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Abstract

Jurassic sequences have long been considered the key source rocks in the Norwegian Sea. However, in the Mgre and Vering Basins, these
intervals are likely to be exhausted of any hydrocarbon generation potential due to deep burial and corresponding high maturity. An integrated
geochemical and basin modelling investigation was therefore carried out to understand the potential for younger deepwater plays on this part of
the Norwegian Continental Shelf. Evaluation of key source rock characteristics including richness, kerogen type and maturity, provided an
initial appraisal of Cretaceous sources, which indicate the potential for both oil and gas generation, whilst optical maturity data indicate
immature-early oil window maturity throughout most of the drilled locations. Many hydrocarbon samples from the deepwater wells exhibit
very different geochemical compositions compared to hydrocarbons associated with Jurassic sources. For example, stable carbon isotope
compositions of fluids and stains from the Ellida discovery and Ormen Lange field are heavy (-28.5%o to -26.5%0) when compared to the
Tyrihans field (which has a strong correlation to the Spekk Formation) at -29.5%o. This significant isotopic variation is attributed to alternative
sourcing rather than facies heterogeneity or maturity differences within the Spekk Formation. Further evidence for Cretaceous sourcing comes
from the biomarker compounds. Greater C,9 hopane contents in the hydrocarbons of the deeper basins correlate strongly with the more
terrestrial signature of potential Cretaceous source intervals. Close proximity of these drilled locations to the palaeo-coastline is likely to have
increased terrestrial contribution in comparison with the typical open-marine signature of Jurassic sources. In addition, the high 24-
nordiacholestanes, a class of age-diagnostic biomarkers, demonstrate the likelihood of a Cretaceous interval having sourced these
hydrocarbons. 1-D basin modelling was conducted for selected drilled wells in the study area, calibrated to measured vitrinite reflectance and
temperature data. The models predict main oil window maturity (0.7-1.0% Ro) for the Jurassic sources in the deepwater wells. However, it is
likely that the more deeply buried kitchen areas will hold highly mature and post-mature Jurassic source rocks, with Cretaceous intervals
potentially lying in the oil window.


mailto:laura@igiltd.com

References Cited

Blystad, P., H. Brekke, R.B. Feerseth,; B.T. Larsen, J. Skogseid, and B. Tgrudbakken, 1995, Structural Elements of the Norwegian Shelf, Part
I1: The Norwegian Sea Region. Norwegian Petroleum Directorate Bulletin no. 8, 44p.

Brekke, H. S. Dahlgren, B. Nyland, and C. Magnus, C; 1999, The prospectivity of the Varing and Mgare basins on the Norwegian Sea
continental margin. in A.J. Fleet and S.A.R. Boldy, editors, Petroleum Geology of Northwest Europe: Proceedings of the 5th Conference on the
Petroleum Geology of Northwest Europe: The Geological Society, London, p. 261-274.

Feerseth, R., and T. Lien, 2002, Cretaceous evolution in the Norwegian Sea — a period characterized by tectonic quiescence: Marine and
Petroleum Geology, v. 19, p..1 005-1027.

@ygard. K., and R. Olsen, 2002, Alternative source rock in the North Atlantic passive margin — Cretaceous in the Mgre and VVgring Basins,
offshore Norway: AAPG Hedberg Conference “Hydrocarbon Habitat of VVolcanic Rifted Passive Margins,” Stavanger, Norway; Search and
Discovery Article #90022 (2003). Website accessed December 4, 2017.

Rampen, S.W., S. Schouten, B. Abbas, F.E. Panoto, G. Muyzer, C.N. Campbell, J. Fehling, J.S.S. Damsté, 2007, On the origin of 24-
norcholestanes and their use as age-diagnostic biomarkers: Geology, v. 35/5, p. 419-422.


