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ABSTRACT

Despite being one of the most important petro-
leum basins in Western Europe, the Wessex Basin
has not yet been fully studied in terms of migration
of the petroleum fluids, the maturation of the hydro-
carbons and the detailed correlation between the
oil seepages and the potential source rocks. The
aim of this study is to correlate oil seepages to the
source rock(s) by biomarker analysis and to estab-
lish the kitchen areas in the basin by using 1D basin
modelling and finally to integrate the results in or-
der to understand the hydrocarbon provenance and
possible migration pathways in the Wessex Basin.

There are several possible Mesozoic source
intervals in the basin: the Lower Lias Black shales
—or “Blue Lias”-, the Oxford Clay, the Kimmeridge
Clay, the Purbeck Shales and Limestones, the No-
the Clay and the Gault Clay. Firstly, basing model-
ling studies had been conducted in order to identify
mature source rocks among them. Basin modelling
suggests that among these source rocks, only the
Lower Lias and, partially, the Oxford Clay is mature
in some wells. These two source rocks were buried
deeply enough to the south of the Purbeck-Isle of
Wight Disturbance. To the north of the disturbance
all the source rocks were proven to be immature in
all wells. Petroleum charging requires a North along
with NW and NE migration from source kitchen to
the existing traps with both lateral and vertical mi-
gration route. Besides, TR vs Time plot indicates
that hydrocarbon generation started in the Early
Cretaceous; peaked in the Middle-Late Cretaceous
and ceased before Tertiary uplift since it caused
source rocks to cool down and to stop hydrocarbon
generation.

Finally, biomarkers had been analysed for the oil
seepages and the mature source rocks which were

identified from the basin modelling. Biomarker anal-
ysis suggests that all the seep samples might have
similar depositional origin with similar thermal ma-
turity. The rock samples, however, have immature
signatures from the Ts/Ts+Tm and 20S/(20S+20R)
C29 sterane maturity parameters. The Blue Lias and
the Oxford Clay samples show immaturity because
the samples were collected to the north of the Pur-
beck-Isle of Wight Disturbance, where all the source
rocks are immature. It may be suggested that the oil
seepages are likely to correlate with either BL or OC
or both based on biomarker abundance and hopane
and sterane distribution. However, based solely on
organic geochemistry and biomarker analysis the
BL and OC samples were not be able to be distin-
guished as they both contain type Il kerogen and
both have very similar biomarker distribution and
organic chemistry properties.

oz

Bati Avrupa’da petrolcilik agisindan en énem-
li havzalarindan biri olan Wessex Havzasi, hidro-
karbon olgunlagsmasi, olasi go¢ yollari, petrol-kay-
nak kaya korelasyonu agisindan simdiye dek tam
manasliyla ¢alisiimamistir. Bu galismanin amaci,
biomarker analizleri yardimiyla petrol sizintisi-kay-
nak kaya korelasyonu yapmak ve 1D havza model-
lemesi ile petrol olusum alanlarini belirleyerek Wes-
sex Havzasr’'ndaki petroliin kaynagdina ve olasi go¢
yollarina bir yaklagimda bulunabilmektir.

Havzada Mesozoyik yagli bir cok potansiyel kay-
nak kaya mevcuttur. Bunlar: Alt Liyas Siyah seylleri
—diger adiyla Mavi Liyas-, Oxford Seyli, Kimmeridge
Seyli, Purbeck Seyli ve Kiregtaglari, Nothe Seyli ve
Gault Seylleridir. Havzadaki bu kaynak kayalardan
hangilerinin yeterli olgunluga ulastigini belirlemek
amaciyla ilk olarak havza modellemesi yapiimistir.
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Havza modellemesine gére bu potansiyel kaynak
kayalardan yalnizca Alt Liyas ve kismen de Oxford
Seyli olgundur. Bu iki kaynak kaya Purbeck- Pur-
beck-Isle of Wight Fay Kusagdrnin gineyindeki
alcalmis blogunda vyeterli olgunluga erisebilecek
kadar gémulmastir. Bu kusagin kuzeyindeki butin
kuyularda potansiyel kaynak kayalarin higbiri olgun-
lasmamistir. Bu durumda, glineyde yer alan petrol
olusum alaninda tireyen petrolin daha kuzeydeki
kapanlari doldurabilmesi i¢in kuzeye dogru yatay ve
dusey gog yollari gerekmektedir. Ayrica, TR vs. Time
grafikleri de petrol tirimdnin Erken Kretase'de
basladigini, Orta-Ge¢ Kretase'de zirveye ulastigini
ve Tersiyer'de meydana gelen yiukselme nedeniyle
bu kaynak kayalarin soguyup tlrtmlerini durdudur-
dugunu gostermektedir.

Daha sonra, havza modellemesine goére ol-
gun olan bu kaynak kayaglar ve petrol sizintilar
Uzerinde biomarker analiz galismalari yapilmigtir.
Biomarker analizlerine gore butin petrol sizintisi
ornekleri benzer olgunluklara ve benzer depolanma
kosullarina sahiptirler. Fakat numune 6rneklerine ait
Ts/Ts+Tm ve 20S/(20S+20R) C29 sterane olgunluk
parametreleri olgunlasmamaya isaret etmektedir.
Mavi Liyas’a ve Oxford Seyllerine ait 6rnekler olgun-
lasmamis (immature) ¢Unkid bu numuneler bitin
potansiyel kaynak kayalarin olgunlasmamis old-
ugu, Purbeck- Purbeck-Isle of Wight Fay Kusagr'nin
kuzey tarafindan alinmistir. Biomarker miktarina ve
hopane-sterane dagilimlarina gére incelenen petrol
sizinti 6rnekleri Mavi Liyas velveya Oxford Seyl-
lerinden tiremis olabilir. Fakat Mavi Liyas ve Oxford
Seyllerinin her ikisi de tip Il kerojen igerdiginden ve
biyomarker dagihmlari ile organik kimya 6zellikleri-
nin ¢ok benzer olmalarindan dolayi yalnizca organik
kimya ve biomarker analiz yardimiyla bu iki kaynak
kaya birbirinden ayrilamamaktadir.

Key Words: Wessex, biomarker, basin model-
ling, Blue Lias

INTRODUCTION

The Wessex Basin occupies an area of 80,000
km? (Kent 1949) and it is one of the most important
petroleum basins in the UK (Figure 1). Hydrocarbon
exploration within the basin started in 1934 based
on existing anticline structures and numerous oil
seeps within the basin. The first well was drilled in
the Wessex Basin in 1937 by the D’Arcy Company.
The first field that was discovered within the basin is
the Kimmeridge Field in 1959, from which 370 bbls/
day of oil are being produced for 30 years. Although
this was a small discovery, it led to the discovery of
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Northwest Europe’s biggest onshore oilfield, Wytch
Farm with about 500 MMBDbls of hydrocarbon re-
serves. Other oilfields in the basin are Wareham,
Stoborough and Durlston Head.

There are several oil seeps that occur along the
Dorset coast. Selley (1992) mentioned 13 locations
of seepage in the Wessex Basin (Figure 2). Upwey
(Purbeck Formation), Osmington Mills (Bencliff
Grit Fm), Holworth House (Purbeck Fm), Chaldon
(Purbeck Fm), Durdle Door (Purbeck and Wealden
formations), Dungy Head (Wealden Fm), Lulworth
Cove (Wealden Fm), Mupe Bay (Purbeck and
Wealden formations), Worbarrow Bay (Wealden
Fm), Kimmeridge Bay (Kimmeridge Clay Fm), Kim-
meridge (Portland Fm), Anvil Point (Purbeck Fm)
and Pevril Point (Purbeck Fm). In addition to this
list, Lulworth Banks (oil & gas from Corallian Fm),
Duckworth, St Oswalds Bay (Wealden Fm; Selley
and Stoneley, 1984), Portland (Portlandian; Lees
and Cox, 1937) and Stair Hole, Lulworth (Wealden
Fm; Bigge and Farrimond, 1998 and Purbeck; Lees
and Cox, 1937) are also observed seepages in the
basin. There is also a small gas discovery by the
well 98/11-2 and a non-commercial gas discovery at
South Barn in the vicinity of Swanage.

