
For permission to copy, contact editing@geosociety.org
© 2006 Geological Society of America

GSA Bulletin; March/April 2006; v. 118; no. 3/4; p. 343–348; doi: 10.1130/B25820.1; 7 fi gures; 2 tables.

  343

ABSTRACT

The propagation of deformation bands 
into compressive and extensional stepover 
geometries is investigated by integrating fi eld 
observations with numerical model simula-
tions of the effective stress state due to shear 
along the bands. Deformation bands are 
tabular discontinuities, with mm- to cm-scale 
thicknesses, of localized volumetric strain 
and shear. Deformation bands are precur-
sors to frictional slip (i.e., faulting) in porous 
granular rocks and soils. Systematic rota-
tions in near-tip principal stress orientation 
due to shear along the overlapping defor-
mation bands are shown to predict band 
propagation paths that are consistent with 
characteristic stepover geometries as viewed 
in the mode II direction, the orientation in 
which the observation plane is parallel with 
the displacement direction. Therefore, prop-
agation paths for deformation bands can be 
predicted from knowledge of the effective 
near-tip stress state. These results establish 
a mechanics-based framework for investi-
gations of fault growth and fault-controlled 
fl uid fl ow in porous granular rocks and soils.

Keywords: deformation band, damage zone, 
plastic deformation, faulting, sandstone, 
stress rotation.

INTRODUCTION

In porous granular rocks and soils such as 
sandstone, limestone, or tuff, fault growth is 
preceded and accompanied by the development 
of damage zones of deformation bands (Jamison 
and Stearns, 1982; Shipton and Cowie, 2003). 
This process is analogous to the development of 

secondary fault-related fractures in crystalline 
rock. Deformation bands are tabular discontinu-
ities that nucleate and propagate through local-
ized shear (Aydin, 1978; Aydin and Johnson, 
1978; Fig. 1). Deformation bands are a subset of 
a systematic range of structures that form at the 
onset of plastic yield in porous granular mate-
rials. Related plastic yield structures include 
dilation bands and compaction bands (localized 
volumetric strain with zero shear) and cataclas-
tic fl ow (distributed volumetric and shear strain; 
Wong et al., 1997; Borja and Aydin, 2004; 
Schultz and Siddharthan, 2005).

The yield strength of a deformation band is 
smaller in magnitude than the peak strength of its 
host rock (Wong et al., 1997; Borja and Aydin, 
2004; Schultz and Siddharthan, 2005). There-
fore, deformation bands initially lack the discon-
tinuous displacement fracture surfaces typical of 
joints and faults in crystalline rock. Deformation 
bands accumulate shear displacements indepen-
dent of frictional (Coulomb) sliding. Typical 
shear strains measured across deformation bands 
in the fi eld can be as much as 0.005 (maximum 
displacement to length ratio), and lengths of indi-
vidual deformation bands may approach 100 m 
(Fossen and Hesthammer, 1997).

Deformation bands are precursors to the 
formation of through-going faults in porous 
granular rocks and soils. These bands accumu-
late shear strain independent of frictional slid-
ing (i.e., faulting). Coulomb frictional slip can 
and does occur as a secondary process within 
the tabular thickness of the bands after suffi cient 
(shear) strain-induced changes in the strength of 
the band material have occurred (Schultz and 
Siddharthan, 2005). Through-going faulting is 
accomplished by the linkage of these discon-
tinuous patches of fault slip (Johnson, 1995; 
Shipton and Cowie, 2001).

