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The Northern Barents Sea
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Dataset: Offshore

= Extensive exploration well and
stratigraphic core database in
Southern Barents Sea

= Limited data availability in
Northern Areas

= Primarily IKU/SINTEF and NPD
wells

= Limited seismic coverage

= Poorly resolved 2D datasets from
1970’s — 2016

= 70,000 km from 1970-1996
= Ca. 39,000 km since 2012

= Poor resolution of seismic data
towards Svalbard

= Hard sea floor
= Dolerites (Diabasodden Suite, Cret)

@ Stratigraphic wellbores
— Boundary NCS
~—NPD16001
~—NPD14001
- NPD1301
—NPD1204

NPD-BA-11 & NPD1201

Acq. before 2011

km

P———
0 100

R

»l

Iy

80°

75°

70°

10°

20°

30° 40°

/)

\
).N Tromso ©

ll'.. I. e . mnm

-/'

.

®
- 8 °
% \\‘\‘

8

|
i

® Exploration well
e Stratigraphic core (IKU/SINTEF)
® Stratigraphic core (NPD)

Barents Sea North, 2017

>FORCE




Dataset: Onshore

= Detailed sedimentological data
collected from Svalbard since the early
1970’s

= Augmented by successive generations
of geologists and students working in
eastern Svalbard

- Sample collection
= Biostratigraphy
= Magnetostratigraphy
= Palynology

= Mineralogy & Provenance
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Paleogeography

= Barents Shelf situated in a shallow
‘embayment’ in the northern end of Pangea
during the Triassic.

= Surrounded b}éuipland areas of Laurentia
%Gree.ndland), altica (Fennoscandia) and
he Siberian plate.

= Progressive infilling of the ‘bay’ throughout
the Triassic lead to the deposition of open
marine shales and paralic deltaic deposits.

= Sediment predominantly derived from
Uralide and Timmanide mountains with
R}ulses from zones of active tectonics e.g.
ovaya Zemlya.
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Paleogeography
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Paleoclimate

= Svalbard and the northern Barents Sea’s
position has slowly migrated from equatorial
to polar since the Devonian.

= Rapid northwards migration from 360-250
Ma.

= Slow stable position during Mesozoic 250-
6S5Ma.

= Forms the grounds of the tectonically inactive
Triassic argument.

= Rapid northwards migration during the onset
of the breakup of Pangea and North Atlantic
opening.

Palaeolatitude
Age
8|O 7[0D 6|O 5P° 4P° 3|O° ZPO 1 Po (|)o (Numbers are approximates)
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Subtropical humid

After Elvevold, 2007
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Paleoclimate —Temperate to Arid Shift?
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Offshore Stratigraphy
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The Northern Barents Sea

= Triassic — Middle Jurassic succession thins
towards Svalbard.

= Transpressional regime during the Cenozoic
and glacial rebound has resulted in Triassic
and Jurassic sub-crops over large areas of the
Barents Shelf.

= Extensive exposures of Triassic to Middle —
Jurassic strata in eastern Svalbard.
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Offshore Architecture

= The north-eastern Barents sea features a
series of basins and highs. That typically
follow a NE-SW structural trend.

= Gardarbanken High
= Sentralbanken High
= Olga Basin

= Storbanken High

= KKL Platform

- ‘Edgeaya platform’

= Svalbard Platform

= Regional dip is towards the NW exposing
oldest rocks in northern Svalbard.

T=T 17 T

"" rn¢ya

Barents Sea North, 2017
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Offshore Architecture
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Offshore Architecture
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Offshore Architecture
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Offshore Architecture
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Sea Floor
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Lord et al. in prep, Lord 2017
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Offshore Architecture
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Triassic Thickness Development
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Triassic Thickness Development

Lower Triassic Middle Triassic

U )

Upper Triassic (Carnian)
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—— 4 ‘\v» 5\4‘, Lord et al. in prep.
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Stratigraphy
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Stratigraphy — Lower & Middle Triassic
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Stratigraphy — Lower & Middle Triassic
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Stratigraphy — Upper Triassic

Lyngefjellet > Lyngefiellet
Log Traces - Lyngefjellet-12-1 N.Hopen

Fine and Medium-Coarse
grainedsandstones deposited
g in a fluvial to deltaic
{  sequence.

