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ABSTRACT

Most structural/kinematic models are
inherently  two-dimensional; even  sev-
eral recent three-dimensional models are
“pseudo—three-dimensional™ in that they
consist of a series of parallel two-dimensional
cross sections, Lack of a true three-dimen-
sional formulation hampers our abilities to
simulate three-dimensional structures such
as obligue- and strike-slip faulting and dis-
placement gradients perpendicular to the
slip vector. The mathematical formulation of
trishear deformation using incompressibility
of flow is well suited to a solution in three
dimensions. We derive one plausible velocity
field for true three-dimensional flow in a tri-
angular shear zone. This formulation allows
us to simulate the deformation in obligue-slip
deformation zones as well as flower strue-
tures associated with strike-slip fault zones.
The strain distribution in fAower structures
combined with some simple mechanical
assumptions suggests that faults in these
zones would have a helicoidal geometry, The
results of the kinematic model compare well
to well-described structures in the Colorado
Plateau, Andaman Sea, and Death Valley, as
well as to data from analogue experiments,

Keywords: trishear, strike-slip, numeri-
cal model, fault-propagation deformation,
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INTRODUCTION

A number of mineral deposits and hydrocar-
bon reservoirs are related to flower structures
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along  strike-shp  deformation zones (e.g.,
Dorsal Newquina fault system: Vergam et al.,
1995; Andaman Sea fault: Harding, 1985;
Athos fault: Roussos and Trantafiyllos, 1991);
in addion, significant earthquake  activity
along others threatens major population cen-
ters (e.g., San Andreas—Garlock system, North
Anatolian faul, etc.). Numerous authors have
studied this style of deformation, creating a
systematic, descriptive classification (Wood-
cock and Fischer, 1986; Sylvester, 1988;
Woodcock and Schubert, 1994). Many field
examples (Harding, 1985; Dooley and MeClay,
1996; Tindall and Davis, 1999) are well docu-
mented, and some analogue and mechanical
models have also been presented (Richard
and Krantz, 1991; Dooley and McClay, 1996;
Dooley and McClay, 1997). However, despite
the importance of swrike-slip and oblique-slip
fault zones, kinematic models to analyze them
are virtually unknown because of the inherently
three-dimensional nature of the deformation.

During strike-slip analogue experiments the
firsi-formed structures are en echelon Riedel
shears, Naylor et al. (1986) have shown that
these structures are concave upward and have
a helicoidal geometry such that they twist to
merge with the pnncipal displacement zone
(PDZ) at depth (Maylor et al., 1986; Sylvester,
1988, Woodcock and Schubert, 1994) to form
tulip or flower structures, However, it is not
theoretically clear why this helicoidal geom-
etry is formed. Naylor et al. (1986) explained
it as a consequence of the en echelon pattern of
the shears at the surface, their concave-upward
geometry, and the need to join a single basement
fault at depth.

The three-dimenswonal arrangement of these
structures suggests the possibility that they have
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Figure 1. {A) Helicoidal geometry of Riedel
faulis (Naylor et al., 1986). PDZ—principal
displacement zone. (B) Concept of trishear
applied to sirike-slip deformation.

been formed in a triangular deformation zone
where the apical line is the upper termination
of the main fault (Fig. 1B). Here we present
a novel application of the trishear kinematic
model—initially proposed by Erslev (1991),
later extended by Hardy and Ford (1997) and
Zehnder and Allmendinger (2000)—that can
be used to simulate the structure of strike-slip
and oblique-slip deformation. Because Erslev's
(1991) method is inherently two-dimensional,
we first derive a three-dimensional solution
based on mcompressibility of flow. A computer
program was written to apply this solution, and
the results were compared with natural exam-
ples and analogue models.

The kinematic model that we present here is
atrue three-dimensional generalization of the tri-
shear-model velocity field presented by Zehnder
and Allmendinger (2000) and differs from Cris-
tallmi and Allmendinger’s (2001 ) pseudo-three-
dimensional approximation. Although the new
model is in some ways less versatile than the
pseudo—three-dimensional approach, it is much
more  powerful for successfully  simulating
oblique and strike-slip deformation.



