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Abstract
The present work delineates a preliminary interpretation of the existing data regarding the distribution
pattern and origin of salinized water (>250 mg Cl/L) in the Lübeck area (North west Germany). The results
of the geological-structural interpretation, of the groundwater flow-modelling and of the hydrochemical
data evaluations are discussed with regard to transport- and mixing-processes. As sources of geogenic
waters in the area, subrosion waters of the neighbouring salt diapirs, ascending deeper (fossil) waters and
the intrusion from the brackish Baltic Sea occur. Salinization is mainly found in the basal parts of the
aquifer (Vierland, Ubks) in the Hemmelsdorf Basin. In the adjoining Oldesloe Trough saltwaters mainly
occur in the Vierland, Ubks, Obks and Kaolin Sands. A salinization can be noticed in the vicinity of large
river valleys (exfiltration areas). A detailed geological model has proved to be useful for the interpretation
and serves as a basis for a numerical model. The groundwater-flow model shows maximum travel times of
the groundwater of more than 7 000 years for the transition of the deep aquifers (max. depths >1 000 m)
of the Oldesloe Trough into the Hemmelsdorf Basin. The salinization in the Vierland sediments could be a
relict from Pleistocene (Weichselian) flow systems.
Keywords: geogenic NaCl-salinization, numerical model, geological model, travel times, Pleistocene
groundwater

Introduction
Geogenic salinization of groundwater (defined as >250 mg Cl/L according to the German drinking water
law) is a widespread phenomena in the southeast of Schleswig-Holstein. Saltwater springs in the course
of large valleys - that act as exfiltration areas - have been used for salt production at least since medieval
times. An influence of salinized waters on drinking and industrial water production issues has been
*
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recognized for centuries. The salinization led to severe problems in drinking and industrial water production
in some parts, especially in the 1970s. The shutdown of the waterworks Lübeck-Priwall and Travemünde
was at least partly due to high saltwater concentrations (pers. comm. Hennig). Since then the pumping of
water has decreased because of water saving strategies, diminishing industry demands and the
construction of the Klein Disnack waterworks to the south of the intensively pumped area. Nevertheless
problems with groundwater salinization still do occur. The Lübeck area has been investigated towards
salinization in more detail for some decades (see Agster, 1996; also Grube et al., 1998).
Background of the present work is the influence of salinization on the public water supply in the Lübeck
area (North Germany). The study focuses on the central city area. It delineates a preliminary generalized
interpretation of the existing data regarding the distribution pattern and the origin of saltwater to support
the development of a conceptual idea of the saltwater transport in the Lübeck area. The results of the
geological-structural interpretation and of a coupled flow-transport modelling are discussed regarding
transport mechanisms and mixing processes in relation to hydrochemical data evaluations.

Study area
The study area (Figure 1) is located in the eastern part of Schleswig-Holstein (North Germany; Grube and
Nachtigall, 1998). It comprises an area of about 2000 km2. The Baltic Sea/Lübeck Bay forms a natural
eastern margin. Morphologically predominant is the “Lübecker Basin”, a glacier basin with rim heights of
around +80 m.a.s.l. that was mainly formed during the Weichselian Glaciation. In the basin the rivers Trave
(from the south: Elbe-Lübeck-Canal), Wakenitz and Schwartau flow towards the Baltic Sea. The Trave acts
as a main receiving water stream in the Lübeck Basin. The precipitation rate reaches values between 550
and 800 mm/a (average 1931-1960). The potential groundwater recharge rate shows an average of about
200-250 mm/y. As discussed later in the text (“geological model”) in most areas the aquifer system is
overlain by a thick aquitard. The recharge rate is therefore probably much smaller than the above
mentioned value and was reduced in the numerical model. The existing 19 larger waterworks are pumping
from the main aquifer and higher Pleistocene aquifers that are partly hydraulically connected to the main
aquifer. The main pumping is carried out from the Hemmelsdorf Basin. Together with the industrial
pumping about 20 Mm3 of groundwater per year are being pumped in the study area.
The piezometric levels reach a maximum of +30 m above sea level. Depressions below sea level have been
noticed in the lower course of the Trave river because of intensive pumping. Artesian groundwater
conditions are present in large morphological depressions like the Trave valley and at the Baltic Sea. The
groundwater-flow is generally directed from the surrounding heights into the basin, towards the large
rivers. Finally all groundwaters flow to the Baltic Sea at the eastern margin of the groundwater-system. The
piezometric levels show significant changes within the last 40 years. Because of an intensive pumping in
the 1970s the groundwater potentials dropped in many areas. The maximum was reached in the area
Kleinensee-Kücknitz-Travemünde, with depressions of 10 m below sea level (b.s.l.) (Schenck, 1978;
Johannsen, 1980). This resulted in a mobilization of saltwater. Some pumping wells had to be abandoned.
As a result of a reduction of pumping in the 1980s, water saving strategies and a depression in industrial
production, the situation improved. The opening of the Klein Disnack waterworks (south of Lübeck)
reduced the drawdown further. Still the maximum depression of the groundwater potentials in the center
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Figure 1. Study area with model sector (framed), water works, piezometers (1996) and position of cross section in
Figure 3.

