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BREAKTHROUGH AND EXPLORATION RESULTS

FROM SOME FOLD BELTS PETROLEUM REGIONS
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Global Petroleum Industry Breakthroughs are listing with their
consequences in hydrocarbon exploration success. three main
stages can be defined:

- a 1st stage before subsurface imaging by seismic 1D
corresponding to an hazardous exploration based only on
outcrops datas,

- a 2nd stage follows to the 80’s corresponding to a constant
amelioration of the tools used in exploration and local calibration
and knowledge,

- a 3rd stage from the 80’s to present day by basin
modelling and simulations increasing prediction of traps and fluids
translating a rationalisation of the exploration.

Three cases of Fold Belts petroleum regions are then studied:
The Chaco in Bolivia, the Zagros from Tukey to Iran and the
Potwar in Pakistan. On these three fold belts the results given
by exploration wells (wildcats) and their success (discoveries) are
reporting year per year and by the main stage of exploration. They
show that the success of the exploration is clearly dependant of
the techniques used and local knowledges.

Nevertheless the success ratio of wildcats are always limited
and great efforts are still requiring to increase these one’s and to
rich the success ratios of others types of petroleum contexts.
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Eagle Plain Basin (EPB) (65°N-67.5°N; 136°W-140°W) in
Yukon Foldbelt covers ~20,600 km2. The central 13,600
km2 rectangular region is underlain by Cretaceous bedrock.
Surrounding this is an area underlain by Paleozoic bedrock
west of the Richardson Mountains (RM). Proterozoic successions
underlie the entire region and crop out nearby. The lower
Paleozoic succession comprises Cambrian-Middle Devonian
strata deposited during rifting and thermal subsidence coeval
with Paleopacific margin formation. EPB is roughly coincident
with Porcupine Platform (PP), part of a rifted cratonic fragment,
Yukon Stable Block (YSB), that was persistently separated from
Mackenzie Platform (MP) of cratonic North America by a deep,
fault-bounded depression, Richardson Trough (RT). Sloss-like
sequences on MP are not evident on PP. The duration and
setting of early Paleozoic subsidence are longer than, and far-field
from a passive margin suggesting additional lithospheric loads.

Middle Devonian, carbonate platforms on both YSB and the
craton were “drowned” by a transgression affecting much of the
Paleopacific continental margin. Downlapping distal Ellesmerian
foreland basin clastics followed in Late Devonian time. The
Upper Devonian-Lower Carboniferous clastic wedge migrates
southward and coarsens and shallows upward, indicating
progressive encroachment of the Ellesmerian deformation, which
deformed northern PP and RT. During the Late Permian-Late
Jurassic lacuna, erosion of Paleozoic successions outlined
Eagle Arch, which separates a southerly dipping homoclinal
Paleozic succession on its south limb from a deformed Paleozoic
succession on its north limb. Subsidence and sedimentation
resumed in the Neocomian, with deposition of a clastic succession
that indicates northward Cordilleran foreland basin progradation,
in the upper part, over cratonically derived strata, in the lower part.
The region was deformed during Maastrichtian-Miocene Laramide
orogenesis. The deformation is characterized by involvement of
the Proterozoic succession, tectonic inversion of early Paleozoic
extensional features, and multiple detachments and interfering
fold patterns in the Phanerozic succession indicating north-south
and east-west directed shortening, with complicated, overlapping
relationships. Inheritance and inversion are obvious, but kinematic
and dynamic models are needed. Especially obscure are effects
and impacts accompanying Amerasian Arctic Ocean basin
opening, which some attribute to Jurassic-Early Cretaceous rift
and anticlockwise rotation of northern Alaska, a hypothesis with
severe tectonic consequences for YSB and its environs, although
there are no such direct or easily interpreted manifestations.
The complex Tertiary structures reflects multiple tectonic drivers
and complex boundary conditions that evolved progressively.
Whereas Mackenzie and Ogilvie mountains define an imposing
1200 km regional arc, the smaller Yukon and Beaufort foldbelts
define a smaller arcuate belt perched on the northern limb
of the larger one, so that northward shortening in the Ogilvie
Mountains interferes with coeval eastward shortening in EPB
and RM. Tectonic history controls petroleum potential and risks.
2.37X109m3 natural gas, and 1.75X106m3 crude oil have
been found, with many shows, throughout section and across
the basin. The resource endowment is 67.39-339.94X109m3
natural gas and 20.95-146.98X106m3 crude oil. Plays in the
upper Paleozoic succession overlie thermally mature sources,
below regional seals. Intriguing high risk stratigraphic plays
exist in Paleozoic carbonates, while conceptual plays in the
Devonian-Carboniferous flysch have shows, but were not
quantified.
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The Silurian-Devonian Gaspé Belt is the largest middle
Paleozoic belt in the Canadian Appalachians. The most complete
stratigraphic record of Upper Ordovician to Middle Devonian rocks
of this belt is found in the Gaspé Peninsula. Sedimentary basins
of middle Paleozoic belts in the northern Appalachians, deformed
during the Middle Devonian Acadian orogeny, are viewed as
successor basins formed after early Paleozoic orogenic events,
such as the Taconian orogeny.
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The thermal maturation map is based on reflectance of organic
matter Ro measured on randomly oriented organic particles under
non-polarized, reflected light. The Ro of zooclasts and solid
bitumen was converted into Ro vitrinite-equivalent. The Ro values
in the Silurian-Devonian rocks of the Gaspé Belt basin vary from
0.4 to 8.0, or from the immature stage of hydrocarbon generation
to the sterile epizone. Cambrian-Ordovician rocks underlying
the Gaspé Belt basin, below the Taconian unconformity, are
significantly higher than those of adjacent Silurian-Devonian
rocks.

Surface maturity contours in the Silurian-Devonian Gaspé Belt
basin generally follow geological contacts and regional folding.
Higher Ro values are measured in the core of anticlines, whereas
lower Ro values (oil window) occur in synclines of younger
Devonian rocks. This suggests that thermal maturity is mainly
due to burial. At the same stratigraphic level, the thermal maturity
varies greatly from an area to the other due to the local changes in
the basin due to tectonics and/or sedimentary patterns. In general,
the thermal maturation slightly increases from the east to the west,
but significantly increases from both northern and southern parts
of the basin toward the centre. Moreover, a north-south arch of
high maturation values divides the basin in an eastern and a
western part.

The surface maturity contours of high values crosscut folded
geological contacts in the northern part of the basin. Local high
maturity of sedimentary rocks is due to Devonian intrusions
and suggests that folding occurred before the emplacement of
intrusion at 370 Ma. In western part of the basin, lower Devonian
rock assemblages of the Gaspé Sandstones are more mature
south of the Causapscal fault. This could be explained by an
accelerated subsidence of the basin south of the fault during
the early Devonian. High values of Ro of the lower Devonian
Fortin Group turbidites in the western part of the basin can also
be explained by a significant burial due this subsidence and
deposition of younger sedimentary rocks which are now eroded.
In southern part of the basin, Silurian rocks are less mature
around the Cambrian-Ordovician Maquereau-Mictaw inlier which
suggests that this inlier was a positive relief during the history of
the basin.
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