|453 085 011 43 0.78 0.13
G-MNV-12 Cretaceous 23.38 1.46 369 1419 1299 628 074 [ 084 | 456 0.86 0.17 28 0.66 0.12
100 x (Tricycl.
. Top | Bottom I(Trrri- :y 24:4123:3 MN DMIN TMN WP mei1| R, | mOR R, Type-| DBT/ TA Steranes / | Moretane
xtract Pentacycl.)) Terpanes 1 P Hopanes Index
ICy!
[m] [m] [1a/g TOC]|[ug/g TOC] | [ug/g TOC]|[1g/g TOC [%] [%] [1g/g TOC
NOR-72-146 4435 4440 0.00 0 101 165 252 0.70 | 0.82 | 4.75 0.88 0.06 19 0.30 0.12
NOR-72-149 4450 4455 0.00 0 101 165 252 0.70 [ 0.82 | 475 0.88 0.06 19 0.51 0.14
NOR-72-157 4490 4495 0.00 0 26 52 53 068 [ 081 | 414 0.81 0.07 1 0.11 0.10
NOR-72-166 4559 4562 068 [ 081|476 088 15.05
NOR-72-193 4826 4829 872 1570 1129 0.75 .85 | 347 77 0.08 2
NOR-72-197 4888 4891 1362 2217 1404 0.63 .78 | 3.57 .77 0.09 3
NTM-97-11 2440 2445 0.00 37 95 0 070[082[323 .76 0.03 3 140 0.18
NTM-97-12 2445 2450 0.00 0 292 286 99 069 [ 0.81 | 418 0.81 0.04 4 1.52 0.19
NTM-97-13 2450 2455 0.00 0 224 213 94 072 (083 ] 303 0.75 0.03 5 1.58 0.18
NTM-97-14 455 2460 0.00 1 19 64 0.72 3.50 77 004 3 163 16
NTM-97-1 460 2465 0.00 9 15 67 0.67 342 77 0.04 4 148 .19
TM-97-16 465 2470 54.23 1.57 7 25 277 0.86 5 2.67 .74 0.07 11 1.59 .23
NTM-97-17 2470 2475 0.00 0 313 361 170 0.70 [ 0.82 | 3.31 0.76 0.06 5 1.66 0.16
NTM-97-18 2475 2480 0.00 0 128 149 86 0.74 [ 085 | 3.00 0.75 0.05 4 1.57 0.19
NTM-97-19 2515 2520 0.00 0 197 195 164 067 [ 080 | 319 0.76 0.07 8 142 0.15
NTM-97-. 2520 2525 1.57 128 424 632 0.7 .83 71 .74 0.08 23 1.59 23
NTIM-97-2 2525 2530 0.00 180 156 140 0.67 .80 .71 .74 0.05 7 1.33 .15
NTM-97-22 2530 2535 0.00 18 44 181 080 (088250 .73 0.06 12 145 18
NTM-97-24 2540 2545 0.00 0 22 172 144 080 [ 0.88 | 2.58 0.74 0.07 16 1.56 0.16
NTM-97-25 2545 2550 0 0 219 212 170 070 [ 082 | 322 0.76 0.07 6 1.54 0.16
NTM-97-26 2550 2555 0.00 521 708 336 0.70 82 30 76 0.06 10 48 20
NTM-97-27 25655 2560 0.00 72 300 398 0.73 .84 | 2.55 .74 0.07 20 49 g,
MNV-12-47w 3965 3970 0.00 51 209 297 0.81 .89 | 439 .84 0.04 2 43 .18
MNV-12-47m 3965 3970 082 [ 089 | 495 0.92 0.04 1.37 0.16
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Appendix G

Appendix G: Carbonate Isotopy

Depth

Sample (0] d180/160 | Std. Dev. | d183C/12C | Std. Dev.
NOR-72-1 3625 -5.61 0.11 -5.00 0.06
NOR-72-1 3710 -7.18 0.07 -5.47 0.03
NOR-72-10 3745 -2.83 0.12 -15.61 0.04
NOR-72-16 3775 -8.25 0.08 -12.31 0.05
NOR-72-28 3835 -5.03 0.13 -1.75 0.08
NOR-72-44 3915 -3.26 0.11 -1.89 0.11
NOR-72-94 4165 -10.71 0.05 -5.80 0.09
NOR-T72-107 4235 -4.96 0.15 -2.05 0.06
NOR-72-139 4400 -2.71 0.19 7.85 0.04
NOR-T2-140 4405 -6.30 0.14 -1.93 0.10
NOR-72-143 4420 -6.10 0.12 2.56 0.07
NOR-T2-146 4435 -35.86 0.14 -3.12 0.12
NOR-72-119 1150 -5.77 0.20 -1.76 0.09
NOR-T2-157 4490 -4.58 0.37 1.08 0.06
NTM-97-3 2310 -1.55 0.06 -1.51 0.07
N1TM-97-5 2350 -4.75 0.06 -0.90 0.07
NTM-97-7 2360 -1.96 0.07 -1.63 0.07
NTM-97-9 2370 -3.17 0.10 -0.99 0.06
NTM-97-10 2375 -1.95 0.11 -0.58 0.07
NTM-97-11 2440 -3.83 0.11 -7.34 0.07
NTM-97-12 2115 -3.99 0.17 -7.82 0.08
N1I'™M-97-14 2455 -3.52 0.11 -3.77 0.06
NTM-97-16 2165 -3.71 0.16 -5.19 0.13
NI'M-97-17 2470 -3.86 0.11 -6.69 0.09
NTM-97-18 2175 -1.11 0.13 -5.29 0.07
N1TM-97-19 2515 -3.98 0.08 -0.13 0.08
NTM-97-21 2525 -4.62 0.11 -0.77 0.07
NTM-97-22 2530 -5.13 0.08 -0.86 0.05
NTM-97-24 2540 -5.61 0.07 -0.61 0.06
NTM-97-25 2545 -4.79 0.10 -0.02 0.03
NTM-97-26 2550 -4.83 0.16 -0.09 0.09
NTM-97-27 2555 -5.69 0.06 -0.69 0.07
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Appendix H

1-D Thermal Maturity Model Input

Appendix H
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