of pumping was at 2.5 m b.s.l. This strategy to reduce salinization trends were enforced in the 1990s, but
still in some parts, salinization was increasing. The deeper aquifers in the Oldesloe Trough are also
confined. Piezometric potentials in the southern part of the trough reach about 30 m a.s.l., the
groundwater flow is directed upward to the northeast in the area of the Trave river.
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Materials and methodology
Data were derived from the “Energie und Wasser Lübeck” (Lübeck Waterworks), some smaller water works
as well as the geological and water management authorities of Mecklenburg-Vorpommern, SchleswigHolstein and Hamburg. Borehole information, hydrochemical analyses, resistivity logs, piezometric data
from wells and monitoring wells were used. Approximately round 880 boreholes in all with a maximum
depth of up to 1,000 m (average around 100 m) were available of which around 350 were used for the
geological model. For the construction of the piezometric level maps around 200 monitoring wells and 40
pumping wells were used. Scarce information is available for the northwest, the south of the Oldesloe
Trough and the rim areas of the salt diapirs. Little information is also available for the region of
Mecklenburg-Vorpommern as the eastbound inflow to the area. Generally the piezometric data basis is
much better in the Hemmelsdorf-Basin than in the Oldesloe Trough.
Investigations included hydrological, hydrogeological and hydrochemical tools. For the hydrochemical
investigations the “genesis model of the LGRB” (Rechlin, 1997; see Grube et al. 2002) proved to be
efficient. With the existing drilling data, a structural map series was constructed with emphasis on the
aquifer geometry to develop a geological model. In the course of a number of master thesis at the Institute
of Geology and Paleontology at Hamburg in cooperation with the DVGW-Research branch at the Technical
University Hamburg-Harburg a groundwater model was set up (Seidel, 1999; Lotz, 1999). A MT3D-model
is still under preparation.

Hydrogeological structure / geological model
Hydrogeologically the groundwater system consists of two Mesozoic-Tertiary basins, the Hemmelsdorf
Basin and the Oldesloe Trough (figures 2 and 3). While the Hemmelsdorf Basin shows a sequence of
Tertiary sands (basis at -150 m b.s.l.) that is discordantly overlain by Pleistocene sands and a normally thick
aquitard, the Oldesloe Trough reaches down to more than 1000 m below sea level. Both basins are
separated by the salt pillow Eckhorst-Nusse. The “Hemmelsdorf Basin” is bordered by the salt structures
Plön, Eckhorst, Travemünde and Cismar (Figure 2). The basis of the Basin is built up from silty fine sands
of the Vierland (Lower Mica - fine sands). Overlying, coarser Lower Lignite Sands (UBks s.s.) occur, that
reach a thickness of a few decametres. The UBks are most often discordantly overlain by Quaternary
sediments. An important part of the aquifer system is formed by the Pleistocene dorrs that cut into the
older strata and allow for deep groundwater to migrate into more shallow aquifers. They reach a depth of
up to more than 250 m and are acting hydraulically different, depending on the petrography of the filling.
In some cases they enhance the salinization, in others salinization is inhibited. Tills of the Saalian and
Weichselian form a regional cover to the aquifer system, partly overlain by glacilacustrine sediments.
Locally shallow aquifers occur on top. In the hydrogeologically more differentiated “Oldesloe Through” the
basis of the aquifer system is built up of the Lower Mica Clay. The following Vierland fine sands and the
UBks are situated much deeper than in the Hemmelsdorf Basin. These are overlain by the Hamburg Clay
and the Upper Lignite Sands (OBks). The system is in most places overlain by the Upper Mica Clay. The
deeper aquifers are in contact with the overlying aquifers, the contact zones are at the rims of the diapirs
on both sides of the Oldesloe Trough. These contact zones are supposed to exist along the rim of the
Nusse-Eckhorst salt pillow, though they have been proven by drillings only locally. The upper aquifer is
made of sands of the Pleistocene and Pliocene (Kaolin sands).
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Figure 2. Structures of the study area: salt diapirs (a) Segeberg, Sülfeld and Plön, salt pillows Nusse-Eckhorst,
Travemünde and Cismar; Pleistocene dorrs (b).