https://pubs.geoscienceworld.org/geology/search-results?f_Authors=Stefan+Schouten
https://pubs.geoscienceworld.org/geology/search-results?f_Authors=Ben+Abbas
https://pubs.geoscienceworld.org/geology/search-results?f_Authors=F.+Elda+Panoto
https://pubs.geoscienceworld.org/geology/search-results?f_Authors=Gerard+Muyzer
https://pubs.geoscienceworld.org/geology/search-results?f_Authors=Christine+N.+Campbell
https://pubs.geoscienceworld.org/geology/search-results?f_Authors=Johanna+Fehling
https://pubs.geoscienceworld.org/geology/search-results?f_Authors=Jaap+S.+Sinninghe+Damste%cc%81
http://www.searchanddiscovery.com/pdfz/abstracts/pdf/2002/hedberg_norway/extended/ndx_oygard.pdf.html
http://www.searchanddiscovery.com/pdfz/abstracts/pdf/2002/hedberg_norway/extended/ndx_oygard.pdf.html

Introduction

Jurassic sequences have long been considered the key source rocks in the Norwegian Sea. However, in the M@re and Vgring Basins,
these intervals are likely to be largely exhausted of any hydrocarbon generation due to deep burial and high maturity. An integrated
geochemical and basin modelling investigation was therefore carried out to understand the potential for younger deepwater plays on
the Norwegian Continental Shelf, the key findings of which are summarised as follows:

" Cretaceous intervals indicate both the potential for oil and gas generation, and are immature to early oil window mature
throughout most of the deepwater basins (based upon geochemical data)

" Hydrocarbon samples from deepwater wells exhibit different geochemical compositions to those from purely Jurassic sources

=  The presence of high 24-nordiacholestane biomarkers in Ellida fluids, classic age-diagnostic biomarkers, suggests the
possibility of a younger source interval

"  Zetaware’s Genesis software predicts main to late-oil window maturity (0.7-1.3% Ro) for Jurassic sources close to the
deepwater areas. However it is important to note that true maturity is likely much higher in the deeper source kitchens, rather
than the drilled highs.

Geological Setting and Regional Stratigraphy

Covering the continental margin between 62° and 69°N, the
Norwegian Sea contains a NE-SW trend of deep Cretaceous
basins, namely the Vgring and Mg@re Basins, which are flanked
by palaeo-highs and platforms, as well as the elevated
mainland to the east (Brekke et al, 1999). The structural
configuration of the region was controlled by three main rifting
episodes within the Carboniferous to Permian, Middle Jurassic
to Early Cretaceous (both extensional tectonics related to
continental rifting), and a final major rifting episode in the Late
Cretaceous to Paleocene, as a result of the onset of seafloor
spreading within the North Atlantic (Faerseth & Lien, 2002).
The Jan Mayen Lineament has acted as a tectonic barrier
between the Vgring Basin, which has undergone extensive
tectonic activity from the Middle Jurassic to the present day,
and the Mgre Basin experiencing only passive subsidence since
the late Middle Jurassic-Early Cretaceous (Blystad et al., 1995).
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The study area and coverage of the database outlined
(based upon structural elements in the Norwegian Sea,
NPD online), with location of wells with geochemical data
from within the regional database (right)
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Cretaceous Source Rock Potential and Maturity
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Rock-Eval Pyrolysis S2 parameter (generative potential) vs. TOC, with Hydrogen Index
trendlines as underlay, indicating kerogen type and likely hydrocarbon product

TOC
Maceral | Kerogen

© 00-1.0 10040 & Hydrocarbon type
O 1.0-20 /\ type type
O 20-30 . .
O 30-40 90,/ @ \10 L Oil-prone, intense
Oao-s0 Liptinite | Type I/l fluorescence

No data ® @
.zﬁzﬁal;:;hgs;ratigraphy 80 Q @ GaS‘prone, nOt
M Kiitnos Fm % L fluorescent (unless
g Vitrinite | Type Il . (

B spngar e 70 \ o O impregnated by
Jorsalfare Fm . . o 0ncC .
iil‘é‘fﬂ”’?{nﬁu . - / Okl o @ o liptinitic material)

Lyr Fm (~) o o
DLangeFm /%\ 60 o O o @ a . . Negllglble source
SRy & @ o «x Inertinite | Type IV .
Y rock potential
.Qg’ 50, O o
'b Mixed o
F . ]
. o Uncommono
e O @ °
O O ®
[5) ()
Q @ e Q @ ° ®
Gas-proge e O o0 o @ e e, %,

® Dead carbon

@.QQ@X‘. O O e ] X—X

O x 0O e © O @) o

: : ; . ; : 100
30 20 10 0

O+ - . - . —O—— . - . . |
100 90 80 70 60 50 40

Vitrinite (area%)
Maceral composition (% of liptinite, vitrinite and inertinite content) of all Cretaceous
rocks)

