European Society for Isotope Research

Isotope Workshop Volume
ESIR

7t Workshop

Seggauberg, June 27 - July 1 2004

Hosted by:

Karl-Franzens University
Department of Earth Sciences
Geology and Paleontology

&
Landesmuseum Joanneum
Department of Mineralogy



Ber. Inst. Erdwissenschaften K.-F.-Univ. Graz | Bd. 8 | ISSN 1608-8166 | Isotope Workshop Volume | Graz 2004

Bojar, A.-V., Fritz, H., Bojar, H.-P., (Eds.): 7" Workshop of the Euro-
pean Society for Isotope Research.- Ber. Inst. Erdwissenschaf-
ten, Karl-Franzens Universitiat Graz, Band 8, 172 S., Graz, 2004.

Herausgeber und Verleger: Institut fiir Erdwissenschaften, Bereich Geologie

und Paldontologie, Karl-Franzens-Universitdt Graz, Heinrichstrasse 26,
A-8010 Graz, Osterreich

Redaktion, Satz und Layout:

Ana-Voica Bojar', Harald Fritz', Hans-Peter Bojar”

"nstitut fiir Erdwissenschaften, Bereich Geologie und Paldontologie,
Heinrichstrasse 26, 8010 Graz.

*Landesmuseum Joanneum, Abteilung fiir Mineralogie, Raubergasse 10,
8010 Graz.

Druckeret:
Offsetdruckerei der Karl-Franzens-Universitit Graz, Cover: Xerox Steiermark

Berichte des Institutes fiir Erdwissenschaften, Geologie und Paldontologie der
Karl-Franzens-Universitit Graz
<ISSN 1608-8166>

2 ESIR VII  European Society for Isotope Research ~ Seggauberg Austria  27.6—1.7. 2004




Ber. Inst. Erdwissenschaften K.-F.-Univ. Graz | Bd. 8 | ISSN 1608-8166 | Isotope Workshop Volume | Graz 2004

Stable isotope study in a paleosol horizon of the Quaternary Var-hegy

travertine (Budapest, Hungary)

Bernadett Bajnoczi', Laszlé Korpas®

'Laboratory for Geochemical Research, Budadrsi ut 45., H-1112, Budapest, Hungary,
e-mail: bajnoczi@geochem.hu
*Hungarian Geological Institute, Stefania t 14., H-1143 Budapest, Hungary,
e-mail: korpasl@mafi.hu

Beside the classic geological (sedimentological) and geomorphological studies, the
investigation of travertines in Hungary recently turned to the geochemical analysis of
sediment material and determination of possible links between geochemistry and lithofa-
cies. Geochemical data, mostly stable C and O isotope compositions of Quarternary tra-
vertines occurring at several places in Hungary were recently published by Kele et al.
(2003) and Foldvari et al. (2003).

Quarternary travertine occurrences sometimes contain paleosol horizons which are
result of former subaerial exposure periods. The study of paleosol horizons is very impor-
tant in reconstructing past environmental conditions.

We studied the paleosol horizon intercalated into the travertine of the Var-hegy
(Castle Hill) in Budapest. One of the methods applied was stable isotope analysis of car-
bonate phases of the paleosol. Results were compared to the stable isotope composition of
travertine, because comparison of data may indicate the amount of carbonate of pedogenic
origin in the paleosol, thus providing information about the stage of development of pe-
dogenesis.

The Quaternary sequence of the Var-hegy starts with basal clastic strata, which are
overlain by travertine. The lower part of the travertine is laminated, muddy and rich in ter-
restrial and freshwater fossils and plants. The top of the laminated travertine is a subaerial
unconformity surface, on which a paleosol layer of 15 to 50 cm thickness was developed.
The paleosol horizon has a great lateral extension (200 to 400 m) and is covered by a 7 to 8
m thick massive travertine poor in fossils and plants. The basal layer of paleosol is made of
calcareous muddy sediments covering the karstic surface of travertine. The main level of

paleosol consists of two horizons macroscopically; the lower one is richer in carbonate:
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grains are penetrated and surrounded by white, thin and loose calcareous coatings and fi-
bers at some places.

Microscopic observations on the paleosol and calcareous cavity fills revealed that
they are mostly made up of mechanically reworked travertine clasts with a variable amount
of allothigenic siliciclastic (e.g. quartz, mica and rock) fragments. Traces of carbonate
reprecipitations can also be detected in thin sections: needle-fiber calcite in vugs and pores
and micritic carbonate precipitations (hypocoatings) around pores of the paleosol and cav-
ity fills. These secondary carbonate precipitations can result from biogenic processes dur-
ing pedogenesis, therefore may indicate the possible influence of vegetation during their
accumulation.

Bulk carbonate samples of paleosol and cavity fills (which do not contain secon-
dary carbonate visible to the naked eye), paleosol samples rich in secondary carbonate and
pure secondary carbonate precipitations were analysed for stable isotope composition. The
oxygen isotope composition of the Var-hegy travertine is between -17.7 and -13.7%o (rela-
tive to V-PDB), while its carbon isotope composition has a narrow range from 1.1 to 2.1%o
(Foldvari et al., 2003). Pure secondary (pedogenic) carbonate precipitations have signifi-
cantly different isotope compositions (average: 8'"°C = -7.3%o, 8'*0 = -7.1%0) compared to
that of the travertine (Fig. 1). Paleosol samples rich in secondary carbonate have interme-
diate isotope compositions between travertine and secondary precipitations, which indicate
that they are mixtures of these two endmembers (Fig. 1).