A map series (Lotz, 1999) comprises the distribution, upper and lower surface and the thickness of the
below mentioned geological members (Figure 3). Additionally further horizons were mapped, taking into
account the distribution as well as the petrographical and stratigraphical characteristics.

Hydrochemistry
Because of the thick aquitard at the top of the system -only few geological windows exist- the upper main
aquifer is generally confined and shows a good geogenic groundwater-protection. Groundwaters are
generally characterized by Ca and HCO3, which react neutral to slightly alkaline and show a medium TDSmineralization. The salinization is mainly due to Na and Cl ions. Through the influence of Na and Cl, CaNa-HCO3, Ca-Na-HCO3-Cl and Na-Ca-Cl-HCO3 waters occur. The absolute salt concentrations in the main
aquifer usually reach only a few hundred mg/L, but can reach a few thousand mg/L. Cation exchange
waters are characteristic for the Lignite Sands (named after occurring ubiquitous lignite bands) and are
therefore found widespread in the aquifer system.
Different waterworks show distinctive patterns that can be used to give a general characterization of the
occurring water types (Figure 4). Predominantly “older groundwater” (type 5) occur in Kleinensee, Kücknitz
and Travemünde. Vorwerk shows a comparably differentiated group of samples with cation-exchange
waters (type 6), but also young groundwaters (types 2-4). In Travemünde a comparably large influence of
saltwater (types 7 and 8) is to be noticed. The most differentiated groundwater types are present in the
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Figure 3. West-East cross section through the study area. Salt diapir Segeberg adjacent to the west, Baltic Sea to
the right.

