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Abstract

Geodynamics control the petroleum system related factors such as source rock, generation, migration, and
entrapment of hydrocarbons. Identification of hydrocarbon plays and prospects necessitates reconstruction of
tectono-sedimentation models for each tectonic cycle of a basin, especially for a basin like Assam Foreland that
was episodically modulated by extensional and compressional tectonics in different directions. Paleo-structural
analysis offers a method in identifying the position of ancient structures that would have accumulated
hydrocarbons from older petroleum system and presently situated in the synclinal parts of the basin. In the light
of mounting evidences on petroleum accumulations in the synclines or in the flanks of synclines elsewhere in
the world, the synclinal areas of the basin warrants exploration attention. In short, analysis of the structural
disposition in the Pre-Naga Thrust geological time and studying the very syncline in the light of the new
concept- Stagnate Oil entails prospective entrapment situations

Introduction

The objective of structural interpretation of seismic data is to define: (a) the likely areas of hydrocarbon
accumulations; (b) reconstruction of the geologic history by analyzing the initial structural growth and the
subsequent structural modifications that influence the migration and entrapment of hydrocarbons.

Customary structural maps provide present-day structural configuration without consideration for: (a) structural
dispositions of the geological past that would have influenced the initial migration of hydrocarbons into the
reservoirs; (b) structural tilts of the geological past that would destabilize the initial hydrocarbon entrapments
and might remigrate the original hydrocarbon accumulation to another place.

Consequently, the prospects identified based on customary maps alone attain high-risk-category as: (a) no trap
existed at the critical time of initial hydrocarbon migration; (b) formation of the trap is post hydrocarbon
migration; (c) original accumulations are breached by the subsequent structural modifications. This work
presents an analysis of a syncline and examines the possibility of it being future petroleum avenue.

Tectono-Stratigraphy of Upper Assam Basin

The basin is one of the largest petroliferous province of India and presently at matured stage of exploration.
Most of the structural plays have been identified and drilled, thereby leaving behind the search for non-structural
traps. An attempt is made here through an analysis of a syncline as a part of identifying potential avenues for
future oil. This is intended to evince exploration interest and debate in order to evolve new exploration
paradigm. Figs 1 and 2 illustrate the study area and the generalized stratigraphy of the basin.
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Fig1: Study area

The tectono-sedimentation of the basin was controlled by five-phase basin subsidence: (a) extensional tectonics
of passive margin (Basement to Prang);(b) intense subsidence due to foredeep situation in the southeast (Kopili
to Barail); (c) onset of basin tilt towards north and northeast that was responsible for basement arch; (d)
sediment infill within overall basin subsidence (Girujan to Namsang); (e) complete north and north eastern tilt
that accumulated Dhekiajuli and alluvium( refer previous authors).

Paleostructural Analysis of A syncline

Foreland directed thrust systems are common features of thin-skinned fold and thrust belts. So, Naga thrusts
(younger) are developed in the footwalls of older thrusts and propagated towards the Assam Foreland in their
respective tectonic transport directions. With the development of new and younger thrusts (Naga), the entire
sequence got thickened particularly in the frontal region.

Fig.1 illustrates the Naga Thrust Belt in the vicinity of the study area (line dotted in blue colour). The
compressive toe regions of the Naga Thrusts (A-western and B-eastern) can be viewed as advancing wave fronts
on a water surface that apparently propagated with differential displacements or movements into the study area.
The differential displacements generated by the two advancing thrusts “A” and “B” inverted a graben controlled
by normal faults into a syncline with reverse faults. The paleostructural analysis of this very syncline confirms
the proposition that differential advancement of ‘A’ and ‘B’ of Naga Thrust in the study area (Figs.1&3).

11th Biennial International Conference & Exposition



Fig. 2: Generalized stratigraphy of the basin.

A syncline is a concave geological fold, with layers that dip downward toward the center of the structure
(fig.3).This synclinal fold was typically developed during crustal deformation as the result of compression that
accompanied orogenic mountain building in the southeast i.e. Naga Thrust (fig.1).

Fig.3 illustrates the characteristics of this syncline: (a) more-wide at basement level and narrow or short at the
top; (b) the left-limb is more uplifted than the right-limb as evidenced on the profiles as an erosional
unconformity at Post-Girujan times. Further, the upliftment of right-limb of the syncline is subdued as indicates
a succession of confirmable layers (fig.3). This syncline orients along SW-NE direction.