Thus, deformation bands can evolve into 
faults, and the geometries of these faults are 
inherited from the geometries of the preexist-
ing deformation bands (Aydin and Johnson, 

1978; Antonellini and Aydin, 1994; Shipton 
and Cowie, 2001; Schultz and Balasko, 2003; 
Schultz and Siddharthan, 2005). Therefore, a 
mechanical understanding of deformation band 
stepover geometries is a key to investigating the 
growth and interaction of faults in porous gran-
ular rocks and soils. Faults and their surround-
ing damage zones also act as either barriers or 
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Figure 1. (A) Compressive and (B) exten-
sional deformation band stepover geom-
etries as viewed in the mode II direction. 
Deformation bands are the light-toned posi-
tive relief structures. The sense of offset is 
determined from displaced cross-bedding. 
Photographs taken in the Goblin Valley 
region of southern Utah. Host rock in both 
photos is Entrada Sandstone.
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 conduits to fl uid fl ow (Antonellini and Aydin, 
1994; Sigda and Wilson, 2003; Campbell et al., 
2003). Accordingly, understanding the growth 
of deformation band stepover geometries also 
provides insight into the development of fl uid 

fl ow patterns within structurally controlled res-
ervoirs. The purpose of this paper is to show 
that the distinct geometries of deformation band 
stepovers are predictable from systematic varia-
tions in the local principal stress orientation 
ahead of propagating band tips.

Field Observations

The scope of this paper is limited to the dis-
cussion of deformation band stepover structures 
as observed in the mode II direction (where the 
shearing vector is parallel with the observation 
plane; Fig. 1). Characteristic stepover geom-
etries of deformation bands are observed at cm 
to 100 m scales and are seemingly invariant with 
scale; stepover geometries seen at the cm scale 
are also observed at the 100 m scale. The most 
distinct geometry of a mode II compressive step-
over is characterized by a pair of “bounding” 
deformation bands that are connected by one 
or more antithetic “linking” deformation bands 
(Figs. 1A and 2A). Early work by Jamison and 
Stearns (1982) and by Davis et al. (2000) and 
coworkers interpret these antithetic linking bands 
as R′ Riedel shears along the two bounding bands. 
Schultz and Balasko (2003; see also Balasko, 
2003) utilized fi eld observations and numerical 
models to demonstrate that the antithetic linking 
bands are conjugate to the bounding bands and 
systematically grow within the step over due to 
local stress concentrations between the actively 
propagating bounding bands.

Geometries that lack antithetic linking 
bands have been also observed in compres-
sive (Fig. 2D) and extensional (Figs. 1B and 
2E) deformation band stepovers. Du and Aydin 
(1993) used a criterion based on distortional 
strain energy density to predict the growth of 
these “simple” stepover geometries for both 
compressive and extensional deformation band 
stepovers. This criterion has also been used to 
reproduce particular stepover geometries for 
faults observed by Du and Aydin (1995).

Recently, Okubo and Schultz (2005) used 
yield criteria based on strain energy density to 
reproduce characteristic mode II geometries 
and intensities of 10-m-scale damage zones of 
deformation bands surrounding thrust faults 
within Wingate Sandstone. In that work, volu-
metric strain energy density is developed and 
verifi ed as a criterion for quantifying the ten-
dency for deformation band nucleation within 
these fault-related damage zones. Further, dis-
tortional strain energy density is shown to be an 
indicator of the tendency for deformation band 
propagation within these damage zones.

The contributions of Du and Aydin (1993) 
and Schultz and Balasko (2003) interpret 
deformation band propagation tendency and 

direction from numerical model calculations 
of distortional strain energy density. In these 
works, the tip of an individual deformation 
band is assumed to propagate toward the area 
of the maximum distortional strain energy den-
sity. Therefore, the resulting deformation bands 
would assume the overall geometries of the 
zones of elevated distortional strain energy den-
sity within the surrounding rock. Accordingly, 
the propagation direction of the deformation 
band would be independent of the orientation 
of the near-tip, effective maximum principal 
stress, σ

1
Eff (where σ

ij
Eff is the sum of the remote 

principal stress, σ
ij

R, plus the corresponding and 
coincident band-shear–induced local principal 
stress). Recent fi eld observations and theoretical 
considerations show, however, that deformation 
bands propagate along conjugate angles, θ

db
, 

from the σ
1
Eff direction (Fig. 3; Johnson, 1995; 