Cretaceous Source Rock Geochemical Characteristics
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Sterane carbon number distributions. In general, C,, and C,g steroids represent algal
(i.e. “marine”) inputs, and C,, steroids characterise higher plants (terrigeneous inputs)
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Hopane carbon number distributions. Coals and terrestrially dominated source rocks
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Fluid Geochemistry

Location of ‘deepwater’ wells with fluid data (including
potential hydrocarbon stains) within regional database

Hydrocarbon correlations

MMMMMMMMMMM ;i
@6706/6-1 ™ 94+
@6704/12-1 RS @6710/10-1 owwor _ Most fluids from the dee pwater
GGGGGGGGGGG e e 251 |wells (oils and condensates) are o
Qs heavier than the regional trend
- 261 4
e e o)
e = 'g_
Field/discovery 8 77 A
B 4 9000 6707/10-1 Aasta Hansteen - Fluid type
“@6405/7-1T2 : -,g g 80”
Y - | 3 Condensate
@6403/10-1 @6405/10-1 6405/7-1 T2 E|.|Ida. g // > o N %g:‘;:own e
@6302/6-1 P yr 305/8-1 S 6706/ 6-1 Hvitveis E Well
MMMMMMMM .&85,7_1 = - O 297 [ 6201/11-1
et 2?1630611?-1g§ 6405/10-1 Midnattsol -‘ 5 N N N =g§83%111
i 2 =1 6305/7-1, 6305/8-1 | Ormen Lange | 4 Hosonres
e = AT i 301 M os05/12-1
e emmme - S e 6302/6-1 Tulipan A Cloioass.
Qsm111.1MARULKBASW s=.e1@6204/10-2 R . o T 5 : rﬁ# _ 5 A [16405/7-1 T2
OOOOOOOOO e ——ky. - - __Z 31 Wecios1 &
A M 6706/11-1
A B 6707/10-1
" i r rs represent all regional fluid sampl 32 . . . . . . . .
H droca rbon matu nty Grey stars represent all regional fluid samples 2 Py o s oy pe Py pe S
d13C Saturates (%o pdb)
90'_ 161 A
' | Fluids typically evidence lower | N Stable carbon isotopes (6"°C) of the saturate and aromatic hydrocarbons. Oils are
so| | maturity than regional samples . N A isotopically lighter than the parent kerogen (source rock)
_ AA @ A
701 A L L,
. . Steranes Hopanes
60, High ' E A L]
o maturity o | S i yre 100 0
aC) oil % 10 A Ooil
. g Do 90/ 10
"‘;,‘ 1 o A A\ Stain
(o)) = 8 Well
N S M 6201/11-1
O 1 v W 6204/11-1
o 401 g [ 6302/6-1
g - well Q [16305/7-1
M 6201/11-1 o [ 6305/8-1
X B 6204/11-1 I 6] M 6305/12-1
- B 6302/6-1 []6403/6-1
301 [16305/7-1 well Cl6405/7-1 72
| S T Qoo
M 6305/12-1 M 6204/11-1 [16610/3-1
[ 6306/10-1 4- B 6302/6-1 B 6610/3-1 R
/ [16403/6-1 [06305/7-1
20+ J [ 6405/7-1 T2 A [ 6305/8-1 M 6704/12-1
_ 7 A A []6405/10.4 |4 Cleaose. [ 6706/6-1
y Ap - Ml 6605/8-2 [06405/7-1 T2 = gggﬁé_i
/ A Fluid type [16610/3-1 [16405/10-1
' / Ooil M 6610/3-1 R 2. Fluid type M 6605/8-2
10+ immature©ource rock [ condensate = 2;82%21_1 Qoi = 2582%21-1
: A <>Unknown fluid B 6706/1-1-1 | |:| Condensate B 6706/1-1-1
] A\ Stain W 6707/10-1 A\ Stain W 6707/10-1
_ 10
- 0 . . . .
O 10 20 30 40 50 60 70 80 90 0 1 2 3 4 ol N0
% abb C29 steranes Ts/Tm 100 90 80 70 60 50 40 30 20 10 O 100 90 80 70 60 50 40 30 20 10 O
C27 steranes (%) C30 Hopanes (%)
Sterane isomerisation (ratio of more-to-less thermally stable isomers, aaa C,y S/R Sterane and hopane carbon number distributions of the fluids infer the likely
against C,4 Iso/Regular (aff/aaa) & H27Ts/H27Tm vs. H30a3/H30a maturity plots source rock facies from which the oils were generated

