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Abstract 

Features of inland groundwater salinization are described 

for two case-study areas in the City State of Hamburg, both 

displaying a deep porous aquifer system to depths of 150 m 

and 500 m respectively. 

Though the saline waters differ chemically as to their main 

ion concentration, type and trace element content, they 

basically originate from salt diapirs. The evolution of the 

actual hydrochemical composition is tracked by use of 

environmental isotopes. Proper carbon-14 dating is impaired 

due to the complex interaction of water with the aquifer 

matrix. Tritium and particularly the stable isotopes 

deuterium and oxygen-IS proved useful in identifying 

details of salinization mechanism. 

1 Introduction 

The City State of Hamburg is located in the North German 

plainlands some 80 km distant from the North and Baltic 

Seas respectively. Recent sea water intrusion as well as 

remnants of ocean water of the geological past can, there

fore, be excluded. The basic hydrochemical principles 

governing salinization processes are, however, assumed 

similar both for coastal and inland regions. This is to be 

proved in the following contribution which concentrates on 
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deep aquifers developed in the study area to depths of 

about 500m. As Fritz (1985) recently pointed out, access 

to and samples from deep groundwater systems are not easily 

obtained. Consequently, knowledge on flow conditions in 

such systems remains poor. However, the presence of deep 

observation wells in the Hamburg area has provided rather 

favourable sampling and monitoring conditions and con

sequently a number of papers on this topic have been 

published by several workers, among them the senior author 

of the present paper; the evaluation by Ehlers & Grieger 

(1985) being the most recent. Environmental isotope studies 

to support hydrochemical investigations in the area have 

been introduced by Loehnert & Sonntag (1981). Today 

approximately one hundred analyses of tritium ('H), oxygen 

-18 ( 18 o) and deuterium ( 2 H = D) from deep groundwaters are 

available. Tritium, which is here frequently induced by 

abstraction, occurs in shallow groundwater systems of this 

region locally down to 100 m, but is absent in deep aquifer 

waters. Stable isotopes have been proved to label different 

deep groundwater bodies while carbon-14 activities are not 

easily converted into "true" groundv~ater ages. Some 50 
14 C analyses are to be discussed in this paper. 

2 General hydrogeology 

Short reference is made to the "Fachplan Wasserversorgung 

Hamburg" (Report Water Supply Hamburg, 1984) and to the 

latest summarizing paper by Loehnert (1985) in which the 

aquifer system is adequately dealt with. A simplified 

stratigraphic column is contained in Figure 7. The deep 

system of porous unconsolidated aquifers includes Lower 

and Upper Lignite Sands of Tertiary (Miocene) and glacial 

deposits of Quaternary (Pleistocene) ages. Occurrences of 

Miocene sands are restricted to synclines accompanying salt 

domes. In other words, thicknesses and depths below ground 

surface are determined by syn- and post-sedimentary halo-
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kinetic subsidence. Saline waters were encountered over the 

years at different depths and locations but not all are 

close to salt diapirs. As can be delineated from the maps 

("Fachplan"), salinization is mainly associated with salt 

domes lined up in a N-5 direction, one of which actually 

rises to the surface. Ehlers & Grieger (1985) distinguished 

sulfatic and chloridic salinization and attempted to con-
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Figure 1. Hamburg location map showing case-study areas 

Curslack and Stellingen 
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struct isolines for either ions along a cross-section at 

the eastern flank of the Langenfelde salt dome. A double 

fresh/salt water interface overlying each other in Lower 

and Upper Lignite Sands is supposed. A definition of the 

interface was given by Schulz & Wichmann (1985), namely 

19 meq/1 = 2150 ~S el. conductivity (equal to 500 mg/1 Cl-
z 

+ 240 mg/1 so
4 

-). The common procedure also followed in 

this paper is to fix the interface at 1000 mg/1 TDS. 

After the promising results of our first isotope survey it 

became necessary to select two case-study areas in which 

sampling was to be concentrated (Figure 1). Specific con

ditions with facts and new findings in these areas are 

presented in the following paragraph. The same aquifer 

system occurs with different thickness and depth; the 

impact of groundwater abstraction differs also considerably. 

Both areas display interfaces between fresh and saline 

groundwater. 

