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INVESTIGATING GAS-WATER-ROCK CARBON ISOTOPE
EXCHANGE IN THE FIELD

LORENZ EICHINGER
Hydroisotop GmbH, 8053 Attenkirchen, West Germany

ABSTRACT. Extensive investigations of isotope content and hydrochemical parameters in
soil gas, soil material, groundwater and seepage water from a Quaternary aquifer show a good
correlation between “C concentration of the groundwater and its mean residence time in the
unsaturated zone. The initial “C concentration varies between 100 and 50% modern. It
decreases through solution and dissolution of carbonates to 50% of the “C concentration of
atmospheric CO,.

INTRODUCTION

The carbon isotope concentration of groundwater samples from car-
bonatic aquifers with a short mean residence time (MRT), is mainly deter-
mined in the unsaturated zone. In very old groundwater, however, carbon
isotope concentration of dissolved inorganic carbon (DIC) is mainly influ-
enced by the carbon isotope concentration of rock carbonates.

To evaluate the initial “C concentration of groundwater (A,), several
hydrochemical correction models have been developed which, however,
when applied to the same groundwater, differ greatly (eg, Fontes & Gar-
nier, 1979; Eichinger, 1983). A, is the '“C concentration of groundwater
samples without radioactive decay.

From 1978 to 1987 detailed studies were carried out in the field to study
the origin of the DIC in groundwater. We analyzed carbon and oxygen
isotope concentrations of soil gas, rock material, seepage water and ground-
water as well as organic matter.

FIELD STUDIES

The area of investigation was the Munich Gravel Plain, a Quaternary
carbonate gravel aquifer, 1-10m thick. The mean groundwater flow vel-
ocities are in the range of 10-30m a day. The unsaturated zone overlying the
groundwater surface is 10-50m thick. The Pleistocene carbonate gravels are
covered with 30-50cm of soil; 90% of the gravel consists of calcite and dolo-
mite; the remainder are sandstones and crystalline rock with interstitial
lenses of sand and cemented gravel. There are study areas here, where gas
samples can be taken from different depths down to groundwater and one
field is used for sampling seepage waters. Core samples of soil were also col-
lected.

HC/BC DIC of Groundwater

The measured “C concentrations of our groundwater samples (“C
DIC) lie between 70 and 122% modern. MRTs were estimated from 3H con-
centrations between 1 and 15 yr. Due to the similar hydrochemical compos-
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ition of the groundwater samples, and their similar *C DIC concentrations
from —14.5 to —12.2%o, a comparable initial *C concentration (A,) would be
expected for all groundwater samples. Since the *C concentration of atmos-
pheric CO, increases with an increase in the MRT (Fig 1), the “C DIC is
thus expected to increase, assuming comparable A, values. Figure 1 shows
the contrary. The “C DIC decreases with an increase in the MRT. By com-
paring the "“C concentration of atmospheric CO, with the “C DIC in
groundwater (Fig 1), A, values of 50-100% of the atmospheric “C CO,
concentration can be deduced.
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Fig 1.*C concentration of groundwater samples as a function of mean residence time (MRT) in
comparison with the '“C-concentration of atmospheric CO,. Sampling time: 1984/85

C CO, of Soil Gas

Figure 2 shows the “C depth profiles of soil gas CO, in two different
fields. The “forest” profiles measured in 1979/80 and 1983-1985 show
decreasing “C CO, concentration with increasing sampling depth. The dif-
ferences between the two profiles can be explained by the decrease of the
14C concentration in atmospheric CO,.

The differences of the “C CO, concentration measured from 1983-1985
in the “forest” and “grass” areas, may be explained by different seepage
velocities of water in the two fields. Measurements of the *H concentration
of soil moisture in the forest site gave seepage velocities of 1.5-2m/a in
contrast to the grass site, where 5-10m/a were obtained. Measurements of
the ®¥Kr concentration in soil gas gave “seepage velocities for gas” in the
forest site of 2-3m/a (Eichinger et al, 1984). Transferring the results of the
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Fig 2. Averaged measured "*C concentration of soil gas CO,, seepage water (SW) and groundwater
(GW). A. Forest study area. Study period: 1979/80, 1983-1985. B. Grass study area. Study period:

