CORRELATION OF THREE OILS FROM THE NORWEGIAN NORTH SEA

SUMMARY

Three aude oil sanpxdes from twvwo Mobil welis in the Nornwvegan
sector of the North Sea - 3393 (AT 2 ad 3122 Ot 2
ad 5T 5 haave been eanrirned using high resolution analytical
techniques.

Conpositional differences betwvveen the oils are minima ad
suggest that they ware derived from a aymon source rock in
which the kerogen wsaes largely nmnomv-narine algal material>>  The
ervironmert of deposition of the souce sedinmert wses prooably
lacustrine but possibly lagoonal.
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This report presents the results of a geochemmical study of
three Norwvwegan North Sea aude oils fromm Mobil’s 33/9-3 ad

3VI22 CsSis 2 ad 5 wwells.

The study was designed to determine whether all three oils
were produced from the sane source rock horizon. S studies
are primarily a correlation betnween aude oils ad organic
matter, ad relate to source rock intervals through the
assunption, anmoily justified, that the kerogens within the

possible source rock intervals are distinctively different.

This study waes authorised by M H P Raveling of NMobil Exploration
Noway Inc.

ADNALYTICAL

Oil correlation studies require high resolution analytical
techniques as Mmeaningful results haae to be derived from fine
differences, gross differences betvnween oils being generally
(but Nnot avvaerys) a function of other processes ad not of

the source.

For the pupose of this study, gss chromatography of the gasoline
range (Q-C7) hydrocarbons ad the s+ paraffimléfnaphthenes

ad carlbbon isotope ness spectroscopy of the paraffiléfnaphthene
ad aroratic hydrocarbons weaere selected.

The three oil sanpes ware assigned the job rumber 17 ad
sequential sanpde runbas fromm -O01L to -003.

The analytical data are preserted in tables 1 through 3
ad graphically in figure 1.

GBANEL INFORVATION

Ten copies of this report heae been forvvarded to M H P Raveling,
Nobil Exploration Nonnay Inc. A acopy of the data hes been
retained by Gaodsamn for future consultation with authorised
Nobil personnel.

All of the data ad interpretations related to this study are
regarded as highly confidential ad are proprietary to Nobil
Exploration Nornay Inc.



A= 1TSS AD INTHEFRETATION

The results derived from the individual analyses will be
discussed in turn, following which, condusions will be dann
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The data presented in table 1 dovw that the detailed oy
anpoud ad goup (e.g. Nmnaphthenes) conmposition of these
three caude oils is very similar.

Sne relatively minor differences are indicated by the ratios
of the individual hydrocarbons. The OS5I 2 sanrde fromm 33122
haes higher values for the ratios of coydohexane to methyl-
cyclopentane, methylcyclopentane to methylcydohexane ad
2-nmetihvihexane to 3-netlhyviheane than the other twwo audes
which resenble eadh other very closely. Variations involving

individual mnaephthenes (cycloparaffins) are less likely to
reflect differences in either the Mmaturation state of the oil

or its migrational history ad nmnoe likely to indicate souce
variations. In this case, the differences are relatively small.
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Hydrocarbons constitute a similar proportion of all these
crudes, but the paraffin-naphthene to aromatic ratio (able 223
is quite variable betneen these three oils. The nost striking
contrast is betvveen the OS5I 5 sanpde fromm 33122 ad the other
WO caudes as the former is significantly moe aromatic ad
contains less of the paraffin-naphthenes.

Within the paraffin-naphthene fraction (table 2B the sae oil
hes a saoryenret lovnwver proportion of mnaphthenes ad rather maoe
nomal paraffins. The carbon preference indices for all three
sanppdes are essentially unity.

The high proportion of mnaphthenes within the total paraffin-
naphthene fraction suggests that all three audes waere derived
froon source rocks rich in algal organic matter. AL the saae
time, the gravity of the cudes ad the relative aobsence of
steranes an the gaos dyomatogamnm (figure 1) suggests a mature
source rock.

The dyoryatoganns also dovw relatively lovw noma paraffin
peaks beyod rCS+CO f°r the HAT 2 sanpe from 33/9-3. In
the other twvwo sanpes, these peaks are significantly higher.
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The carbon isotope conmposition (relative to HB of the
paraffin-naphthene ad aromatic fraction are plotted as the
WMo aes of the gaph in figure 1 As the values beacaore
noe negative, o the proportion of the lighter isotope (C122)
iNncreases.

Cabon isotopes are an extremely effective metthod of correlating
aude oils to each other or to parent source rocks ad also
provide a armmat uyoon the character of the organic matter in the
source sedimert.

