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1. Introduction

4, Seismic Interpretation 6. Fault Analysis

The Orphan Basin preserves a complex record of multiphase lithospheric| = Stratigraphic interpretations are made Pre-rift Syn-rift Post-rift V- Cretaceous with

extension during the breakup of Pangea, influenced by inherited using previously published seismic East Orphan Pre-Mesozoic Jurassic to Lower Cretaceous Upper Cretaceousand | Shaped, WOB | Cenozoic reactivation . NE- | NEofthe  Lower Cretaceous
structures tied to the Appalachian-Caledonian Orogen. However, studies and 14 exploration wells in the Basement sediment. Cenozoic sediment. E-SE to increasing towards the “SW | Orphan to Cenozoic.
historically sparse seismic and well coverage has left its tectonic evolution| | Orphan Basin. West Orphan Basement and localized  Lower to Upper Cretaceous Thick Cenozoic W-NW Central OrphanyHigh. Ext.|  Basin

poorly constrained. Recently available 2D seismic datasets provide an Jurassic strataabove  sediment filling half-graben sediment cover. Ext.

opportunity to revise this evolution through a detailed interpretation of 4 distinct rift unconformities are

y . ) ) . y . basement blocks. basins
syn-rift stratigraphy and basin-scale fault architecture. These observations identified throughout the basin: Orphan Knoll & Pre-Ms N Localized Kets of J Thin U B E/NE dipping
offer new constraints on strain localization and rift propagation in the rphan Knofl & re-Mesozoic ocalized pockets of Jurassic in Upper -
Central Orphan High Basement with to Lower Cretaceous Cretaceous and

Orphan Basin during continental breakup. Using GPlates, these constraints
are integrated into a deformable plate tectonic reconstruction, refining
| the kinematic plate madel of the Southern North Atlantic.

o Cenozoic Unconformity (CU)

o Albian-Aptian Unconformity (AU)
o Tithonian Unconformity (TU)

© Basement Unconformity (8U)

localized Jurassic cover. sediment. Cenozoic sediment.
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2. Motivation

. Develop a comprehensive update of the tectonic evolution of the * These unconformities define 5 distinct
Orphan Basin. seismo-stratigraphic sequences.

Pre-Jurassic to

2. Investigate the role of the Orphan Knoll on strain localization. © Cenozoic (0 - 66 Ma) ME- | South of Jurassic to Lower Lower Cretaceous,
© Upper Cretaceous (100.5 - 66 Ma) Basement SW | Orphan Cretaceous, minor reactivating during
3. Derive insights into Triassic deformation using deformable plate © Lower Cretaceous (145 - 100.5 Ma) Ext. Basin reactivation in the the Upper
reconstructions. o Jurassic (201.3 - 145 Ma) \/ WSF Lower Cenozoic, Cretaceous to Lower
Bepth (m) o Pre-Mesozoic Basement b g Cenozoic.
< 251.9 - 1000 Ma
| e { ! // # The White Sail Fault (WSF) is a major east-dipping detachment
L o . - ¥ that separates the East Orphan Basin from the Central Orphan
. mic inter| n H
Seismic inte pretations dl\(\d? % £ igh, controlling early rift structure and the distribution of
the Orphan Basin into 3 distinct g hen controline eanv
regions: - i urassic syn-ri
e o 3
o East Orphan Basin (EOB) 3 * Itsgeometry is consistent with continental core complex-style
© West Orphan Basin (WOB) £ extension, suggesting that strain was originally accommodated
10005 " ‘ y
& Orphan Knoll [OK) & Central by localized detachment faulting rather than uniform crustal

Orphan High (COH) r 4 stretching.
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3
5 0 East Orphan Basin « Upper Cretaceous sediment accumulates within fault- | |A. GPlates reconstruction at 200 Ma based on =
| Mo i H West Orphan Basin controlled depocenters in the West Orphan while a ["_9 previously published studies of
N T saen .- : transition to thermal subsidence in the East Orphan Nirrengarten et al. (2018), Peace et al.
v, i 3 Orphan Knoll & ; ; i i (2019), and King et al. (2022a, b)
s pcw b £ s Central Orphan High results in decreased post-rift sedimentation. d 8 , Bl
— vt [ o o " B. Incorporating the White Sail Fault into the I
— 2008 hata H * Upper Triassic to Upper deformable plate reconstruction provides
soveseume o £ urassic

[

lurassic rifting produces 5 a critical constraint for strain distribution

alarge NE-SW trending 3 = Lower Cretaceous during the opening of the Orphan Basin.
Jurassic depocenter. 800000
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3. Dataset

« Twenty-one 2D seismic reflection profiles
0 TGS-NOPEC NE Newfoundland (2012-2016) — 10s TWT
© 10N GrandSPAN (2018-2019) — 185 TWT

Lower Cretaceous
sediment is distributed
throughout the Orphan

This study develops new structural and stratigraphic constraints to produce a
more geologically accurate deformable plate model and improve our
Basin a5 new B 200000 understanding of strain distribution and structural inheritance during the Orphan
accommodation space r 1 Basin’s multiphase rift history.

o 1 Future work will further investigate the influence of the White Sail Fault and

is created in the West West Orphan Basin  Orphan Knoll & Central  East Orphan Basin i .
Orphan Basin. rphan High Orphan Knoll in deformable plate models of the Southern North Atlantic.

2 sooma - vpper Cretscecus ‘ 8. Conclusion & Future Work

g
etacacus Sediment Tickness (msee)

£ aoom0

® ~ 40-60 km line spacing.

o NE-SW / NW-SE grid, intersecting major rift-related structures.
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