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Abstract-Initially planar fault surfaces can be refracted by differential compaction, sudden changes in the 
displacement gradient taking place at the contact of different lithologies. As a result, the original displacement 
pattern, e.g. a cone-type in an idealized case, can be changed into a zigzag-type, especially when the initial dip 
angle of the fault and differential compaction are high. Compared with pre- and syn-faulting compaction, post- 
faulting compaction is more likely to change the initial displacement pattern along normal faults which were 
active near the sediment surface. Based upon the assumption that compaction is homogeneous vertical strain, the 
original fault geometry and displacement pattern can be estimated by means of decompaction and related 
geometric calculations. 

INTRODUCTION 

In idealized cases, displacement along fault traces varies 
from zero at the tip to a maximum value at the centre 
(Muraoka & Kamata 1983, Rippon 1985, Watterson 
1986, Barnett et al. 1987). The displacement along such a 
fault trace will have a cone-shaped distribution pattern 
(C-type) on a diagram of trace length (L) vs displace- 
ment (D). However, C-type displacement is not the only 
displacement pattern identified along fault traces. Mura- 
oka & Kamata (1983) reported an M-type displacement 
pattern that has a broad, central high-value portion, 
without significant changes of slope, and flanking 
portions with steep slopes. Peacock (1991) illustrated 
E- and D-type displacement distribution patterns on a 
normalized d-x diagram, where d is the displacement at 
the measurement point, and x is the distance between 
the maximum displacement point and the measuring 
point. The E- and D-types were defined as a displace- 
ment curve, elevated or depressed respectively, on the 
background of a C-type curve on a normalized d-x 
diagram. In order to interpret the existence of non-C- 
type displacement patterns, a number of possible con- 
trolling factors have been outlined. These include litho- 
logical difference, profile effect, influence of neighbour- 
ing faults (Muraoka & Kamata 1983) or linkages of fault 
segments (Ellis & Dunlap 1988), conjugate relation- 
ships, lithological variation and fault bends (Peacock 
1991). Davison (1987) studied normal fault geometry 
related to burial and compaction. He claimed that pass- 
ive vertical compaction of a fault plane can lead to a 
decrease in apparent fault displacement. 

This paper is concerned with the influence of differen- 
tial compaction on the displacement pattern along nor- 
mal fault traces developed within multi-layered suc- 
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cessions. The problem addressed also takes into account 
the relationship between the original geometry of faults 
and differential compaction. On the basis of some sim- 
plifying assumptions and using relevant geometric 
methods, an estimate of the variation of displacement 
distribution along a refracted normal fault trace is dis- 
cussed. 

DIFFERENTIAL COMPACTION AND 
DECOMPACTION OF FAULT PROFILES 

Compaction in sedimentary rocks is caused by a 
progressive increase in overburden load and results in a 
corresponding reduction of porosity. In multi-layered 
successions, compaction is differential because various 
lithologies have a different response to the same over- 
burden load. As a result of differential compaction 
within a multilayered succession, a pre-existing fault 
may change from a planar to a non-planar geometry 
(Fig. 1). The resultant displacement distribution pattern 
along the refracted fault trace can differ from that of the 
trace prior to compaction. To determine the original 
displacement distribution along a fault trace, the sedi- 

Fig. 1. Schematic section indicating the refraction of normal fault 
traces cutting through alternating Carboniferous sandstone and shale 

in the Tenby area, SW Wales; ss = sandstone. sh = shale. 
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mentary succession and the fault profile contained there- 
in should be decompacted. 

