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INTRODUCTION

The study of meso- and microstructures in hinges and
limbs of a number of detachment anticlines from the
northeastern Brooks Range. Alaska, led Homza and
Wallace (1997) to propose that these folds grew with
fixed hinges and rotating limbs (e.g. Hardy and Poblet,
1994). Homza and Wallace (1997) observed that the
structural thickness of the ductile unit beneath some
anticlines (detachment depth) varied from less than to
greater than its stratigraphic thickness. They measured
the detachment depth from field data and compared it
with the detachment depth estimated using two
methods: (1) a wvariable detachment-depth method
(Homza and Wallace, 1995) that assumes variations of
the ductile unit thickness beneath the anticline as it
amplifies, and (2) the classical excess-area method
(Chamberlin, 1910) which assumes constant depth.
They concluded that the field observations were more
consistent with the results estimated using Homza and
Wallace (1995) method.

We agree with Homza and Wallace (1997) that the
depth to detachment may vary during fold amplifica-
tion (e.g. Wiltschko and Chapple, 1977, Dahlstrom,
1990; Butler, 1992; Groshong and Epard., 1994;
Homza and Wallace, 1995), and in that sense, the use
of their variable detachment-depth model is a notable
improvement. However. we would like to discuss some
drawbacks that arise from the application of this
method, particularly to some of the natural examples
from the northeastern Brooks Range used in Homza
and Wallace (1997).

APPLICATION OF THE VARIABLE
DETACHMENT-DEPTH MODEL TO THE
NORTHEASTERN BROOKS RANGE

The Homza and Wallace (1997) method uses the
assumption that no ductile material moves laterally

through the anticline lower hinges in the plane of sec-
tion (see fig. 7 in Homza and Wallace, 1997). As
Homza and Wallace (1997) realized, this assumption
implies that the detachment-depth variations predicted
by their method are maximum estimates. We agree
with this observation but we would like to contribute
some ideas about it. According to the Homza and
Wallace (1995) method, the pin and loose lines should

- be placed precisely in the anticline lower hinges, separ-

ating the anticline limbs from non-folded regions. The
degree of accuracy when estimating the depth to
detachment using this method strongly depends on the
position of the pin and loose lines. To visualize differ-
ences in the detachment-depth estimations depending
on the position of the pin and loose lines, we have
constructed a graph that illustrates shortening vs depth
to detachment for a single anticline formed with fixed
hinges and rotating limbs (Fig. 1). The curves dis-
played in this graph have been obtained by increasing
progressively the distance between the pin and loose
lines. It appears that for a given amount of shortening,
the detachment depth is different depending on the
position of the pin and loose lines. The less the separ-
ation between the pin and loose lines, the greater the
detachment-depth variations, and vice versa. Small
differences in the position of the pin and loose lines
cause noticeable differences in the detachment-depth
estimations. Because natural detachment folds with
rounded hinges are common (e.g. Wiltschko and
Chapple, 1977; Poblet and Hardy, 1995), it is difficult
to locate accurately the pin and loose lines, and there-
fore, the detachment-depth estimations can be variable.
For instance, the lower left hinge of the Straight Creek
anticline (see fig. 9 in Homza and Wallace, 1997) is
relatively wide, which makes it difficult to place pre-
cisely the loose line. Homza and Wallace (1997) chose
a loose line relatively close to the anticline core [see
figs 9(b) & 10 in Homza and Wallace, 1997]. However,
if they had chosen a loose line more to the left, away
from the anticline core, the anticline core area would
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Fig. 1. Graph showing detachment-depth variations for a single

detached anticline formed with fixed hinges and rotating limbs. The

different curves resulted from increasing progressively the separation

between the pin and loose hnes. Fold amplification took place

according to Homza and Wallace (1995). and Poblet and McClay

(1996) cquations. Both shortening and detachment-depth scales are
arbitrary distance units.

have been greater, and therefore. the detachment
depth estimated would have been different. This suggests
that the detachment depth estimated for this anticline
using the variable detachment-depth model of Homza
and Wallace (1995) is only an approximate value.