Isotope composition of bulk paleosol and cavity fill samples partly overlaps with
that of the travertine, but half of the samples have slightly lower 5"°C values (Fig. 1). Re-
sults indicate that bulk paleosol and cavity fill samples contain no or only minor amount of
pedogenic carbonate. The amount of pedogenic carbonate can be estimated from the car-
bon isotope composition of the two endmembers (Nordt et al., 1998). Calculations show
that bulk paleosol contains up to 16%, whereas bulk cavity fill contains up to 25% pe-
dogenic carbonate.

Stable isotope results indicate that formation of authigenic carbonate is subordinate
in the bulk paleosol material, which points to a weak in situ pedogenesis. Carbon isotope
composition of pure secondary carbonate suggests that during pedogenesis the flora was

mostly composed of Cs-type plants.
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Fig. 1. Oxygen vs. carbon isotope composition (in %o relative to V-PDB) of bulk paleosol
and cavity fill samples, paleosol samples rich in secondary carbonate and pure secondary
(pedogenic) carbonate precipitations from the paleosol horizon of the Var-hegy travertine.

The isotope composition of the Var-hegy travertine is mostly from Foldvari et al. (2003).
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Isotopic investigation on the origin of the mineral waters from Someseni,

Romania

Petre Berdea', Stela Maria Cuna', Gabriela Balas', Calin Baciu®

"National Institute of Research and Developement for Isotopic and Molecular
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e-mail: cuna@ocl.itim-cj.ro
*Babes-Bolyai University, Kogilniceanu Str. 1, Cluj-Napoca, Romania,
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The isotopic study (**O, D) of mineral waters from Someseni Spa is important in
the tentative to reabilitate them as natural curative waters. The studied area, Someseni Spa,
is located in the eastern part of Cluj-Napoca, Romania. From a geological point of view,
the mineral aquifer is located on the western border of the Neogene Transylvanian Basin.
The therapeutical qualities of this waters were known since the early 1920's and the spa
was established in 1927. The first scientific studies on the mineral waters from Someseni
were completed in the early 1920's with some researches on their chemical composition
and medical properties.The detailed physical and chemical analyses were performed by the
Institute of Balneology and Physioterapy (Institute of Balneology and Physioterapy, 1965).

From the hydrologycal point of view, our researches by deuterium analyses have
presumed that these waters are related to a unique aquifer, and the differences in the
physical and chemical properties of the sources are related to the different ways in which
these waters are followed in the vicinity of the salt body (Baciu et al., 2001).

The water samples were collected monthly for five investigated springs: No. 1, No. 2, No.
3, No. 8, No. 15, and also for Becas Brook and Somesul Mic River.

The deuterium analyses of water are carried out on the hydrogen gas obtained by on
line quantitative reduction of water sample (about 1 pl ) with the home-made mass spec-
trometer SMAD-1.The deuterium content is expressed as 6D values, 6D=(R/Rs-1) 1000,
where R is the deuterium ratio of sample, and Rg is the ratio of international V-SMOW

standard (Vienna Standard Mean Ocean Water). The precision of 6D values was * 2%eo.
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The 8'®0 values were measured by an isotope ratio mass spectrometer type ATLAS
86 designed by Varian. The precision of the 'O measurements was + 0.3%o. The results
of the measurements are presented in Fig. 1.

These measurements confirm previous studies (Cuna, Berdea, Baciu, 2001) show-
ing that all the springs are related to a unique aquifer. The waters following different ways
to reach the surface in the salt brecia zone reach the surface with different chemical com-
positions.

The 8D vs. 8'*0 values of these five springs confirme the meteoric provenience,
having the deuterium content of meteoric water, but shifted to higher '*O content. This
880 shift is the result of isotopic exchange of the oxygen from water with salted layers in

the water trajectory to the descharge.
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Fig. 1. 8D vs. 8'*0 in waters from Someseni Spa area
An inexpected '*O enrichment in Becas Brook water, probably having the cause in

the micro-organisms activity in poluted warm water, was also observed. There are others

three inexpected values for the springs No. 8 and No. 15. We have supposed that these
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values present the water isotopic content of mixed water with shalower meteoric water
having heavier isotopic (D, '*0) content. The water from spring No. 3 and from the Becas
Brook show one values with water depleted in D and 'O isotopes. This values is related to
the spring time isotopic pulses. That means the spring No. 3 is mixed with Becas Brook, so
this spring is improper for human use.

In conclusion, the isotopic 8D and 8'®O investigations of the five springs from
Someseni Spa confirme the meteoric provenience having the deuterium content of
meteoric water. The values of 'O shifted to higher 'O content confirm the deeper
circulation. The waters from springs No.1, 2, can be used as mineral waters. The spring

No. 3, 8, 15 are improper for medical use being mixed with shalower waters.

References

Institute of Balneology and Physioterapy, 1965. The mineral waters and the mud from
Romania,Vol. II, Bucharest, 186-209

Baciu, C. ,Cosma, C., Berdea, P., 2001. An approach to the dynamics of mineral waters
from Someseni Spa, in: New Approaches Characterising Groundwater Flow, Seiler
& Wohnlich (eds.), Munchen, 893-896.

Cuna, S., Berdea, P., Baciu, C., 2001. Isotopic investigations on the mineral waters from
Someseni-Cluj, Romania. Studia Universitatis Babes-Bolyai Seria Physica, Special

Issue 2, 248-250.

