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We expected that our paper on the crevasse-splay microdelta (Chomiak et al., 2019) would arouse the interest of other re-
searchers for at least two reasons. First, this is the first such palaeoform discovered and described within the Mid-Miocene
lignite seam in Poland. Second, the microdelta siliciclastic deposits are strongly deformed both ductile and brittle. Therefore,
we would like to thank Tom van Loon for his effort to comment on our article, including his words of appreciation, and above
all, for pointing out some of the terminological and interpretative shortcomings. Our reply will be in line with the issues dis-

cussed in his comment.
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INTRODUCTION

Crevasse-splay sequences are known from ancient, but
mainly from modern sedimentary environments. In the latter
case, they can be examined in great detail both when they were
forming (initial phase of flooding) and when the floodwaters
drained back into the river channels (e.g., Smith et al., 1989;
Zwolinski, 1992; Pérez-Arlucea and Smith, 1999; Farrell, 2001;
Gebica and Sokotowski, 2001; Gouw and Autin, 2008; Van
Toorenenburg et al., 2018 and references therein). Some cre-
vasse splays are accumulated predominantly in stagnant water
(ponds, lakes), forming so-called crevasse-splay microdeltas
(e.g., Teisseyre, 1985; Bristow et al., 1999; Cahoon et al., 2011;
Ciarcia and Vitale, 2013; Zielinski, 2014 and references
therein). The situation is completely different in the case of a
rock record in which siliciclastics are rarely interpreted as repre-
senting crevasse splays (e.g., Horne et al., 1978; Guion, 1984,
Fielding, 1986; Kasinski, 1986; Kirschbaum and McCabe,
1992; Flores, 1993; Davies-Vollum and Kraus, 2001; Burns et
al., 2017) or crevasse-splay microdeltas (e.g., Michaelsen et
al., 2000) based on limited data obtained mainly from borehole
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profiles. Most of the studies come from research on coal-bear-
ing formations containing hard coal or lignite. Thus, we ex-
pected to find (under favourable mining conditions) the occur-
rence of crevasse-splay deposits in Polish lignite mines as well.
First, we discovered undeformed siliciclastics with sedimentary
breccia resting on the top of a crevasse-splay body in the
Tomistawice opencast — Konin Lignite Mine in central Poland
(Widera, 2016a, 2017; Widera et al., 2017). Similar findings
were only a matter of time. In 2018, we discovered a relatively
widespread layer of sands, with a small amount of organic mat-
ter, splitting the lignite seam in the nearby J6Zwin [IB opencast,
which also belongs to the Konin Lignite Mine. Surprisingly,
these siliciclastic deposits were typical of a crevasse-splay
microdelta, and were strongly deformed both plastic and brittle.
The co-occurrence of such deposits and deformations is un-
known from the Polish lignite-bearing areas and probably from
other coal/lignite-bearing regions in the world. Therefore, we
concluded that they were worth describing and interpreting
(Chomiak et al., 2019). Opinion convinced us of the need of our
interlocutor, van Loon, who claimed that these sediments are
“...a type of sediment that seems largely undervalued in
sedimentology. Relatively little is still known about these depos-
its if compared to most other types of sediment,...” (Van Loon,
2019).

The crevasse-splay sediments discussed are situated within
the first Mid-Polish (first Lusatian) lignite seam, which belongs to
the lower part of the Poznan Formation — the youngest Neogene
lithostratigraphic unit in central Poland (\Widera, 2007). This lignite
accumulated in the backswamp area of a Middle Miocene low-ly-
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ing mire, as evidenced by, inter alia, the occurrence of deposits of
a crevasse-splay microdelta (Chomiak et al., 2019). In general,
the study area covers the shallow fault-bounded Kleczew Graben,
where the Mesozoic bedrock, built of carbonate rocks (limestone
and marl), is located several tens of metres deep in the axial zone
of the graben. It seems important, in the context of the sedimen-
tary and deformational origin under discussion, that the accumula-
tion of the lignite/peat in the study area was coincident with tec-
tonic subsidence (synsedimentary tectonics) of up to 20 m
(Widera, 2007; Chomiak et al., 2019). Obviously, this is small
compared to the Kleszczéw Graben mentioned by the interlocu-
tor, where the depth of the tectonic depression reaches 550 m,
and the continuous thickness of the main lignite seam is over
250 m (Piwocki, 1992; Widera, 2013). Hence, we fully agree with
the opinion that “...synsedimentary tectonics can cause abundant
soft-sediment deformation structures (SSDS), although they can-
not always with certainty be attributed to seismic activity...” (see
Van Loon, 2019). Similarly, his statement that “...numerous analy-
ses of SSDS have convincingly made clear that sediments need
not be lithified to show brittle behaviour; on the contrary, even wa-
ter-saturated, completely (geologically) fresh sediments can show
significant faulting...” is undoubtedly true. However, it is confusing
for us that at the time of tectonic activity “...they were consolidated
but not yet lithified.” In this case, we can say with certainty that the
crevasse-splay microdelta deposits under discussion were not
consolidated in the Middle Miocene nor are they currently consoli-
dated. In fact, they are still loose and only slightly compacted
(Chomiak et al., 2019).