3 

3.1 

Conditions in the two case-study areas 

Curs lack 

The area lies within the Elbe valley and comprises a part 

of the Geest to the north-east where recharge takes place. 

The two-layer aquifer system consists of shallow Pleisto

cene fluvial gravel and Lower Lignite Sands with local 

hydraulic contact between the two (Figure 2). Groundwater 

is being abstracted from these aquifers but production from 

deep wells stopped some years ago in agreement with re

commendations given in the "Fachplan". Further saline water 

enchroachment was supposed to be a threat and appropriate 

measures had to be taken. 

A combined result of electr. resistivity survey (Schlum

berger) and monitoring in specially screened observation 

wells showed the interface to be somewhat dynamic and this 

is likely due to pumping (Schulz & Wichmann, 1985). The 

situation is sketched in Figures 2 and 3. Besides the above 
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-mentioned aquifers, Pleistocene channels filled with 

coarse-grained materials cut into the Tertiary and serve as 

drainages. They accommodate, at deeper levels, water with 

salinities close to ocean water concentration (Loehnert & 
Paluska, 1977). Hydrochemically these saline waters are of 

the Na-Ca-Cl or Na-Cl type. Elevated Ca portions character

istic of pre-Miocene brines have already been noted by 

Loehnert & Paluska (1977). Saturation equilibria have been 

calculated for these waters (Wigley, 1977) and yielded 

clear tendencies of calcite/dolomite oversaturation in 

Quaternary channels, while Tertiary aquifer waters are in 

equilibrium or slightly undersaturated (SI negative in 
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Figure 3). This aspect will be further illustrated in the 

context of C-14 dating. 

Loehnert & Paluska (1977) identified saline waters in the 

case-study area as originating from Tertiary/Cretaceous 

strata underlying the aquifer system and being conducted in 

Quaternary drainage channels. This is supported by Bauhus 

(unpublished) who analysed biophil trace elements such as 

r-and Br-besides Li+, Sr 2 + and Ba 2 + in saline waters of 

deep aquifers. Straight mixing lines permit the computation 

of varying portions of "oil field brines" in diluted waters 

(Figure 4). 

Isotopes could not be used to confirm the assumption of 

geogenic groundwater salinization in deep production wells 

(Schulz & Wichmann, 1985) due to abundance of 'H. However, 

sampling was conducted after abstraction had been reduced. 

Saline waters show differences as to their stable isotope 

content, those of Lignite Sands being significantly de

pleted, whereas the ones from Quaternary aquifers plot in 

the range of fresh waters (Figure 4 and 5). Details of 14 c 
interpretations are explained in paragraph 4. 

"Palaeowaters" depleted in 18 0 and D (Loehnert & Sonntag, 

1981) show conventional carbon-14 ages of 16000 - 23000 

years B.P. They constitute the end of dilution lines origin

ating from deep seated brines (Figure 4). Groundwaters in 

deep Quaternary channel deposits might even be older if 

they are considered three component mixtures of tritium 

free saline and fresh waters plus recent infiltrates with 

elevated tritium. 

3.2 Stellingen 

Tertiary aquifers are completely developed at the flanks of 

the Langenfelde/Schnelsen salt domes. Additionally Quatern

ary channels cut into the ground as deep as 400 m (Figure 

7). The latter aquifer is being exploited along with Plio

cene sands but waters suffer from increasing salinity 

(Schulz & Wichmann, 1985). According to Ehlers & Grieger 
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(1985, Figures 3) the "gypsum caprock" of the Langenfelde 

salt dome "is in direct contact with the Miocene aquifers" 

as shown be sulphatic salinzation while "chloridic salin

ization is much harder to interpret". Against this back-

TDS 
mg/ I 
100000 

10000 

1000 

100 
100 000 

10000 

1000 

100 

• 
• 

• 

• • 

• 
• 

• 
• 

-60 

• • 

• • 
• 

• 
• 

-9 

• 

• Miocene 

• Quaternary 
• 

• 
• • • • 

-50 40%o D 

• 

• 

• 
• • • • • 

-8 
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ground our investigations yielded the following results. 

Mineralization in terms of TDS attains 100 g/1, i.e. nearly 

three times the ocean water concentration (Figure 6). 

