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ABSTRACT

Faults optimally oriented for slip within an ambient stress field are
geometrically weak compared with other fault orientations. Evolving
fault systems undergo changes that lead to both geometric
strengthening and weakening of faults. Given a single stress regime,
geometrically weak faults grow and accumulate displacement, and
geometrically strong faults tend fo be abandoned. This natural
selection process results in a well-organized fault pattern that reflects
the evolution of the stress field. Initial fault surfaces are often en
echelon and not connected. These faults grow by segment nucleation,

geometrically
stronger in the ambient stress field. These poorly oriented fault
segments are bypassed by newly formed cutoff faults that straighten
the overall fault surface. This process results in an active fault
surface that is smoother, geometrically weaker, and with a smaller
surface area. In addition, slip on an imbricate system of normal faults
progressively reorients fault planes to shallower and less favorable
dips, eventually causing the initiation of new, more favorably orfented
faults. Analyses of natural fault systems from the Basin and Range
Province illustrate this fault system evolution.

INTRODUCTION

(1) A fault that is favorably-oriented in the stress field to accommodate
slip (i.e., has high slip tendency) is geometrically weak.

{2) Natural fault systems initiate with orfentations that are variable but
which cluster around the optimal orientations determined by stress
field and rock characteristics - optimal orientations may not
necessarily form simple conjugate sets.

(3) Fault orientations that differ from the Ideal resuit from:

- fault interaction

- reactivation of pre-existing fabrics (e.g., joints, basement faults)
- fault and fault block rotation

- stress system evolution.

{4) Fault linkage and growth leads to abandonment of unfavorably
oriented fault (geometrically strong) segments.

(5) in reiatively simple stress fields, fault orientation patterns provide a
good indication of regional stress fleld - which is the basis for classical
fault analysis.

FAULT SYSTEMS IN THE VOLCANIC TABLELAND
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= The southern end of the Fish Slough fault system
{ illustrates the development of a through-going fault from
. an array of three en echelon faults (Ferrill et al., 1999):

i (1) Faults initially separate and variable in orientation,
(2) Fault growth and linkage led to the abandonment of
original fault tips.

(3) Fault segments that are unfavorably oriented fo

: accommodate EW extension are superseded by more
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The Volcanic Tableland north of
Bishop California is formed by
the welded unit of the 738,000

1988), More than 500 normal
faults with displacements in
excess of 1 meter cut the tuff. The
arid climate and weathering-

90% of the faults are consistent
with EW extension.

Fauits in the Volcanic Tableland
exhibit a range of interactions.
Features Include:

- @n echelon arrays

- relay ramps

- linked faults

Longer faults, resulting from fault propagation and linkage, are better
oriented to accommodate the EW regional extension than shorter faults.
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ROTATION OF NORMAL FAULTS

Figure 6.
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In imbricate fault systems faults rotate during slip. This rotation re-
orients overlying fauits so that they become less favorably orlented to
accommodate slip (e.g., Lister & Davis, 1986). Geometrically weak (1) Faults initiate with ideal orientations for slip, bedding has the worst
faults may become geometrically stronger. This is the case in the orientation for slip.
hanging wall of the Gold Ace Mine fault, where continuous slip has
rotated faults into orlentations that are no longer favorabie for slip. (2) Faults rotate fo worse orfentations for slip, bedding rotates fo a better
orientation for slip.

Fi 4,
—_ (3) At some point both bedding and faults become active slip surfaces.

(4) Bedding and fault surfaces rotate to unfavorable orientations and new
faults form.

At Bare Mountain there is abundant evidence for steps 1 through 3
above. Figure 6a shows the slip systems at a location where fault block
rotation has re-oriented faults into geometrically strong configurations
whereas the bedding has attained a dip that permits slip.
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Figurrs 8. Early high-angle foults cut by bedding-paraiiel feuits (Ferill of al, 2000).
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CONTRACTIONAL FAULTS
Figure 7.

During the development of a break-forward imbricate thrust system,
each thrust fault experiences the following developmental sequence:

- fault initiation along a favorably oriented trajectory

- fault slip and strain weakening

- as the hanging wall rises there is an increase in gravitational
foading of the thrust surface, which decreases the absolute slip
tendency of the fault and hence Increases Its geometric strength

- initiation of another fault in the unloaded footwall ahead of the toe

of the advancing thrust system causes back-rotation of the earlier fault
to a less favorable orientation for further slip.

STRIKE-SLIP FAULTS

Figure 8, “
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Initially, faults with a variety of orientations develop. As total
displacement increases and faults grow and link, the less well-oriented
fault segments are abandoned and the geometrically weaker faults

increase in length.

SUMMARY

(1) The geometric strength of a fault is primarily a function of its slip
tendency within the ambient stress field.

(2) Natural fault systems initially form with a spectrum of active slip
orlentations resulting from:

fault interaction

reactivation of pre-existing fabrics

fauit rotation
stress system evolution.

(3) As a fault system evolves, linkage and growth lead to abandonment
of geometrically strong fauit segments.

(4) An important corollary of this sequence of development is that the
majority of faults provide a good representation of the overall stress
field that existed at the time of their formation.
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