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Abstract

In the ‘Winterswijksche Steen- en Kalkgroeve’, situated in the eastern Netherlands, Lower Muschelkalk limestones are quarried. A ca. 30 m wide

area in the quarry face showing fragmented rock material in chaotic accumulation in between stratified Muschelkalk sediments was interpreted

until now to be the result of karstification or tectonic fragmentation. The present investigation indicates that it originated as a subrosion pipe

fill that formed by continuous upsection collapse which commenced in the R6t gypsum and anhydrite beds more than 200 m below. The pipe fill

is dated probably to one of the Quarternary interstadials when these rocks were dissolved by groundwater at even greater depths.
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' Introduction

Subrosion pipe fills caused by subrosion of deeper evaporite
rocks are rarely observed in outcrops. As a result of subsurface
solution of water soluble rocks, the overlying strata collapse
as soon as stability becomes insufficient. A depression at the
earth’s surface may be formed by the progressive collaps of the
rocks. Leaching of rock salt is usually followed by almost
continuous settling, leading to depressed areas at the surface,
whereas leaching of gypsum usually causes vertical shafts and
large sink holes at the surface (Simon, 2005). These may exceed
100 m in diameter and be as deep as 20 m. Their size depends
on the depth of the dissolved gypsum strata and on the size of
the cavity, which is dependent on the thickness of the gypsum
layers respectively. Gypsum leaching in the Zechstein Salinar
and the Rot Salinar of the Central German Hills has caused
subrosion pipe fills of some hundreds of metres total depth
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(Hundt, 1950; Jordan et al., 1986; Laemmlen, 1991). While such
a cavity migrates upsection towards the surface by continuous
collapse, rock material that has broken down from the ceiling
accumulates in a chaotic collapse breccia that fills up deeper
parts of the cavity.

In the Lower Muschelkalk quarry near Winterswijk such a
structure of chaotic block layers indicating a subrosion pipe fill
(Oosterink et al., 2005) was encountered between well-bedded
Lower Muschelkalk limestones when the section was measured
for lithostratigraphical documentation in June 2004 (Fig. 1).

[ Field observations

In 1989 black claystones were observed in a small area within
the quarry (Fig. 2). The identification of this structure as a
subrosion pipe fill allows the interpretation of these clay-
stones as its uppermost fill. According to both palynological
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Fig. 1. Sketch of the Muschellkalk quarry of Winterswijk with position of
the subrosion pipe filling (S).

(Herngreen, 1989) and micropalaeontological investigations
(Lissenberg & Witte, 1989), the claystones have a Lower
Jurassic age and correlate with the Hettangian/Sinemurian
stage boundary. The directly underlying beds however indicate
a Lower Muschelkalk age (Harsveldt, 1973; Oosterink, 1986;
Diedrich, 2001). A second and much larger exposure with black
claystones was recovered at the northern margin of the quarry
in 2004. The palynomorphs in these sediments indicate a
Rhaetian age (Herngreen, 2004). The lowermost 2 m of the
black claystones in the pipe fill have red spots indicative of
Rhaetian (Gerth, 1955: p. 50). Rhaetian palynomorphs or
microfossils likely were not reported in 1989 because samples
from the lowermost beds were not analyzed then.

The Winterswijk pipe can be seen most clearly in the 11 m
thick section of the almost vertical quarry face (Fig. 2). A
sheet of rock debris covering the lower quarry floor does not
allow to delineate the extent of the pipe fill. However, in the
upper quarry floor approximately one third of its diameter can

be recognized from the distribution of the black claystone.
From the size of the section the diameter of the pipe fill is
estimated to be approximately 30 m. The lower part is filled

Fig. 2. Subrosion pipe with black Rhaetian/Liassic claystone infill in the

upper part. Diameter ca. 30 m. Arrows: margins of the pipe.
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with Muschelkalk debris and the upper 2 m with dark-coloured
Rhaetian/Liassic claystones.