Unlike in Curslack rare elements are not traceable. so 2 

4 
is a common anion but in view of the presence of halite, 

waters are mainly undersaturated in gypsum (Figure 7). 
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Figure 7. Stellingen: schematic geological profile and 

calculated saturation equilibria for two deep 

aquifer types. Column: l-5 Miocene, 6 Pliocene, 
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Differences between groundwaters of Tertiary and Quaternary 

aquifers are evident as to saturation in calcite (applic

ation of solution models WATSPEC and PHREEQUE, Parkhurst et 

al. ). A duplication of the fresh/saline water interface as 

mentioned earlier has been proven for Lignite Sands deposit

ed at the flanks of salt diapirs. Depletion of D and 
18

0 is 

restricted to these waters including "fresh" (cation 

exchange) water overlying saline water in Lower Lignite 

Sands. Geophysical borehole logs indicate a decametre thick 

transition zone (Loehnert, 1981), whose water is marked by 

cation exchange processes. The conclusion of a geologically 
14 

aged interface is supported by low C activities dropping 
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to <1% which results in model ages of 40000 - 50000 years 

B.P. matched with significantly depleted stable isotopes. 

On the other hand, there are isotopically heavier waters in 

the Quaternary channel aquifer, both saline and fresh 

(Figures 6 and 8), which tend to higher 14 c activities 

(ungrouped in Figure 9). Eventually fresh waters but with 

increased so
4

•- are labelled by 'H at shallower depth with

in channels and adjacent Pliocene sands. These are the 

waters being pumped in the affected Stellingen waterworks 

(Schulz & Wichmann, 1985). Chloridic waters ascending via 
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faults or channels ("buried valleys") as suspected by 

Ehlers & Grieger (1985) could not be proved isotopically 

nor could connate water. 

4 Interpretation and discussion 

Saline waters of different origin have been treated in this 

survey: 

- ascending along faults and entering deep aquifers prefer

ably via drainage channels ("dynamic system") and 

- directly dissolved from salt diapirs and stored over 

extended time periods ("stagnant system"). 

Regardless of chemical differences palaeowaters depleted 

in the stable isotopes oxygen-18 and deuterium are repre

sented in Miocene Lignite Sands of either case-study areas. 

Mixing with shallow groundwater can be excluded and response 

to abstraction neglected. These waters do not actually 

participate in the ongoing hydrologic cycle. Geochemically 

they tend to be in saturation equilibrium with aquifer 

minerals such as calcite due to the abundant Ca/Mg supply 

from brines (Group 1 in Figure 9). 

Rock/water interaction is particularly observed along the 

interface saline/fresh water (Figure 2). This is exempli

fied in Figure 3. The interface is characterized by an 

increase in HC0
3

- with a shift of o13 c towards greater 

negative values. In both study areas a linear correlation 

Hco
3
;o 13 c is established. The processes behind carbonate 

species addition to the aqueous solution are rather complex 

and can only be discussed briefly: 

a) Organic matter (lignite and the like) of the aquifer 

matrix is oxidized and C0 2 released. 

b) Cation exchange processes preferably taking place at the 

interface generate additional HC0
3

- (Loehnert, 1972); 

calculated NaHC0
3 

amounts correlate positively with 

o13 c. Appelo & Geirnaert (1983) reported on coastal 

salinization/refreshening processes forming CaC1 2 or 
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NaHC0 3 • Cation exchange capacities of the sediments have 

not been calculated but are for a number of reasons 

definitely higher in Lignite Sands than in Quaternary 

deposits. There are hints that in the "dynamic system" 

example (Figures 2 and 3) flushing of pore space 

occurred several times. 

c) so
4 

reduction also produces C0 2 although Appelo & 

Geirnaert(l983) do not mention microbiological aspects 

supposed to play a major role in cases presented here 
34 even in highly saline waters. Few S analyses available 

so far support this assumption. Further bacterial and 

isotope studies are underway. 

It becomes obvious that radiocarbon dating is influenced 

by geochemical alterations and hence absolute ages remain 

uncertain. This is particularly true for Group 3 waters in 

Figure 9 in which C0 2 addition is proved by 13 c depletion, 

while Group 2 is supposed to represent essentially mixed 

waters of deep Quaternary aquifers where saturation im

balances against major mineral species occur. 
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