8 ESIR VII  European Society for Isotope Research ~ Seggauberg Austria  27.6—1.7. 2004




Ber. Inst. Erdwissenschaften K.-F.-Univ. Graz | Bd. 8 | ISSN 1608-8166 | Isotope Workshop Volume | Graz 2004

Introducing a routine LC-IRMS interface
Finnigan LC IsoLink: a completely new concept

Slyveer Bergs, Andreas Hilkert, Dieter Juchelka, Michael Krummen

Thermo Electron (Bremen) GmbH, Germany

e-mail: sylveer.bergs@thermo.com

With the introduction of compound specific isotope analysis by irm-GC/MS the
immediate for similar applications using HPLC was created. In irm-GC/MS the carrier is
helium, which does not interfere with the essential combustion step prior to isotope ratio
mass spectrometry (IRMS). In opposite the LC mobile phase has inhibited a similar direct
conversion up to now. All earlier irm-LC/MS approaches were based on the removal of the
liquid phase prior to combustion risking fractionation of the isotope ratios of the eluted
compounds. To avoid such restrictions we have developed a new continuous flow concept
for the coupling of an HPLC system to the isotope ratio MS.

The differentiation idea of the new concept is to leave the compounds in the efflu-
ent and to combust them in the liquid phase. Then separate the resulting CO, compound
peaks from the effluent and analyze then with the isotope ratio MS.

First results on sensitivity, linearity and precision will be shown. First applications

will give an idea on the broad range of possibilities.
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Anomalous isotopic composition of carbonates from Quaternary
evaporitic deposits, Western Qaidam, China: evidence for thermogenic

derived methane

Ana-Voica Bojarl, Andrea Rieserz, Franz Neubauerz, Hans-Peter Bojar3, Johann Genserl,

Yongjiang Liu*, Xiao-Hong Ge*

"nstitute for Earth-Sciences- Geology and Paleontology, Karl-Franzens-University, Graz
e-mail: ana-voica.bojar(@uni-graz.at
*Inst. of Geology and Palacontology, University of Salzburg, A-5020 Salzburg
*Department of Mineralogy, Landesmuseum Joanneum, A-8010, Graz

*Faculty of Earth Sciences, Jilin University, 130061 Changchun, China

The Himalayas, the Tibetan plateau and the adjacent mountains north of the pla-
teau, are the most outstanding present-day topographic features resulting from continent-
continent collision. The average elevation of the region reaches 4000-5000 meters, the
progressive south-north shortening due to collision achieving ca. 1400 km. The Neohima-
layan tectonic phase had started during early Miocene, and was followed by accelerated
denudation within the past few million years.

The Qaidam basin is located at the northern edge of the Tibetan plateau. The thick
Pliocene-Quaternary sediments were monitored by tectonic processes related to uplift of
the Tibetan plateau as well as by climatic changes related to the plateau growth. The ca.
120.000 km? large, rhomb-shaped Qaidam basin, with unusual thick Mesozoic to Cenozoic
sedimentary sequences of 3 to 17 km, is surrounded by the Kunlun/Qimantagh, Qilian and
Altyn mountain ranges. Mean surface elevation of the basin floor is ~2700 m, whereas the
surrounding mountains as Kunlun-, Altyn- and Qilian Shan reach elevations above 5000 m.
Latest interpretations consider the formation of Qaidam basin in response to oblique com-
pression between the left lateral Altyn and Central Kunlun faults.

The present climate represents the driest part during the last 40 ka with mean an-
nual precipitation of 25 mm in the centre of the basin and 50 mm along the border. Mean
annual evaporation is ~3000 mm, while annual average temperatures are 2 to 4°C. The
landscape is characterised by salt lakes, playas and aeolian landforms. There are still 27

salt lakes occupying an area of approximately 1500 km®. Playas and the salt lakes as for
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example Yiliping and Quarhan cover about one quarter of the total basin area.

Stable isotope analyses on carbonates from lake evaporates collected from the non-
marine Qaidam basin yield a positive excursion from Pliocene to Quaternary times. The
positive shift in 5'°0 values between the Pliocene and the Quaternary is interpreted as a
climatic change from relatively humid conditions to arid conditions. Such high aridity con-
ditions and a closed lake environment were deduced for Quaternary from other proxies like
e.g. the widespread salt-deposits and pollen distribution.

At Dafeng Shan, situated in the western part of the basin, the Quaternary sequences
are composed of alternating layers of celestine/dolomite and aragonite/calcite with distinct
isotopic compositions. The occurrence of celestine indicates, highly saline fluids, with sig-
nificant concentration of dissolved sulphate These waters could penetrate in underlying
sediments leaching pre-existent carbonates or evaporites. Sr solubility decreases with tem-
perature, so, low-temperature fluids were required for transport. The oxygen isotopic com-
positions of carbonates vary between +4 and +9%o (PDB), representing the heaviest meas-
ured since now. The extreme high 8'®0 compositions support also a strong evaporative,
closed lake, where such high salinity fluids could develop. The carbon isotopic composi-
tions of carbonates show a large negative excursion of up to 30%o. Microfabrics, mineral-
ogy as well as isotopic compositions suggest recycling of carbon from thermogenic derived

methane.
Acknowledgement

Austrian Science Foundation (Fonds fiir Wissenschaft und Forschung) is thanked for fi-

nancial support.