There are three main organic-rich Mesozoic
source rocks within the Wessex Basin, which have
been studied for a long time, (a) the Lower Lias
shales (Blue Lias), (b) the Oxford Clay and (c) the
Kimmeridge Clay Formation. There are also other
organic-rich source rocks in the study area such as
the Gault Clay, the Purbeck Black Shale and the No-
the Clay. However, these Mesozoic intervals have
attracted little or no attention by the researchers. In
this study, these units are also examined for better
understanding of the hydrocarbon provenance with-
in the Wessex Basin.

Location

The Wessex Basin is located in southern England
(Figure 1) and comprises a series of post-Variscan
sedimentary sub-basins and intra-basinal highs that
formed across southern England and adjacent off-
shore areas (Underhill and Stoneley, 1998). Ziegler
(1990) suggested that the Wessex Basin contains
a number of extensional sub-basins which formed
part of Mesozoic intracratonic basins. The Wessex
Basin extends through Hampshire and Dorset and
through some parts of East Devon, Somerset and
Wiltshire. Armorican and Cornubian Massifs are lo-
cated to the west and southwest; London Platform
(aka London-Brabant Massif) to the north and the
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Figure 1. Location of the study area. Dash line shows the estimate boundary of the Wessex Basin.
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Figure 2. Oil and gas seepage locations in the Wessex Basin. Based on Selley (1992) (Locations 1, 6, 8
and 10 are gas seepages and the rest are oil seepages in the basin)

Central Channel High to the south (Figure 1). How-
ever, north-eastern and north-western boundaries
have not been defined yet (Underhill and Stoneley,
1998). The Hampshire-Dieppe High separates The
Wessex and Weald Basins. While the boundary be-
tween them is not clear, they might have formed a
single depositional basin in Mesozoic times (Scott &
Colter, 1987).

Basin Structure

The Wessex Basin contains four half-graben
sub-basins: The Pewsey Sub-basin, the Mere, or
Vale of Wardour Sub-basin, The Dorset Sub-basin
(Winterbourne Kingston Trough) and the Channel,
or Portland-Wight Basin. All these sub-basins were
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formed and modified by south-dipping listric normal
faults (Chadwick 1993). These Mesozoic basins be-
gan to form by the Permian rifting episode which
is related to early attempt of opening of the North
Atlantic Ocean. The rifting peaked in Jurassic and
continued up to the Middle Cretaceous (Arkell, 1947;
Zigler, 1975; Kent, 1997; Stoneley 1982). A regional
subsidence occurred during the rifting phase. These
events caused faulting along weak structural lines
such as the South Dorset-Isle of Wight Fault as
known as Purbeck-Isle of Wight Disturbance (Arkell
1947; Colter and Harvard, 1981)(Figure 3). Three
other tectonic movements occurred during the Cre-
taceous: (1) the pre-Albian movement which formed
faults and folds and resulted in erosion of the Juras-

33



Provenance And Migration Of The Petroleum Fluids In The Wessex Basin, Southern England

PV usad B e Sy

PORTLAND - ISLE OF WIGHT BASH

Gas Fesdd

5 km

Figure 3. Oil and gas fields and major structural elements of the Wessex Basin.

sic and Lower Cretaceous strata. (2) a Lower Albian
movement, which caused tilting and subsidence of
the region. (3) an Upper Cretaceous and the Low-
er Tertiary movement which led to the regression of
the Chalk Sea, tilting and folding the strata within
the region (Ebukanson & Kinghorn 1986a).The ex-
tensional movement within the region is believed
to have ceased in the Aptian. This is followed by a
Tertiary tectonic inversion which is related to the Al-
pine Orogeny, which caused folding, thrusting and
reactivation of pre-existing extensional faults within
the area (Colter and Harvard 1981). The growth or
syn-depositional faults controlled depositional stra-
ta thicknesses throughout the Triassic, Jurassic and
Early Cretaceous. After the Early Createceous, the
stress regime changed to compressional, resulting
in the reverse movement of the existing faults and
the formation of inversion structures within the ba-
sin. It is estimated from the well data 98/11-2 and
98/23-1 that the amount of uplift is 500 m to the
north of the Purbeck-Isle of Wight Fault and 1-2 km
to the south of the fault and to the north of the Cen-
tral English Channel Fault (Law 1998).

Aims and Objectives of the Study

Although Wessex Basin is one of the most hy-
drocarbon-prospective UK basins, it has not yet
been fully studied in terms of migration of the petro-
leum fluids, the maturation of the hydrocarbons and
the detailed correlation between the oil seepages
and the potential source rocks. Until now, there is no
general agreement on the migration pathway from
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the kitchen areas to the reservoir rocks and which
source rock(s) provide oil and gas accumulations in
the Wessex Basin (Cornford et al., 1988).

Therefore this study aims at:

(i) typing/correlation of the hydrocarbon occur-
rences in the Wessex Basin to the possible petro-
leum source rocks by using biomarker analysis in
order to establish the petroleum provenance in the
basin;

(i) establishing the kitchen areas in the basin by
using 1D basin modelling;

(i) establishing the migration pathways from the
kitchen areas to the reservoir rocks.

The key methodology of the study is:

(i) Field work to sample oil seeps and petroleum
source rocks in the Wessex Basin;

(i) Analysis of the oil and shale samples to iden-
tify common provenance;

(iii) 1D basin modelling to identify possible “kitch-
en” areas;

(iv) Sedimentological study to identify possible
rocks, where fluids can migrate;

(v) Study of the various faults that can provide
pathways to migration of petroleum fluids.

Dataset and Workflow

A variety of data were used for this study: 7 rock
samples and 6 oil-stained samples (oil seeps) were
collected from various outcrops for the geochemical
analyses (Table 1). Well data for basin modelling
are from published sources, the British Geological
Survey (BGS) and the UK Onshore Geophysical Li-
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Figure 4. Map showing the sample locations (Note that Gault Clay is not showing on the map since the
sample for this SR was obtained from other research study.).

Figure 5. Photos of the rock samples are the Blue
Lias (BL1 and BL2), the Kimmeridge Clay (KC),
the Oxford Clay (OC), the Purbeck Shale (DD),
the Gault Clay (GC), the Nothe Clay (NC). Photos
of the oil-stain samples are Osmington Mill (OM),
Mupe Bay(MB), Stair Hole (ST).

brary and previous literature and geological maps
were used for better regional understanding and
integration of geochemical analyses result with the
basin modelling.

SAMPLES AND METHODS

Outcrops and Sample Descriptions

Samples were collected at various locations
(Figures 4). Table 1 shows the locations of the sam-
ples as well as the ages of the rock samples. There
are seven rock samples and six oil-stained samples
used in this study. The Blue Lias (BL-1 and BL-2)
samples are dark grey and finely laminated shales.
The Kimmeridge Clay (KC) sample is grey, hard-
ened mudstone and shows no lamination as the
BL samples. The Oxford Clay (OC) is dark brown
and dark grey colour laminated shale. The Purbeck
Shale (DD) sample shows fissile texture and has
grey-dark grey colour. The Gault Clay (GC) is grey
silty mudstone with some coarser grains and shows
no lamination. DD and GC samples were obtained
from different researcher in the Wessex area. The
Nothe Clay (NC) is darker grey compared to GC
sample. The ST sample is oil-stain clastic deposits
of the Wealden Group. OM is dark brown oil stain
sample from Osmington Mill. The MB sample is the
most distinctive one among the oil-stain samples
because it is dark, black colour and heavily stained
heavy-oil smelling sample. The D2, D3 and D4
samples are from the Purbeck Group. They are oil-
stained rock samples taken from Durdle Door. The
D2 and D3 are oil-stained limestones and the D4 is
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Rock Sample Location Age Seep Oil Location
Blue Lias (BL1) Lyme Regis Kimmeridgian O'\?Im(inogl\t/lc;n Osmington Mill
Blue Lias (BL2) Charmouth Toarcian Mupe Bay(MB) Mupe Bay
Kimmeridge Clay (KC) | Kimmeridge Bay Toarcian Stair Hole (ST) Stair Hole
Oxford Clay (OC) Weymouth Oxfordian D2 Durdle Door
Gault Clay (GC) Albian D3 Durdle Door
Nothe Clay (NC) Osmington Mill Oxfordian D4 Durdle Door
Purbeck Shale (DD) Durdle Door Tithonian

Table 1. Table showing the rock samples and oil seepages locations.

oil-stained shale. The D2 and D3 are taken from the
same limestone bed with a 10 cm distance between
them.