Borja, 2004; Borja and Aydin, 2004). There-
fore, the deformation band propagation angle 
(i.e., θ

db
) is tied to the orientation of σ

1
Eff, and 

variations in the σ
1
Eff orientation near the band 

tip may lead to changes in deformation band 
propagation direction. In this paper, we incorpo-
rate these recent and important fi ndings to show 
that determining propagation direction from the 
near-tip σ

1
Eff orientation allows for the system-

atic investigation of subtle but key deformation 
band stepover geometries.

We commonly observe mode II deformation 
band stepover structures with the basic geom-
etries shown in Figure 2. These geometries are 
based on detailed fi eld observations of deforma-
tion band damage zones in the Sheets Gulch, 
Cottonwood canyon, Hillsdale canyon, Iron 
Wash, Goblin Valley and Molly’s Castle areas 
of Utah, as well as at the Uncompahgre fold in 
western Colorado and at the Valley of Fire in 
southern Nevada.

Compressive stepovers with antithetic linking 
bands in which the bounding bands are subpar-
allel (Figs. 1A and 2A) and intersect the oppo-
site bounding band (Fig. 2B) are commonly 
observed. Also, compressive stepovers where 
the overlapping tips of the bounding bands 
diverge from the overlap (e.g., Du and Aydin, 
1993) are also observed either with (Fig. 2C) 
or without (Fig. 2D) antithetic linking bands 
within the stepover. Isolated distal ends of the 
bounding bands (tip opposite from the stepover; 
tips A and D in Fig. 4) are observed to tend to 
curve toward the extensional quadrant as shown. 
Distal tips, however, commonly show stepover 
interactions with other adjacent bands, and 
examples of isolated distal tips are rare. These 
mode II geometries are typical of deformation 
band stepovers regardless of the global sense of 
shear across the bounding bands (normal, thrust, 
or strike-slip).
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Figure 2. Commonly observed mode II 
deformation band stepover geometries 
showing the positions of the outer bounding 
bands and inner linking bands. Shown are 
compressive stepovers containing antithetic 
linking bands between (A) linear bounding 
bands (see also Fig. 1A) and (B) converging 
bounding bands, as well as diverging bound-
ing bands with (C) and without (D) linking 
bands. Also shown is the geometry (E) of an 
extensional stepover (see also Fig. 1B).

Figure 3. Sign conventions and angular met-
rics used in this paper. (A–B) Angle of stress 
rotation is measured from the prescribed 
remote principal stress orientation (e.g., 
σ1

R) to the corresponding effective principal 
stress (e.g., σ1

Eff), which is calculated as the 
sum of the remote principal stress plus the 
band-shear–induced local principal stress. 
The angle of stress rotation is thus the dif-
ference in orientation between σ1

R and σ1
Eff. 

(C) Geometric relationship of θdb between σ1 
(either remote or effective) and both conju-
gate deformation band (db) orientations.
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METHODOLOGY

In order to evaluate the effect of local stress 
rotations on the resulting stepover geometry, 
a series of numerical models using the 2-D 
boundary element code FAULT (Schultz, 1992) 
for elastic displacements in a full space are 
developed. FAULT has been used to calculate 
the results presented by Du and Aydin (1993, 
1995), Schultz and Balasko (2003), and Okubo 
and Schultz (2005). Results of this study are 
based on the model setup of Schultz and Bal-
asko (2003) with the geometry of Figure 4.