ESIR VII  European Society for Isotope Research Seggauberg Austria 27.6-1.7.2004 11




Ber. Inst. Erdwissenschaften K.-F.-Univ. Graz | Bd. 8 | ISSN 1608-8166 | Isotope Workshop Volume | Graz 2004

Quaternary exhumation mechanism of the Central Himalayan, evidence

from fission track and (U-Th)/He data

Ana-Voica Bojarl, Harald Fritz', Stefan Nicolescu?, Martin Bregarl, Ravi P. Gupta3

'Institute for Earth-Sciences- Geology and Paleontology, Karl-Franzens-University Graz
Heinrichstrasse 26, A-8010 Graz, Austria
*Department of Geology and Geophysics, Yale University, PO Box 208109, New Haven,
CT 06520-8109, USA
*Department of Earth Sciences, Indian Institute of Technology University of Roorkee,
Rorkee, 247667, India

Within the study area in the Goriganga Valley (Kumaon Himalayas, India) between
Munsyari and Martoli villages four units, separated by major tectonic lines, are exposed.
From North to South these are: a) the Tethys Himalaya (TH), composed of low-grade Pro-
terozoic to Mesozoic sediments juxtaposed along the STDZ on b) high-grade gneisses of
the Higher Himalayan Crystalline (HHC). The HHC has been thrust along the Vaikrita
Thrust (VT), an equivalent of the MCT over c) micaschists and Proterozoic orthogneisses
of the Lesser Himalayan Crystalline (LHC). The Munsyari Thrust (MT), in footwall posi-
tion with respect to the LHC, represents an imbrication zone incorporating rocks from the
LHC and sediments from (d) the Lesser Himalayan Sediments.

Based on zircon and apatite (U-Th)/He and fission track data, we discuss here the
final cooling stages of the central High Himalayan Metamorphic Belt. The break in the
cooling path marked by 2.5 Ma (U-Th)/He zircon ages north of the South Tibetan Detach-
ment Zone (STDZ) and by 0.5 Ma ages south of it, resulted from Pliocene brittle normal
faulting along the reactivated STDZ. Zircon data from the Himalayan Metamorphic Belt
show a systematic southward increase of both fission track and (U-Th)/He ages. Within the
High Himalayan Crystalline the cooling ages increase from 0.5 to 1.2 Ma, whereas within
the Lesser Himalayan Crystalline they increase from 1.0 to 1.7 Ma. Lesser Himalayan
sediments have cooling ages between 1.3 and 1.8 Ma. By contrast, apatite cooling ages do
not display north-south variations within single crustal units and cluster around 0.4 Ma in
the Higher Himalayan Crystalline and around 0.7 Ma in the Lesser Himalayan Crystalline.

We consider two different mechanisms to explain the observed age distributions.
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(1) During an early of Quaternary extrusion tectonic exhumation was dominant with
decreasing rate towards the south. During this phase the recent topography with
pronounced break-in-slopes at the major tectonic lines was created. Tectonic ex-
humation rates exceed erosion rates, leading to the positive slopes of ages in the
(U-Th)/He and FT zircon ages.

(2) The uniform apatite cooling ages within the distinct crustal domains are explained

by accelerated Quaternary erosion with rates proportional to the slope of the relief.

ESIR VII  European Society for Isotope Research Seggauberg Austria 27.6-1.7.2004 13




Ber. Inst. Erdwissenschaften K.-F.-Univ. Graz | Bd. 8 | ISSN 1608-8166 | Isotope Workshop Volume | Graz 2004

Genesis of a Na-Ca rich layer near Trafof3: evidence from mineralogical

and stable isotope data

Hans-Peter Bojar', Ana-Voica Bojar’, Walter Postl'

'Landesmuseum Joanneum — Mineralogie, Raubergasse 10, Graz , Austria
e-mail: hans-peter.bojar@stmk.gv.at
*Institute for Earth-Sciences — Geology and Paleontology, Heinrichstrafie 26,

Karl-Franzens-University Graz, Austria

The Traf6B ultramafic rocks of the Speik unit are situated on the northeastern edge
of the Gleinalm metamorphic core complex. The TrafoB3 ultramafics are serpentinites with
antigorite and crysotile as main minerals. Characteristic for these serpentinites are the
presence of layered ultramafics with clinopyroxene, olivine and actinolite rich levels
(Neubauer, 1988). On the Mur valley, near Traf683, within the serpentinites, a 50 cm thick
white-greenish layer occurs. For this unit, it is the only occurrence of this rock type. The
green spots are composed by amphibole, chlorite and subordinately pyroxene, the white
areas consist of zeolites, feldspar and calcite.

The chemistry of amphiboles indicates that they belong to the actinolite, par-
gasite/edenite group. The pyroxene is an augite, most probably with a magmatic origin.
The white matrix is composed of zeolites and feldspars. X-Ray data indicate the presence

of Natrolithe NasAl4SiO,0%4H,0 and Thomsonite (Ca,Na,Sr);2(S1,Al)40050%24H,0. Mi-

crobeam analyses indicate the presence of Sr-Thomsonite
(Sr7,06Nas 34Cao.50)11.90(Al13.44S121 28)39.72040*. World wide, beside Trafol, Sr-Thomsonite
has been found only on the Kola peninsula, which is its type locality. In the zeolite matrix,
20 microns large Celsian (Bag94Cag04Nao 02Ko,01)1,01(Al194S12,05)3990* inclusions are pre-
sent. Subordinately, native copper, magnetite, chromite, ilmenite, a silver gold alloy as
well as zircon and titanite were put in evidence. The zeolites and feldspars are partially
replaced by calcite. The contact to the serpentinite is characterized by the presence of some
tenth of centimeter thick zone with amphibole and chlorite.

The isotopic values of antigorite show high 8D (52 - 68%o) and low 5'®0O values.
These values are characteristic for oceanic serpentinites formed at moderate temperature

(350°C+50) in the presence of a fluid dominated by oceanic water. As the system evolved
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during amphibolite facies metamorphism without the participation of an external fluid, the
primary ocean floor isotopic signature has been preserved. The oD values of actinolite and
chlorite within the transition zone and the green-white layer show lighter values, between -
69 to -95%o. These values are interpreted to represent local infiltration of an external fluid
during the formation of the metasomatic body. Further investigations on oxygen and car-
bon isotopic signature of silicates and carbonates are in progress.

