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Since Mollema and Antonellini observed compaction bands in the field in 1996, different patterns of compaction bands have
been found in laboratory experiments. There are some discrepancies between the laboratory experiments and the field observa-
tions: compared to the field observation, the stress levels required to induce compaction bands in laboratory experiments are
usually higher than the inferred in the field, and the grain crushing are more intense in the laboratory experiments. In this paper,
compaction bands were observed at the maximal principal stresses below 8 MPa, which is lower than the stress level inferred
in the field, and there was no severe comminution inside the compaction bands. Experimental results indicate that the porosity
and confining pressure have great impacts on the types of localization bands. Lower porosity and confining pressure can pro-
mote the growth of shear bands and high-angle shear bands. Higher porosity and confining pressure can promote the growth of
discrete compaction bands. Intermediate porosity and confining pressure are favorable for the growth of hybrid modes involv-
ing two of the three, i.e., discrete compaction band, diffuse compaction band and high-angle shear band. The formation of dis-
crete compaction bands is more unstable compared to diffuse compaction bands. The two types of compaction bands can ap-
pear in the same type rocks, and diffuse compaction bands are formed under lower confining pressure compared to discrete
compaction bands. The reduction of permeability was within 2 orders of magnitude in this study, and it is 2—3 orders of mag-

nitude lower than those obtained by other researchers.
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1 Introduction

Strain localization occurs in different scales in rocks and
rock mass. A lot of researchers have studied shear bands in
the brittle failure regime of rocks. For the past decade,
compaction bands have been identified and investigated in
porous rocks as a new form of strain localization. In 1996,
Mollema and Antonellini [1] observed some strain localiza-
tion bands perpendicular to the speculated maximum prin-
cipal stress in Navajo sandstone in southern Utah and
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named them as a compaction band. A compaction band is a
tabular structure sub-perpendicular to the maximum princi-
pal stress without obvious shear strain. Inside the band,
grain crushing and pore collapse are severe. Outside the
band, there are few cracks. It is a deformation localization
structure that occurs in the brittle-ductile transition regime
of clastic sedimentary rocks with porosity exceeding about
16% [2-4].

Since the compaction band was found in the field, some
researchers have observed the same appearance later. Ols-
son et al. [5, 6], Wong et al. [7], Haimson et al. [§-11], Baud
et al. [2] and Fortin et al. [12] observed three different pat-
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terns of compaction bands in laboratory experiments [3].
Olsson and Holcomb [5, 6] observed wide compaction
bands in Castlegate sandstone, which grew in thickness with
increasing axial load until the entire specimen was covered.
Wong and Townend et al. [7, 13, 14] observed narrow
compaction bands, which were only a few grains wide. The
bands spread across the specimen with increasing applied
load, and were interlayered with less deformed materials.
Fortin et al. [12], Stanchits et al. [15] and Charalampidou et
al. [16] conducted experiments with notched specimens, and
observed compaction bands under lower stress levels. The
third pattern of compaction bands was observed in speci-
mens with a hole which created a heterogeneous stress field.
The band was a single structure with a thickness of 5-10
grains diameter and propagated in its own plane [8-11]. Itis
believed that high porosity and appropriate confining pres-
sure are necessary for compaction bands formation. But
people are still not clear about the reason of different pat-
terns of compaction bands, the relations among them, and
the underlying factors.

The formation of compaction bands could break grains
and collapse pores, which would change the permeability of
rocks. The experiments of Holcomb and Olsson [17], and
Vajdova et al. [18] indicated that the permeability is re-
duced by two to three orders of magnitude during the for-
mation of compaction bands, and they can form a barrier to
flow. The movement of underground fluid can change the
effective stress of formation, which may lead to forming
compaction bands. Thus, it greatly degrades the permeabil-
ity. Therefore, compaction bands have great economic po-
tential in the industries of oil and gas reservoirs, under-
ground repository for radioactive waste and sequestration of
CO; [3].