1983-1985.
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Fig 3. “C concentration of groundwater samples and soil gas CO, as a function of mean residence
time (MRT). The soil gas samples are from different depths of the unsaturated zone. The MRT are
calculated for various seepage velocities (V). The lines are calculated by exponential functions;
dotted lines by the values of (X) resp (o) and full line by (e).
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C measurements in soil gas CO, (Fig 2) and of the MRT of the seepage water,
as deduced from *H and %*Kr measurements in relation to their sampling
depths, we get the correlation shown in Figure 3 between seepage velocity
and "“C concentration of soil gas CO,. A good correlation is seen, if a
seepage velocity of 4m/a is assumed.

We can conclude from these results that the initial *C concentration of
groundwater samples strongly depends on the mean residence time in the
unsaturated zone. o

Carbon Isotope Exchange

In the study areas calcite saturation of the seepage water is in a depth
of 0.5 m. We can assume that the “C concentration of the soil gas CO, is in
isotope equilibrium with the DIC of seepage water. The decrease in the *C
concentration of soil gas CO, (Fig 2) is caused by processes of solution and
precipitation of carbonates in the unsaturated zone (Hoppe et al, 1987).
Variations of the CO, partial pressure, which were measured down to a
depth of 23m, cause seepage waters to become oversaturated and under-
%mérated with respect to calcite. This is the reason for dilution of the “C in

IC.

The process of precipitation of carbonates should be measurable, by
analyzing carbon and oxygen isotope concentrations on rock surfaces. Thus,
we tried to dissolve chemically and mechanically the surfaces of rock and
binding material. As can be seen from the measurements of *C and *O con-
centration, the results represent a mixing line (Fig 4). One endpoint repre-
sents the primary component (8°C = +1.0%o; §'*0 = —4.0%0) and the other
the precipitated component. The C and O concentration of this com-
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Fig 4. 1*C and 'O concentrations of carbonates. The hatched area marks the 8"*C and 5"%0 values
of carbonates precipitating under equilibrium with the seepage water respectively under kinetic
fractionation.

https://doi.org/10.1017/50033822200012558 Published online by Cambridge University Press


https://doi.org/10.1017/S0033822200012558

938 Lorenz Eichinger

ponent can be deduced from the results of isotope analyses of seepage water
and are near —10 §*C~%o and —10 8" 30—%s.

Samples of cemented gravel from boreholes at the forest site were pre-
pared for measuring “C concentration in a special preparation line. Weak
acid was added at a rate of 10ml/day to the rock material in a closed system.
The reaction vessel was filled with 10L of distilled water and ca Skg of
sample. The CO, produced was flushed with N, as carrier gas. In 3 of 6 sam-
ples, “C could be detected.

From the measurements of the '*C concentration of soil gas CO,, of the
mean DIC concentration of seepage water (5.5mmol/L) and of the CO, con-
centration (0.5 vol-%) of soil gas as well as the water content (4.5 vol-%)
and the porosity (30 vol-%), the amount of carbon can be estimated, which
precipitates out from DIC in the forest site between depths of 6 —22m. The
precipitation rate of carbonate is near 30g CaCOs/m?a at a seepage velocity
of 2m/a and 15g CaCOym’a at a velocity of 4m/a. Thus, assuming boundary
conditions for the last 10,000 yr were similar to those of today, only 0.5 -2
mass—% of the total amount of carbonate has been precipitated from
seepage water.

Open and Closed System

BC concentrations of soil gas CO,, seepage water, and groundwater
show that, with respect to the gaseous phase in each level of the unsaturated
zone, the system is open (Eichinger, 1987). Measurements of the “C con-
centrations show that, in the unsaturated zone, almost no CO, exchange
occurs between the soil zone and deeper layers of the unsaturated zone.

CONCLUSION

In carbonate aquifers of the type investigated, the initial “C concentra-
tion of groundwater samples is a function of the mean residence time of the
seepage water in the unsaturated zone. The measured decrease of “C con-
centration in young groundwater, in comparison to the *C CO, concentra-
tion in the soil zone, is due to carbon isotope exchange between soil gas
CO,, DIC and rock carbonate. The exchange is caused by carbonate solu-
tion and precipitation processes.
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