Discussions: The described mineral association of the white-green layer is inter-
preted to represent a metasomatised magmatic layer within the serpentinites. Such me-
tasomatic bodies within the serpentinites are known as rodingite. Generally they are en-
riched in Ca, and composed of Ca-rich phases as grossular, vesuvian, clinozoizite, Ca-
amphibole etc.. In this case, the described metasomatic body is characterized by the pres-
ence of Ca- as well as of Na-rich phases. The Sr- and the Ba-contents are also much higher
than these of the surrounding rocks. Augite and Chromite are interpreted as the only pri-
mary magmatic relicts. Actinolite and chlorite are formed during metamorphism, and re-
placed during the cooling path with zeolites and calcite. The isotopic signature of serpen-
tinites shows the preservation of the primary signature of an oceanic serpentinite. Local
infiltration of an external fluid was responsible for the formation of the metasomatic body.
The described rocks display parageneses different to the typical ones for rodinigites or al-
bitites. We propose the following steps for the formation of the above described rocks
found at TrafoB:

1) Metasomatism of the serpentinite hosted protolith (mafic rock protholit?). The
rock was formed under low oxygen fugacity as indicated by the presences of copper. Hy-
drogen isotopic composition of host rocks is characteristic for oceanic serpentinites formed
at moderate temperatures (350°C+50) in the presence of a fluid dominated by oceanic wa-
ter. As the system evolved during amphibolite facies metamorphism without the participa-
tion of an external fluid, the primary ocean floor isotopic signature has been preserved.

2) During regional metamorphism, amphiboles, feldspars and chlorite formed
within the metasomatic body. The hydrogen isotopic values, much lower of that of the host
rock, are interpreted to indicate local infiltration of an external fluid during amphibolite
facies metamorphism. The small actinolite-chlorite-zone between the host rock and the
metasomatite could represent an altered serpentinite.

3) During retrograde cooling, the feldspars were replaced by zeolites and finally by
calcite. The extensive zeolitisation suggest high fluid availability on the retrograde meta-

morphic path. The presence of calcite indicate that, at least during the last mineral building
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phase the CO, fugacity of the fluids was high. The isotopic composition of the calcite sup-

ports formation temperatures lower than 100°C.
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Ammonium in Neoproterozoic and Palaeozoic sediment records

a tracer for climate changes?
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Focus of our studies was to light up the fate of nitrogen in ancient sediments, where
NH," is the dominating nitrogen species. The ammonium nitrogen in sediments is derived
from organic matter. The nitrogen isotopic signature of organic matter depends on the me-
tabolism and is related to the kind of nutrient and its availability as well as the biological
production rate. During diagenesis, coupled organic-inorganic geochemical processes re-
sult in the mineralization of nitrogen. The formed ammonium may be incorporated in clay
minerals. The fixed structurally bonded NH," is not easily released or exchanged and re-
cords the chemistry of the diagenetic environment in the sediments (e.g. Williams et al.,
1989, 1991, 1995; Compton et al., 1992; Lindgreen, 1994).

Devolatilization processes of NH;" during regional and/or contact metamorphism
decrease the ammonium content and enrich °N in metasediments (e.g. Haendel et al. 1986;
Bréuer et. al. 1990; Bebout and Fogel 1992; Bebout 1997 and Mingram and Bréuer 2001).
There has been little work on the distribution of ammonium and its 8"°N values in ancient
low metamorphic sediments. Therefore, this study wants to bridge the gap between inves-
tigations on nitrogen of early diagenetic sediments and studies of NH;" in metamorphic
rocks.

For this reason, the concentration and isotopic composition of NH, -nitrogen and
organic carbon have been determined in anchimetamorphic sedimentary sequences from
different regions of Central Europe. The pelitic rocks and black shales stem from the Saxo-
thuringian (Thuringia, signed as TH), the NE German Basin (East Avalonia) and from an
offshore-borehole in the Baltic Sea (Baltica, signed as G 14).

The stratigraphic units span from Neoproterozoic to Triassic age. Correlations be-

tween NH," and 5N as well as TOC and 13CTOC will be presented. About 240 samples
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were analyzed. The TOC contents range from 0.05 to 24 wt. % and the 8"°C values from -
35 to -22 %o PDB. The fixed N contents (NH,") range from 50 to 4000 ppm and the 5"°N
values vary between -2.4 and 6.6 %o. NH; - and TOC contents are positively correlated.
This correlation does not hold for the black shales. 8'°N and NH," are inverse correlated
due to the relationship between nutrient supply and utilization. The higher the nutrient sup-
ply, the lower the 8"°N values.

A clear inverse correlation was found between 8'°N and 8"*Croc of the G 14 sam-
ples deposited under strictly marine conditions. A similar trend can be seen in the TH
sediments if the Neoproterozoic samples are excluded.

Finally, it should be proved whether sedimentary 8'°N has the potential to track
early changes in nitrogen cycle and past climate changes. The high TOC contents of the
Cambro-Ordovician and Silurian black shales are more caused by the extremely low redox
potential than by unusually high biological production. In contrast to that the Lower Car-
boniferous TOC rich sediments were a consequence of a high biological production rate
and evolution of live forms.

The "N isotopic signature of the mineralized organic matter could be preserved by
the NH, -incorporation in clay minerals, but only if the supplied clay minerals are able to
recrystallize. Detrial clay minerals deposited under arid climate conditions offer little pos-
sibility for K/NH4" exchange.