Flatsalen Fm.

. Open marine dominated
interval with ammonoids
and marine invertebrates.

Shallow marine dominated
with siltstone and fine
grained sandstones.

3
£
)
=
§
Q
o
b=

De Geerdalen Fm.

Paralic deltaic sequences
with major fluvial trunk
and distributary channels.

Lord et al. in press ' > FORCE



ratigraphy - Upper Triassic

Lyngefjellet 12-1
Lyngefjellet, Hopen
N76°41"14.4"
E025°26'12.5"
&5 Lord G, Karlsen, F.
/&) Bfhplasen. = Facies Associations
A

pi07°S Yraie

Lyngefjellet
Shallow marine mud and 277 m
Siltstone, with siderite nodules.

Unit4

= Micro tidal channels with mud
LYN-12-1.6 flake conglomerate flowing
in a tidal flat environment.

Delta plain sand and silt.

LYN-12-1.5

Shoreface sandstones foming
bars dominating a delta
front environment. Consits
of large scale planar cross
stratification.

Unit 3

LYN-12-1.4

Svenskgya Formation

Small fluvial channels scouring
into underlying continental/
delta plain deposits.

Delta plain sand and silt. Flatsalen Formation

PS
=~ LYN-1211.2

LYN-12-1.3

Rhaetian{?)
Svenskoya Formation

o Shoreface sandstones
dominating a delta front
Nz environment with large scale
=~ planar cross stratification.
Nisn Minor marine silt and sand
is present.

Unit 2

SSW

Fig XB

10

Fig. XA
5

Sequence

LYN-12-1.1
~106

Lyngefjellet

Stacked system of fluvial
channels, scouing into under-
lying systems, with mud
flake conglomerate at their
base.

Unit 1

Shallow marine and offshore
mud and stiltstones.
Hummocky cross stratification
suggets periods of higher
energy.

——r—
v s vf fmcveg p
N76°41'143" E025°26"155° Alt~240m

Lord et al. in press >FORCE



Facies Development — Upper Triassic

-

Depositional Environments

Delta top & Plain: Root beds, minor coals, palaeosol, fluvial trunk
and distributary channels, crevasse splay deposits.

Delta front/ Shoreface: Tidal and wave dominated deposition, tidal
flats, tidal and estuarine minor root i

L: Lyngefiellet Top
| L

Shallow marine/ Prodelta: Offshore muds, tempestites,
y cross siratified sands, bioturbation and marine fossils.

Channel Type

Trunk River: Major fluvial channel, multilateral, multi story, large cliff

forming bodies. Li i deep erosive scour.

Fluvial Distributary Channel: Asymmetric geometry, often with channel wing, generally

heterolithic with clear lateral { mud plugs/ features

Estuarine Channel: Large relatively homogeneous sandstone channel with tidal bundles, 2t .
- forms as an amalgamation of channels and large scale dunes. G: Russewka, S

J: Lyngefjellet, S

K: Lyngefiellet, NE

A: Iversen

fjellet Tidally Influenced Channel: Large heterolithic channel, featuring deep erosional base,
-9 tidal bundles, escape structures, mud drapes on forsets.

