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Assessing the petroleum potential of Devonian
Carbonates in the Mid North Sea area

Why?

Under-explored area = Primarily Mesozoic Petroleum plays
» Producing analogues in Canada and Australia.
» Newly acquired 3D seismic (DEF survey)

Key messages Trap as fault dip closures and stratigraphic traps
Source intra shales

Reservoir limestone (karstified / dolomitized / fractured)
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Distribution of the Mid to Upper Devonian
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Location of the Devonian
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Favorable conditions for carbonate systems

e Warm Climate
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Methods

» Synthetic / forward modelling

»Seismic
» 3D-DEF Survey (NL)
» 2D-TGS NSR Survey (NL/UK)

» “Conventional” and
“Advanced” interpretation

> PaleoScan®

Seismic data courtesy of Spectrum ASA
PaleoScan, Trademark of Eliis




Literature research synthetics

» Acoustic velocity

» Density
Legend Density (g/cm3) Acoustic Velocity (m/s)
_—__— Mudstone 2.50 2400
o Anhydritic Mudstone 2,73 4225
Sandstone 2,65 6040
Z = fl' ~— Dolomite 2,87 6960
II : I': = I Limestone 2,71 6530
Bourbie et al. (1987), Miller (1943), Koga et al.
(1958), Mason (1943) and Simmons (1964)

Seismic signal (2 ) Synthetic seismic
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Results of the analogues

» Several time equivalent platforms

» Stromatoporoid reef systems

» Western Canadian Basin
» Large unconventional petroleum play

» Several reservoirs in UK wells up to Devonian
» Thickening Kyle along hanging walls

> Several sea-level variations
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Stromatoporoids

Results of the analogues

astrorhiza
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Cairn formation
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Devonian ocean circulation

> Paleo current reconstruction
> Based on:

» Phosphorites deposition areas

Prototethys

- Nutrient rich areas
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Source: Hiineke (2007)

13



MD
1:1000

iper Sonic Gammaray | Bulkdensity | Lith
033in2476 | 358 us fit 1572 | -19.4 us /it 245 1] 102 g/cm3 3.32

RS

IR

4059) 3
42 3
5E] silt
4030 3 |—
Clay
o
ME
m.
L)
A
0%}
| Dogger High

e

ED 3

70 3

Well correlation panel

F]

pnms ey vares ey poee g vy yane g ol g e g ey e oy ann b e e

m
2

piTmy

B e i G e e -'_‘—\.‘-\m__w]‘

S



30/25a-2 [MD] 30/16-5 [MD] |

Bulk density | Lith Caliper i i Caliper Sonic Gammaray | Bulkdensity | Lith
m2086 | 141 gem3 3.14 78in138 90in211 | 340us/M2160 | 331us M 1617] 165 gem3 304

15



Synthetic

Frasnian carbonate platform

Model a: Frasnian carbonate platform

Model a ; Frasnian carbonate platform
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Synthetic seismic data created in Seislab 3.0.1
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Seismic interpretation
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Paleo-geographic map

Legend
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Modified after; Da Silva et al. (2009), Hineke (2007), Milton-Worsell et al. (2010),
Van Hulten (2012), Lundmark et al. (2013) and Ziegler (1990).

Source: Da Silva et al.
(2009), Hiineke
(2007), Milton-Worsell
et al. (2010), Van
Hulten (2012)
Lundmark et al. (2013)
and Ziegler (1990).
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Hydrothermal influence
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Hydrothermal
influence

»3:1 Mg:Ca ratio

» High geothermal
gradient

» Contact
metamorphism

Seismic data courtesy of Spectrum ASA |0 2w w0 s s waon



Zero phase, negative
(European) polarity

Acoustic
Impedance

Dolomitization Higher grain density > Increase in velocity Seismic pull-up

Seismic data courtesy of Spectrum ASA 23
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Conclusions

ebn

Assessing the petroleum potential of Devonian Carbonates in
the Mid North Sea area

» Devonian carbonate systems are found across the globe.

» There are two possible carbonate systems both explaining
the observed seismic.

» Correlation to synthetic seismic profiles helps in predicting
unknown areas.

» Acoustic anomalies present at the regional fault trend could
be induced by hydrothermal dolomitization.
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Future work

A\

Assess source rock potential, timing and maturity

A\

Timing of higher heat flows (dolomitization) and source rock
maturity

» Structural evolution of the Devonian configuration of basins
and highs.