Laboratory Work

Sample Preparation

The samples were left to be dry completely in
order them to be ready for geochemical analysis.
Then the samples were cleaned by using pentane;
the tubes and tools were cleaned by DCM/pure.
MeOH is used for dissolving water. Qil seeps were
not subjected to cleaning because it may result in
loss of hydrocarbon. Then all the rock samples and
oil seepages were crushed into powder then were
put the tubes in order to be ready for extraction.

Bitumen Extraction

For the extraction processes, 1-1.5 grams of
the crushed samples were first put into labelled test
tubes. Then 5 ml of Dichloromethane - Methanol
(DCM/MeOH) 95:5 (v:v) was added into each tube.
After that, the samples were put onto sonication for
three minutes followed by the centrifuge for 5 min-
utes on 2000 rpm. With a pipette all the liquid were
drained into another clean test tube without disturb-
ing the solid part at the bottom. From the beginning
all the steps were repeated three times. The activat-
ed cupper grains particles were then added into the
liquid samples in order to remove sulphur element
within the samples.

Column Chromatography

Column Chromatography is a procedure used
for fractionation samples into saturates, aromatics
and polars in order to use for Gas Chromatogra-
phy-Mass Spectrometry (GC-MS) analysis. Before
starting to the processes, the silica gel was activat-
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ed by heating it at the temperature of 450 C for 2
hours. Meanwhile, the columns were prepared for
further work. Quartz wool was first cleaned by using
DCM and then plugged at the tip of each column in
order for the solvent that was going to be put in to
pour out of the column. After that, activated alumi-
na gel was added to the column at about 1-1.5 cm
high. Three clean labelled tubes were prepared for
each sample: Saturates, aromatics and polars. 5 to
6 ml of Hexane is used for saturates, 5 to 6 ml. of
DCM/Hexane 1:1 (v:v) for aromatics and 5 to 6 ml.
of DCM/Methanol 1:1 (v:v) for polars is used to at-
tain three different fractions. The first fraction is for
saturate hydrocarbons or aliphatic hydrocarbons;
second is for aromatic hydrocarbons and the third
one is for polars (asphalt) compounds. Then the ex-
cessive amount of DCM is evaporated by using ni-
trogen gas. Then the proper amount of the solvents
is poured into the labelled vials, and then they were
sealed for the Gas Chromatography-Mass Spec-
trometry (GC-MS) analysis.

Gas Chromatography-Mass

Spectrometry (GC-MS)

Gas chromatography (GC) divides complex mix-
ture into smaller, individual compounds and then
transfers them into a mass spectrometry (MS) for
detection and identification of the samples. Mass
spectral characterisation was performed in full scan
detection (m/z 50-550) using Selected lon Moni-
toring (SIM). A splitless injection (1.0 ul) GC-MS
with an Agilent 6890 gas chromatograph (GC) and
Agilent DB-5 column (30 m x 250 pm x 0.25 ym)
was used with helium as a career gas. The owen
temperature was initially held at 40 °C for 2 minute
then 5 °C/min to 310 °C for 14 min. Mass specitra,
the NIST mass spectral database, relative retention
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times, and literature data have been used for identi-
fication of the compounds.

Peak Identification

Two sets of fractions were recorded by the GS-
MS: aliphatic and aromatics. Hopane and sterane
distributions (m/z 191 and 217 ions) were analysed
for aliphatic fractions and the peaks were identified
by using the ‘MSD Chem Station’ software (See Ap-
pendix 1 for the list of the peaks identitified).

GEOLOGY REVIEW

Stratigraphy of the Basin

The stratigraphy and sedimentology of the Wes-
sex Basin have been studied by several authors
(e.g. Strahan 1920; Arkell 1947; Falcon and Kent
1950; Philips 1964; Dewey 1982; Stoneley 1982;
Chadwick 1985). The Wessex Basin contains Pa-
laeozoic, Mesozoic and Cenozoic sediments that
have been deposited with an average thickness of
approximately 1500 meters. In some locations this
thickness exceeds 3500 m within the basin (Karner
et al 1987).

Tectonic Evoluation of the Wessex Basin

Hawkes et al. (1997) suggested that there are
four main tectonostratigraphic sequences that have
modified the Wessex Basin, namely Early Atlantic,
Atlantic, Biscay and Alpine.

a) Early Atlantic: Late Permian-Triassic:
This sequence is defined by two fining-upward
cycles. These cycles consist of continental clastic
facies overlain by playa facies, all related to failed
rifting of North Atlantic.

b) Atlantic: Triassic-Late Jurassic: This
sequence is characterized by successful rifting in
the central Atlantic. It contains a number of upward
shallowing facies which led to formation of several
source-seal-reservoir intervals. Source rocks such
Blue Lias, Kimmeridge and Oxford Clay and res-
ervoir rocks such Bridport Sands and Cornbrash
Limestone located in this sequence. Other char-
acteristics of this sequence are extensional faults
and rotated fault-blocks which occurred during the
rifting (Figure 6).

c) Biscay: Late Jurassic-Late Cretaceous:
It is characterized by the successful rifting of the
Bay of Biscay. Non-marine facies are observed in
this sequence such as the Purbeck Formation and
the fluvial deposits of Wealden formation. Howev-
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er, shallow marine deposition of Upper Greensand
and the Chalk also occurred as a result of the Low-
er Cretaceous tilting and erosion.

d) Alpine: Late Cretaceous-Tertiary: North-
south compression, which is related to the closure
of Tethys and the Alpine orogeny, led to the re-ac-
tivation of existing extensional faults. As a result,
inversion of many basins and inverted anticlines
in the hanging walls of existing faults occurred in
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Figure 6. Stratigraphic column of the Wes-
sex Basin showing the source rock (blue)
and reservoir (yellow) (Modified from DTI, 2003
and West, 2009).

the region (Figure 7). This inversion resulted in de-
stroying several cap rocks and escaping of hydro-
carbons from earlier traps since it allowed faults to
reopen. It also caused uplifting of mature source
rock allowing them to cool down and stop expelling
petroleum.
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Pre-Permian Phase of the Wessex
Basin

Pre- Rifl

Extensional phase of the Wessex
Basin:

Permian to Early Cretaceous

Contraction phase of the Wessex Basin:

Late Cretaceous to Tertiary

E’ns‘l-H‘l‘l- Hangingwall )
anticling

Figure 7. Schematic diagram for the tectonic
phases of the Wessex Basin. (Modified from Smith
& Hatton, 1998).

Previous Geochemical Studies on

Mesozoic Shales in the Wessex Basin

Liassic Shales

The geochemistry of the Liassic Shales has
been studied in detail by many authors (e.g. Scott
& Colter 1975; Butler & Pullan 1990; Hawkes et al.
1998; Ainsworth et al 1998). Ebukanson & Kinghorn
(1985) stated that the Lower Lias shales have a
TOC value of 7.36% at Charmouth and about 6 %
at Lyme Regis. In Henfield-1, the TOC of the Low-
er Lias reaches a maximum of 2.5 % and a max-
imum vitrinite reflectance of 0.62 % Ro. In the Ar-
reton-2 well, vitrinite reflectance values for Lower
Lias range between 0.3 and 0.9% Ro (Ebukanson
& Kinghorn, 1986a) and in the Penshurst-1 well it is
0.85% Ro. Penn et al. (1987) stated that the TOC
of Lower Lias is up to 7% in the Dorset vicinity. Mc-
Limans &Videtich (1987, 1989) published a vitrinite
reflectance map for the Lias in the Late Cretaceous.
From the research, vitrinite reflectance values for
the Blue Lias ranges between 0.7-0.9 % Ro. Ac-
cording to these authors, the Liassic Shales are the
main source rocks of the Wessex and Weald oils.
Ebukanson & Kinghorn (1990) published TOC val-
ues for Mesozoic shales in southern England, which
are: Lower Lias, max. 7%; Kimmeridge Clay, max.
20%; and Oxford Clay Formation, max 12.36%. In-
house studies, however, found TOC values of up
to 7.8% in the Blue Lias of Lyme Regis (F. Spatho-
poulos, personal communication). In Dorset the
laminated shales within the Blue Lias have average
TOC values of 2 % and a maximum of 18% (Corn-
ford, 1998). Scotchman (2001) stated that the Blue
Lias in the Kimmeridge-5 well has a TOC range
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between 1.1-1.5%. In Charmouth (Dorset) Liasssic
Shales have a TOC of 4.6-7%.