Deformation bands are modeled as seam ele-
ments (Crouch and Starfi eld, 1983, p. 208–210) 
that support continuous shear (nonfrictional) 
displacements across their ~1 mm thickness. 
The host rock is prescribed to have a Young’s 
modulus of 18.2 GPa, shear modulus of 
7.9 GPa, and Poisson’s ratio of 0.15, consistent 
with porous sandstones (Lama and Vutukuri, 
1978). The deformation bands have an equiva-
lent (large-strain) shear modulus of 0.31 GPa, 
which is obtained from the magnitude of shear 
strain across the bands (Schultz and Balasko, 
2003). Remote driving stress magnitudes are 
prescribed as σ

1
R = 50 MPa and σ

2
R = 37.5 MPa. 

This σ
1
R to σ

2
R ratio of 1.33 is less than the peak 

frictional strength of the host rock (~3, assum-
ing typical friction coeffi cients of 0.6 or greater) 
and is suffi cient to result in a shear displacement 
to band length ratio of 0.005 that is typical of 
natural bands (Fossen and Hesthammer, 1997). 
The results presented here use the counterclock-
wise positive (Fig. 3) and compression-positive 
sign conventions.

Conjugate deformation band orientations 
in Entrada Sandstone at the Goblin Valley and 
Molly’s Castle areas in Utah suggest θ

db
 angles 

of 20°–30° (Johnson, 1995). Thus, deformation 
bands here would tend to propagate at conjugate 
orientations of ± ~25° from the σ

1
Eff direction. 

Based on these observations, we model a rep-
resentative θ

db
 angle of 25°, recognizing that 

specifi c θ
db

 angles are dependent on the stress 
history of the host rock (e.g., Borja, 2004; Borja 
and Aydin, 2004). Compressive and extensional 
stepover geometries are simulated by varying 
the direction that σ

1
R acts in relative to the x-

axis while keeping the band geometry the same: 
+25° for compressive stepovers, –25° for exten-
sional stopovers (counterclockwise positive).

Stepover geometries with band separations of 
0.45 cm and 1.8 cm are modeled, using overlap 
(o/k) and separation (s/k) ratios ranging from 
–6.7 to 26.7. These ratios are achieved by vary-
ing the position of band tip B (Fig. 4) while 
keeping all other tip positions constant. The 
results for models with overlap and separation 
ratios of 2.2 and 0.56 (Table 1) are representa-

tive of the entire parameter range and are dis-
cussed in detail here.

RESULTS AND DISCUSSION

In order to interpret our model results in terms 
of the resulting geometry of the deformation 
band stepover, we postulate (1) that deforma-
tion band propagation will occur in areas where 
the magnitude of distortional strain energy den-
sity is greater than the critical value necessary 
to induce plastic yielding (after Du and Aydin, 
1993, 1995; Schultz and Balasko, 2003; and 
Okubo and Schultz, 2005), and (2) that the 
deformation band will propagate at the angle θ

db
 

from the local σ
1
Eff direction. The latter premise 

is a key distinction from previous work (e.g., Du 
and Aydin, 1993, 1995; Schultz and Balasko, 
2003) in which deformation bands are assumed 
to propagate toward regions of highest distor-
tional strain energy density regardless of the ori-
entation of the near-tip principal stresses.

Typical distributions of distortional strain 
energy density that are calculated by our numer-
ical models are shown in Figure 5. These distri-
butions are consistent with the results of Du and 
Aydin (1993, 1995) and Schultz and Balasko 
(2003). Concentrations of distortional strain 
energy density occur ahead of each band tip and 
along the plane of the band. Within the near-tip 
concentrations, magnitudes of distortional strain 
energy density approach 2.5 mega-Joules per 
cubic meter (MJ/m3). Experimental testing of 
eolian Wingate Sandstone (similar in porosity 
and grain size/sorting to the Entrada Sandstone) 
suggests that a critical distortional strain energy 
density of ~1.27 MJ/m3 is required to propagate 
deformation bands in this sandstone (Okubo and 
Schultz, 2005). Our numerical models produce 
values of distortional strain energy density that 
are larger than this critical value within the mod-
eled space. Therefore, the magnitudes of distor-
tional strain energy density within our models 
are assumed to be suffi cient to promote propa-
gation of the deformation bands.