Although researchers have found compaction bands in
laboratory, which are similar to these in the field, there are
some discrepancies between them. The stress levels for the
formation of compaction bands in laboratory are higher than
that in the field. The damage intensity of grains inside the
compaction bands in the field is appreciably lower than that
in the laboratory. The thickness of compaction bands in the
laboratory is not accordant with that in the field [3, 4].
Sternlof et al. [19] speculated the stress level for forming
compaction bands in Aztec sandstone was about 13—-54 MPa
without considering the pore pressure. The stress levels for
forming compaction bands in laboratory are one order of
magnitude higher than that in the field, which are about
several hundreds MPa [2, 7, 20]. The specimens with notches
can form compaction bands at lower stress levels, but they
are still above 200 MPa [16, 21-24]. Tembe et al. [25] ob-
served compaction bands at several tens MPa in Bleurswill-
er sandstone, which was still at least 20 MPa higher than the
inferred stress in the field. Using Tuffeau de Maastricht
calcarenite, Baxevanis et al. [26] observed that the compac-
tion bands under the stress levels were closed to the field.
Tembe et al. [25] using the data from the field found that
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the thickness of compaction bands had a quadratic relation
with its length. Rudnicki [27] also got the similar results
using an anticrack/dislocation model. Tembe et al. [25] us-
ing this model found that the stress level for compaction
bands formation was inversely proportional to the band
thickness. So, they gave a uniform interpretation to the dif-
ferences of thickness and stress levels between the labora-
tory and the field. But few compaction bands have been
observed at the stress level approximated to that in the field.

Since compaction bands appear in the regime of brittle-
ductile transition, low strength porous rocks may form
compaction bands at a lower stress level. In this study, one
kind of weathered porous rock with a low strength was se-
lected to conduct conventional triaxial compression tests
accompanied by permeability measuring. Discrete compac-
tion bands, high-angle shear bands and hybrid modes com-
posed of two of the three: discrete compaction band, diffuse
compaction band and high-angle shear band were gained at
very low stress levels. The grain crushing was not severe
during the formation of compaction bands, and the permea-
bility reduction was below two orders of magnitude com-
pared with its initial value.

2 Material and experimental method

Weathered troctolite was used in this study. This kind of
rock before weathered was an ultramafic magmatic rock
with phanerocrystalline texture. It consists of 80% plagio-
clase and 20% olivine, and the grain sizes are about one to
two millimeters. The weathered rock has high porosity (Ta-
ble 1), and is relatively homogenous and isotropic in labor-
atory scale. But there are great differences between different
specimens. The grain sizes of weathered rock are dispersive.
The big one is on the order of about one millimeter, and the
small one is on the order of about 0.1 mm. The pores are
large, and the big ones have a dimension of about one mil-
limeter. The cementation of the specimens is quite weak,
and the strength is very low. The specimens are cylindrical,
the diameters are about 50 mm, and the lengths are variation
between 70 to 110 mm. The details of the specimens are
listed in Table 1.

Firstly, a layer of adhesive tape was twined around the
specimen to avoid the teflon tube punctured. Secondly, the
specimen was put on a section of teflon tube with a diame-
ter a little larger than 50 mm. Then, an electric blower was
used to make the teflon tube shrinking, making sure that the
teflon tube contacted with the specimen tightly. Therefore,
the water through the specimen and the oil in the pressure
vessel were separated, and the water also could not flow
along the specimen’s lateral surface. A conventional triaxial
test with water flow was conducted at room temperature.
The confining pressure applied by silicone oil was between
1 to 3 MPa. One end of the specimen was connected with
a water pressure of 0.1 to 0.8 MPa and the other end was
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Table 1 Specimen parameters
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Sample Diameter (mm) Length (mm) Porosity (%) Confining pressure (MPa) Pore pressure (MPa) Density (g/cm®)
1 49.51 78.77 30.73 1.5 0.1 1.75
2 49.45 82.77 37.45 1.0 0.3 1.67
3 49.45 100.84 31.49 1.0 0.1 1.68
4 49.38 96.07 33.80 1.5 0.1 1.74
5 49.68 102.07 31.84 1.0 0.1 1.78
6 49.50 100.54 19.07 2.5 0.8 2.10
7 49.64 100.28 36.12 2.0 0.1 1.56
8 49.39 102.27 23.42 2.5 0.2 2.02
9 49.55 101.69 23.47 3.0 0.2 2.00
10 49.31 99.86 44.11 1.0 0.1 1.37
exposed to the atmosphere. The axial loading was servo- respectively.