Oxford Clay

The Oxford Clay has TOC value of 12.3% and
maximum vitrinite reflectance (VR) of 0.44 % in the
Chickerell-1 well, VR of 0.42% Ro in Cranborne-1
well and 0.74 in Penshurst-1 well. (Ebukanson &
Kinghorn, 1985). The Oxford Clay has a TOC of
12% in its lower part, which consist of bituminous
shales and only 1% in its upper part comprising
calcareous mudstone and limestones. According
to Ebukanson & Kinghorn (1985), the Oxford Clay
generated oil within the Weald Basin. Butler & Pul-
lan (1990) pointed out that the Oxford Clay oil ma-
turity peaked in Late Cretaceous. Finally, according
to England (2010) the Oxford Clay in the Wessex
basin is immature with a maximum vitrinite reflec-
tance of 0.58.

Kimmeridge Clay

Ebukanson & Kinghorn (1985) stated that the
Kimmeridge Clay has TOC values up to 20% in
the Dorset area, with a maximum VR of 0.48% Ro.
Ebukanson & Kinghorn (1986a) measured vitrinite
reflectance values of 0.6% Ro in the Penshurst-1
well. Burwood et al. (1991) stated that the Kimme-
ridge Clay is in the oil window in the deep part of the
Weald Basin. Buchanan (1998) pointed out that the
Kimmeridge Clay is immature in the Wessex Basin
and Hawkes et al. (1998) supported him, by claim-
ing that the Kimmeridge Clay is immature over the
whole of southern England. Lewan & Hill (2006) re-
ported that the Blackstone Member of Kimmeridge
Clay has TOC of 54%; Tmax of 409; and Hydrogen
Index (HI) of 604. Based on its geochemical param-
eters, the Kimmeridge clay is, thus, the best poten-
tial source rock within the region.

Other Potential Source Rocks

In-house studies have shown that the Gault Clay
has a TOC of 0.56 % and a HI of 66. The Nothe Clay
has a TOC of 1.72% and a HI of 185. The Purbeck
Black Shales have relatively high TOC and HI val-
ues with 5.36% and 1251 respectively.

BASIN MODELLING

In hydrocarbon exploration, it is essential to
determine the maturity and petroleum potential of
source rocks. For this purpose, 1-D Basin Model-
ling (using the Schlumberger’s PetroMod software)
was carried out in seven wells: (1) Wytch Farm B7,
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(2) Wareham C3, (3) Lytchett 1, (4) Chickrell-1,
(5) Bransgore-1, (6) Arrenton-2 and, (7) Lulworth
Banks (Figures 1.3). The well Portsdown-1 in the
Weald Basin was used for calibration, as it has vit-
rinite reflectance values. Estimated VR values from
Ebukanson & Kinghorn (1985) were also used for
calibration.

Data Input

Main Input

The lithology and depth data for the wells were
acquired from the UK Onshore Geophysical Library
(Figure 8). Total Organic Carbon (TOC), Hydrogen
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Index (HI) and other source rock properties used for
the modelling were sourced from British Geological
Survey (BGS) and previous studies, such as Ebu-
kanson & Kinghorn (1985); Ebukanson & Kinghorn
(1986a) and Ebukanson & Kinghorn (1986b).

Basin Heat Flow

Karner et al. (1987) suggested that subsidence
in the Wessex Basin occurred during a regional
thermal subsidence, punctuated by a number of
rapid, finite, renewed subsidence events, indicating
a “polyphase” extension. Each stretching event was
predicted to initiate a major period of clay deposi-

~- R4+ 2(M
Main Input for PORTSDOWN 1
XY
W | e | s | | B
[Ma] [Ma]
Eroded 0 69 69 70 50.00 0.00
Chalk 69 257 188 500 95.00 70.00
U.Greensand/Gault 257 345 88 100.00 95.00
L.Greensand 345 33 28 75 120.00 105.00
Wealden EZE] 625 251 750 140,00 125.00
U.Purbeck 625 689 64 100 147.00 145.00
Portland 689 713 24 0 152.00 150.00
Kimmeridge Clay 73 1049 336 0 156.00 154.00
Corallian 1049 1084 34 0 160.00 157.00
Oxford Clay 1084 1233 149 0 164.00 161.00
Great Oolite 1233 1369 136 0 168.00 167.00
Inferior Oolite 1369 1487 118 0 175.00 170.00
U.Lias 1487 1573 86 0 183.00 179.00
M.Lias 1573 1660 87 0 188.00 184.00
L.Lias 1660 1905 244 0 200.00 188.00
Rhaetic/Penarth 1905 1925 20 203.00 200.00
Mercia Mudstone Group 1925 1930 5 237.00 203.00
Devonian 1930 2105 175 240.00 237.00
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Figure 8. Main input data for Portsdown-1 well. All the data was obtained from BGS.
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Figure 9. Calibration wells: Arrenton-2 and Portsdown-1. The diagram shows that the modelled VR val-
ues matches with the calculated VR and VR values from the well. Portsdown 1 well is located on the
Weald Basin being 2 km away from the Arrenton-2 well.
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tion and to contain two phases: (a) an active rift,
or mechanical phase (from 10 to 50Ma) and, (b) a
passive, thermal phase (80 to 200Ma) (Karner et al.
1987).

For calibration, the well Portsdown-1 was used
within the Weald Basin as it has VR values for the
source rocks. It is located 2-3 km to northeast of
Arrenton-2 well. Also, estimated VR values from
the Ebukanson & Kinghorn (1985) were used for
calibration Arrenton-2. These seven wells are also
used for the modelling in order to determine mature
source rock kitchen (Figure 5.2).

Paleowater Depth (PWD) and Sediment-Wa-
ter Interface Temperature (SWIT)

Paleowater Depth data was calculated from a
relative sea level curve (Ainsworth et al., 1998) and
from the well lithology (Figure 10).

Erosion Thickness

The estimate erosion thicknesses of strata were
derived from the publications of Law et al. (1998)
and Butler et al. (1998) and also from the regional
stratigraphy. Since the hanging walls of the Purbeck
and Abbotsbury-Ridge Faults have effected from
the Tertiary inversion, it is crucial to create restore
maps or cross-sections in order to model the wells
that are located on. Thus, the restore cross-sections
from the Underhill & Stoneley (1998) were used for
the study.

Burial History
Burial history diagrams obtained from the ba-
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Figure 10. Boundary conditions for Portsdown 1
well showing the input data for PWD, SWIT and
Heat flow which are calibrated with the VR values
of the same well.

sin modelling indicate that only in the Arrenton 2,
located in the hanging wall of Purbeck Fault, and
the Chickerell-1, located in the hangingwall of the
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Figure 11. Burial history for Arreton-2 with overling TR values. The Lower Lias has a TR value of up to
94. The Oxford Clay about 50 %, on the generation threshold.

40

TURKIYE PETROL JEOLOGLARI DERNEGI BULTENI



Kaya

o TRALL [%]
—
==
=n
=
001

Dopts (0]

oo -

oo

o
B 003

Time (o]

Chas

U GreenmanaitGaut:
Corallen

Outord Clay

Corrbensh
ieree Ouits

Ul

Figure 12a. Burial history for Bransgore-1 with overlying TR values. The well is located on the footwall of
the Purbeck Fault. The figure shows that all the potential source rocks are immature with the TR values
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Figure 12b. Burial history for Chickerell well with overlying TR values. The TR values suggest that the
Oxford Clay is immature with a TR value of 15% while the Lower Lias is mature with 60% TR.

Abbotsbury — Ridgeway Faults, the Liassic source
rock was buried enough to generate hydrocarbons.
As shown in the model, the Lower Lias shales were
buried up to 3000 m, enabling them to generate and
expel hydrocarbons (Figure 11). The Oxford Clay in
this well is in the threshold of generating oil. In the
other wells the potential source rocks were not bur-
ied enough to become mature (Figure 12).
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According to the above observations, therefore,
the Lower Lias shale is mature if the source rock
is located to the south of the Purbeck-Isle of Wight
disturbance, where the strata were buried deeper
than in the northern part of the Disturbance, due to
displacement of the two major faults in the area: the
Purbeck and the Abbotsbury-Ridgeway Faults.
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Figure 13. Burial history diagrams for Lulworth Banks and Wareham C3 wells with overlying TR values.
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Figure 14. Burial history for Wytch Farm B7 well with overlying TR values. The Lower Lias has a TR value
of up to 10 %, suggesting that the source rock is immature in the Wytch Farm oilfield area.
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Source Rock Maturation

The maturation of the Mesozoic source rocks
across the Wessex Basin was determined by 1D
basin modelling. The transformation ratio (TR) val-
ues (i.e. ratio of transformed kerogen to petroleum
vs immature kerogen) for source rocks increase
with maturity.