The seismic profile (fig.3) is divided into 5 sequences, wherein the sequence “4” is a divergent fill (slow
subsidence during the Post Girujan times) and the rest are almost parallel sequences dipping towards the SE.
This divergent fill sequence is overlied by a parallel seismic sequence “5” indicating that the very sequence was
deposited under quite tectonic conditions (fig.4). However, this sequence is down-folded during the next
tectonic compressional pulse.
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Fig.3: Interpreted Seismic section showing compressional regime and its result “Syncline”

Fig.4: Seismic section showing divergent fill

In summary, the western part of Naga Thrust i.e. “A” was tectonically active than “B” and their resultant
enforced “basin-modifying-tectonics” that inverted the basin during the end of Girujan times. So, caution is
necessary in drill-test of structural prospects that are too young and could be post hydrocarbon migration
structural entities in the southwestern part of the study area.

Discussion

A thorough understanding on the geodynamic evolution of a region or basin is an important factor to design a
prudent petroleum exploration paradigm. Consequently, paleo-structural analysis has become important
procedure in the exploration cycle as they establish the position of ancient structures that would have
accumulated hydrocarbons from older petroleum system of the basin.
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Such paleo-structural reconstructions are too pertinent for Upper Assam Basin as it underwent tectonic
modulations that were not in the same direction: (a) extension and normal faulting along NW-SE during the
Early Tertiary; (b) collision with the Burma lithospheric plate that initiated compression in opposite direction
(SE-NW) during the Mid.Oligocene. Consequent upliftment of the passive plate margin generated epeirogenic
structures with moderate structural inversion of normal faults; (c) finally, the Plio-Pleistocene evidenced a more
intense compressional deformation owing to the propagation of imbricate thrust faults from the SE, North and
NW directions (Kent et al, 2004).

Tectonic and depositional history are the building blocks to understand the petroleum system related factors
such as source rock, generation, migration, and entrapment of hydrocarbons.  Kent et al, 2004 and the references
therein elucidated three situations on the ‘critical moment’ of petroleum systems of the basin : (a) the first
generation of hydrocarbons in the basin was during the Miocene i.e. during the depositional time of Nahorkatiya
Group; (b) the generation and accumulation of hydrocarbons was complete in the Late Miocene i.e. the
depositional time of the Namsang Formation; (c) the source rocks are currently within oil-generative-window
over a substantial part of the region.

They synthesized various works that elucidate: (a) contrasting opinions, based on compositional variations of oil
among several fields of the basin, on hydrocarbon migration distances viz. long-distance and short-distance
migration modes; (b) the Paleocene and Eocene reservoirs are charged with oils having different characteristics;
(c) Neogene oils displayed characteristics of remobilized hydrocarbon accumulations.

In essence, basin deformation from passive margin to two-episodes of compression would permit several phases
of fault movement that induce multiple possibilities for trap destruction and remobilization of existing
hydrocarbons.

Further, WU HeYong et al, 2007 brought out a new concept “Stagnate Oil or Synclinal Oil” i.e. oil reserves
found exclusively in the synclines. It is to recall that the anticlinal theory (Hunt, 1861) is based on gravitational
separation of fluids (buoyancy effect) whereby hydrocarbons move up-dip in the subsurface and gets
accumulated in the reservoirs of structural-highs. Whileas, the ‘synclinal oil’ does not have the influence by
gravitational separation as demonstrated through case studies from the onshore basins of China. Their findings
are para-phrased below:

“The syncline oil reservoir is the unconventional oil reservoir which forms in a low to ultra-low permeable
reservoir by stagnation. The mode of gas, water and oil droplets flowing through porous medium is different.
Gas and water flow at the molecular level, and they could pass through the pore smoothly. But the minimum
diameter of oil droplets is generally bigger than the pore throats diameter of a low to ultra-low permeable
reservoir; thus, they must be deformed to pass through the pore throats. Therefore, water and gas pass through
in advance, oil droplets are delayed or stagnate. The main force is the internal fluid pressure difference, the
buoyancy and the capillary force in a basin. The former two are the driving force of migration; the latter is the
resistance of migration to oil. Oil would be detained when driving force is smaller than resistance. The
buoyancy is smaller than the capillary resistance in a syncline reservoir, so normal gravitational separation
would not exist”.

Therefore, it is prudent to focus on the syncline emphasised in this work and similar others in the basin that
would consist of: (a) analysis of the structural disposition in the Pre-Naga Thrust geological time for structural
and stratigraphic entrapments; (b) studying the very syncline in the light of the new concept- Stagnate Oil.

Conclusion

In the light of the possibility of various working petroleum in the basin, it is prudent to focus on the areas that
are folded into synclines consequent to the Naga Thrust propagation. In other words, the first generation of
hydrocarbons (Miocene i.e. during the depositional time of Nahorkatiya Group) would have filled the then
structural prospects that need attention. The concept of “stagnate oil” is worth a mention and needs a thorough
study in order to apply to the situations in the Assam Basin.
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