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Combined remote sensing and field investigations of hydrocarbon trap analogue
structures: Examples from the Zagros Simply Folded Belt, Iran and the Sawtooth Range,
Montana

Caroline M Burberry ™, David Cannon?, John W. Cosgrove, Terry Engelder?

'Department of Earth Science and Engineering, Imperial College London, South Kensington
Campus, Exhibition Road, London, SW7 2AZ

’Department of Geosciences, The Pennsylvania State University, University Park,
Pennsylvania 16802

Structures that outcrop at the surface in fold-thrust belts are frequently good analogues for
hydrocarbon traps in compressional environments. Along-strike changes in structure and
geometry have important implications for connectivity and fluid flow throughout the petroleum
system, e.g. in the Zagros Simply Folded Belt, Iran, and in a surface reservoir analogue in the
Sawtooth Range, Montana.

Using satellite images and remote mapping, the Zagros Simply Folded Belt is ideal for the study
of along-strike change in structure at a convergent margin. Lines of anomalously long, high-
aspect ratio folds, crossed by multiple wind gaps, are clearly linked to movement along
basement thrusts and correlate with major steps in the landscape. The basement faults formed
sequentially as the deformation front progressed SW towards the Persian Gulf. In the Zagros,
brittle and ductile deformation processes interact. Movement along a ramping-up thrust creates
a fault-bend fold. Compressive stresses build up, leading to serial folding in the cover behind
the fault-bend fold. Eventually, deformation of the block requires stresses in excess of those
required to form a new thrust. The original thrust is abandoned, the footwall collapses and the
process repeats.

A field study of a fold pair in the frontal region of the Sawtooth Range, Montana indicates that
individual folds may change considerably in geometry and deformation style along strike. The
N-S trending Teton anticline and Little Teton Anticline are both incipient box folds with broad
rounded hinges formed in the carbonates of the Mississippian Madison Group. The fold
wavelength is determined by the depth of the detachment, which ramps up from the Cambrian
shales in the hinterland, to Devonian shales and finally Cretaceous shales in the foreland. The
Teton Anticline is a near symmetrical fold in the northern mapped section but becomes
distinctly asymmetric when traced to the south.

The change in geometry of the Teton Anticline implies that there is increasing complexity in the
sub-surface thrust faults to the south. This complexity may be related to the influence of pre-
existing basement topography. Folds in a fold-thrust belt display a spectrum of different
geometries between detachment folds and fault-related folds. These differences are determined
by the relative amounts of brittle and ductile deformation and occur both along and across the
strike of the fold-thrust belt, and along strike of individual folds.
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