Based on the modelling results, the Lower Lias
is mature only in the wells Arrenton-2 and Chick-
rell-1. In these wells TR values for the Lower Lias is
up to 94% and 60% respectively (Figure 15). In the
other wells the Lower Lias is immature even in the
Wytch Farm vicinity (Well Wytch Farm D5). The TR
vs Time plot for the Lower Lias in these wells show
that oil generation lasted from the Early Cretaceous
until the Late Cretaceous. In addition to the Lower
Liassic, the Oxford Clay is about to enter oil window
in these two wells. The Kimmeridge Clay, however,
is immature in the all wells (Figure 16). The expul-
sion vs plot suggests that the Blue Lias in Arreton-2
had expulsed over 5 Mtons of hydrocarbons during
the Cretaceous times while the Oxford Clay had ex-
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pulsed about 0.7 Mtons of hydrocarbons during the
Late Cretaceous in the same well (Figure 16 and
17).

The wells in which the source rocks are mature
are in common that they both are located on the
hangingwalls of the two major faults: Purbeck Fault
and the Abbotsbury-Ridgeway Fault. This enables
the source rocks to be buried enough to transform
the kerogen into the hydrocarbons. They were then
accumulated within the traps to the north probably
by lateral and vertical migration. Because oil-source
correlation from the geochemical analyses shows
that the oil in the seepages might source from the
Lower Lias. Thus, this requires a N-NW migration
from source to the seepages or to the traps, in oth-
er words a migration from the hangingwalls of the
faults to the footwalls. In the wells that are located
in the footwalls, however, the potential source rock
could not burry enough to generate hydrocarbons,
probably because the area was effected by the Ear-
ly Cretaceous uplift and Tertiary inversion.
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Figure 15. TR values for 4 wells showing that the Lower Lias started hydrocarbon generation in the Early
Cretaceous and peaked in the Late Cretaceous. After the Late Cretaceous there is no oil or gas generation

took place.
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Figure 16. Expulsion vs Time plot for the Blue Lias in Arreton-2 well. The figure shows that the Blue Lias
had expulsed over 5 Mtons of hydrocarbons during the Cretaceous times.
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Figure 17. Expulsion vs Time plot for the Oxford Clay in Arreton-2 well. The figure shows that the Oxford
Clay had expulsed about 0.7 Mtons of hydrocarbons during the Late Cretaceous times.

PETROLEUM GENERATION

AND MIGRATION

Relative Timing of Migration and Generation

Although, it may be the most crucial issue for
the future hydrocarbon exploration of the Wessex
Basin, the timing of generation and migration of
hydrocarbons in this basin has been a subject of
controversy due to the complex tectonic history of
the basin.

The Mupe Bay oil seep is a key evidence to
constrain the timing of hydrocarbon migration in the
Wessex Basin. Both the clasts and the host rock
(matrix) of the Lower Cretaceous sandstone in the
Wealden Formation are stained by oil. There is a
maturity difference between the oils in the clasts
and matrix (Selley & Stoneley, 1987; Cornford et
al., 1988; Kinghorn et al., 1994; Wimbledon et al.,

Juraree ¢ Cressceosm
Torsd Thickeess

0-500m
5201000~

$200-1500m

30 ke

1996). Two hypotheses were proposed: (a) the clast
and matrix were stained at the same time; or (b)
in different times (i.e. single-phase staining mecha-
nism versus two- phase staining mechanism).

a) Single-phase staining mechanism: In
this hypothesis, both the clasts, which made of
the stained rock in Wealden Formation, and the
matrix itself were stained by oil at the same time.
The maturity differences between clasts and matrix
can be explained by biodegradation heterogeneity.
Because rocks or clast with different porosity and
permeability can be subjected to different level of
biodegradation; thus, different level of maturities.

b) Two-phase staining mechanism: Accord-
ing to this hypothesis, clasts and the matrix were
stained in different times. First, the clasts which are
older than the rock itself were stained by early ma-

Figure 18. Isopach Map showing Main Jurassic and Cretaceous sedimentary depocenters. From lan West (2013).
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Figure 19. Schematic diagram showing the oil kitchen area for the Lower Liassic Shale based on the
Basin Modelling. (Modified from lan West and Tonya West, 2008) Note that the boundary of the kitchen

is very approximate.

ture oil, generated in the Early Cretaceous. Later,
the rock matrix consisting these clasts were subject-
ed to stain by fairly mature oil, generated in the Late
Cretaceous. The Blue Lias shales were generating
oil starting from the Early Cretaceous based on this
hypothesis.

A new study showed that the clast and the matrix
are different in magnetic directions, indicating that
the oil in the clast and in matrix came in different
times, proving a two-phase oil staining. This mod-
el suggests that the oil was already being gener-
ated and was migrating by the Early Cretaceous
(Emmerton S., Muxworty A. R. and Sephton M.A.
2013). Selley & Stoneley (1987) also support the
two-phase oil staining model. Stoneley (1992) stat-
ed that the Lower Lias reached the maximum matu-
rity in the Late Cretaceous. However, the seepage
in the Mupe Bay suggests an earlier oil generation
by the Early Cretaceous.

Ebukanson and Kinghorn (1986a) stated that,
in the Wytch Farm oilfield, the oil in the Sherwood
Sandstone and the Bridport Sands came from the
same source rock, the Blue Lias. The oil proba-
bly migrated from the south of the Purbeck-Isle of
Wight Disturbance, where the Lower Lias was bur-
ied deeply enough, thus is mature (Figure 18). In
the Kimmeridge oilfield, the source rock is also the
Lower Lias shales (Selley & Stonely 1987).

Migration Pathways
The migration pathways within the Wessex Ba-
sin are also a subject of discussion. This may be be-

cause complex migration pathways and mechanism
are required in order to move petroleum from the
Liassic source rock, located to the south of the Pur-
beck-Isle of Wight Disturbance, into the carrier beds
such as Triassic Sherwood Sandstone and Jurassic
Bridport Sands.

A number of wells were proven to be unsuccess-
ful because they were drilled on the structure that
either they never accumulated hydrocarbons due
to timing or that they were never on the migration
pathway. This reveals the importance of under-
standing the timing and migration pathways within
the Wessex Basin (Hawkes et al, 1998). The explo-
ration success of specific structures within the basin
depends on the timing of hydrocarbon generation,
migration and trap formation and their relative order
to each other.

One of the major issues in terms of migration is
the movement of oil from the Liassic source rock
into the stratigraphically older Triassic Sherwood
Sandstone reservoir. A probable model is that the
faulting caused to the juxtaposition of the source
rock and the reservoir (Figure 20). It must be noted
that for the Bridport Sandstone a fault movement
may not be required, as the reservoir overlies the
Liassic source rock. A simple vertical migration with
a relatively short /ateral migration could be a good
explanation for the hydrocarbon movement from
source rock into the carrier beds (Figure 21). Pre-
dicting areas where such juxtaposition may have
occurred are important in terms of future exploration
in the Wessex Basin. The Tertiary inversion makes
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this prediction difficult, however, due to reverse
movement of the existing faults.

The Kimmeridge structure in Kimmeridge oilfield
is called ‘Lone Survivor’, as it is the only one which
preserved oil during the Tertiary uplift, while other
structures proved to be dry. There are two possi-
ble explanations for these dry wells: (a) the first one
is that petroleum existed within the traps, but, after
the uplift and disturbance of the structures, the oil
escaped either to the surface, or towards other car-
rier beds; (b) the second explanation is that the oil
never accumulated within these structures. Among
these two possible explanations, the first one is be-
lieved to be more likely, based on the oil and gas
seeps within the area and the oil shows from the
wells such as Martinstown-1 and Arreton-2 on the
Isle of Wight.

Previous studies, published isopach maps (Fig-
ure 18) and the basin modelling that was conducted
in this study indicate that the kitchen for the Lias-
sic source rock is located to the south of the Pur-
beck-Isle of Wight disturbance (Figure 19). This
suggests that both vertical and lateral migrations
must have occurred in the Wessex Basin. The po-
sition of the source rocks and reservoirs, as well
as the active and fossil seepages along the fault
planes vertically and laterally (Colter and Havard,
1981) conform to this model.