Correlation of the Muschelkalk rocks in the pipe filling with
the in-situ sediments of the quarry section indicates that the
rocks dropped ca. 10 m. The Muschelkalk infill of the pipe is
coarsely arranged in normal stratigraphic succession due to the
way these structures are formed. Fragments of a relatively thick
bed can be horizontally traced through the upper part of the
infill breccia. The boulder size is related to the original thick-
ness of the layers and to the distance to the original cleavage.
Single slabs rarely exceed 1 m in diameter and 0.5 m in thick-
ness (Fig. 3). The rock material may also be finely ground. In
the heterogenous infill mass, cavities are not abundant and
not larger than 20 cm. They are partly filled with brownish
and blackish mud of ferrous and manganese hydroxide.

Fig. 3. Muschelkalk infill of the subrosion pipe. Single slabs exceed 1 m

in diameter and 0.5 m in thickness. Measuring stick 1 m.

When dropping down, limestone blocks were broken and some
clay slabs have been bent. Listric shear planes were observed
which may have originated from subsequent settling.

Due to the genetic process of the pipe fill, the longitudinal
axis of many slabs in the ca. 1 m wide marginal area were
aligned vertically. Towards the marginal area many boulders
broke away from their original layer and attain a vertical
position. Moreover, settling of the pipe infill caused steep to
vertical positioning of those slabs which are in contact with
the stable margin of the pipe (Fig. 4). In the centre of the pipe

Netherlands Journal of Geosciences — Geologie en Mijnbouw | 85 - 4 | 2006


https://doi.org/10.1017/S0016774600023088

fill boulders show a horizontal or slightly oblique position on
the debris pile. In the overlying block claystones, no large
slabs nor finely ground masses occur.

Fig. 4. Eastern edge of the pipe filling approximately 0,2 m to the right

of the measuring stick (0,6 m). Muschelkalk rocks in original bedding have
been dragged towards the pipe. On top black Rhaetian/Liassic claystones.

At the edge, a 1 m wide margin of many vertically arranged blocks.

Generally the boundary between the Muschelkalk and the
claystone infill in the pipe is well defined (Fig. 5).
Amalgamation of Muschelkalk and claystone is found only in
a thin layer of a few decimetres. Some prominent Muschelkalk
boulders protrude up to 20 cm into the claystone cover. At the
southern margin of the pipe filling, a mass of ca. 1 - 2 m3 of
claystone has invaded the Muschelkalk debris up to 1 m depth.

At the boundary of Muschelkalk blocks and Rhaetian/Liassic
claystones, no depositional fabric was observed. Muschelkalk
blocks have not been karstified. The stratigraphic gap of
ca. 40 Ma is indicated only by the significant change of rock
material.

The stratification outside of the pipe fill was influenced by
the collapse only at its immediate margin where the beds have
been slightly dragged downwards. The quarry floor which
exposes the present upper surface of the pipe fillisca. 5-7 m
below the former surface. Assuming an average subsidence
factor of ca. 10 m the orginal Muschelkalk/Rhaetian boundary
outside of the subrosion pipe in the quarry is estimated to
have been located at approximately 3 m above the former
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Fig. 5. Distinct boundary between Muschelkalk (base) and Rhaetian/
Liassic (top) subrosion pipe filling. Length of hammer 0,4 m.

surface. Taking into account a general NNW dip of 5°, this
estimate is corroborated by the new outcrop of black Rhaetian
claystones that was recently opened by quarrying activity at
the northern margin of the pit.

| Time of origin

The youngest sediments of the pipe filling are Rhaetian/Liassic
and have definitely not been deposited in a sink hole that was
already existing during this time period. Therefore, the
subrosion pipe must have originated later than deposition of
the black claystones.

The pipe collapse must have caused a sink hole at the earth'’s
surface. However, prior to the quarry activity no depression
could be seen at the surface. Moreover, in the surroundings of
the quarry no additional sink holes have been observed.
Therefore, the infill of the depression must have taken place
not later than the Quarternary period by glacial deposits. The
subrosion filling, therefore, has existed since at least the
beginning of Holocene times. Possibly more subrosion pipes
occur and are covered under Quarternary sediments around
the quarry.