Next, in order to evaluate the corresponding 
direction of propagation for these modeled defor-
mation bands, we sample the σ

1
Eff orientations at 

0.4 cm ahead of each band tip (Table 2). The 
sense of σ

1
Eff rotation at this distance is consis-

tent with the orientations calculated at distances 
up to 0.6 cm ahead of the band tips. Results of 
this analysis are discussed separately for com-
pressive and extensional stepover geometries.

Compressive Stepovers

In the modeled compressive stepover geom-
etry, the calculated σ

1
Eff orientation ahead of 

each deformation band tip is rotated counter-

clockwise (Fig. 6A). This indicates that for 
the modeled geometry the deformation bands 
would tend to propagate away from the stepover 
(Fig. 6D). Growth of these bounding bands 
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Figure 4. General geometry of the modeled 
deformation band stepovers. Specifi c model 
geometries are defi ned in Table 1 in terms of 
overlap, separation, and half-length for each 
segment defi ned by the shown tip labels.
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Figure 5. (A–C) Model-predicted conjugate 
deformation band orientations (inclined x 
marks) and distortional strain energy density 
(background). The tendency for deformation 
band propagation increases toward white. 
Predicted values of distortional strain energy 
density are everywhere greater than the min-
imum critical value typical for sandstone. 
Thus, these deformation bands are predicted 
to have suffi cient energy to propagate in any 
direction within the modeled area.
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would result in the nonintersecting stepover 
geometry of Figure 2D.

Figure 5A shows the predicted conjugate 
orientations for deformation band propagation 
within the stepover. These conjugate orienta-
tions are rotated with the sense and magnitude 
that corresponds to the slight rotations in the 
principal stress orientation shown in Figure 6. 
The conjugate orientation that is subparallel 
with the orientation of the modeled bounding 
bands is the direction that these bounding bands 
would tend to propagate in. An antithetic linking 
band would propagate in the conjugate orienta-
tion to the bounding band (Schultz and Balasko, 
2003). Therefore, although the bounding bands 
here do not show a tendency to converge, the 
calculated σ

1
Eff orientation does allow for the 

growth of antithetic linking bands within the 
stepover (e.g., Fig. 2C).

In order to test the effect of an antithetically 
oriented linking band on the propagation direc-

tion of the surrounding bounding bands in a 
compressive stepover, the model geometry of 
Figure 4 is modifi ed to include an antithetic link-
ing band between tips B and C (Fig. 5B). The 
model is calculated using the same parameters 
as defi ned in the Methods section, above. Results 
for the 1.8 cm separation model (Table 2) show 
that growth of an antithetic linking band has an 
important infl uence on the predicted propagation 
directions of the corresponding bounding bands.

With an antithetic linking band in place, tip 
B now shows negligible rotation of σ

1
Eff in the 

presence of the linking band. This means that 
tip B would tend to propagate in-plane, without 
converging or diverging from the stepover. This 
change in the propagation direction is due to the 
presence of the antithetic linking band within 
the stepover. A pair of bounding bands with 
similar in-plane propagation tendencies would 
produce the compressive stepover geometry 
shown in Figure 2A, which is consistent with 
the “backward-breaking” stepover geometry of 
Schultz and Balasko (2003).

Further investigation of the antithetic link-
ing band model also shows that the propaga-
tion direction for tip C is predicted to have a 
clockwise rotation (Fig. 6B). This predicts that 
an antithetic linking band within the stepover 
would induce tip C to converge toward and inter-
sect with the opposite bounding band (Fig. 6E). 
Mutually converging propagation directions 
for both bounding bands within a compressive 
stepover (necessarily with antithetic linking 
bands) would result in the geometry shown in 
Figure 2B. Therefore, our results suggest that in 
the 1.8 cm separation geometry, the presence of 
antithetic linking bands cause the overlapping 
bounding bands to tend to propagate in-plane 
(Figs. 1A and 2A) or to converge (Fig. 2B). In 
the absence of these antithetic linking bands, 
the overlapping bounding bands would tend to 
diverge (Fig. 6D).