These three oils are very similar ad such differences as exist
fall within the limits which are caomoily encourttered for oils
from a single source. Haoe there is ro evidence to suggest
that any of the oils ary®e fromnm different source horizons.

Furthermmore, the abudace of the light isotope in these audes
is reminiscent of the Geen River oil shale ad suggests the
probability of a nonrmarine ervironmertt of deposition.
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The compositional differences betwvnween these three oils which

were detected using a selected suite of analyses are minimal

iNn tems of source. Gasoline raange ard carbon isotopic data

are very similar ad sudh variations as exist fall within the
range that wwould be expected for a single family of oils. This is
also true of the kbeakkdonn of the paraffin-naphthene fraction into
is conpoert gouos whilst the differences betwnween the gss
dyoratogants of this fraction are probably not a function of
source.

The variations in aromaticity are real ad probably reflect daenoges
iNn the proportions of the different kerogen types which constitute
the total organic matter in the sowuwce rock. Nevertheless, the
significant feature is the high mngohthene content of all the oils,
which enphasises their overall similarity ad the fact that they
were derived from a similar type of organic matter.

The covbhined data strongly suggest that these three aude oils
were derived from essentially the sae type of organic matter.

Although the audes are naphtheneic, sterane peaks are Nnot
significant in the gaos dvyoratogas. This indicates that the
source organic matter was dominantly algal ad thermally mature.
Furthermore, the relative aoudance of the light carbon isotope
A2 suggests that the algae ad the ervironmerit of deposition
waes non-marine ard probably lacustrine (but possibly lagoonal).



The compositiona! similarity of the three aude oils stongly
suggests a amaon parent source rodk, ad this is confirmed by
the reguirement of a nmnon-marine algal-rich sowuce bed



Cd-Cl DANIA - NORWALITSTD AOMMCHTIONS

3393 V122 3¥VI1>2>-

AT 2 s 2 OS5
Isobutane 3.1 3.3 3.8
N-butane 114 13.9 151
Isopertane 8.3 8.8 8.8
n-pertane 14.0 14.5 136
2, 2-Dimethylbutane o3 0.3 0.2
CSydopertane 1.6 1.7 1.6
21 3-Dimethylbutane 0.6 0.6 0.6
2-Nethyipentane 55 54 51
S-Nethyiperntane 34 33 3.1
nHeae .2 o4 89
Nethylcycdclopentane a4.7 A4.7 4.6
2, 2-Omethylperntane 0.2 0.2 0.2
Barrzere 4.4 39 3.6
2, A-Dimethwipentane - - -
2, 2, 3-Trimethylbutane - 0.0 -
Sydohe<ane 53 53 52
3, 3-Dimethwyiperntane o3 0.2 0.2
1, 1I-Dimethylcydopentane 0.6 0.5 0.5
2-Nethviheane 33 29 29
2, 3-DOimethylpentane - - -
1, c-3-Dimethyicycdclopentane O.7 0.6 -
SMettyihexane 3.6 25 3.2
1 t-3-Dimethyilcyclopentane - O.7 O.7
1 t-2-Dimethylcyclopentane 1.8 1.6 1.6
SEthylpentane o.4 o3 0.3
N-Heptane 6.2 55 5.6
1, c2-Dimethylcyclopentane o4 0.3 0.3
Nethylcydohexane 6.3 5.6 6.0
Taoluene 4.5 4.0 4.3
Total n-paraffins 40.8 a43.3 a43.2
Total iso-paraffins 2900 27.8 284
Total napththenes 21.4 21.0 205
Total aromatics 89 7.9 7.9

RANCGS
2-Nethylpentane/3-methyilperntane 1.62 1.64 165
i sopentane/n-pertane 0.59 O.61 o.65
cylohexane/methylcydcopentane o.84 0.95 0.87
methylcyclopentane/methyl- o.75 o.sa O.77
cyclohex

2 -methwvihex<xane/3-methylhexane o.9o2 116 0O.91



TAAE 2A

Conposition (Nomalised 29 of G ™. Material

NATHENES O 2E=DPS
NUMVEER A NEO NEO AT-ATENES
1 7-0O01L 33/9-3 50.8 28.8 1.76 128 1.8 58 79.6
AT 2
17002 3122 53.1 26.1 2.03 125 54 2.9 7.2
s 2
1 7-003 3122 46.1 36.7 1.26 13.4 03 35 82.8
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Goup Conposition (Nommalised 29 of QG 54- Paraff in-Naphthenes

33/9-3
AT 2

3122
s 2

3122
Csr 5
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