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Abstract

The processes involved in the development of abnormally high-pressured, basin-centered gas and oil accumulations (BCGA’s/BCOA’s)
have been formulated on observations of Paleocene and older accumulations from North America that have experienced temperatures and
depths of burial greater than presently observed. As a consequence, the development of abnormal pore pressures has been the subject of
controversy. One model maintains that overpressures are a consequence of hydrocarbon generation during maximum burial and temperature.
Alternatively, another model proposes the development of overpressuring as a consequence of structural uplift. The opportunity to test these
hypotheses is provided by an upper Miocene and Pliocene BCGA/BCOA in the Mako Trough, southeastern Hungary.

Structurally, the Mako Trough is a sub-basin within the larger Pannonian Basin of central Europe that has not experienced significant
vertical uplift. The thickness of the BCGA/BCOA is approximately 2500 m. Fluvial, deltaic, and lacustrine environments of deposition are
represented. Source rocks occur primarily within Pannonian and younger Miocene rocks and the organic matter ranges from types I to 111
kerogen; thus, both oil and gas have been generated. Reservoirs typically are sandstone with low-permeability (<0.1md) and porosity (<
14%). Heat flow values are as high as 100 mW/m?. As a consequence of the high heat flow, temperature at depths greater than 5500 m
(18,040 ft) are high (460°F) and levels of thermal maturity are also high, attaining vitrinite reflectance values of 2.0%. Pressure gradients at
these depths are as high as 1.0 psi/ft. As a consequence of the high temperatures in the Mako Trough the petroleum system is dynamic and
source rocks are actively generating and charging reservoirs, unlike current conditions in most North American BCGA’s/BCOA’s.

The dynamic nature of the hydrocarbon system in the Mako Trough has resulted in the development of pore pressures in excess of
hydrostatic pressure. The original mechanism of overpressure may have been compaction disequilibrium that was subsequently replaced by
a hydrocarbon generation mechanism during maximum burial; structural uplift is not required for the development of overpressure. The
development of overpressures through a hydrocarbon generation mechanism in this geologically young sequence provides a good analog for
the incipient development of abnormally high pressures in BCGA’s/BCOA’s.
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OBJECTIVES

1 Discuss the early development of a
BCGA/BCOA through a case study In
the Mako Trough, Hungary

1 Discuss alternative interpretations
for the development of abnormally
high pore pressures in a
BCGA/BCOA




HYPOTHESES

» |--BCGA’s develop abnormally high pressures due to
hydrocarbon generation during maximum burial and
temperature

"|1--BCGA’s require structural uplift to become
abnormally high pressured

=|1l—High pressures are caused by compaction
disequilibrium



Defining Characteristics of Basin-
Centered Gas Systems

1 Thermogenic gas

1 Gas saturated (bearing)
1 Low permeabillity

1 Abnormally pressured

1 No down-dip water leg



EVIDENCE FOR EXISTENCE OF A BCGA/BCOA IN
THE MAKO TROUGH ?

Thermally Mature (0.55-2.0 % RO)

Regionally Pervasive Accumulation Independent of
Structure (Gas Present In 2,500 m Interval, Through
Most Of Basin. Oil present in non-structural position )
Abnormally Pressured (Overpressured)

Low-Porosity and Permeability (< 14% - 0.1 md)

Gas Saturated ?

Absence of Down-dip Water leg ?



Hypothesis |- Hydrocarbon
Generation Mechanism

1 Moderate to low levels of organic richness
are sufficient to develop abnormal pressure

1 Empirical observations provide compelling
evidence for development of abnormal
pressure during maximum burial and
temperature



Hypothesis [l -Exhumation and
Exsolution

1 Most source rocks associated with tight gas
systems have insufficient TOC, it is unlikely
that reservoirs could be abnormally pressured
frlom hydrocarbon generation mechanism
alone.

1 Gas saturation may increase because of
exhumation and increasing gas volume.

1 Exsolution of gas from formation water will
Increase gas saturation.

1 Hypothesis is dependent on a perfectly

closed sxstem.



Hypothesis lIl—Compaction
Disequilibrium

1.Rapidly Subsiding Basins

2.Due to rapid sedimentation rates, water Is
retained in the pore system. Consequently, the
lithologic load Is buoyed by water. Therefore, water
IS the pressure fluid phase -- not gas.
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Updated Scotia Resource Estimate (May 2008)

RPS Scotia Resource Estimates, 2006 vs 2008

The Scotia Group was commissioned by Falcon to independently describe and
guantify the resource of the Makoé Trough and has assigned the following
probabilistic estimation of the recoverable portion of contingent resources:

Potential Zone
Szolnok, Tcf

Endrod, Tcf

Basal Conglomerate, Tcf

Synrift, Tcf

Arithmetic Summation 54.9 116.1 17.3 41.3

Q) The recoverable portion of contingent resources estimate has been conducted using the definitions specified by the Canadian
Oil and Gas Evaluation Handbook and is compliant with National Instrument 51-101.

(2) Estimates are as at August 15, 2006, and March 31st 2008 the effective date of the initial Scotia Reports (under their previous
name) and the updated RPS Scotia report.
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MAKO-7 THERMAL MATURITY
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Mako Trough : Temperature vs Depth
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ABNORMALLY HIGH PRESSURES
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CONCLUSIONS

- The Mako Trough exhibits the early development
stages of a geologically young BCGA/BCOA

*The origin of abnormally high pressures in
BCGA/BCOA'’s Is a consequence of hydrocarbon
generation---not structural uplift and exnumation.
However, we cannot dismiss the possibility of
compaction disequilibrium subsequently supplanted
by hydrocarbon generation






