‘Occurrence of source rocks and their maturity over oceanic crust
along the West African margin’

Steve Lawrence, Chris Cornford, Paul Farrimond, Tiago Cunha & Janice Weston
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= Eastern Atlantic Oceanic Crust Project
(24 key S|tes 11 blostratlgraphlc review S|tes)
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Biostratigraphic Summary
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LDO L. grillii (no older than latest Coniacian).
LDO R. fornicata (no older than Santonian).

FDO L. septentrionalis (Early Santonian - Turonian).
FDO ?D. imbricata (?Coniacian - Turonian).
LDO D. concavata (no older than Late Coniacian).

LDO persistent frequent M. staurophora (no older than Late Goniacian).

LDO ?D. concavata (?no older than Late Coniacian).

FDO L. floralis (Coniacian or older).
LDO M. staurophora (?no older than Late Coniacian).

LDO S. chicoana (no older than Coniacian).
LDO M. sinuosa (no older than Late Turonian).

LDO M. coronata, M. pseudolinneiana (no older than Middle Turonian); ?D.

canaliculata, D. imbricata (no older than Turonian).
LDO E. eximius (no older than Middle Turonian).

LDO Q. gartneri (no older than Turonian).
LDO L. moratus (no older than Turonian).

FDO A. albianus (Cenomanian or older).

L. acutus (Late - Middle Cenomanian).

FDO 8. primitivum (Early Cenomanian - Albian).

P. libyca (no older than latest Albian).

LDO E. turriseiffelii (no older than intra-Late Albian).
Basalts dated ~100 Ma (Gibson et al 2005); intra-Late Albian on timescale
quoted (Gradstein et al, 1994).
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Cores 96 - Cores 105 are
characterised by silica-filled
radiolaria.

Black shale in

Core 108-1: Altered contact

suggests several basalt flows.
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Base-Depth (m)

Total Organic Carbon (p:1Gl plot)
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Multiple ORIs at various times in the Cretaceous: OAEs are small part of this




=1 Rock Eval Pyrolysis Data (p:IGl plot)
Ser - 361, 530A, 959D & 367

Pseudo-Van Krevelen Diagram S2 versus TOC Diagram
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Good to excellent oil-prone source rocks (Type Il to Type | kerogen) occur in several
Cretaceous intervals. All contain a component of dead (inert) carbon, so >5% TOC to

have significant oil potential.




‘Can Hydrocarbons be generated on Oceanic Crust?’
- Rajmon & Egorov 2016
Cool ‘old’ crust with low radiogenic heat

1%\Vro @ ~2.8 km 1% Vro @ ~4 km 1% Vro @ ~5 km
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d * Crust/lithosphere thickness

RS e Syn-break-up volcanism
B * Serpentinisation

M ' e Lateral HF across transforms, FZs

e e Spreading-ridge by-pass

e Post-break-up volcanism




Basin Modelling

Plate cooling model simulated by rifting event with v. high lithospheric
stretching but negligible crustal thinning
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* Tectono-magmatic situation
from published studies.

* Boundary conditions: temps at
the surface and base lithosphere.

* The thickness of the lithosphere
is varied within reasonable limits

— ‘hot’, ‘cold".
* Apply new stratigraphy.

* Build-in elevated heating events
— ‘VM’, ‘MAR’, ‘Plume’.



DSDP 361 (125Ma OC; bmt not reached, 180km LLOC)
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Late Aptian source rocks early mature. Aptian-
Barrem. source rocks below TD potentially peak
mature but ‘early’.




DSDP 364 (120Ma OC near LLOC, TD’d above alloch. salt)
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Albian source rock immature . Potentially
mature in FW of detachment.
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1shore’

 Multiple ORIs with source
potential developed in
Mesozoic ‘drift’ section
including near base.

e Stratigraphic setting will
provide a basis for predicting
occurrence and distribution.
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Given sufficient burial elevated
heating events enhance maturity
of Mesozoic source rocks on
oceanic crust without Tertiary
deltaic burial.

Early heating could be critical.
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The Future
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DSDP 530A (TD in volc. bmt near Walvis Ridge, 113Ma
OC, 130km LLOC)
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Turonian-Coniacian source rocks
immature. Syn-rift source rocks
potentially mature.
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% Eastern Atlantic Oceanic Crust Project

24 Selected DSDP Sites (5 Legs 1970-1980)/0ODP Sites (2 Legs 1995-
2003) & ‘Oceanic’ islands

* Biostratigraphic Review (11 Sites) — Janice Weston RPS Energy Ltd.
* Geochemistry (24 Sites) — Paul Farrimond IGI Ltd.

* Thermal History/Basin Modelling (4 Sites) — Tiago Cunha IGI Ltd.

Deformation of Oceanic Crust — Alastair Beach




E53:-y  Biostratigraphic Review

 Create Biostratigraphic Database.

e Select sites with the best Mesozoic coverage — preferably with range charts.

* Disciplines :
— Macropalaeontology (ammonites, bivalves)
— Micropalaeontology (foraminifera, radiolaria and calpionellids)
— Nannofossils
— Palynology (dinocysts and miospores)

 Review in light of advances made in refining stratigraphic ranges and
zonations.

* Integrate with lithological and wireline data (where available) to produce
chronostratigraphic/event breakdown.

e Calibrate major unconformities and black shale developments against
timescales of Gradstein et al. (2012) and Haq (2014).

* Proximal-to-Distal Correlations.