» Stratigraphic forward modelling (Dionysos)

VRIJE
ebn VU b
2% N°  AMSTERDAM



Literature

. Bourbié, T., Coussy, O., & Zinszner, B. (1987). Acoustics of porous media: Technip: Paris.

. Da Silva, A. C., Mabille, C., & Boulvain, F. (2009). Influence of sedimentary setting on the use of magnetic susceptibility: examples from the Devonian of Belgium.
Sedimentology, 56(5), 1292-1306. doi:10.1111/j.1365-3091.2008.01034.x

. Dunham, R. J. (1962). Classification of carbonate rocks according to depositional textures.

. Garland, J., Tucker, M. E., & Scrutton, S. C. (1996). Microfacies analysis and metre-scale cyclicity in the Givetian back-reef sediments of south-east Devon.
PROCEEDINGS-USSHER SOCIETY, 9, 031-036.

. Gibling, M. R., Culshaw, N., Rygel, M. C., & Pascucci, V. (2008). Chapter 6 The Maritimes Basin of Atlantic Canada: Basin Creation and Destruction in the Collisional
Zone of Pangea. 5, 211-244. doi:10.1016/s1874-5997(08)00006-3

. Glennie, K. W. (1998). Petroleum geology of the North Sea: basic concepts and recent advances: Blackwell Scientce Ltd.

. Graham, C., Armour, A., Bathurst, P., & Evans, D. (2003). The millennium atlas: Petroleum geology of the central and northern North Sea.

. Grammer, M.G., Harrison Ill, W.B., Thornton, J., Robinson, M., Feutz, P., (2010) Overview of RPSEA Project: Evaluation and Modeling of Stratigraphic Control on the
Distribution of Hydrothermal Dolomite Reservoirs away from Major Fault Planes. Research Partnership to Secure Energy for America.

. Hillier, S., & Marshall, J. E. A. (1992). Organic maturation, thermal history and hydrocarbon generation in the Orcadian Basin, Scotland. Journal of the Geological
Society, 149(4), 491-502.

. Huneke, H. (2007). Pelagic carbonate ooze reworked by bottom currents during Devonian approach of the continents Gondwana and Laurussia. In A. R. Viana & M.

Rebesco (Eds.), Economic and Palaeoceonographic Significance of Contourite Deposits.

. Lundmark, A. M., Bue, E. P., Gabrielsen, R. H., Flaat, K., Strand, T., & Ohm, S. E. (2013). Provenance of late Palaeozoic terrestrial sediments on the northern flank of
the Mid North Sea High: detrital zircon geochronology and rutile geochemical constraints. Geological Society, London, Special Publications, 386(1), 243-259.
doi:10.1144/sp386.4

. Robertson, P. (2012). Assessment of Canda's light tight oil resources. Part 1 - Oil in Place.
. Robson, D. (1991). The Argyll, Duncan and Innes Fields, Block 30/24 and 30/25a, UK North Sea. Geological Society, London, Memoirs, 14(1), 219-226.
. Scholle, P. A. and D. S. Ulmer-Scholle (2003). A Color Guide to the Petrography of Carbonate Rocks: Grains, Textures, Porosity, Diagenesis, AAPG Memoir 77, AAPG.
. Scotese, C. R., & McKerrow, W. S. (1990). Revised world maps and introduction. Geological Society, London, Memoirs, 12(1), 1-21.
. Council, 165-202.
. Ter Borgh, M., Jaarsma, B., & Rosendaal, E. (2015). Go North a fresh look at the Palaeozoic structural framework and hydrocarbon charge in the Dutch northern
offshore. Paper presented at the EAGE, Madrid, Spain.
. Van Hulten, F. F. N. (2012). Devono-carboniferous carbonate platform systems of the Netherlands. Geologica Belgica
ebn . Ziegler, P. A. (Cartographer). (1982). Geological atlas of western and central Europe V VRIJE
UNIVERSITEIT
27 AMSTERDAM

https://upload.wikimedia.org/wikipedia/commons/5/5c/Stromatoporoid_reef%2C_Cairn_Formation_%28Devonian%29.jpg



Seismic data courtesy
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