The time of origin of the subrosion pipe can be determined
more exactly by means of the present dip. Generally the strata
are dipping S-N. At its southern edge, which is viewing from
the pipe fill against the dip, the strata have been dragged
further (ca. 2 m) into the rocks than at the northern edge
where the strata at a distance of ca. 1 m do not dip to the pipe
fill but to the North. This can be explained only if the collapse
took place when the present dip already existed. Only a
general northward dip would cause a drag towards the neigh-
bouring rocks that is stronger on the southern side than on
the northern side. Thus, the pipe fill must be younger than
the tilting of the strata. Around the quarry, Oligocene strata
are tectonically dipping whereas Quarternary deposits are
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horizontal. Therefore the Winterswijk subrosion pipe must
have formed past Oligocene times. However, the leaching of
the subsurface Rot Salinar gives evidence for an origin much
later than Oligocene.

| Stratigraphy andr source rock

In the stratigraphic sequence (Fig. 6, cf. Harsveldt, 1963;
NITG-TNO, 1998) are two intervals with salinar rocks which
could have caused the subrosion pipe. The upper one is the
Rot Evaporite approximately 230 - 250 m below the surface,
which consists of gypsum, anhydrite, claystone and has been
partly leached. Halite has probably been dissolved completely.
The lower salinar section is the ca. 400 m thick Zechstein which
consists largely of halite and anhydrite (Teichmiiller, 1957).
According to investigations in Central and in East and North
Germany, subrosion pipes may have been initiated by leaching
of rocks up to 800 m below the surface (e.g. Hundt, 1950).
Therefore both, the Rot as well as the Zechstein Evaporite could
have caused the Winterswijk pipe. Indeed, subrosion pipes
have been observed in both these salinar sequences. Step by
step upsection collapse of some hundreds of metres, rooting in
the Zechstein (Hesse, Germany) have been described by
Laemmlen (1991). Jordan et al. (1986) described subrosion
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Fig. 6. Schematic section of the Rot Salinar subrosion pipe. y: gypsum.
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pipes originating in the Rot or the Zechstein Evaporite (Hesse,
Germany) that reach up to 500 m below surface.

Most probably, it is the R6t Salinar that gave rise to the
Winterswijk subrosion pipe. The nearby deep well of Ratum
ca. 2 km northeast of the quarry showed an evaporite
succession at the base of the Rot which is leached (Bentz,
1933; Knapp, 1975). Originally, the thickness of the R&t salt
was ca. 10 - 20 m, the thickness of gypsum and anhydrite was
ca. 50 m (Bentz, 1933; Knapp, 1975). The latter value is large
enough for continuous upsection collapse of a subrosion pipe
of size of the Winterswijk pipe. The leaching process in the
Rot evaporite is still going on and supports the origin of the
Winterswijk subrosion pipe. Continuous collapse from Zechstein
through the entire Buntsandstein sequence is less evident,
because the overlying strata are at least 700 m thick. Moreover,
because the leaching process in the R6t evaporites of the
Ratum deep well is still active (Bentz, 1933; Knapp, 1975), there
is no evidence for leaching in the Zechstein. Additionally, the
state of leaching allows the conclusion that the pipe filling is
not very old but dates back rather to a Pleistocene interstadial,
or to Late Neogene (Miocene, Pliocene).

' Implications on palaeogeography

The span between deposition of the Lower Muschelkalk and
the Rhaetian/Liassic strata covers ca. 40 Ma. There are no
signs indicating a strong sea-level fall in the Muschelkalk
strata underlying the Rhaetian/Liassic. However, there must
have been a regressive phase and even emersion. Consequently,
later Muschelkalk deposits must have been eroded (Geluk,
1999, 2005; NITG-TNO, 1998; Wolburg, 1969). The present
Muschelkalk carbonates have been slightly karstified in the
uppermost 5 metres. Karrenfelds at the surface of the
Muschelkalk deposits have been described by Crommelin
(1943) and Oestreich (1943). Indication of strong and deeply
seated karstification, like sinks or weathering to loam, have
not been observed. There are no indications that Muschelkalk
surface has not been exposed for a long time. From these
considerations a scenario for the long span between Lower
Muschelkalk and Rhaetian/Liassic depostition
reconstructed: Deposition of Middle and Upper Muschelkalk,
possibly also of Keuper sediments. Subsequently large scale
erosion (Beutler, 2005) until sedimentation commenced again
at the Rhaetian/Hettangian boundary (Herngreen et al., 2000,
2005). Afterwards the depositional environment had changed
from coastal during Rhaetian to fully marine in Jurassic times.

can be
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