DOMINO STRUCTURES

n o«

The terms “domino-type deformations”, “domino-style ge-
ometry” and “domino-type brecciation” was used in our paper in
a purely descriptive sense. It meant that the sandy clasts in the
brecciated layers looked like domino cubes or blocks (see
Chomiak et al., 2019, their fig. 9C and the text). They are, in
fact, known as ‘domino boudins’ in structural geology and are a
widely accepted kinematic classification of Goscombe et al.
(2004). However, other names to describe such deformational
structures were, and still are in use, e.g., “domino-style faults”
(e.g., McClay and Ellis, 1987), “fault blocks” or “rotated fault
blocks” (Vendeville, 1991), “domino fault blocks” (Stewart and
Argent, 2000), “domino-type structures” (e.g., Markiewicz and
Becker, 2009; Cymerman, 2014), “tilt blocks” (Jackson and
Hudec, 2017), etc. In our opinion, most of these names are un-
derstandable to the reader who is familiar with all kinds of defor-
mation. However, we do not see any indications to the contrary
for one of the deformations described by us to be named “dom-
ino boudins”, as proposed by van Loon (2019).

Apart from terminological issues, the presence of domino
boudins (domino-type deformations) in the crevasse-splay
microdelta deposits is a more important result. In our paper
(Chomiak et al., 2019), we treated these deformations as a part
of the breccia, and not separate from it. Therefore, this discus-
sion provides a good opportunity to make up for our previous
shortcoming because “these structures consequently deserve
some more attention” (Van Loon, 2019). It should be noted that
domino boudins are known from geodynamic settings of vari-
ous ages and different scales, i.e. from mineral-grain to conti-
nental-crustal scales. They are present in all types of rocks and
could form in both brittle and ductile-brittle conditions (e.g.,
McClay and Ellis, 1987; Vendeville, 1991; Goscombe et al.,
2004; Dgbrowski and Grasemann, 2014; Jackson and Hudec,
2017 and references therein). Moreover, as our interlocutor
writes “they have also been mentioned from slumped masses in

the mainly calcareous Late Pleistocene Lisan Formation in Is-
rael (Alsop and Marco, 2011), but it should be noticed that these
rocks now are more commonly considered to represent seismi-
cally deformed sediments, originated in the Dead Sea Graben,
and thus in a setting that is comparable with that of the sedi-
ments described by Chomiak et al. (2019). As far as known,
only one single study (Yang and van Loon, 2016) has men-
tioned domino boudins from a Cretaceous (hard-rock) succes-
sion that must have been unlithified when the deformation oc-
curred (Figs. 1 and 2)” (see Van Loon, 2019). These beautiful
high-quality photographs, adapted from Yang and van Loon
(2016), do not fully correspond to what we have shown in fig-
ure 9C (Chomiak et al., 2019). Most of our domino boudins (as
originally created, as they are now) are a steeply sloping (up to
25°) layer of sand. On the contrary, the domino boudins pre-
sented in photographs attached by van Loon (2019: figs. 1 and
2) lie horizontally.

The most important thing in the two aforementioned exam-
ples of domino boudins is that they can be used in the kinematic
analysis. In other words, such asymmetric boudins may be
helpful as shear sense indicators (e.g., Goscombe et al., 2004;
Dabrowski and Grasemann, 2014). Therefore, we will now ad-
dress it in more detail than was done in our previous paper. The
interpretation of the origin of domino boudins shown in figure 9C
(Chomiak et al., 2019) is supported by a graphical explanation
of this process (Figs. 1 and 2). There are two possibilities for the
formation of dominos in an extensional setting (Stewart and Ar-
gent, 2000). In both cases, the sedimentary multilayers are
tilted, characterized by varying rheology (sands vs coaly

coaly sand
[l

Fig. 1. Domino boudins defined by Chomiak et al. (2019)
as the domino-type deformations

A — the same photograph that Chomiak et al. (2019) presented in
their figure 9C; B — interpretative sketch of a fragment of the
photograph marked in Figure 1A
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strength
profile

relatively weak layer,
e.g., salt, shale,coaly sand

Fig. 2. Models depicting synthetic and antithetic rotation
of domino boudins developing in the same overall shear
sense (modified from Stewart and Argent, 2000)