controlled and applied by displacement during the whole
test. When the axial displacement attained the maximal
value, the confining pressures of several specimens were
unloaded with the fixed axial displacements and permeabil-
ity was measured. The confining pressure and pore pressure
were fixed for every specimen during the whole test except
confining unloading tests. The axial displacement was set-
tled after a certain displacement, and the water volume
through the specimen can be determined by the displace-
ment of the water vessel piston. By this way the permeabil-
ity was measured. The axial displacement was measured by
an extensometer with four pins. The radial displacement
was measured by an extensometer with two pairs of pins,
which were located at about the middle of the specimen.
Ten specimens were tested in total. Sample 3 was tested
firstly. The teflon tube was punctured under the confining
pressure, because the surface of the specimen was quite
rugged. Therefore, the permeability test of sample 3 failed.
Later, a layer of adhesive tape twined around the specimen
was used to avoid the teflon tube to be punctured.

In order to investigate the character of rocks under much
larger strains, the axial loading, confining pressure and wa-
ter pressure were unloaded during the tests for samples 4, 7
and 10 when the axial displacements were close to the full
scale range. After adjusting the extensometers, the confining
pressure and water pressure were applied to the values before
unloading respectively, and the tests went on. In this paper,
this process is named unloading-reloading test, although it
is different from the common unloading-reloading test.

Specimens were retrieved from the pressure vessel care-
fully after the tests. The teflon tubes were exscinded to ob-
serve the failure modes.

In this paper, it is assumed that compressive stress and
compactive strain are positive, which is in accordance with
the common practice in rock mechanics and engineering.
The axial stress and strain, confining pressure, lateral strain
and pore water pressure are denoted by oy, &, p., & and p,,

3 Experimental results and analyses
3.1 Mechanical characteristics and failure modes

Eq. (1) was used to calculate the effective confining pres-
sure, because one side of the specimens was exposed to the
atmosphere when permeability was measured. Here, the
first peak points of differential stress-axial strain curves, or
the points at which the upward slope decreases distinctly are
used to calculate the differential stress and effective mean
stress of the compactive yield. Because hydrostatic com-
pression test was not carried out, it may be not the shear-
enhanced compaction point defined by Zhu and Wong [28].
It is much approximate according to previous results [13,
28]. Except sample 7, the points here corresponded to the
initial yield points. So, it is appropriate.

Per =P.—0.5p,. (1)

Figure 1 shows some representative curves of the differ-
ential stress-axial strain. All of the specimens, except sam-
ple 7, have a section of elastic deformation firstly. Then the
stresses are overall upward gently or have no obvious over-
all increase, and punctuated by local stress drops. Sample 7
begins with an overall strain hardening and is punctuated by
local stress drops. The differential compactive yield stresses
of samples 6, 8 and 9 are 8—11 MPa, and other’s are below
5 MPa. The terms defined by Baud et al. [2] are used here.
A localized structure which is sub-perpendicular to the
maximal principal stress is referred to as a ‘compaction
band’. The one only a few grains thick (usually fewer than 4
grains) is a ‘discrete compaction band’, and a structure with
a thickness of much more grains is a ‘diffuse compaction
band’. A localized structure with a relatively high angle
(45°-80°) to the maximal principal stress is a ‘high-angle
shear band’.

We summarize the results in Table 2. Comprehensively
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Figure 1 Differential stress and permeability vs. axial strain for (a) sample 1, (b) sample 2, (c) sample 5, (d) sample 6, (e) sample 7 and (f) sample 9.