Nitrogen isotopes provide a useful tool to evaluate the nitrogen consumption in re-

lation to its biogeochemical cycle and the palacoclimatical situation.
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In the past years, an increasing number of papers have been made use of speleo-
thems as paleoclimatic indicators by measuring the stable isotopes (usually 'O and §'*C)
variations along their axis. These are considered to reflect variations in mean annual sur-
face temperature (e.g. Gascoyne et al., 1980), and/or the changes of the continental ice
volume or long-term shifts in moisture sources (Lauritzen & Lundberg, 1999; McDermott
et al., 1999). The development of the U-series TIMS dating techniques often allowed very
accurate time-calibrations of such profiles. Since the supply of percolation water (and thus,
speleothem deposition) is generally prevented both during very cold or very warm climatic
episodes, it appears very likely that speleothems formed either at northern latitudes (e.g. in
the sub-Arctic) or southern latitudes (e.g. the Mediterranean) may only preserve incom-
plete records of the climatic variations. This study have focused on a speleothem (stalag-
mite PP10) collected from a cave located in the sub-mediterranean region of SW Romania,
reasonably far from the influence of the NW Europe (Atlantic) circulation and also from
the arid conditions of the SE Mediterranean.

A preliminary U-series alpha-spectrometric date of the base yielded an age of
61.7+11 ka with relatively high error due to the low Uranium content (~0.05 ppm) of the
sample. Seven high-resolution TIMS-dates yielded ages in correct stratigraphical order,
ranging from ~48 ka to ~3 ka with typical analytical errors of 1-2% (2c) for ages younger

than 15 ka. Along the speleothem axis, 154 stable isotopes samples were analyzed for §'°0
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and 8"°C. The time-resolution of the sampling corresponds to ~ 2 ka/sample for the lower
part of the stalagmite (slow-growing) and to ~150—40 years/sample for the upper (candle-
stick-like) part. This high resolution has enabled the identification of several clear-marked,
rapid, climatic oscillations during the last 12,000 years.

The isotopic profile of the lower part of the stalagmite reveals several climatic os-
cillations during Marine Isotope Stages (MIS) 4 and 3, which are well-documented from
other continental and marine records, such as the deglacial event at ~54 ka, an important
glacial event between c. 47 and 41 ka, and the marked warming between ~ 32 and 28 ka
(Denekamp).

The upper part of the stalagmite has delivered a detailed oxygen isotopic profile
over the last 12 ka, recording several important rapid oscillations that may be correlated
globally. The cooling event at ~8.2 ka (Alley et al., 1997) is clearly marked. A general
trend of climate warming (including rapid variation episodes with amplitudes as large as
+1,5%0) then follows, culminating with two spikes at ~5.2 and ~3.2 ka. Overall, the iso-
topic profile recorded by stalagmite PP10 during the last 10,000 years is consistent with
the one recorded by stalagmite PP9 form the same cave and reported by Constantin et al.
(2001). The warm 3.3 ka-event seems to have a regional extent since it is clearly recorded,
with roughly the same amplitude, in both stalagmites from Poleva cave and in PU2 stalag-
mite from western Carpathians (Onac et al., 2002) — a region that lies under the Atlantic

climatic influence.
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New data on the chronology of the Second Termination based on the iso-
topic study of a stalagmite from Closani Cave
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The stalagmite C6 from Closani Cave (Southern Carpathians, Romania) was accurately
dated by U-series thermal ionization mass-spectrometry (TIMS) method. The eight dates
showed that the speleothem grew continuously between c. 183 ka and c. 39 ka. The highest
growth-rate was recorded between the base and c. 103 ka, allowing a high resolution of the
isotopic sampling for the time-range corresponding to MIS 6 to 5c¢. The isotopic profile (40
samples) is representative for the transition to the Eemian in Romania and shows that the
onset of the 2™ Termination may be placed as early as 155 ka, well in advance of the
SPECMAP chronology. A short and rapid cooling recorded at c¢. 132 ka suggests that the
deglaciation may have been followed the “two-step” pattern known for the Zeiffen-
Kattegat episode. As compared with the LFG profile from Litophagus cave in the Western
Carpathians, the climatic oscillations corresponding to interstadials 5d and 5b appear sur-
prisingly large, indicating that the Carpathian Range acted as a barrier between two differ-

ent sources of atmospheric circulation on the Romanian territory.
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In the present work, the natural isotopic variations of >C/'*C in lichens are analyzed in
relation to an altitude gradient, to different collection dates, and to different photobiont
associations. We have studied the lichens because they are extremely sensitive symbiotic
organisms consisting of a fungus (mycobiont) and an algae or cyanobacterium (photobiont)
which might react to even slightly polluted air. Lichens are biomonitors with a good
accumulation capacity that allow the determination of pollutants deposition in terrestrial
ecosystems (Catarino et al., 1991; Nimis et al., 2001).

The lichen species studied were Cladonia., Peltigera canina, Hypogymnia physodes
and Pseudovernia furfuraceea. These lichens were collected in Retezat Mountains, Hasmasu
Mare Mountains and Bihor Mountains, Romania. The colelction of data was performed during
1978, 1987, 1989, 1994 and 2003. The carbon isotope composition (5'°C) in organic material
from 56 lichen samples has been measured. The lichen samples were combusted to obtained
CO, for isotopic analysis. CO, was purified on cryogenic traps and then analyzed by a dual-
inlet isotope ratio mass spectrometer, model ATLAS designed by Varian. The mean standard
deviation is £ 0.3%o.

The results show that the §"°C values for all studied lichens variy between —21.21%o
and —26.93%o, in the range normally associated with C; higher plants (Ehleringer, 1991).