Re-migration

Underhill & Stoneley (1998) stated that re-migra-
tion did not play a major role in the movement of
hydrocarbons in the Wessex Basin. However, some
structures which were modified by the Tertiary in-
version such as the Kimmeridge closure, may have
received the oil from a late generating source rock
(the Lower Lias) or from limited re-migration from
a pre-existing, breached traps. The latter theory is
based on active oil seeps and the production of the
Kimmeridge oilfield, which proved higher than was
initially calculated.

Re-migration of hydrocarbons since the Miocene
inversion is, also, suggested by breached accumu-
lations on some surface features, indicated by oil
shows, and the present day seeps/impregnations
along the Dorset coast. Present-day seepages are
very important for the identification of re-migra-
tion pathways. To date there has been no detailed
study on re-migration pathways as it is believed that
re-migration has not led to an important hydrocar-
bon accumulation.
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Figure 20. Schematic diagram showing the pos-
sible explanation of the oil charge from the Lower
Lias shales into the underlying Triassic Sherwood
Sandstone. Half graben basin and juxtaposition of
the Triassic reservoir and the Liassic source rock.
(A) Strata before faulting (B) After faulting.
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Figure 21. Cross-sections through Wytch Farm Oil
Field showing hydrocarbon kitchen, plays and mi-
gration pathways. (A) Present Day; (B) Tertiary, be-
fore Alpine Orogeny. From Colter & Havard (1981).
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GEOCHEMICAL ANALYSES

Extractable Organic Matter (EOM)

The table below summarizes the extractable Or-
ganic Matter (EOM) for 14 samples (range 0.15 —
0.85%). From the table, ST, MB, and OM (2ml) sam-
ples did not have powder because they have been
taken from ST, MB, OM samples and been diluted
for ease of analysis. 2 ml of the original extraction
aliquot from three oil samples (ST, MB & OM) was
taken to dilute with 8 ml of DCM. After well mixing of
the sample and DCM, an aliquot of 2 ml from each
sample (ST, MB, and OM) was separated in different
tube and labelled, for example, ST (2ml). The neg-
ative value (-5.4) of BL2 sample indicates that there
was an error in the measurement.

Molecular Composition

All the rock and seep samples analysed shows
that the normal-alkanes and isoprenoid alkanes
have been biodegraded since they are more vul-
nerable to alterations compared to hopanes and
steranes. However, steranes can be altered due
to heavy biodegradations so extra care should be
taken for the interpretations based on sterane dis-
tributions. Gault Clay sample (GC) has no biomark-
er so that the biomarker analyses for this sample
could not be conducted. Moreover, D2, D3, D4, KC,
MB, OM and ST samples contain tricyclic terpanes
(C19-C27).
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Correlation of Oil Seeps

The relative distributions of C31-35 17a (H), 21
(H) 228 and 22R homohopanes can be used as an
indication of the relative origin of the samples. The
homohopane distribution diagram (Figure 22) for the
seep samples (D2, D3, D4, MB, OM and ST) shows
that the curves are sub-overlapped with each other.
This overlap explains that the the source rock that
generated oil within these samples were deposit-
ed in similar environmental conditions. Peters and
Moldowan, (1991) stated that the homohopane dis-
tribution can also be affected by the thermal matu-
rity so that the curves also have maturity indication.
While the C,, homohopane index increases with
increasing thermal maturity, C,, index decreases
(Peters and Moldowan, 1991). The diagram shows
that the samples have similar value of C31 and C35
index which is likely for them to have similar ma-
turities. However, ST samples has slightly different
curve compared than other.

According to Ourisson (1979 & 1984) C31-C34
homohopanes comes from bacteriopolyhopanol of
prokaryotic cell membrane while C35 homohopane
may due to heavy bacterial activity. Peters and
Moldowan (1991), on the other hand, pointed out
that abundant C35 homohopane may be the indi-
caters of highly reducing —low Eh- marine condition
while low C35 concetration could be explain by oxi-
dizing — high Eh- water condition.

Sample . Weight Tube+ .
powder Weight of Copper Extraction EOM EOM EOM
Sample . of tube . tubes
weight ) copper weight weight (g) (g/9) (mg/g) (%)
(9) (9) (9)

GC 1.7937 7.7791 0.0725 7.8516 7.8531 0.0015 1.5 0.15

KC 1.6976 7.6572 0.0995 7.7567 7.7597 0.003 3 0.3

NC 1.8578 7.8734 0.0855 7.9589 7.9609 0.002 2 0.2

ocC 1.6242 7.7105 0.0873 7.7978 7.8038 0.006 6 0.6
DD 1.8886 7.7992 0.0807 7.8799 7.8884 0.0085 8.5 0.85
BL1 1.6001 7.6758 0.1029 7.7787 7.7863 0.0076 7.6 0.76
BL2 1.6566 7.8027 0.0662 7.8689 7.8635 -0.0054 -54 -0.54
MB 1.7597 7.8261 0.0742 7.9003 8.023 0.1227 122.7 12.27
ST 1.6241 7.5929 0.0668 7.6597 7.7566 0.0969 96.9 9.69
OM 1.6268 7.5843 0.115 7.6993 7.8481 0.1488 148.8 14.88
D2 1.7031 7.7487 0.0757 7.8244 7.8375 0.0131 13.1 1.31
D3 1.5376 7.7553 0.0709 7.8262 7.8385 0.0123 12.3 1.23
D4 1.5617 7.743 0.1125 7.8555 7.8582 0.0027 2.7 0.27
ST(2ml) 0 7.738 0 7.738 7.7419 0.0039 3.9 0.39
MB(2ml) 0 7.7382 0 7.7382 7.7427 0.0045 4.5 0.45
OM(2ml) 0 7.7963 0 7.7963 7.8037 0.0074 7.4 0.74

Table 2. Table showing the extracted organic matter (EOM) from the analysed samples.
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C31 C32 C33 C35

Figure 22. C31-35 17a (H), 218 (H) 22S and 22R
homohopanes distribution diagram.

Environmani

/

Co7 ¢
Figure 23. C27-C28-C29 sterane ternary dia-
gram showing the depositional environment of the

source rocks. After Shanmugam(1985) and Huang
& Meinschein (1979).

Depositional environment of source rocks
Ternary diagram is used for determining the
depositional environment of the source rocks. C27-

C28-C29 sterane ternary diagram (Figure 23) is
divided into four main environments: open marine,
lacustrine, estuarine and terrestrial. From the Figure
23 most of the samples are concentrated in a small
area, in estuarine environment except ST, D2, D3
and DD samples. ST sample shows high concen-
trate of C29 while D2, D3 and DD samples shows
high C27 sterane concentration.

Tricyclic terpanes also depositional environment
indicators, which according to Aquino et. al. (1983)
they are associated with marine source. They are
also indictor of maturity (Van Grass, 1990). Hunt
(1996) also stated that the tricyclic terpanes in-
creases in dominance with increasing maturity.

Maturation

Maturation of crude oil is an important parame-
ter for oil-oil and oil-source correlations. Biomarker
maturity parameters Ts/Ts+Tm and 20S/(20S+20R)
C29 sterane ratios are used in order to deter-
mine maturity of the samples (Table 3) The 20S/
(20S+20R) C29 sterane is one of the most com-
mon molecular maturity parameters in petroleum
geochemistry (Peters and Moldowan, 1993). From
the table 3, the values for the 20S/(20S+20R) C29
sterane ranges from 0.12 to 0.82. The highest ratios
belong to the seep sample while the lowest one is
KC sample with 0.12. BL-1, BL-2 and OC samples
are very close to each other with the maturity values
of 0.28, 0.27 and 0.26 respectively, showing imma-
turity for these samples. NC is also immature (0.24)
based on this maturity parameter.