Table 2 Mechanical results of specimens investigated in this study

Compactive yield (MPa)

Sample Effective Confining Maximum Initial Failure mode
pressure (MPa) Differential stress ~Mean effective stress ~ Strain (%) Porosity (%)

1 1.45 204 213 10.40 30.73 lefu.se compaction band+discrete com-
paction band

5 0.85 1.56 1.37 861 37.45 Discrete compaction band+high—angle shear
band 800

3 0.95 303 226 6.41 31.49 Diffuse compaction band+high—angle shear
band 450

4 1.45 2.24 2.20 13.88 33.80 Discrete compaction band

5 0.95 497 237 6.88 3184 Diffuse compaction band+high-angle shear
band 600

6 2.10 8.29 4.86 7.16 19.07 Shear band

7 1.95 4.34 3.40 14.41 36.12 Discrete compaction band

8 2.40 8.15 5.12 7.15 23.42 Dilation+high angle surface cracks

9 2.90 10.01 6.24 7.33 23.47 High-angle shear band 700

10 0.95 0.66 1.17 13.26 44.11 Discrete compaction band
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considering the failure modes and differential stress-axial
strain curves, the results are divided into three patterns ex-
cept sample 8.

Samples 6 and 9 failed with a shear band and a high-angle
shear band respectively. There are several stress drops on
the differential stress-axial strain curves. The maximal stress
drops are usually smaller, and only about 10% of the dif-
ferential stress of the compactive yield. There are no distinct
stress increases after the compactive yield. The porosity,
confining pressure and strength of sample 8 are similar to
these of samples 6 and 9, and the differential stress-axial
strain curve is also similar to these of samples 6 and 9. But
there is an obvious stress increase on the differential stress-
axial strain curve of sample 8 when the axial strain is large,
and the maximal stress drop is up to 21%. The lateral sur-
face of sample 8 dilates obviously after unloading, which is
different from all other specimens. There are some high-
angle surface cracks on the surface of sample 8, but they are
not across the specimens.

Samples 4, 7 and 10 failed with the form of discrete band,
and all of them experienced unloading-reloading test. The
maximal stress drops of differential stress-axial stress curves
are bigger, and they are about 43%—65% of the differential
stress of the compactive yield. The differential stresses have
distinct increases after the compactive yield. There are no
obvious stress drops on the differential stress-axial strain
curves of samples 4 and 7 during the reloading process. But
there are obvious stress drops on the differential stress-axial
strain curve of sample 10 during reloading process. There-
fore, it is speculated that the compaction bands of samples 4
and 7 were created in the first loading process, not in the
reloading process. But the compaction bands of sample 10
were created in both loading processes. The compaction
bands of sample 10 pervasively developed, and one end was
greatly damaged.

Samples 1, 2, 3 and 5 failed with hybrid modes of two
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patterns among the three: discrete compaction band, diffuse
compaction band and high-angle shear band. Sample 1
failed with the hybrid form of a discrete compaction band
and a diffuse compaction band. Sample 2 failed with the
hybrid form of a discrete compaction band and a high-angle
shear band. Samples 3 and 5 failed with the hybrid form of
a diffuse compaction band and a high-angle compaction
band. The maximal stress drop of sample 1 is bigger, and up
to 62%. There is a distinct stress increase on the differential
stress-axial strain curve of sample 1 after the compactive
yield, which may be relate with the discrete compaction
band. The maximal stress drops of sample 2, 3 and 5 are
30%—-40% of the differential stress of the compactive yield.
Samples 3 and 5 have no obvious stress increase after the
compactive yield, but sample 2 has. The reason may be that
sample 2 has a discrete compaction band. These four spec-
imens have many big stress drops.

Figure 2 shows some representative results of failure
modes. The compaction band shapes of samples 1 and 2 are
straight, and the shape of sample 7 is fluctuated, as can be
clearly observed. Baud et al. [2] also observed the local
fluctuation of compaction bands in their experiment. Sam-
ples 1 and 2 are more homogenous compared to sample 7
from appearance. The fluctuation may be caused by local
inhomogeneity.