The studied lichens can be separated into two groups on basis of the type of photobiont
partner: phycobiont (like Hypogymnia physodes) where the photobiont is a green algae, and
cyanobiont (like Peltigera canina) where the photobiont is a cyanobacteria. We have found a
difference between 8'°C of the two groups: the Peltigera canina lichens collected in Bihor
Mountains in 1978 showed a mean 8'°C value of —23.67 %o, and the Hypogymnia physodes
collected in the same site and the same date showed a mean 5"°C value of —22.71%o. The dif-

ference can be explained by the differences in photosynthetic rates (Maguas and Brugnoli,
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1996). The lichens possessing different photobiont associations show different water require-
ments for the activation of photosynthesis. The cyanobiont lichens require liquid water for
photosynthetic CO, assimilation, while the phycobiont associations can fix CO, in the presence
of water vapor. Such differences are related to variation in CO, diffusion resistance from air to
chloroplasts.

We found a variation of the "°C values in lichens with altitude. For Hypogymnia phy-
sodes lichens this gradient was from —21.21%o at 1130m to —26.09%. at 1520m. We have sup-
posed that the lichens along an altitude gradient are exposed to numerous natural and man-
made stress factors and react sensitively to any pollution. The stress factors have a direct or
indirect effect on photosynthetic apparatus of lichens, and as a result on the 8'°C values.

Also, the 8"°C values of the lichens that were collected at different dates showed a gra-
dient. The Cladonia lichens collected in Big Hasmasu Mountains in 1989 year have §"°C = -
21.52%o and the Cladonia lichens collected in the same mountains, but in 2003 year, have s
= -24.75%o. The Pseudovernia furfuraceea lichens collected in the same mountains in 1989
have 8"°C = -23.29%, and the Pseudovernia furfuraceea lichens collected in 2003 have §"°C =
-25.03%o. All these lichens were collected at the same altitude. The *C content from organic
material of these lichens is depleted in the lichens collected in 2003 year in relation to the li-
chens collected in 1989.

For both species, a decrease in 8'°C values was associated with the change in the 8'°C
and CO, concentration of the CO, atmospheric after a lapse of 14 years. This evidence is rele-

vant for understanding the impact of global change on natural vegetation.
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In the steam-dominated field of Larderello two distinct geothermal reservoirs have
been identified: a mostly sedimentary (limestones, shales, slightly metamorphosed
sandstones) shallow reservoir, and a metamorphic (phyllite, micaschist, gneiss, granite)
deep-reservoir. Both produced superheated steam, consisting of different proportions of
meteoric, metamorphic and magmatic water components. Fluid inclusion studies on quartz
from hydrothermal veins, contact-metamorphic assemblages and granites documented the
circulation of several fluid types during the geothermal activity. The first hydrothermal
stage was dominated by aqueous-carbonic fluids, formed during contact-metamorphism,
and Li-Na-rich brines of magmatic derivation. The late stage hydrothermal activity was
charcaterized by the circulation of meteoric-derived aqueous and aqueous-carbonic liquids,
vapour produced during boiling processes, and saline fluids related to evaporite/fluids
interaction. In addition, inherited quartz veins in metamorphic formations may also contain
fluids trapped during regional metamorphism and, therfore, not related to the geothermal
activity.

Stable isotope investigation of minerals and fluid extracted from inclusions, formed
during different periods of time, has been used to constrain the nature of fluid-rock
interaction processes at Larderello. In situ laser-fluorination of quartz-dominated veins
revealed marked difference in the 'O values of primary (metamorphic) and/or secondary
(recrystallized lenses in the metamorphic assemblage) quartz, varying from 13.4 to 14.0
%0, and from 6.0 to 8.4 %o, respectively. Fluids extracted from thermally decrepitated
inclusions have 8D values of from —52.9 to —85%o and indicate that the fluids were derived

from mixing of water-rich components, likely a surface reservoir similar in composition to
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present day meteoric waters, and a deep reservoir. A deep source of He contribution at
Larderello is suggested by R/Ra ratios (up to 3.2) of paleofluids and present-day fluids.
The fluids trapped in texturally late fluid inclusions show N,/Ar and YA/ Ar ra-
tios as low as those of air saturated water, similar to present-day geothermal fluids,
whereas early stage fluids are characterized by excess radiogenic Ar and high N,/Ar ratios,
likely resulting from the circulation of fluids during contact metamorphism subsequent to
the emplacement of granitoid rocks, and from devolatilisation of basement rocks. The §"°C
values for CO; from the early stage fluid inclusions were produced by carbonate country
rock devolatilization; 8'"°C values as low as -17 %o were measured in late stage fluid inclu-

sions, likely produced by oxidation of organic matter at shallow depths.
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In continuous marine successions the Permian-Triassic boundary was recognised in
several outcrops in the Bilikk Mts, North Hungary and in a few core sections in the NE part
of the Transdanubian Range.

Although rocks in the Biikk Mts (sampled at the ,,Balvany section”) has been af-
fected by very low-grade metamorphism, the sections are still well preserved. It is reflected
in the preservation of the original sedimentary features and even fragile thin-shelled fos-
sils. The topmost Permian is made up of dark grey limestone, rich in fragments of crinoids,
calcareous algae, mollusks, brachiopods, ostracods, foraminifera. There is a dramatic de-
crease in the amount of the bioclasts in the last two limestone layers that are overlain by a
1 m thich shale bed. The lower two third of this bed still contains a poor biota but its upper
part is almost free of any bioclast. The overlying platy limestone contains a poor fossil
assemblage indicating stress conditions.