Klein Disnack area, which shows the diverse catchment character with different -mainly Quaternaryaquifers. The groundwaters here are expected to be younger, at least compared to the deep groundwaters
in the Oldesloe Through.
Groundwater salinization occurs in the Miocene and Pliocene as well as in the Quaternary sands. It is
mainly found in the Vierland, UBks and OBks of the Oldesloe Trough and in the Vierland and UBks of the
Hemmelsdorf basin. The latter is palpable, because salinization is widespread in the Vierland, whereas in
the adjoining aquifers it often is missing. Anyway, groundwater salinization also occurs in the upper parts
of the aquifer system, up to the surface. Salt springs are known from the Trave valley from Bad Oldesloe
(here in connection with a deep Pleistocene dorr) towards the Lübeck city area.
Salinization probably is mainly the result of both solution (salt structures Segeberg and Sülfeld) and
upconing deeper formation waters of Eocene age. Seawater respectively brakish water only plays a minor
role. The latter partly influences the aquifers in the vicinity of the Baltic Sea coast, e.g. at Travemünde and
Priwall coastline. The salt concentration of the Baltic Sea is below 20‰. The Segeberg diapir shows intact
rocksalt down from a depth of –50 to –100 meter below sea level. South of the Segeberg diapir, another
diapir -the Sülfeld salt diapir- shows a deeper situated boundary between the rock salt and the sediments
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Figure 4. Interpretation of different water works by the “genesis model of the LGRB”.
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above (salt mirror around 500 m below sea level). An influence of saltwater is possible here also because
of the deep aquifer system. The Cl content in groundwater from the Segeberg salt diapir reaches 156 g
Cl/L (Zechstein II, Dr. Heinke). A direct contact between the upward pushed Miocene aquifers west of the
diapirs and the saltrock is most likely occurring at the Segeberg salt diapir (currently under geophysical
research by the Federal Bureau of Geosciences and Resources, BGR).
Another possible source of salinization are Na-Cl brines of middle Eocene age that were found in
sediments above the salt pillows Eckhorst-Nusse (Bach et al., 1974) and might also be expected at the
Travemünde salt pillow at around 300 meter below sea level. The measured concentration in the fossil
seawater from the Eocene reaches 22,6 g Cl/L. The overlying fine grained older Tertiary sediments and the
Mio-Pleistocene sediments might be distorted because of (salt-)tectonic dislocation or glacial tectonic
displacement in some parts the deep Pleistocene dorrs like the Trave dorr can have an influence. This might
result in enhanced hydraulic contacts of the Eocene waters to the main aquifer.
It can be noticed from the existing data that no clear distinction between the different occurring saltwater
is possible yet regarding their origin.
The Pleistocene dorrs effect the salinization pattern significantly. In some examples the dorrs act as
geological boundaries that inhibit a migration of saltwater into more shallow aquifers. An example is the
Oldesloe dorr, described by Löhnert (1968).
In other cases -like the northern Trave valley- Pleistocene dorrs might allow for a continuous migration of
salinized water from the Vierland mica sands. The Priwall waterwork (see Figure 1) is situated near the
Baltic sea coast, at the western rim of the Trave dorr (see Figure 3). A salinization that is increasing only
slightly with depth (up to 350 mg Cl/L) can be recognized to a depth of 155m b.s.l. The reason might be
seen in the large surface of the Vierland that enables a large quantity of saltwater to migrate to the wells.
This is likely because of the uniform salt concentrations. The Cl concentration in the Vierland aquifer that
is salinized in many parts reaches more than 2,000 mg/L. With an average thickness of around 50 meter
and a maximum thickness of more than 200 meters, this hydraulic unit has a high potential as saltwater
source. The Vierland is widely distributed (Figure 5), it is missing on top of the salt structures and it has
been eroded in some deeper Pleistocene dorrs.
Nevertheless, a contact by the Trave dorr to ascending deeper Eocene saltwater aquifers is also possible
because the dorr cuts right into the older Tertiary. The Priwall waterwork has been shut down because of
salinization.

Numerical flow model
Geological und hydraulical parameters
Based on the geological model a 3-D groundwater-flow model was set up in the MODFLOW (U.S.
Geological Survey) based Processing Modflow PMWIN/PMPro. It has 8 layers (see below) and covers an
area of 2,000 km2 (Figure 1). The cell width is 500 m x 500 m. Layers 5-8 are only covering a part of the
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Figure 5. Distribution and thickness [m] of the Vierland aquifer.