The specimens with more stress drops have a diffuse
compaction band (e.g., samples 1 and 5), or pervasive dis-
crete compaction bands (sample 10). Vajdova and Wong.
[21], and Tembe et al. [22] observed that every stress drop
corresponds to a surge of acoustic emission activity. The
stress drops are below 2 MPa in this experiment, and they
are smaller compared to other experiments. The two sides of
diffuse compaction bands are separated after unloading, and
the cemented grains are disaggregated inside compaction
bands. There is no obvious disaggregation outside compac-
tion bands. Grain crushing is not severe in the bands. The

Figure 2 Failure modes of (a) sample 1, (b) sample 2, (c) sample 4 and (d) sample 7.
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discrete compaction bands of samples 1, 2, 4 and 7 are
cracks mainly perpendicular to the axial stress direction,
and the cracks cross through the specimens. These discrete
compaction bands were formed by breaking cementation.
There are no other disaggregating grains inside the discrete
compaction bands. The grains within 1-2 grains diameter of
discrete compaction bands were disturbed. The bands are
very thin, which are about on the order of millimeter. So,
grain crushing inside compaction bands is not intense in this
experiment. The main mechanism of forming a compaction
band is disaggregation by breaking cementation.

The results of failure modes are shown in Table 2.
Specimens with higher porosity, such as samples 4, 7 and
10, are apt to form discrete compaction bands. Specimens
with lower porosity are apt to form shear bands or high-
angle shear bands, such as samples 6 and 9, respectively.
Specimens with intermediate porosity are apt to form a hy-
brid mode composed of two patterns of the high-angle shear
band, diffuse compaction band and discrete compaction
band. This is consistent with the conclusion of Baud et al.
[2]. Porosity is not the only factor that affects the failure
mode, and confining pressure also has a great influence.
Sample 2 has a relatively higher porosity, but it failed with
the hybrid form of a discrete compaction band and a
high-angle shear band. This may be caused by the lower
effective confining pressure. Through inspecting other spec-
imens, it can be found that it is apt to involve high-angle
shear bands in a hybrid mode when the effective confining
pressure is lower. Therefore, it comes to the conclusion that
lower porosity and effective confining pressure are helpful
for forming shear bands or high-angle shear bands, higher
porosity and effective confining pressure are helpful for
forming discrete compaction bands, and intermediate poros-
ity and effective confining pressure are helpful for forming
a hybrid mode of two of the three of high-angle band, dif-
fuse compaction band and discrete compaction band.

3.2 Results of unloading-reloading

The loads of samples 4, 7 and 10 were unloaded when the
axial displacements were close to the extensometer’s meas-
uring range. After adjusting the extensometers, the confin-
ing pressure and pore pressure reached the values before
unloading respectively. The representative differential stress-
axial strain curves of reloading are shown in Figure 3. The
strains in Figure 3 are relative to the specimen length before
compression. The differential stresses of these three speci-
mens firstly rise up almost rigidly. Then the differential
stresses increase with larger slopes, which seems to be elas-
tic deformation. After that, the differential stress curves of
samples 4 and 7 are similar, but they are much different
from that of sample 10. The differential stress curves of
samples 4 and 7 have plateaus. When the differential stress-
es are closed to the values before unloading respectively,
which are indicated by the circles in Figure 3, they begin to
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Figure 3 Reloading differential stress and permeability vs. axial strain of
(a) sample 4, (b) sample 7 and (c) sample 10.

increase with smaller slopes. Then larger slope stress in-
creases followed. There is no stress plateau before the dif-
ferential stress of sample 10 reaches the stress beginning to
unload. The following is an overall plateau with several big-
ger stress drops. Finally, it is a larger slope stress increase.
Several bigger stress drops of sample 10 imply that local-
ized bands formed in the process of reloading. There is an
unloading-reloading process on the curve of sample 10. This
never appears for other specimens. The shapes of the dif-
ferential stress-axial strain curve of these three specimens
are different from common shapes of differential stress-axial
strain curves of low porosity rocks. The reason of almost
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rigid increase of differential stress-axial strain curves is that
the stiffness had been greatly enhanced after the first pro-
cess of compression. It is not clear whether the difference
between the unloading-reloading process defined in this
paper and the common unloading-reloading process leads to
this difference.