We also test the effects of an antithetic link-
ing band on the modeled stepover with smaller 
(0.45 cm) separation. Here, an antithetic link-
ing band within the stepover is found to have 
a negligible effect on the propagation path of 
either overlapping tip. Unlike the larger 1.8 cm 
separation stepover, the bounding band tips in 
this less-separated stepover still have clock-
wise-rotated (diverging) propagation paths after 
addition of the antithetic linking band (Table 2). 
This result suggests that the amount of near-tip 
“counterrotation” of the bounding band propa-
gation direction due to shear along an antithetic 
linking band is proportional to the length of that 
linking band, as modulated by the relative over-
lap and separation of the stepover.

Results of the larger 1.8 cm separation step-
over model more specifi cally show that the 

 relative bounding band length, as compared to 
the linking band length, controls the magnitude 
of the near-tip “counterrotation” of the bound-
ing band propagation direction. Within this step-
over, bounding band AB has a relative separa-
tion of 0.36, whereas bounding band CD has a 
slightly larger relative separation of 0.4. Thus 
band AB is longer than band CD, and band CD 
is longer than the antithetic linking band. This 
means that the difference in length between the 
antithetic linking band and band AB is greater 
than the difference in length between the anti-
thetic linking band and band CD.

In the stepover with 1.8 cm separation, we 
clearly see that the σ

1
Eff orientations ahead of tip 

B are less counterrotated than the σ
1
Eff orienta-

tions ahead of tip C in the presence of the anti-
thetic linking band (Table 2). These stress orien-
tations are the sum of the remote stress plus the 
local stresses due to slip along the bounding and 
linking bands. This means that a longer linking 
band will have a greater effect on the effective 
stress orientation ahead of a bounding band, and 
a shorter linking band will have less of an effect. 
Thus, the length of the bounding band relative to 
the length of the linking band is a signifi cant con-
straint on the magnitude of the “counterrotation” 
that the linking band will impart to propagation 
direction of the bounding band. Since the linking 
band is relatively much shorter to band AB than 
it is to band CD, the presence of the linking band 
has the least amount of infl uence on the effective 
stress orientation ahead of band AB.

Extensional Stepover

In extensional stepovers, the near-tip orienta-
tion of σ

1
Eff is rotated clockwise (Fig. 6C), lead-

ing to converging bounding band propagation 
directions (Fig. 6F). Between the overlapping 
bounding band tips, these propagation direc-
tions result in the “simple” extensional stepover 
geometry (Figs. 1B and 2E), in agreement with 
the model predictions of Du and Aydin (1993). 
Predicted σ

1
Eff orientations within the exten-

sional stepover orient the plane conjugate to 
the bounding bands (i.e., the plane of the link-
ing band) in a synthetic direction (Fig. 5C). 
Accordingly, and in line with fi eld observations, 
antithetic linking bands are not predicted within 
extensional stepovers.

IMPLICATIONS

Results shown here demonstrate how the 
mode II geometry of through-going faults devel-
ops in porous granular rocks and soils. Detailed 
fi eld observations consistently reveal that fault 
surfaces in porous granular rocks follow preex-
isting deformation band geometries (Aydin and 

TABLE 1. OVERLAP AND SEPARATION DATA FOR 
MODELED BAND GEOMETRIES DISCUSSED IN 

DETAIL IN THE TEXT

Segment 0.45 cm separation 1.8 cm separation

o/k s/k o/k s/k
AB 0.20 0.09 0.20 0.36
CD 0.22 0.10 0.22 0.40

Note: Band CD has a constant length of 9 cm. o/k 
is the ratio of the band overlap distance (o) to the 
half-length of that band (k). s/k is the ratio of the band 
separation distance (s) to the half-length of that band 
(k). See Figure 4. 