F: “Lykkedalen”

250

D: Gasskaret

. 3

E: Djupsalen

Middle Cha;el_
Zone

Upper Channel i
Zone 250

Lower Channel %
Zone

H: Styggdalen

I: Blafiell, E
200 7

Lord et al., 2014

>FORCE



Facies Development — Upper Triassic

KEnkh Blanknut
KLlog
190
FA1: Fine grained deposits in coastal areas Interdistributary areas
180
FA2: Distributary channels
FA3: Mou.!th e Delta front to delta plain
Blanknuten FA4: Barrier bars
160 (Knarud 1980) FAS5: Delta front channel sand
- -
::f:;;"m" e == /::(@ FA6: Lower shoreface to offshore deposits Marine shelf to shoreface
wo{E =
]
E Siegelfjellet
A Siegel0g
f.;. (Glorstad-Clark 2010)
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120
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BKS09
100
Klinkhamaren SE
(Glerstad-Clark 2010)
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Rad et al., 2014
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Facies Development — Upper Triassic

Quarternary
Erosion

Lomfjorden
Fault Zone
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Lord et al., 2017
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Quarternary
Erosion

Keisarkampen 15-1
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Facies Development — Offshore

= Development offshore to Sentralbanken shows
similar gross depositional environment
distribution throughout the Triassic.

= Deltaic deposits (De Geerdalen/ Snadd Fm) are
Ladinian - Carnian in age in the Sentralbanken

area.

= Deltaic deposits dominate the Middle Triassic in
the southern Barents Sea.

= Organic rich middle Triassic from Svalis Dome.

Jisseld] a1e7
dnouo) euedso] ddey

upbluipp]

ubisiuy I

Jissell| S|PPI

ubnpuj | ubjau3|O

dnouo uajepuasses

dissel| AjJe3

Lundschien et al., 2014
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Facies Development — Offshore

= Ladinian - Carnian Snadd/ De
Geerdalen Fm in the
Sentralbanken area is sand-rich.

= Paralic deltaic deposits overlying
pro-deltaic shales.

-QQ E 95

3
3

5
i

!

£
8.

= Similar facies observed in
Svalbard, although far thinner
succession.

Ll i

2

;
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Triassic Hydrocarbon Potential

= 6th June 2017 NPD released ‘Barents Sea
North’ report.

= Focusing on eastern part of the northern
Barents Sea.

= Geological assessment of petroleum resources,
north of current exploration area.

GEOLOGISK VURDERING
BARENTSHAVET NORD 2017
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Triassic Hydrocarbon Potential

= The report predicts favorable quantities of
hydrocarbon resources in the Triassic
succession of the northern Barents Sea.

= 56% of the total resource estimate is believed
to lie within reservoirs of Triassic age.

“Expected recoverable resources in eastern
parts of Barents Sea North are calculated
to be 1 370 million scm oe, with a
downside of 350 million scm oe (P95) and
an upside of 2 460 million scm oe (P0O5)”

B Lower-Middle Jurassic #m Upper Triassic ™8 Lower-Middle Triassic

B Lower Triassic W Late Carboniferous- Permian mm Lower Carboniferous

NPD, 2017
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Triassic Source Rock Maturity

= Thermal maturation is a critical factor in the
hydrocarbon potential analysis for the Northern Barents
Sea.

= Middle Triassic:
= 7-10% TOC

= Over-mature rocks in southern and western Spitsbergen but lie
within oil window elsewhere.

= Low maturity on Edgegya and Barentsgya.
= Local maturation by sills and dykes.

= Upper Triassic — Middle Jurassic
= Up to 7% TOC in Flatsalen Formation (Norian)
= Organic rich shales in Agardhfjellet Formation

>FORCE



Triassic Source Rock Maturity —=TOC vs 52

%TOC versus Rock-Eval S2

80.00

= Variations in TOC from the Middle Triassic in
Svalbard to time equivalent units in Barents Sea.

HI 350 to 750 mg HC/g TOC =
Type Il kerogen, pre-oil window

# Botneheia
® Vikinghggda

3
S
=)
S

Rock-Eval S2 mg HC/g rock
'
o
o
o

= Type II Kerogen dominates.
= Upper Vikinghogda Fm and Botneheia Fm (Muen 106 s ok a2
Member) are the most organic rich with TOC from R
1-12%.
ESO‘DOS
= Steinkobbe & Klappmyss fms are the richest
intervals in the Barents Sea Triassic.
&

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
%TOC

Bjorgy et al., 2010
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Triassic Source Rock Maturity — Hi vs Trax

= Maturity of Lower and Middle
Triassic is significantly higher
in the Southern Barents Sea
area.