In this paper, compaction is taken as vertical shorten- 
ing and only faults which were originally planar, normal 
and active near the sediment surface are considered. 
Growth faults are excluded because they usually display 
a maximum displacement at the top of the trace, as well 
as possibly involving listric detachment and differential 
strain within the hanging wall and foot wall across the 
fault (Waltham 1990). The assumption that compaction 
is homogeneous vertical shortening is inapplicable 
where strong horizontal strain is also obviously in- 
volved. However, such an approximation is acceptable 
under certain conditions, if it is supported by field 
observation (Davison 1987). Based on the above 
assumptions for compaction and faulting, the decom- 
paction procedure discussed here mainly involves re- 
moval of the post-faulting compaction component. A 
pre- or syn-faulting compaction component may also 
exist, but its effect on the fault displacement pattern is 
probably very minor because compaction near the sedi- 
ment surface is minimal. 

Decompaction can be carried out by different 
methods involving porosity-depth function (Athey 1930, 
Sclater & Christie 1980, Gallagher 1989), solidity- or 
density-depth function (Hamilton 1976, Baldwin & 
Butler 1985) and the relative compaction between 
different lithologies (Davison 1987). Once the decom- 
pacted thickness of a layer (7’) is known, the original dip 
(a) of the fault segment within an individual layer can be 
easily determined by the equation: 

a = arctan (T/L,), (1) 

where L, is the vertical projection length of the fault 
trace through an individual layer and Tcan be calculated 
through decompaction, assuming a porosity-depth func- 
tion. By repeating this procedure for each segment of 
the refracted fault trace, the initial geometry of the fault 
can be reconstructed. 

ESTIMATION OF DISPLACEMENT ALONG 
DECOMPACTED FAULT TRACES 

Variation in the displacement along a refracted fault 
trace depends upon the initial geometry of the fault and 
the compaction of adjacent sediments. If the original dip 
(a) of the fault segment is known, the displacement 
reduction (Ad) caused by compaction on a given fault 
segment can be obtained using 

Ad = d - d, = d, = d,(cosa’lcosa - 1) (2) 

where d and d, are the displacement along the fault 
segment before and after compaction (Fig. 2). 

Figure 3(a) illustrates the relationship between com- 
paction (C) and the variation of dip (a) of faults. With 
increased compaction, curves representing faults with a 
low initial dip descend at an almost steady rate, whilst 
curves for faults with a high initial dip descend at an 
increasing rate. Note that under the same compaction 
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Fig. 2. (a) Normal fault with displacement, d, where d,, = heave, a = 
angle of dip. (b) Same fault after compaction (no horizontal strain), 

with displacement d, where d,, = heave, a’ = angle of dip. 
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Fig. 3. Theoretical relationship between the decrease of the angle of 
dip of faults (a) and; (a) compaction (C); (b) reduction of displace- 

ment due to compaction; and (c) reduction of displacement. 

there is greater displacement drop for faults with a 
higher initial dip than those with low initial dip. For 
example, under a compaction of 30%) the resultant drop 
in displacement on three faults with an initial dip of 70”, 
60” and 45” is 0.35d,, 0.27d, and O.l59d,, respectively 
(Fig. 3b). The corresponding shortening of the displace- 
ment because of compaction is 25.9%, 19.7% and 
13.7%) respectively (Fig. 3~). These, therefore, indicate 
that greater shortening or variation of displacement is 
likely on faults with high initial angle of dip. 

In the case of a large fault cutting through a crystalline 
basement-sedimentary cover contact, differential com- 
paction can have a distinct effect on the cover rocks, but 
little on the competent basement rocks. A discontinuity 
in the displacement gradient therefore tends to occur at 
the contact. As a result, the angle of dip on this fault may 
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gradually decrease with depth, but will suddenly become 
steeper (approximating the initial angle of dip) at the 
contact. 

DISCUSSION 

Because the effects of differential compaction cause 
refraction of the fault plane, the individual segments of 
that fault have different variation in displacement. This 
also produces a change in the initial displacement gradi- 
ent along the fault trace. An interesting question is to 
what degree and under what conditions differential 
compaction can exert a significant influence on the 
displacement distribution pattern in vertical sections. 
Can it change the original displacement pattern? 

