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Project Background/Aims/Objectives
The Orphan Basin is one of the largest and least explored of the Mesozoic rift basins of the
North-West Atlantic margin (Figure 1). Spanning approximately 150,000Km2 only 12 exploration
wells have been drilled to date. It sits immediately to the North of the petroliferous Jeanne d’Arc
Basin and West of Flemish Pass Basin. The Orphan Basin also formed along side the Porcupine and Rockall basins to the West of Ireland during the opening of the North Atlantic Ocean.
In 2016 the Nalcor Energy, alongside Beicip-Franlab announced the oil and gas resource potential to be 25.5 billion barrels of oil and 20.6 trillion cubic feet of gas within the West Orphan
Basin alone.
In order to better comprehend the petroleum potential of the Orphan Basin, this study aimed to
answer the following questions:
• What are the key source facies within the Orphan Basin?
• Are these mature?
• Are these expelling?
• How much has been expelled?
• When did expulsion occur?
• How do the source facies of the Orphan Basin fit in regionally and across the Atlantic Ocean?

Methodology
Source Facies Delineation
Delineation through Rock-Eval and organic petrology data analysis in accordance with a criteria
established for the study. Facies were assessed based on richness, quality and maturity.
Basin Modelling
1D models were produced with the use of Sirius Exploration Geochemistry’s Novva v:1.7.0 software. Models were constructed in drilled and undrilled locations and utilised a McKenzie rifting
model with a simple heat-flow history and a stretch factor consistent with that established by
Welford et al (2012) (see Figure 2). Novva calibrates heat flow history against measured vitrinite
and temperatures from the study wells.
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Expulsion Models
Novva calculates generation and expulsion from the defined source horizons via the Arrhenius
Equation. Where applicable locally derived kerogen kinetics have been applied. In the case of
the West Orphan Basin analogue source kinetics were used.

The study objectives were to:
• Comprehensively review the publicly available geochemical well data for the Orphan Basin in
order to delineate and characterise potential source facies.
• Produce sets of 1D geohistory basin models on drilled locations and in undrilled locations to
define maturity thresholds and estimate timing of generation and expulsion.
• Quantify and produce estimations of expulsion from the Jurassic sediments utilising local
kerogen kinetics.
• Deduce typical depositional environments for the identified source facies and investigate the
implications of the results on regional source rock distribution and Transatlantic relationships.
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Figure 2: Stretching factor, β, at the initiation of sea-floor spreading within the general Orphan Basin area (modified
from Welford et al (2012). The assumed β factor at each modelling point was obtained from this map.

Tectonic History
The East and West Orphan basins are considered to be failed rift basins. Initial rifting was in the
Late Jurassic in the East Orphan Basin. The initiation of rifting in the West Orphan has been the
subject of debate but Late Jurassic rift sediments are recognised in modern seismic analyses, so,
rifting was probably near contemporaneous in both sub-basins. The final continental breakup
occurred to the east, in the Early Cretaceous leading to the Aptian–Albian break-up unconformity.
After this event, thermal relaxation and basin sagging is recognised. Principal oil-prone sources
relate to the rift phase with further gas-prone facies developing during the early sag phase.

Figure 4: Twelve potential source rock intervals identified within the
Orphan Basin
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Figure 1: Outline of study area. Modified map taken from CNLOPB website (Geoscience Information section https://www.cnlopb.ca/wp-content/uploads/geoinfo/enmap.pdf)

Database
This study utilises open-file data, compiled and made available by the Canadian government via
the Basins database. These datasets contain pyrolysis, organic petrology, well temperature and
biostratigraphic data for the majority of the study wells. In addition, 12 sets of detailed kerogen
kinetics were also provided from Jurassic sediments in Lona O-55. Baie Verte J-57, Blue H-28 and
Great Barasway F-66 provided the most comprehensive datasets for the purposes of this study.
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Figure 3: Outline tectonic evolution and sedimentary development in the Orphan Basin (after Beicip-Franlab, 2016)

Figure 5: Perceived fluctuations in environment of deposition within the
Late Jurassic of the Lona O-55 well based on kerogen kinetics analyses.
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