= Lower and Middle Triassic in
Svalbard is marginally mature
(late oil window mature)

= Steinkobbe Fm in the Svalis
Dome area is likely less oil
prone due to deposits being
more terrigenous than on

Svalbard.

Hydrogen Index (mg HC/g TOC)

1000

800

400 -

0-+—

] .
600 Typen’éé

200 | typemn _ \.

e
410 420 430 440 450 460 470
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Hydrogen Index (mg HC/g TOC)
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800{
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400 |

200 A
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Bjorey et al., 2010
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Proven Hydrocarbon System

= Proven hydrocarbon system
onshore 1n Svalbard.

= UNIS CO, wells made a ‘technical’
as discovery in recent wells
rilled for water injection.

= 25 Bar measured at well top.

= Either shale-gas from Jurassic
Agardhfjellet Fm. or conventional
gas from the Knorringfjellet Fm.

= Opportunity to model gas
movement in the planned CO,
reservoir.

unis.no
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Triassic Hydrocarbon Plays

= Complete hydrocarbon
system in Mesozoic
stratigraphy:

= Source rocks in lower and middle
Triassic, upper Triassic and
middle Jurassic.

= Reservoir sandstones in Upper
Triassic (Carnian — Rhaetian) and
Upper Cretaceous.

= Low reservoir quality from Carnian
in Svalbard

= Fractured

= Seals in source rock units.

; UTr thth Arenites; / ’ oy e

MTr ~7-10% TOC
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Triassic Hydrocarbon Plays

0
1

Induan - Olenekian

76°-
17°-
Tromse
O
oF f/ x
68" D . Tl

0
i

Anisian < Ladinian

76°-
-
Tromso
0.
off 9’y x
68 W .N £

Barents Sea North, 2017
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Triassic Hydrocarbon Plays
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Barents Sea North, 2017
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Triassic Hydrocarbon Plays

= Realgrunnen Group equivalent is present on
Svalbard as the Wilhelmgya Subgroup.

= Most exciting interval for the Barents Sea
Triassic.

Fruholmen Fm. — Flatsalen & Svenskgya Fms.

Nordmela Fm? (equivalent observed on KKL)

Tubden Fm. — Svenskgya Fm.

Ste Fm. — Kongsgya Fm.

= Study comparing the Svenskgya outcrops on
Eastern Svalbard to the Sentralbanken wells.

(a)|Geological Time Svalbard Barents Sea
tdal3 Spitsbergen Storforden H §
I ioop Hammerfest | &
8 g St va 3385 Souml entral Lom sl SRIEN B s Semtratankon |y Commplex | Bain 5 H
b Nordenskiéld Land | Heer Land , Sabine Land , OlavV Land o | ep
P i ey, s R et X . Not Cored

uuuuuuuu
.......

nnnnnnnnn

Lyngefijellet
277m

it noamig Sl e T8

(35m) TR
- g R X Sl - mme - SISL N

Flatsalen Fm.
(65 m)

De Geerdalen Fm.
(149 m)

e f ;.ﬁ?' ___logTraces - Lyngefjellet-12-1

Lord et al. in prep, Lord 2017
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Triassic Hydrocarbon Plays

(a)

Keisarkampen
566 m

| | Marine

Agardhfjellet Formation Diabasodden Suite
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Triassic Hydrocarbon Plays

Composition was largely similar:
= Quartz, Feldspar, Mica, Chert, Lithic Fragments.

Cement proportion also largely similar from Svalbard to
Sentralbanken.

= Increase in porosity in the Sentralbanken well.
- 15-20%
= Ca. 16 mD

Primarily arkosic sandstones in Svalbard and Sentralbanken
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Triassic Hydrocarbon Potential
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