3.3 Permeability changes

The variation of permeability is about three orders of mag-
nitude in these specimens, and this is very huge. The repre-
sentative permeability-axial strain curves are shown in Fig-
ure 1. The permeability of every specimen degrades with
the axial strain increase as a whole. The local permeability
maybe increase, which reflects the complexity of defor-
mation mechanism. This is consistent with other research-
er’s results [30-32]. The permeability degrades by no more
than two orders of magnitude, and most of them are below
one order of magnitude. It is lower than other experiments
[17, 18], which were 2-3 orders of magnitude. This is due
to no obvious grain crushing in this experiment. The trends
of permeability evolution have some differences among
these specimens. The permeability evolution trends of sam-
ples 2, 6, 8, 9 and 10 are similar. They decrease with the
increase of axial strains, and the speeds also decrease. After
this stage, samples 1 and 4 have a sharp permeability de-
crease. Firstly, the permeabilities of samples 5 and 7 de-
crease slowly, and then decrease sharply, and at last the
permeability decrease of sample 5 gets slowly, but sample 7
does not go so far.

4 Discussions
4.1 Factors promote compaction band formation

The stress levels of compaction band formation in other
experiments were higher than the stress level inferred for
compaction band formation in the field [3]. In this experi-
ment, the maximal principal stresses for compaction band
formation are below 8 MPa, which is much lower than other
researchers’ results and those in the field. The main reasons
are that the porosities are much higher and the cementation
strengths are much weaker compared to the rocks used in
other experiments. The porosities of sandstones used in
other experiments were 13%-28% [2, 6, 20, 22]. However,
the porosities are 19%-44% in this study. Besides, the
specimens are more heterogeneous in this experiment. Het-
erogeneity promotes stress concentration, which is favora-
ble for localization band formation. The shapes of the dis-
crete compaction bands shown in Figure 2 are somewhat
wavy. The bands of relatively homogeneous specimens are
more straight compared to relatively heterogeneous speci-
mens. This indicates that the homogeneity indeed has a
great impact on the development of discrete compaction
bands.
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The compaction bands of samples 4 and 7 are not at the
sample ends. This indicates that the end stress concentration
has little influence on their formation, and it is different
from the results of specimens without notches in other ex-
periments. The discrete compaction bands observed in this
experiment are somewhat similar to those in a specimen
with notches. Although, samples 4 and 7 are reloaded to a
stage of obvious stress increase after unloading, there are
only 1-2 discrete compaction bands in these two specimens.
This result is different from the experiment of Wong et al.
[7]. It may be because the surfaces of the specimens are
very concave-convex, which makes them resemble speci-
mens with notches. There is no obvious grain crushing in-
side the compaction bands in this experiment, and it is dif-
ferent from other experiments. The permeability reduction
is also lower than in other experiments, and this is coinci-
dent with little comminution. Therefore, the mechanisms of
compaction band formation in this experiment are not the
same as other experiments. The formation of compaction
bands is mainly by cementation breaking and pore collapse.
The stresses didn’t reach the level of grain crushing, and
was very low. So, the grain crushing is not a necessary con-
dition for compaction band formation. If the cementation
strength is larger than the stress level for grain crushing,
grain crushing becomes one of the main mechanisms for
compaction band formation. When the cementation strength
is close to the stress level of grain crushing, grain crushing
may be not severe. In view of other experiments and results
in the field, it could come to the conclusion that compaction
bands can form by cementation breaking, grain crushing
and pore collapse in a broad range of stress levels if the li-
thology and stress conditions are suitable. The discrepancies
of intensity of grain crushing and stress levels for compac-
tion band formation between laboratory results and observa-
tion in the field are understandable. In addition, it should be
noticed that the time scale may be different between com-
paction band formation in laboratory and in the field. Com-
paction bands in the field may form by creeping in a long
time. This may cause that the stress level for compaction
band formation and the intension of grain crushing are low.