A — synthetic rotation of dominos and antithetic shear between them
(without basal detachment); B — antithetic rotation of dominos and
synthetic shear between them (with basal detachment); C — expla-
nation for the formation of the domino boudins shown in Figure 1 and
by Chomiak et al. (2019) in their figure 9C; note that the sediment
layers are tilted and a relatively weak (coaly sand) bed in relation to
the sandy layers is present at the base of dominos

sands), and their extension is induced by gravity. As the trigger
mechanism, we obviously recognize that seismic shocks were
caused by Mid-Miocene tectonic activity in the study area
(Chomiak et al., 2019). The first case is when there is no dis-
placement between the domino layer and the underlying layer.
In this case, the dominoes were tilted (rotated) synthetically ac-
cording to the inclination of the beds (Fig. 2A). A different situa-
tion occurs if a relatively weak layer was present at the base of
the domino boudins (e.g., coaly sand), along which there was a
detachment. In this case, the dominos were set antithetically
(Fig. 2B, C). Thus, under the same overall shear sense the
domino boudins can be tilted in the opposite direction depend-
ing on the presence or absence of a basal detachment. The
second example discussed above and shown in Figure 2C
closely corresponds to what is shown in Figure 1 and depicted
by Chomiak et al. (2019) in their figure 9C. It must be added that
such dominos (antithetically rotated) are known from numerous
geological examples (e.g., Stewart and Argent, 2000;
Goscombe et al.,, 2004; Jackson and Hudec, 2017) and
sandbox models (e.g., McClay and Ellis, 1987; Vendeville,
1991). Summarizing this section, we disagree with the state-
ment that “...they do not come to the same conclusion that
structural geologists tend to come to when they find such a
structure” (Van Loon, 2019). The above explanations show that
structural geologists reach the same conclusions by analyzing
structures similar (in the sense of the geometry and rheology of
the sediments) to those we studied (cf. Figs. 1 and 2).

TECTONICS VERSUS SEISMICS

Indeed, in our original paper (Chomiak et al., 2019) we com-
bined all of the studied soft-sediment deformation structures
(SSDS) with seismites. However, van Loon (2019) states that
“...the SSDS in these layers should therefore not be called
seismites...”. We still believe that these deformations arose as
a result of seismic activity caused by tectonic movements in the
Kleczew Graben area. The term ‘seismites’ has been used by
us in a general sense for all SSDS studied. Furthermore, we did
not find any evidence that these SSDS were “...deformed again
later by other processes” (Van Loon, 2019).

Reading the commentary by van Loon (2019), we came to
the conclusion that the issue of a sudden increase in pore-water
pressure in the backswamp area was explained ambiguously.
Hence, we want to explain that the groundwater table rise, fol-
lowing a strong earthquake, was relative. It means that the sedi-
ments of the crevasse-splay microdelta were subjected to tec-
tonic lowering (i.e., collapse reaching the Mesozoic bedrock,
and maybe even the Permian salts) by a few decimetres (see
Chomiak et al., 2019, their figure 10D). In our opinion, this could
cause water to flow towards the top of the sediments, leading to
their deformation. A similar situation may have occurred during
the flood, when rising water levels in the river channel caused
the groundwater table to rise in the overbank (backswamp)
area. Due to the slowness of this process in relation to the sud-
den tectonic collapse, we have not discussed this possibility in
our paper (Chomiak et al., 2019). Unfortunately, we have found
no record of sand blows in the rock, as shown by van Loon
(2019: fig. 4), or related sand dykes. They would be very strong
evidence of the seismic origin of deformations caused by tec-
tonic movements such as those produced by earthquakes
(Sims and Garvin, 1995). On the other hand, the presence of
these forms and structures excludes the areal and uniform (not
point or linear) rising and outflow of water necessary for the for-
mation of widespread hydraulic fracturing (e.g., Obermeier et
al., 2005) in the case of the breccia.

We consider the aforementioned tectonic collapse the re-
sult of karstic processes as suggested by one of the reviewers.
This is justified by the fact that such large collapses often cause
SSDS (e.g., Moretti et al., 2011). Maybe we did not express it
clearly and confused our interlocutor who asks “...why would
karst-like dissolution occur in an organic-rich sandy layer?”
(Van Loon, 2019). Obviously, the karstification process would
only cover the Mesozoic top, which is composed of carbonates,
not organic-rich sands. In fact, only a few layers contain
>1 wt.% of organic matter (Fig. 1). We have not found the ef-
fects of karst processes in the research area and, therefore, we
rejected its influence on the formation of the SSDS investi-
gated. However, effects of the karstification process in the form
of karst caverns are known from other Polish lignite-bearing ar-
eas, for example from the Ztoczew Graben (Kasinski, 2015)
and the Kleszczéw Graben mentioned in the introductory sec-
tion (Widera, 2016b, and references therein).

FINAL REMARKS

Our paper (Chomiak et al., 2019), at least partly, fills a gap
in the geological literature on crevasse-splay microdeltas and
their deformation in the rock record. However, we realize that
not everything was convincingly explained, and some issues
were described in an ambiguous way. That is why we thank the
commentary by van Loon (2019) for the opportunity to clarify a
few of the most debatable issues once again. Some of them will
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remain the subject of discussion for the future. Thus, the best
summary of this reply seems to be the words of our interlocutor
who states that “...the descriptions and analyses of SSDS are
scattered over almost all types of earth-science literature, which
makes it almost impossible to keep up with new insights. The

most effective way is probably writing some comments that may
be found by readers who are interested in the material that is
commented upon” (Van Loon, 2019).
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