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Nicholson suggests that the paper under discussion
(Smith, 1999) is not successful in showing the applica-
bility of bridge-bending kinematics to the ®eld
examples presented. Nicholson and co-workers (papers
cited in his point 2) developed the analysis of curved
bridges of rock between fractures in studies of ®eld
examples that had angles between fractures and their
host array (fracture-array angle) of about 108 and less.
[In one of those papers (Nicholson, 1991) the main
array has a fracture-array angle of about 228 but with
minimal curvature of bridges; the curved bridges
occurred in `sub-arrays' with fracture-array angles of
about 108.] Their work has included schematic dia-
grams and graphs of geometric parameters at higher
fracture-array angles but no ®eld examples of such
vein systems were described in those papers to support
the extension of their model to arrays with higher frac-
ture-array angles.

As shown in detail in my paper (®g. 9) the veins at
Merimbula have a wide range of fracture-array angles.
I proposed that geometric observations support the
formation of the sigmoidal vein shape by bending of
bridges of rock between fractures. The fact that
Nicholson and co-workers disallowed bridge shorten-
ing or material transfer in their analysis of low-angle
en eÂ chelon fracture arrays does not prohibit these pro-
cesses from occurring in arrays of higher fracture-
array angles formed by bridge-bending. By acknowled-
ging their work I did not intend to imply that I would
limit the bridge-bending process to the features

observed and conditions implied from their range of
®eld examples.

More speci®cally, Nicholson (point 1) states that in
my presentation of bridge-rotation ``bridges are
de®ned by an already existing planar anisotropy (bed-
ding for example), shortened as veins open''. This is an
inaccurate characterisation of my presentation of the
bridge-rotation model. My ®eld data showed that
some veins occur on bedding and cross-bedding while
others occur on newly formed fractures. In the bridge-
rotation model, bridges bend after fractures have pro-
pagated and thus fractures `pre-exist' the bending pro-
cess even though they may ``arise as part of the vein-
forming process'' (as Nicholson put it). One point of
evidence of this, from a di�erent ®eld area (Smith,
1996), is the change of vein shape from planar to sig-
moidal without an increase in length of veins in serial
pro®le sections. This is in contrast to the vein-rotation
model in which rotation and fracture propagation are
truly simultaneous. Also, I did not contend that short-
ening of bridges must occur. Nicholson may be refer-
ring to the geometric shortening caused when the
bridges are rotated and thus present a decreasing
dimension along the length of the array. However,
shortening along bridges may occur and contribute to
the ultimate morphology of the veins and bridges.

In my schematic representation (®g. 7) of an asym-
metric vein that could accommodate di�erent degrees
of bending in its adjacent bridges, Nicholson notes
(point 3) that the lengths of the vein margins di�er.
Clearly, without some bridge deformation there would
be incompatible strains. A real example of such a vein
is shown in ®g. 6(b) and the caption to that photo-
graph speci®cally draws attention to the deformation
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of the bridges. No particular pattern of bridge defor-

mation (other than bending) is shown in the schematic

diagram and, as the paper concluded, such bridge de-

formation is highlighted as needing further investi-

gation.

In response to point 4, I reply that I have been suc-

cessful in showing that bridge bending can explain the

observed sigmoidal shapes in these relatively high-

angle en eÂ chelon vein arrays. Detailed aspects of the

model of Nicholson and co-workers derived from stu-

dies of relatively low-angle en eÂ chelon vein (and other

fracture) arrays cannot be considered to limit the

extension of the general kinematic model to a di�erent
range of structures.
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