4.2 Relationship between different types of compaction
bands

Louis et al. [33] speculated that high porosity and homoge-
neity are important conditions for producing compaction
bands. The previous analysis in this paper indicates that
higher porosity promotes discrete compaction band formation
and intermediate porosity promotes diffuse compaction
band formation. This is consistent with the result of Baud et
al. [2]. Klein et al. [20] speculated that relatively homoge-
neous mineralogy and well-sorted grain sizes of Bentheim
sandstone were preferential to develop discrete compaction
bands. However, Diemelstadt sandstone has a similar poros-
ity with Bentheim sandstone and relatively dispersive grain
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sizes, but it has a similar type of compaction bands with
Bentheim sandstone. The grain size distributions of these
two sandstones are both relatively narrow [2]. Based on
these, Baud et al. [2] speculated that a diffuse compaction
band was formed by coalescing short discrete compaction
bands which were prevented by smaller pores and disperse
grain sizes. The simulations of Katsman et al. [34] and
Wang et al. [35] indicated that the growth of discrete com-
paction bands are promoted in relatively homogeneous
rocks, and that diffuse compaction bands are preferential in
more heterogeneity rocks. The mineralogy distribution of
Bleurswille sandstone is also dispersive, and it can develop
discrete compaction bands as well. But the distribution of its
pores is homogeneous [25]. The previous analysis in this
paper indicates that the stress drops during discrete compac-
tion band formation are larger compared to diffuse compac-
tion bands. It can be confirmed by observing the experi-
ments of other researches [2, 20, 22, 36-40]. So, the devel-
opment of discrete compaction bands is more instable. The
homogeneity of pores and grains promotes instable devel-
opment of localized bands. The heterogeneity of pores and
grain sizes has a larger impact on stress concentration com-
pared to mineralogy heterogeneity. The narrow distribution
of grain sizes is favorable for forming homogeneous pores.
So, relatively homogeneous pores and narrow distribution
of grain sizes may promote the growth of discrete compac-
tion bands, and relatively heterogeneous pores and disperse
distribution of grain sizes may promote the development of
diffuse compaction bands. But a discrete compaction band
and a diffuse compaction band appeared in the same speci-
men in this experiment. This phenomenon was also found in
the experiment of Baud et al. [2]. It can be speculated that
homogeneity is not the sole factor affecting the patterns of
compaction bands. So far, the cases of diffuse compaction
bands are rare. From only a few cases, it can be found that if
the two types of compaction bands appear in the same type
rocks, then the diffuse compaction band or the hybrid mode
of these two patterns can be formed at lower confining
pressures and the discrete compaction band can be formed
at higher confining pressures. Therefore, it is probable that
failure modes change in the order of shear band, high-angle
shear band, diffuse compaction band, discrete compaction
band and uniform cataclastic flow with the confining pres-
sure increase in the same type rocks. Some factors may
make diffuse compaction bands disappear.

5 Conclusions

Researchers have observed compaction bands, which are
analogous to those found in the field, but there are some
differences in the aspects of formation stress levels, grain
crushing intension and band thickness. We conducted triax-
ial compression tests on very low strength weathered porous
rocks and observed discrete compaction bands, diffuse
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compaction bands and the hybrid modes. The stress levels
of compaction band formation are no more than 8§ MPa, and
grain crushing in the bands is not severe. Permeability re-
ductions are below 2 orders of magnitude, and most under 1
order of magnitude. This is lower than the results of other
researches, because there is no severe grain crushing during
the formation of bands. Cementation breaking is the main
formation mechanism of compaction bands in experiments
of this paper. Combined with other experiments, it can be
concluded that compaction bands can form by the mecha-
nisms of cementation breaking, grain crushing and pore
collapse in a broad range of stress levels.

When confining pressures are in the brittle-ductile transi-
tion regime, high porosity is beneficial for the formation of
discrete compaction bands, low porosity promotes the for-
mation of high-angle shear bands, and intermediate porosity
is favorable for the growth of hybrid modes. The confining
pressure also has a great influence on the localization struc-
ture. Relatively homogenous rocks are prone to form dis-
crete compaction bands, and relatively heterogeneous rocks
are prone to form diffuse compaction bands. The formation
process of discrete compaction bands is more unstable than
that of diffuse compaction bands. Seen from the experiment
results, these two types of bands can appear in one speci-
men, and diffuse compaction bands are easier to form under
low confining pressures.
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