TABLE 2. PREDICTED ROTATION ANGLES 
OF σ1

EFF ORIENTATIONS AHEAD OF THE 
MODELED DEFORMATION BAND TIPS 

(COUNTERCLOCKWISE POSITIVE)

Tip 0.45 cm separation 1.8 cm separation

Angle of stress rotation (°)

Extensional no linking band

A –0.58 –0.58
B –0.51 –0.61
C –0.51 –0.61
D –0.58 –0.58

Compressive no linking band

A 0.57 0.56
B 0.27 0.49
C 0.27 0.48
D 0.57 0.56

Compressive with linking band

A 0.57 0.59
B 0.45 0.07
C 0.43 –0.58
D 0.57 0.59

   Note: Tip labels refer to the geometry of 
Figure 5.
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Johnson, 1978; Antonellini and Aydin, 1994; 
Shipton and Cowie, 2001; Schultz and Balasko, 
2003; Schultz and Siddharthan, 2005). Fig-
ure 7 shows the surface of a normal fault fol-
lowing along the bounding bands of multiple, 
meter-scale compressive stepovers with perqui-
site antithetic linking bands (i.e., geometry of 
Fig. 2B). The preexisting geometries of these 
compressive stepovers have imparted 10-cm-
scale mode II corrugations to this section of the 
fault plane. This observation clearly illustrates 
how mode II fault geometry in granular rocks 
is a consequence of changes in σ

1
Eff orientations 

due to antecedent (or precursory) deformation 
band strain. Accordingly, this paper provides a 
framework for systematically investigating the 
development of mode II fault geometries in 
porous granular rocks. A detailed understand-
ing of the mechanics that drive the geometry of 
faults in these rocks also provides insight into 
the distribution of fault-related damage zones of 
deformation bands (Jamison and Stearns, 1982; 
Okubo and Schultz, 2005), which are important 
controls on reservoir-scale fl uid fl ow (Antonel-
lini and Aydin, 1994; Sigda and Wilson, 2003).

CONCLUSIONS

Results presented here demonstrate that 
the near-tip principal stress orientation can be 
used to systematically reproduce characteristic 
bounding band propagation directions within 
compressive and extensional geometries of 
deformation band stepovers in mode II. Fur-
ther, we show that the orientation of the prin-
cipal stresses within these stepovers restricts 
the growth of antithetic linking bands to com-
pressive stepovers. We show that the growth 
of antithetic linking bands within compressive 
stepovers leads to subparallel (Figs. 1A and 
2A) or converging (Fig. 2B) bounding band 
tendencies. These bounding bands would tend 
to diverge (Fig. 2D) in the absence of the anti-
thetic linking bands. The magnitude of this 
“counterrotation” in the bounding band propa-
gation direction due to the presence of the anti-
thetic linking band is found to be proportional 
to the relative length of that linking band. 
Relatively shorter linking bands (as within 
stepovers with smaller overlap and separation) 
exhibit less infl uence on the inherent diverging 
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Figure 7. Frictionally slipping fault surface 
following the preestablished bounding band 
geometries of compressive stepovers (with 
antithetic linking bands). The normal sense 
of fault displacement juxtaposes Entrada 
Sandstone against siltstone of the Carmel 
Formation. Extended length of tape is 1 m. 
Photograph taken in the Molly’s Castle 
region of southern Utah (UTM 0528200E, 
4269585N, WGS84).

Figure 6. (A–C) Model-pre-
dicted effective principal stress 
rotation (contours). Shaded 
areas have clockwise stress 
rotations, and white areas have 
counterclockwise stress rota-
tions. See Figure 2 for sign 
convention defi nition. (D–F) 
Representative bounding band 
geometries resulting from prop-
agation under the correspond-
ing effective principal stress 
orientations in views A–C.
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propagation directions of bounding bands in 
compressive stepovers.
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