To apply the Homza and Wallace (1995) method,
the detachment surface must be parallel to the line
that joins the base of the competent unit at the anti-
cline lower hinges (see fig. 7 in Homza and Wallace,
1997). In the case of the Straight Creek anticline, the
lower hinges are located at different heights with
respect to the detachment (see fig. 9 in Homza and
Wallace, 1997). Homza and Wallace (1997) used the
higher hinge [lower right hinge in fig. 9(b) in Homza
and Wallace, 1997] to estimate the width and core area
of the anticline. However, if they had chosen the lower
hinge (lower left hinge), again the anticline core area
would have been greater, and therefore, the detach-
ment depth estimated would have been different. In
addition, the detachment surface beneath the Straight
Creek anticline is not flat, making it difficult to apply
the Homza and Wallace (1995) method to this fold.

The Homza and Wallace (1995) method also uses
the initial depth to detachment to predict the final
depth. This model assumes that the detachment is at
the base of the ductile unit, and that the initial detach-
ment depth equals the thickness of the non-deformed
ductile unit. Two problems arise from this assumption:
(a) the detachment may not necessarily be at the base
of the ductile unit (e.g. Thompson, 1989). and (b)
because the depth to detachment may vary during fold
amplification, we should measure the initial thickness
of the ductile unit in non-deformed areas away from
the folds, and take into account lateral thickness vari-
ations due to sedimentary reasons. The cross-sections
in Homza and Wallace (1997) across the Brooks
Range show that the core of the anticline i1s occupied
by a ductile unit (Kayak Shale) and that the detach-
ment is located at the base of this unit (see figs 9, 11,
12 & 13 in Homza and Wallace, 1997). However. the
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data indicate important thickness variations of this
unit (50 1000 m) (see table | in Homza and Wallace,
1997). In addition, the detachment corresponds to the
roof thrust of a kilometre-scale basement duplex [see
fig. 12(a) in Homza and Wallace, 1997]. The detach-
ment surface together with the Kayak Shale are folded
due to underlying duplex stacking, and this might have
caused thickness variations of the Kayak Shale (e.g.
hinge and/or limb thickness variations due to non-par-
allel folding)., even in ‘“apparently non-deformed
areas” in between detachment anticlines. Due to the
thickness variations of the ductile unit, estimation of
the detachment depth in this region should be better
carried out using methods that do not need the initial
thickness of the ductile unmit. We would like to warn
about the influence of the initial detachment depth in
the estimation of the final detachment depth. The
graph in Fig. 2 illustrates the variation of the depth to
detachment vs shortening for a single anticline formed
with fixed hinges and rotating imbs. The curves corre-
spond to different initial depths to detachment (or in-
itial thickness of the ductile unit when the detachment
is located at the base of this unit), keeping constant
the distance between the pin and loose lines. The
graph shows that the deeper the initial detachment
depth. the greater the detachment-depth variation.
Therefore, errors in the measurement of the initial
thickness of the ductile unit cause greater errors in the
detachment-depth estimation when the ductile unit is
thick than when the ductile unit is thin.

The variable detachment-depth model (Homza and
Wallace, 1995) may be used to analyze different geo-
metrical parameters of detachment anticlines; however,
it was mainly developed to estimate the detachment
depth in areas where the detachment surface does not
outcrop or it cannot be identified using geophysical
methods. When the detachment cannot be observed. it
can be very difficult to differentiate detachment from
fault-propagation folds because they can have identical
geometry  (e.g.  Jamison, 1987, Mitchell and
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Fig. 2. Graph showing detachment-depth variations for a single

detached anticline formed with fixed hinges and rotating limbs. The

different curves resulted from increasing progressively the initial

depth to detachment. Fold amplification took place according to

Homza and Wallace (1995), and Poblet and McClay (1996)

