
Bay basin, North China, and the alkylnaphthalenes in sediments were separated using
two-step column chromatography with Alumina as a station phase for further com-
pound-specific stable carbon isotopic measurements (Jiang et al., 2013).

Compound-specific stable carbon isotope analyses showed that most of
alkylnaphthalenes in one given source rock have similar 13C values same as that of to-
tal organic matter and significant discrepancies from that of n-alkanes, isoprenoids,
and terpenoids, possibly an indicative of geosynthetic process for those compounds as
the 13C values of alkylnaphthalenes can be homogenized during bio-chemical and
early diagenetic stage. Interestingly, carbon isotopic compositions of ethylnaphtha-
lene, 1,2-dimethylnaphthalene, and 1,2,5-trimethylnaphthalene show large 13C or 12C
enrichments compared to other homologues, suggesting distinct source pools rather
than geosynthetic process for these compounds. The results suggest that the occur-
rence of alkylnaphthalenes in sedimentary organic matter may bemainly controlled by
the geosynthetic process at the bio-chemical and early diagenetic stage, in some cases,
with contributions from the diagenetic aromatization of natural product precursors for
some specific alkylnaphthalenes.
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Valuable paleoclimate records for continental areas are provided by non-marine car-
bonates, including travertines, freshwater tufas and speleothems. Their formation tem-
peratures can be estimated using both the conventional carbonate-water
paleothermometry [1, 2] and the newly developed clumped isotope method [3, 4]. The
latter requires no assumptions about the oxygen isotope composition of water from
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which the carbonate precipitated. However, there is still a large uncertainty in the pub-
lished clumped-isotope based temperature calibrations.

In this work recent travertines forming from natural springs and wells between
22 and 95ºC from Hungary, Turkey and Italy were studied for stable- and ’clumped’
isotopes. For clumped-isotope analyses both the newly developed technique of
Schmid and Bernasconi [5] and the procedures of Huntington et al. [6] and Dennis
et al. [7] were used. Samples were measured with a Thermo Fisher Scientific Kiel IV
carbonate device connected to a Thermo Fisher Scientific MAT 253 dual inlet mass
spectrometer at ETH Zurich and on a Thermo Fisher MAT 253 dual-inlet gas-source
isotope ratio mass spectrometer in the Qatar Stable Isotope Lab of Imperial College
London.

Clumped isotope data show an excellent correlation with temperature, indicat-
ing precipitation under equilibrium conditions close to the spring orifice. D47 values
decreased with increasing distance from the springs, which may be related to kinetic
isotope fractionation due to CO2 degassing in the different depositional sub-environ-
ments (e.g. channel, terrace-pool, cascade).

All vent travertine samples show a strong D47-temperature relationship (r2 >
0.9) defining an empirical equation with a slightly lower slope (i.e. lower temperature
sensitivity) than that of Ghosh et al. [3]. This empirical calibration significantly ex-
tends the calibration range of the clumped isotope thermometer to temperatures of
95ºC and can be used to derive the oxygen isotope composition of travertine-deposit-
ing waters from ancient deposits to reconstruct glacial-interglacial variations in mete-
oric water compositions and the paleohydrological regimes of the study areas.
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Background

Within the studies of the geochemical cycle of metals, an important process is the plant
metabolism that involves metals such as Fe and Cu. Through biogeochemical activity,
Fe and Cu are remobilised from soils in a series of redox transformations in the
rhizosphere and inside the plant.

Fe and Cu isotope fractionation can occur during redox transformations, as a
product of biotic [1] and non-biotic processes [2]. Among the biotic processes, the up-
take and translocation by higher plants can produce an isotope shift for Cu similar to
abiotic processes such asmineral precipitation [3] andmetal sorption intominerals [4].

The study of the fate of heavy metals in former mine dumps is especially rele-
vant. The process of AcidMineDrainage (AMD) takes place preferably in tailings (the
milled sulphide material from ores, often left exposed to weather) which is an essential
during the decommission and remediation of mine sites. Due to successive oxidation
of sulphide-bearing minerals such as pyrite, AMD leads to a low pH and high concen-
tration of metals such as Fe and Cu in groundwater and stream waters. One of the
remediation techniques relies on avoiding the oxidation of sulphide minerals within
the tailings. Phytoremediation is a well-known treatment for contaminated soils, in
which a well-balanced interaction between soil, bacteria and plants can lead to suc-
cessful outcomes [5].The extraction of heavy metals by plants in polluted sites is the
main aim of phytoremediation. Furthermore, a vegetation cover can act as a barrier
that hinders the circulation of dissolved oxygen to the unoxidized layers of tailings,
thereby avoiding AMD. Most of these techniques have been experimented with at dif-
ferent scales, but how can the dimensions of the test sites and its intrinsic parameters
actually affect the isotopic ratio in a system? How accurate are our determinations re-
garding indoor and outdoor variables?

Study Site

The Valea Mica tailings pond is the product of the removal of material from the pri-
mary flotation of poly-metallic minerals (Cu, Pb, and Zn) originated from the Zlatna-
Stanija deposits (Romania). A large heterogeneity is found along the tailings surface
regarding metal distribution and pH among other parameters.

Methods

In this study a lysimeter experiment was carried out. The upper part was filled with a
mixture of tailings substrate from the Valea Mica pond and 30% compost, and seeded
with Agrostis capillaris. Secondly, field samples were taken from the Valea Mica tail-
ings pond where pioneer plants (Agrostis c.)were growing at its border. For all experi-
ments and sample points soils, as well as underground and aboveground plant material
were collected. The soil and plant samples were analyzed for their Cu isotope concen-
tration using a multi-collector inductively coupled plasma-mass spectrometer
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(MC-ICP-MS) in medium resolution mode. Analytical procedure is specified in detail
in [2].

Results and analysis

Results show that in the lysimeter and field samples the overall trend indicates an en-
richment of the lighter Cu isotope from the soil to the plant material (Fig. 1). Small
variations in the different scale setups can be observed. The main difference arises in
the isotopic shift from soil to roots in both site samples. A higher amount of organic
material in the substrate –as in the lysimeter experiment- can cause formation of Cu
complexes with humic substances which get enriched in the heavier Cu isotope [6].
Due to this fractionation process the available Cu pool in the substrate is enriched in
the lighter Cu isotope which is then taken up by the plant.

In the field samples, the presence of organic material in the substrate is less than
in the lysimeters, as it was observed during the sampling session. However, once the
uptake process occurred, the translocation in the plants leads to a similar isotope signa-
ture. The latter can be interpreted that regardless which substrate is used, the
translocation processes will not significantly affect the isotopic distribution of Cu. The
main isotopic shift follows in the rhizosphere system and during later uptake. Micro-
bial activity can also contribute, but could not be proven in this study.

Conclusions

When we express the scale of the experiment, we also talk about the different variables
that affect the metal uptake in such systems. Metal-organic complexation can lead to
an appreciable Cu isotopic shift during plant uptake. Also, atmospheric variables and
the competence for nutrients available in the substrate are factors to be considered
when extrapolating results from small to medium and big scales.
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Figure 1. Isotopic variations between soil, roots and aboveground material (plant) in the lysimeter
experiment (LS1) and the Vale Mica tailings pond (VMT). Error bars represent 2s