study areas (Oldesloe Trough). With the model the main flow patterns were to be reconstructed. For the
main aquifer (layers 2-4) the western margin was defined as fixed head boundary along groundwaterpiezometric-isolines, the Baltic Sea coast was defined as a Cauchy boundary condition, the highest
piezometric isolines are defined as fixed head boundary. The permeabilities (kf; [m/s]) were set to 7x10-7
for the low permeable Quaternary cover of the aquifer system (layer 1), 4x10-4 for the Quaternary parts of
the aquifer (layer 2), 3,2x10-4 for the Kaolin Sands (layer 3 in western part), 2,8x10-4 for the UBks (layer
3 in eastern part), 5x10-9 for the Upper Micaclay (layer 4 in western part), 3x10-5 for the Vierland (layer 4
in eastern part), 1,0x10-4 for the OBks (layer 5), 5x10-9 for the Hamburg Clay (layer 6), 2,8 x10-4 for the
UBks (layer 7) and 3x10-5 m/s for the Vierland (layer 8). Large rivers (Figure 1) were represented by the
RIVER-MODUL based on values from the LANU (State Agency for Nature and Environment, Flintbek). There
were no data for the Heilsau river which is negative as this river is an important exfiltration area. It has to
be included in future versions of the model. The calibration results proved to be reasonable over the whole
study area.
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Flow system and travel times
Parts of the recharge areas are not included because they are situated up to 35 km west of the Baltic Sea
/ lower Trave river course, east of the salt diapir Segeberg. Not everywhere the salt diapir is acting as a
negative boundary. To obtain an idea of the travel times and to illuminate the possibilities of glacial
groundwater relicts in the Vierland sediments, the groundwater model was used not only to evaluate the
principal flow patterns respective catchment areas, but also to calculate travel times.
The most accurate data is to be expected from the upper part of the aquifer where many observation wells
made water level measurements easily available. The aquifer is obviously strongly hydraulically influenced
by the rivers, especially the Trave river. The upper particles in Figure 6 were placed east of the Sülfeld salt
diapir. They travel to the (upper) center of the Oldesloe Trough. In the area of Tralau-Travensbrück
geological windows in the low permeable Pleistocene cover are assumed. At these locations a pressure
reduction by the Trave takes place and the groundwater flows to the river. The particles need around
200 years to cover this distance. Particles set to the third level in the aquifer system start at the northern
rim of the Sülfeld diapir. Groundwater is finally migrating into the Trave-valley near Reinfeld. The river
exfiltration as a result of the general pressure reduction in this area is possible because: (1) the OBks are
quickly thinning out at the salt pillow Nusse-Eckhorst and the thickness of the aquifer is decreasing (Figure
3) and (2) there are contacts between OBks and the Quaternary sediments southeast of Bad Oldesloe, at
the rim of the structure. The travel time reaches around 2 000 years. In this context it has to be mentioned
that the Heilsau, a larger river west of the Trave, has not been included into the model as its importance
showed up only recently (Agster, 2000)
The lowest particles were started at the northern end of the Sülfeld salt diapir. They flow through the UBks.
At the border of the salt structure Nusse-Eckhorst at the Trave valley between Reinfeld and Lübeck most
of the tracks end. The flow time is about 1 300 years. Some of the particles flow further to the East and
would reach the lower course of the Trave river after around 7 000 years. To this value, the travel times
from recharge areas into the deep parts of the trough have to be added. Accordingly, values of around
10,000 years are obtained, Therefore, the groundwater system would have been fully flushed at least once
since the end of the last glaciation. In the center of the Lübeck area with its intensive pumping of the last
decades, the exchange of water nevertheless is much more intensive. If we finally take into account the
flow times in the low permeable Vierland formation (kf in the order of 10-5 m/s) we obtain a groundwater
age of more than 20 000 years for the flow through the Oldesloe Trough. This applies for the major part
of the groundwater that flows trough the Vierland, not only for a smaller part that flows out into the
younger aquifers. This hints at a Pleistocene signature (Weichselian Glaciation) of the saltwater in these
fine sands. However, an upconing and diffuse dispersion of Eocene saltwater is also possible.

Comparison of the flow simulation and hydrochemical results
The complicated aquifer system of the Oldesloe Trough and the Hemmelsdorf Basin has been investigated.
Because of its dimension both laterally and vertically, only very general statements can be given.
Nevertheless the general picture of groundwater travel times and catchment areas for the different water
works can be reproduced with the numerical model. According to the model, the salinization in the center
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Figure 6. Flow of groundwater in the numerical model with 8 layers. Flow occurs from the deep parts of the Oldesloe
Trough. See Figure 3 for vertical scale of model.

of the Lübeck Basin, with the waterworks Bad Schwartau, Vorwerk, Kleinensee, can originate from both
the Segeberg and the Sülfeld diapirs. These two diapirs can not be differentiated from the hydrochemical
point of view. Modelling of smaller scaled patterns of salinization needs a finer grid and a finer calibration
of the model. An example is the movement of salinized water through Pleistocene dorrs.
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The salinization in the Vierland sediments could be a relict of Pleistocene flow systems with saltwater from
the diapirs. These model results are not in contradiction to the hydrochemical results. Isotopic data are
unfortunately not available. In any case, the influence of the Eocene saltwater as a possible salinization
source is neither to be handled with the model nor with the hydrochemical data. Because of diffuse
migration of these waters into the large “storage” Vierland and further on into the higher permeable parts
of the aquifer it is nearly impossible to quantify this influence.
Seawater intrusion plays a minor role as expected from the hydrochemical data, as for example in the
Priwall area (shallower aquifer). Up to now, these cases were not simulated with the model because it is
not detailed enough at the boundary (continent to Baltic Sea). Generally there is an outflow of fresh water
from the large scaled groundwater system into the Baltic Sea.
In the near future the salinization will not decrease in a wider area, because the piezometric heads in the
Lübeck center are still very low in reference to the natural situation. This is in accordance with the
hydrochemical data. Salinization is still present in many parts of the central Lübeck basin and salt
concentrations are still increasing in some monitoring and pumping wells.
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