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Abstract

The Loppa High (Norwegian Barents Sea) is a large (£150km long, £100km wide) tilted fault block containing Paleozoic carbonates,
covered by Triassic shale-dominated deposits. The Paleozoic contains reservoirs in Carboniferous to Permian carbonates of the Gipsdalen
Group. A well, 7220/6-1, was drilled close to the apex of this paleohigh, encountering oil shows in Gipsdalen carbonates. Similarly, three
wells drilled in the southern portion of the paleohigh only encountered shows, no hydrocarbon accumulations.

The negative result of well 7220/6-1 might be ascribed to one or several of the following factors: (1) insufficient charge, (2) no reservoir,
(3) no valid trap, or (4) leakage. In order to ascertain which of these explanations is correct, a study was carried out in which the
hydrocarbon system was analyzed at a variety of scales, ranging from fluid inclusions, through cores and wireline logs, to seismic scale.

Seismic interpretation, using recently developed attributes, focused on faults (reservoir compartmentalization, fault reactivation, leakage,
etc.) and facies (carbonate build-ups versus muddy “lagoons”, karst). Well 7220/6-1 is not located in a zone of buildups, and the karst
processes apparent in the cores and image logs point to low-porosity, senile karst; however, core and log analysis indicate a moderate
porosity with, in places, fair permeabilities. So, factor (2) was discarded.

Seismic interpretation indicated the presence of leakage, aided by faults. Shallow bodies of high amplitude may represent locations of the
migrated hydrocarbons. The presence of "paleo-pockmarks" on the top Triassic unconformity indicates gas leakage before the Quaternary.
Log analysis suggests that the oil observed in the well is dead oil; this, together with the presence of a possible paleo-oil-water contact,
points to initial trapping of oil and subsequent leakage due to fault reactivation: factor (4). However, factor (3) should not be ruled out
altogether.
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Geochemical and basin analysis indicates that the oil in the well has a Paleozoic source, probably with a Triassic admixture, and that most
oil migration occurred before the Tertiary uplift. This is confirmed by PVT analysis of fluid inclusions. However, migration pathways from
these sources appear to be somewhat difficult, and factor (1) may have contributed to the absence of an accumulation in well 7220/6-1.

It is concluded that leakage probably is the main cause of the negative result of well 7220/6-1.
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Residual hydrocarbons and good oil shows were obtained
in carbonates of the Gipsdalen Group, @rn Formation from
1138 m and down to 1430 m (NPD FactPages).

The well was not tested.
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Presenter’s notes: General scheme of meteoric karst development in the Loppa High. Evolution levels (SL 1 to 3) essentially determine the recharge area (R1 to 3) and the
corresponding hydraulic head. The onlap of the Tempelfjorden section is correlated with a rapid evolution into karst senility (porosity obliteration by sedimentation, collapse, and
cementation). The highest parts of the Loppa High will correspond to the most senile karst profile, including abundant intercalations of clay-rich units that contribute to poor rates

of karst porosity generation and increased karst sedimentation.
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Fluid-inclusion homogenization Methane proportions (Fv) in hydrocarbon-
temperature (Th) gives an bearing fluid inclusions can be determined
indication of the temperature at using single-inclusion tomography.

which the inclusion formed. :
Fv values obtained range from 7 to 32%.

For hydrocarbon-bearing fluid
inclusions, Th is in the 58-93 °C Lowest Fv values reflect leakage of gas

range, with a peak at 80 °C out of the fluid inclusion, possibly due to
: ' decompression following uplift.
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The type of the oil trapped in fluid
inclusions can be determined by
crossplotting Th and Fv.

Oil type, in crossplot, ranges from black oil
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Since the lowest Fv values are not
representative of conditions during fluid
inclusion formation, the oil at that time was

likely light.

PVT analysis of fluid inclusions can be
carried out using PIT (Petroleum
Inclusions Thermodynamics) modeling:

Trapping Trapping
SEIIE temp. (°C) pressure (bar)
1168.75m 90-105 230-300
oo Terere™ 1191.2m 80-100 230-350

Isopleths and isochores
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Main faults extend up to base Quaternary .
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Integrated display using semblance + amplitude to highlight how
faults extend upward to base Quaternary .
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Ohm et al., 2008

.....

v' ETR = extended tricyclic terpane ratio. ETR > 2 indicates Triassic or older source rock.

v" Oil sample shows ETR of 2.1, and ETR pattern is similar to Paleozoic rock extracts
while Triassic extract is immature.

v" Oil source is Triassic or older, most likely pre-Triassic.
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The light isotopic signatures of 7120/2-1 and 7220/6-1 oils are in agreement with a
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Presenter’s notes: We ran a 2D migration simulation and the only way to get a commercial accumulation in the prospect was to consider the following favorable case:

-The Orret formation as the prospect’s source rock.

-A very good seal that resists strong pressure changes due to erosion.

-A good and continuous carrier bed below the Orret source rock that drives hydrocarbons from mature source rock, at least 30 to 40 km away, to the reservoir. Chances of migration
losses are very important.
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Presenter’s notes: In the Obelix (7220/6-1 ) well, oil inclusions were taken from fractures of the Gipsdalen reservoir. They indicate a trapping temperature of 80-105 °C and a pore
pressure of 230-350 psi. These results are in good agreement with the 2D model calculations for this reservoir at 40 Ma; that corresponds to the maximum burial, although pressures
are slightly lower.

This can be explained by the fact that:
-the 2D basin modeling simulations do not account for the gas-column-related pressure, or

-the glaciation event generated overpressure during a short period of time.
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