Ts/Ts+Tm maturity parameter values vary be-
tween 0.39 and 0.78. The seep samples, again,
have the highest values. BL-1, BL-2 and OC sam-

Sterane
Ts/ Hopane, C31 : Steranes (S+R) %C27
Sample | Ts/Tm | 7o .rm) | 225/(225+22R) Cé%gi;gg)s’ %C28 %C29
OM 3.25 0.76 0.67 0.51 3147 | 25.35 | 43.18
ST 3.46 0.78 0.74 0.82 29.12 7.80 63.08
D2 1.71 0.63 0.78 0.11 51.59 | 1947 | 28.94
D3 2.14 0.68 0.86 0.74 65.47 | 16.17 | 18.37
D4 1.64 0.62 0.56 0.41 40.16 | 11.35 | 4849
MB 2.03 0.67 0.62 0.47 2086 | 24.05 | 46.09
BL1 0.66 0.40 0.36 0.28 32.05 | 22.97 | 44.99
BL2 0.62 0.38 0.32 0.27 27.78 | 23.12 | 49.10
KC 1.40 0.58 0.85 0.12 31.98 | 23.83 | 44.19
NC 0.64 0.39 0.24 34.26 | 1559 | 50.15
oC 0.71 0.41 0.26 33.98 | 23.75 | 4227
DD 2.09 0.68 0.13 0.14 48.08 | 22.85 | 29.07

Table 3. Table showing the biomarker maturity parameters and C27, C28, C29 Steranes.
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ples have similar values for his parameter as well
(0.40, 0.38 and 0.41 respectively). KC, however,
has a value of 0.58, which indicates a higher ma-
turity values compared to C29 sterane maturity pa-
rameter. It is because Ts-Tm indicator depends on
not only thermal maturity but also source and ox-
idization. Based on these two biomarker maturity
parameters only the oil-seep samples have mature
signatures while the rock samples, however, are all
immature.

1.4 Biomarker Abundance

Each sample has its own unique gas chromato-
gram distribution/pattern based on their biomarker
content, thus this can be a guideline for maturity
indication and oil-oil or oil- source rock correlation.
The distribution patterns of OM, MB and ST, with
some noise on ST sample (Figure 24). Likewise,
D2, D3 and D4 samples have the similar pattern.

Kaya

Among the rock samples, KC has a different pattern
compared to BL and OC samples. BL-1, BL-2 and
OC samples have very similar distribution patterns
due to their biomarker content similarities.

Lithology of Source Rocks:

Clay-rich vs Carbonate-rich

Source rocks can be divided into two categories:
Clay-rich and carbonate-rich. Based on previous
geological studies it is known that the Lower Lias is
more carbonate-rich compared to the Oxford Clay
and the Kimmeridge Clay, which are more clay-rich
source rocks, especially the Oxford Clay. This clas-
sification can be useful in determining the source
of the migrated oil. Diastrane/sterane ratio, relative
abundances of C27 and C29 sterane, Sterane/ho-
pane ratio, C29/C30 and C35/C30 hopane ratios
of the seep rocks in order to classify the source as
clay-rich or carbonate-rich (Table 4 and 5).
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Figure 24. Figure showing the hopane (m/z 191) distribution patterns of the samples.
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BL1|BL2| D2 | D3 | D4 | DD | KC | MB | NCc | OC | OM | ST

C29 aB/C30 af 164 |360|058|074|044|078|053|0.25|0.07|1.49|036|026
C%Lg“’ 070 | 1.57 | 1.81 153|063 077|074

Diasterane/| C28 Ba/

oteoe 28 B 9.99 | 8.03 | 4.49 024|136 179|813
C29 Ba/ 4.93|9.09|1.78 075 | 1.07 146|055
aaa

C35 o S/C30 af 0230.11 | 0.21 0.02 0.05 | 0.48

C35 ap (S+R)/C30 af 0.36 | 0.16 | 0.30 0.05 0.08 | 0.62

Table 4. Table showin the paramaters that can be used to distinguish clay-rich from carbonate-rich source rock.

Diasterane/sterane ratio

Clay-rich source rocks have high diasterane
vs. regular sterane content (Peters & Moldowan,
1993). Because clay minerals have a major role on
transforming steroids into diasteranes. Thus, Dias-
terane/sterane ratio is high for clay-rich samples
and low for carbonate-rich samples. From the ta-
ble above this ratio ranges between 0.70 and 1.81
for C27 Ba/aaa; 0.24 and 9.99 for C28 Ba/aaa and
0.55 and 9.09 for C29 Ba/aaa.

C27 aaa 20R sterane and C29 aaa

20R sterane abundance

Relative abundance of C27 aaa 20R sterane
and C29 aaa 20R sterane is another parameter
that can be used in determining if a source rock
is clay-rich or carbonate-rich. For clay-rich source
rocks C29 is greater than C27, whereas for car-
bonate-rich source rocks C27 is greater than C29.
C27 and C29 sterane percentages are given in the
Table 5.From the Table 5; C27 sterane % is higher
than C29 for the samples: D2, D3 and DD while all
the other samples C29 is higher than C27.

C29 af/C30 ap hopane ratio

This ratio is high (more than 1) for carbon-
ate-rich source rocks while low for clay-rich source
rocks. From the table above the ratio is higher than
1 for the samples: BL-1, BL-2 and OC, for all the
other samples it is lower than 1.

C35 af S/C30 ap hopane ratio

C35 af S/C30 ap ratio is another parameter
that it is used for distinguishing clay-rich vs. car-
bonate rich source rocks. It is low for clay-rich and
low-to-high for carbonate-rich source rocks. Table
4 shows that this ratio ranges between 0.02 and
0.48.

Based on clay- vs carbonate-rich indicators, the
distinction between the Blue Lias and the Oxford
Clay is not likely as the parameters of these sam-
ples are very similar to each other. It should also be
noted that all these parameters can be affected by
biodegradation and the deformation of the effects
on these parameters increases with the increasing
biodegradation.

Sterane % ST oM ocC NC MB KC DD D4 D3 D2 BL-2 | BL-1
C27 aaaS | 2840 | 29.54 | 3456 | 44.63 | 31.23 | 63.13 | 37.33 | 55.81 | 66.63 | 65.04 | 32.67 | 33.45
C27aoca R | 31.92 | 33.26 | 33.78 | 29.91 | 28.70 | 23.46 | 50.13 | 22.80 | 64.32 | 44.72 | 25.90 | 31.44
C27 aoa SR | 29.12 | 3147 | 33.98 | 34.26 | 29.86 | 31.98 | 48.08 | 40.16 | 65.47 | 51.59 | 27.78 | 32.05
C29 a0 S | 64.85 | 45.86 | 42.03 | 41.38 | 46.73 | 23.91 | 25.00 | 37.54 | 27.41 9.76 | 47.21 | 41.23
C29 aoaa R | 56.20 | 40.69 | 42.36 | 53.83 | 45.55 | 49.73 | 29.85 | 60.65 | 9.40 | 38.73 | 49.83 | 46.61
C29 aaa SR | 63.08 | 43.18 | 42.27 | 50.15 | 46.09 | 44.19 | 29.07 | 48.49 | 18.37 | 28.94 | 49.10 | 44.99

Table 5. %C27 aaa Sterane and %C29 aaa Sterane.
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DISCUSSION

Basin modelling results suggest that the oil in
the Wessex Basin is likely to be sourced from the
Lower Lias with some contribution from the Oxford
Clay. These source rocks, however, are only ma-
ture in the wells which are located to the south of
the Purbeck-Isle of Wight Disturbance. The hydro-
carbon generation from these source rocks started
from the Early Cretaceous and peaked in the Middle
Cretaceous. Other potential source rocks, the Kim-
meridge Clay, the Gault Clay, the Nothe Clay and
the Purbeck Shale, have not entered the oil window
in any area of the basin.

The question that was next focused on was:
does the oil come from the Lower Lias or from the
Oxford Clay? In order to correlate the oil seeps to
the source rocks, GC-MS analyses were conduct-
ed. From sterane maturity parameters all the seep
samples have mature signatures, whereas all the
rock samples have immature signatures. The Blue
Lias and the Oxford Clay samples have values of
0.27 and 0.26 respectively. This is consistent with
the basin analysis because the sampling locations
are located to the north of the Purbeck-Isle of Wight
Disturbance, where all the potential source rocks
are possibly immature based on the basin model-
ling results.

Ts/Ts+Tm maturity parameter gives almost the
same result, with some small difference. The differ-
ences may due to source or oxidation, since Ts-Tm
parameter is affected by all these conditions. Thus,
the sterane maturity parameters are mostly hon-
oured in this study.

C31-35 17a (H), 21B (H) 22S and 22R homo-
hopane distribution for the seep sample shows that
the oils within the samples were deposited in similar
depositional conditions.

The depositional environment correlations were
done by C27-C28-C29 sterane ternary diagram.
Based on the previous studies, the Lower Lias and
the Oxford Clay contain type Il kerogen. The ternary
diagram suggests a “biodegraded oil” from type |
kerogens. There are two anomalies within the dia-
gram: ST sample and D2, D3 and DD samples. The
explanation for these anomalies could be explained
by the following statements:

(i) High amounts of C29 are related to terres-
trial (plant) input in a sample ((Mackenzie et al.,
1982; and Czochanska et al., 1988). ST sample is
from the Wealden Formation which contains fluvial
deposits from the Early Cretaceous. Type Il organ-
ic matter might mix with the terrestrial organic mat-
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ter from the Wealden deposits. This mixture might
be the cause of the high concentration of the C29
for ST sample.