Figure 4(a) (right) is taken from an imaginary case in 
which a planar fault dipping at 70” cuts through alter- 
nating sandstone and shale. The initial displacement 
distribution of this fault is taken as C-type (Fig. 4a, left). 
Two theoretical cases can now be considered. In the first 
case, the post-faulting compaction for sandstone and 
shale is taken as 10% and 30%) respectively. As a result, 
the dip of the fault is lowered to 68” in sandstones and 63” 
in shales (Fig. 4b, right). The resulting variation of 
displacement as a result of compaction is O.ld, for 
segments in sandstones and 0.4d, in shales. Although 
there are local changes in displacement gradient, the 
displacement distribution pattern as a whole still re- 
mains C-type (Fig. 4b, left). In the second case, the 
compaction for sandstone and shale is taken as 20% and 
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Fig. 4. (a) An assumed normal fault dipping at 70” cutting through 
alternating sandstone (ss) and shale (sh) (right) and corresponding 
displacement distribution pattern of this fault (left), which is cone-type 
(C-type). D = displacement, L = length of fault trace. (b) The same 
fault after differential compaction of 10% for sandstone and 30% for 
shale (right) and the corresponding displacement pattern (C-type) 
(left). (c) The same fault after differential compaction of 20% for 
sandstone and 60% for shale (right). At left: resultant displacement 

pattern that developed to a zigzag-type. 

60%) respectively, leading to a decrease in the angle of 
dip being lowered to 66” in sandstones and 48” in shales 
(Fig. 4c, right). The corresponding reduction in dis- 
placement is 0.2d, for segments in sandstones and up to 
0.9d, in shales. The resulting displacement distribution 
is no longer C-type, but belongs to a zigzag type. Ellis 
and Dunlap (1988) described a zigzag displacement 
pattern produced by the linkage of individual fault 
segments with minimal displacement at the linkage 
points, which is obviously different in origin from that 
proposed here. In response to variation in the initial C- 
type displacement in beds of sandstone and shale caused 
by differential compaction, a fault with an initial planar 
geometry can be transferred into one with a zigzag 
displacement pattern. 

In examples given here, displacement and compaction 
are treated as separate processes in order that the 
component of displacement caused by compaction can 
clearly be distinguished from that of the initial displace- 
ment on the fault. However, fault displacement can take 
place as a compaction-strain-accommodation process, 
which means that syn-faulting and pre-faulting compac- 
tion may be involved, besides post-faulting compaction. 
In the case of extensive compaction before faulting, the 
initial fault geometry may become non-planar and the 
consequent displacement along such a refracted fault 
trace may produce pull-apart structures along the seg- 
ments with higher angles of dip. Since this paper focuses 
on faults that are active near the sediment surface where 
compaction is minimal, pre-faulting compaction is likely 
to have a minor effect on the pattern of fault displace- 
ment. Syn-faulting compaction, which can lead to a 
build-up of shear stress along faults, is unlikely to change 
the final overall pattern of displacement on an active 
fault because new fractures in this case will tend to 
develop at the tips of the fault (Cowie & Scholz 1992), 
the maximum displacement being generally pro- 
portional to the fault dimension (Watterson 1986). On 
the other hand, compaction near the sediment surface is 
always weak. 

CONCLUSION 

The geometry of normal faults that are active close to 
the surface of a sedimentary succession may be affected 
by post-faulting compaction. The refraction of fault 
traces can be caused by an abrupt change in displace- 
ment gradient at the contact of different lithological 
units. This may significantly change the initial pattern of 
displacement, especially where both the initial dip angle 
of the fault and differential compaction are high. In this 
case, differential compaction is likely to lead to the 
development of a zigzag-type displacement pattern. 

Assuming that compaction is homogeneous vertical 
strain, the variation in displacement caused by compac- 
tion can be estimated and the initial pattern of displace- 
ment can be reconstructed by decompaction and simple 
geometric calculations. 
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