equations. Both shortening and detachment-depth scales are arbi-
trary distance units.
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Woodward, 1988; Mitra, 1990; Storti and Poblet,
1997). Therefore, we must ensure that the fold we are
analysing is a detachment fold before applying the
Homza and Wallace (1995) method. In the West Fork
transect, the detachment surface is not exposed except
for the left side of the cross-section [see fig. 12(a) in
Homza and Wallace, 1997]. Homza and Wallace
(1997) state that the West Fork anticline and adjacent
structures are clearly detachment folds since the Kayak
Shale is thickened in the core of each fold. This state-
ment may not be necessarily correct because natural
examples of fault-propagation folds with thickened
hinges have been documented (e.g. Alonso and
Marcos, 1992; Bulnes, 1995). According to Homza and
Wallace (1997), to the south and west of the West
Fork transect, thrusts are observed to cut up-section
from the basement and through the fold’s forelimb. To
explain these observations, Homza and Wallace (1997)
suggested an evolutionary model for this region in
which thrusts may cut through detachment folds at
any stage of their history. However, it is also possible
that the West Fork anticline and adjacent structures
are fault-propagation folds. Such an interpretation pre-
supposes that a thrust should be located in the core of
the West Fork anticline in the West Fork transect.
This interpretation is consistent with the observations
of Homza and Wallace (1997) regarding the occur-
rence of a folded and thrusted, competent limestone
bed within the Kayak Shale in the core of the West
Fork anticline. Bulnes (1995) documented natural
examples of fault-propagation folds in which shorten-
ing was accommodated not only by a major thrust and
a fold, but minor structures such as imbricated thrusts
and folds related to them. If the West Fork anticline
were a fault-propagation fold, then constant detach-
ment-depth methods (Chamberlin, 1910; Mitra and
Namson, 1989; Epard and Groshong, 1993) would be
more appropriate to estimate the detachment depth,
because amplification of a fault-propagation fold does
not involve detachment-depth variations (e.g. Mitra,
1990; Suppe and Medwedeff, 1990).

CONCLUSIONS

1. One of the lower hinges of the Straight Creek anti-
cline is relatively wide, which makes it difficult to
place precisely the loose line. The detachment depth
estimated wusing the variable detachment-depth
model of Homza and Wallace (1995) strongly
depends on the position of the pin and loose lines.
Therefore, the detachment depth estimated by
Homza and Wallace (1997) for the Straight Creek
anticline is only approximate.

2. The detachment surface is not parallel to the line
that joins the base of the competent unit at the
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lower hinges of the Straight Creek anticline. In ad-
dition, the detachment beneath this anticline is not
a flat surface. One of the most important require-
ments of the variable detachment-depth model of
Homza and Wallace (1995) is that the detachment
surface must be flat and parallel to the line that
joins the base of the competent unit at the anticline
lower hinges. This makes it difficult to estimate the
detachment depth beneath the Straight Creek anti-
cline using the Homza and Wallace (1995) method.

3. Tectonic thickness variations are likely to occur in
the Kayak Shale due to its structural position
above a folded roof thrust of a regional-scale
duplex. Moreover, extrapolation of the original
Kayak Shale thickness measured in regions far
from the studied cross sections is not recommended
due to important sedimentary thickness variations.
The Homza and Wallace (1995) method uses the
stratigraphic thickness of the ductile unit to deter-
mine the detachment depth, but it assumes that this
thickness is constant beneath the studied fold. In
our opinion, methods in which the detachment
depth could be estimated irrespective of the initial
thickness of the ductile unit are more appropriate
for the Brooks Range anticlines.

4. Although the West Fork anticline is interpreted as
a detachment fold by Homza and Wallace (1997),
the anticline features described by these authors
also fit the fault-propagation fold models. Fault-
propagation folds do not undergo detachment-
depth  variations during their amplification.
Therefore, if the West Fork anticline is a fault-
propagation fold, the detachment depth should be
better estimated using constant detachment-depth
methods instead of the variable detachment-depth
method of Homza and Wallace (1995).
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