(i) High amounts of C27 might be related to
algae input in a sample. Since D2, D3 and DD
samples are from the Lower Cretaceous Purbeck
Shales and Limestone, the high concentration of
C27 might be the result of the mixture of type Il
organic matter with lagoonal algae input, which
cause these samples occur in the blues area of the
ternary diagram (Figure 6.2). This mixture might
also be an explanation for the relatively low matu-
rity values.

Extracted organic matter (EOM) is also a solid
parameter which may help the correlation. The val-
ues for the KC, NC, GC are very low 0.3, 0.2 and
0.15 respectively (Table 2) EOM values suggest
that these rock samples have low thermal maturity
which is consistent with the basin modelling results.
OC and BL samples, again, have similar EOM val-
ues, meaning that the EOM values cannot be used
for differentiate these two source rocks.

From the geochemical results, oil seep samples
have likely the same origin based on their similari-
ties on maturity and depositional environments. The
basin modelling suggests that there are two possi-
ble source rocks within the basin: the Blue Lias and
the Oxford Clay. Since these source socks have
similar type of kerogen (type IlI) and organic com-
pounds and biomarker distribution, every parame-
ter used for identification and correlation are either
same or very close to each other. This makes the
oil-source rock correlation based on biomarkers not
feasible. However, it can still be suggested that all
the oil seeps likely to have similar origin either the
Blue Lias or the Oxford Clay or in some places from
both of them.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

All three potential source rocks in the Wessex
Basin contain II, Il and /Il type kerogen with both
oil- and gas-prone (Ebukanson and Kinghorn,
1985). Based on basin modelling results, among
the potential source rocks within the basin, only the
Lias has reached a maturity sufficient to generate
and expel petroleum to charge the traps of the pro-
ducing petroleum fields. The Lias is mature only in
the areas where thick Wealden Group sediments
were deposited, which led the underlying strata to
be buried deeper (McMahon & Turner, 1998). Also,
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the Lower Lias is mature in areas where it was bur-
ied deeply enough by major faulting. Basin Model-
ling suggests that the oil generation from the Lower
Lias black shales lasted from the Early to Middle
Creatacous. The structures that were formed by
this time and were not effected by the Tertiary in-
version, may be the best targets for future explo-
ration. Any structures that were formed later than
this time, might also accumulate hydrocarbons, by
re-migration from breached reservoirs, or by very
late oil generation. The kitchen area of the Blue Lias
is located in the southern part of the Purbeck-Isle
of Wight Disturbance, or in the hanging walls of the
Purbeck Fault and the Abbostbury-Ridge Fault. Any
possible hydrocarbon accumulations are located
withing these areas, due to the juxtaposition of the
Lias source rock and Triassic reservoirs and the
stable traps which were not affected by the Terriary
inversion.

In some areas, the Oxford Clay just reached the
oil window threshold during Late Cretaceous. Some
carier beds in the basin might have charged by this
source rock. However, there is no evidence to sug-
gest if the contribution from the Oxford Clay is signif-
icant. On the other hand, the Kimmedirge Clay, the
main source rock in the North Sea, is immature in
the Wessex Basin, along with other potential source
rocks, such as the Nothe Clay, the Gault Clay and
the Purbeck Black shales due to either their low or-
ganic content or low thermal maturity.

C27-C28-C29 sterane ternary diagram suggests
that the all the oil seeps might have the same origin
since most of the samples are located in a small
area. These is also supported with the C31-35 17a
(H), 21B (H) 22S and 22R homohopanes distribu-
tion.

Both the Basin Modelling and geochemical anal-
yses suggest that the Blue Lias shales is likely to be
the main source rock that is responsible for the oil
seeps and oil accumulations with some attribution
from the Oxford Clay. However, biomarker analysis
is not useful to distinguish these two source rocks as
they contain similar type of organic matter and sim-
ilar biomarker distribution. Other potential source
rocks within the basin show little or no maturity with
little organic content.

Recommendations

Further study could include 2D Basin Model-
ling in order to determine any intra-cratonic basins
(localized kitchens) in which the potential source
rocks might be buried enough to contribute to the
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hydrocarbon accumulation within the basin. Also,
as the molecular (biomarker) analysis could not
distinguish the Lower Lias and the Oxford Clay it
would be useful to conduct elemental or/and isoto-
pic analyses. This way, these two source rock may
be distinguished in a clear way. Another study would
be the modelling the migration pathways in order to
determine the alternative migration ways from the
kitchen area into the carrier beds.
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Appendix
Appendix 1: Peaks identification for hopanes
and sterane distributions

Hopanes (m/z 191 mass cromoatogram)
Ts 18a (H)-22, 29, 30- Trisnorneohopane

Tm 17a (H)-22, 29, 30- Trisnorhopane

C,,- 17a (H), 218 (H) — Hopane

C,-17B (H), 21a (H) — Hopane

C,,- 17a (H), 218 (H) — Hopane

C,,- 17a (H), 218 (H) — Hopane (22S)

C,,- 17a (H), 21 (H) — Hopane (22R)

C,,- 178 (H), 21a (H) — Hopane (22S) —More-
tane

C,,- 17a (H), 218 (H) — Hopane (22S)

C,,- 17a (H), 21 (H) — Hopane (22R)

C,,- 178 (H), 21a (H) — Hopane (22S) —More-
tane

C,,- 17a (H), 218 (H) — Hopane (22S)

C,,- 17a (H), 218 (H) — Hopane (22R)

C,,- 17a (H), 218 (H) — Hopane (22S)

C,,- 17a (H), 21 (H) — Hopane (22R)

C,,- 17a (H), 218 (H) — Hopane (22S)

C,,- 17a (H), 218 (H) — Hopane (22R)

C,,— C,,— Hopene

C,,— C,, — Benzopene

C19-20-21-23-24-25-26-27 Tricyclic Terpane

Steranes (m/z 217 mass cromoatogram)
C27 5a (H), 14a (H), 13B (H) sterane (20S)

C27 5a (H), 14a (H), 13B (H) sterane (20R)
C27 5a (H), 14 B (H), 133 (H) sterane (20S)
C27 5a (H), 14 B (H), 13B (H) sterane (20R)
C28 5a (H), 14a (H), 13 (H) sterane (20S)
C28 5a (H), 14a (H), 13 (H) sterane (20R)
C28 5a (H), 14B (H), 13B (H) sterane (20S)
C28 5a (H), 14B (H), H) sterane (20R)
C29 5a (H), 14a (H), H) sterane (20S)
C29 5a (H), 14a (H), H) sterane (20R)
C29 5a (H), 14B (H), H) sterane (20S)
C29 5a (H), 148 (H), H) sterane (20R)
C30 5a (H), 14a (H),
C30 5a (H), 14a (H),
C30 5a (H), 14B (H),
C30 5a (H), 14B (H),

H) sterane (20S)
H) sterane (20R)
H) sterane (20S)
H) sterane (20R)

P Ry

138
138
138
138
136
136
138
138
13B

Diasterane

C21 13a (H), 17a (H) —Diasterane (22S)
C21 13a (H), 17a (H) —Diasterane (22R)
C21 13a (H), 178 (H) —Diasterane (22S)
C21 13a (H), 1783 (H) —Diasterane (22R)
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C22 13a (H), 17a (H) —Diasterane (22S)
C22 13a (H), 17a (H) —Diasterane (22R)
C22 13a (H), 17p (H) —Diasterane (22S)
C22 13a (H), 17p (H) —Diasterane (22R)
C27 13B (H), 17a (H) diasterane (20S)
C27 13B (H), 17a (H) diasterane (20R)
C27 13a (H), 173 (H) diasterane (20S)
C27 13a (H), 17p (H) diasterane (20R)

C28 13B (H), 17a (H) diasterane (20S)
C28 13B (H), 17a (H) diasterane (20R)
C28 13a (H), 17B (H) diasterane (20S)
C28 13a (H), 17B (H) diasterane (20R)
C29 13B (H), 17a (H) diasterane (20S)
C29 13B (H), 17a (H) diasterane (20R)
C29 13a (H), 178 (H) diasterane (20S)
C29 13a (H), 17B (H) diasterane (20S)
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