Fluid and Source Rock Correlation

L [ ® 24 A
24-norcholestanes: age-diagnostic biomarkers
Compounds typically found in low concentrations (<1% of regular C,,-C,4 steranes), 7] o o
. . . . . . aln region o
that show stepwise increase in concentration relative to 27-norcholestanes in Cretaceous Siurce ocks
. . . . -26 -
sediments and petroleum from the Jurassic, Cretaceous and Oligocene-Miocene -
respectively (Rampen et al., 2007). Their specific sources remain unknown but they s .
are hypothesised to have derived from dinoflagellates or other algae. S
8 Fluid type
'g g Qoi
E |:|Condensate.
g Eg;::i;own fluid
O 297 I\é\g(e)lim-l
100 Mma 200 Mma 300 Ma 2 M 6204/11-1
0.8 ] T igggﬁﬁ
I + G0 =
I . = 6305/8-1 oil A Eéi‘ﬁéﬁim
E 31 706/6
0 7 F ) A 6406/2-3 ' A 56706;11—1
. 6707/10-1
L . A Draugen oil 2 | : | | , , , . .
: '-‘ Smarbukk -32 -31 -30 -29 -28 -27 -26 -25 -24
_ | . o 6507/2.2 K7 d13C Saturates (%o pdb)
~ 0.6
N . . m 6507/2-2 K67 , 3 ,
él|-_ L . Ellida oils within the . Skary fluic Stable carbon isotopes (6™C) of the hydrocarbons, with source rock underlays
— % arv UI o o o o o .
N [ "X.% database ha\‘VG NDR 0.4-0.44 eidrun o presenting the regions of highest sample density for each respective source interval
> 0.5 ."..
g [ ¢ ° e, \ \ ¢ Norne oil
[ r >< “ . . .
o - //\3\ - \ " Gallar L00. The fluids in the deepwater wells
. | ° . . .
® 0.4 — . Vema | O generally correlate well with the main
o L A . . :
- I ! Y X Nyk | Spekk Fin. : Main region of region of Cretaceous source rocks
C - N Main region of Spekk and * Agat fluid 80- Cretaceous source rocks
(g0 - as _
Melke source rock NDR values ; : :
4’&1”__; 0.3 = - || © 62047111 10010 Main region of
S I a ¢ 6305/12-1 | 4 4 90 10 Cretaceous
e - = X 601 source rocks
% L ® AaEEEEEEEEEEEESR § :
.-6 0.2 r / g Fluid type
| — L 0 82" densat
g EEEEEEEEER II). .(‘Q_U 40+ A\ Stain
* Well
E . M 6201/11-1
0.1 Main region of Cretaceous source Eggggélf
1 rock extract NDR values 24 | Bososs
v, el 201 [16405/7-1 T2
I ¢ diacholestane []6405/10-1 . !
0.0 i ”J’ ] e 50,/ Are/Fm., S Melke Fm.
. ] ] I. ] | | | ] | | | | | | | | | .f F | -I ] .I | | J. ] | ‘ .6706/6-1 ~ ’/ \
Tertiary Cretaceous  Jurassic Triassic Permian | Boronios ﬁ;" /4
) | = _ . | | . .6707/1,01, 10 / —/’ Spekk oF
0.0 0.5 1.0 1.5 2.0 2.5 . —— ' -
C29 hopane/C30 hopane 100 9 80 70 60 50 40 30 20 10 0O
C30 Hopanes (%)

Plot of Nordiacholestane ratio against geological time for reservoir fluid and
extracts data, with areas of source-rock data highlighted. A region for Ellida oil Diasteranes vs. C,s/C;, hopanes with Hopane ternary plot comparing
samples from the database has been added (adapted from @ygard & Olsen, 2002). source rock underlay regions fluids with source-rock compositions



1-D Basin Modelling
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@ Location of wells used in 1-D modelling
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