The 5'°0 values are fairly constant at —7 + 0.5 %o in the whole section. In contrast,
the carbon isotope compositions show systematic variations up-section. In the limestone
layers 1.5 m below the base of the shale, the §'°C values are about +3 %o. Preceeding the
complete disappearance of Permian fossils the 8"°C values start to decrease gradually,
reaching —0.5 %o, in the lower part of the shale bed, then they suddenly drop below —4 %o
just at the second biotic decline. After the sharp negative peak the 8'°C values recover to 0
%0 and stay constant at cca. —1 %o. The observed change show no relationship with lithol-
ogy as reflected by the carbonate content. Thus, the observed variation is not related to

formation of diagenetic or metamorphic carbonate and can interpreted as a primary signal.
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The isotopic signature of the Balvany section resembles other well-preserved sections
worldwide. However it differs significantly from that in the Transdanubian Range where
the boundary was found in ooidic limestone akin to that in that in the Southern Alps (Te-
sero Horizon). In these sections 8'°C values show gradual decrease and there is a slight
8"3C--8"%0 correlation, but the definite negative 8'°C peak is missing. This feature may
either be related to primary or secondary causes. Based on literature data, the primary
cause can be the changing magnitude of 3"°C shift depending on facies and latitude. Sec-
ondary causes can be sedimentary or diagenetic. The influence of diagenesis is supported
by the weak 8'°C-8'°0 correlation, whereas sedimentary reworking — and thus smoothing
the negative 8'°C peak — is indicated by Permian fossils enclosed in ooides in lower Trias-
sic layers.

The strong and symmetric 3'°C peak at the second biotic decline observed in the
Balvany section (Biikk Mts., North Hungary) indicate a rapid process that contributed to
the ocean—atmosphere system with a huge mass of '“C followed by system recovery at the
same rate. The most plausible explanation is release of methane hydrate from deep sea
sediments due to rapid warming, then rapid cooling and hydrate formation that removed
the excess '>C from the system. The gradual and long term §"°C shift from Permian to Tri-
assic 8"°C values (from +3 to —1 %o) would indicate a collapse and incomplete recovery of

the organic productivity.
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Introduction

The lowest part of the Carpathian Basin is the Great Hungarian Plain (GHP) with

an average elevation about 100 m a.s.l. Many regional groundwater flow system has its

Hortobdgy

discharge area on the GHP, where the annual
rate of evaporation exceeds the amount of pre-
cipitation. As the result of this negative water
balance salt, originally carried by the old
groundwater, accumulates in the soil horizon

causing problems for the agricultural activity.

Fig. 1. The sketch map of Hungary with the indication of the studied area.

One of the most characteristic native sodic grassland of Hungary, the Nyir6lapos, a

small area of 600x800 m site on Hortobagy (Great Hungarian Plain, Fig. 1) was selected

for studying the salt accumulation in the soil by different methods: water level observation,

soil bulk electrical conductivity (EC,), water chemistry, and stable oxygen and hydrogen

isotope analyses.

In this presentation mostly the stable isotope data will be evaluated with reference

to the salt accumulation. The evaluation of time series of EC, data has been published

elsewhere (Toth et al. 2002).
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Results and interpretation

Water samples were taken from monitoring wells at 9 points in every month for
chemical analysis. During the sampling campaign of 5 June 2002 water samples were
taken for stable isotope measurements as well. At five out of nine points three wells were
installed for monitoring water at different depths. The bottoms of the shallowest wells are
at two meters below the water table (usually 3-4 meters below the ground surface). The
bottoms of the medium deep wells are at about 6 meters below the ground surface, and the
bottoms of the deepest wells are at about 10 meters below the ground surface.

The stable hydrogen and oxygen isotope data are shown on Fig. 2. The points are
distributed along a line of 8D = 7.4953*5'°0 - 0.949, which is under both the Global Me-
teoric Water Line (GMWL) and the Groundwater Line of the Carpathian Basin (CGWL).
The slope of the line (7.5) is a little bit lower then 8 indicating the effect of the local evapo-
ration. The delta values vary in a wide range (8D -85.5%o to -58.4%o; 8'°0 -11.18%o to
-7.59%0). The 8'*0 value of the infiltrating water in Hungary is -9.3+ 0.4%o (Deék et al.
1996), so 8'*0 values of > about -8.8%o indicate heavy isotope enrichment by evaporation.
Usually these latter samples have the highest TDS (total dissolved solids) values. At the
other end of the line the 8'°0 values are more negative then those infiltrated during the
Holocene era (<-10%o), so these very negative 8'°O values may indicate water infiltrated
during the latest glaciation. The studied area is a discharge area of a regional flow system,
whose recharge area is the karstic Biikk Mountains north of Hortobagy. The 5'*0 values of
the ascending water nearby the studied area are between -11.5%o and -11.8%o in the depth
range of 30-60 meters, which clearly indicates that this ascending water was infiltrated
during the Ice Age. Stute & Dedk (1989) published 3D and §'*O data for the deep ground-
water circulation systems under the GHP (see Fig. 2). It is interesting to notice that the
majority of these points are distributed along the CGWL, but some of them appear around
the water line of the studied area, mostly those with 5'*O values of < -10.5%o. This fact that
deep, undisturbed groundwater samples show up under the GMWL may be explained by
two reasons. 1) The water infiltrated from a precipitation which originated from a place
where the relative humidity of air was high, or 2) the infiltrating water suffered evapora-
tion effect during the infiltration. Both can be imagined during the Ice Age, because the
climate was cold and dry.

The water line of the samples of the studied area is a mixing line, where the old as-

cending water mixes with the infiltrating water from the modern precipitation.
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Fig. 2. The 8D-8"%0 plot of the water samples from Nyirélapos (solid symbols), and of
deep groundwaters from different part of the Great Hungarian Plain (open symbols, Stute
& Dedk 1989). GMWL = Global Meteoric Water Line 8D = 8*5'*0 + 10 ; CGWL =
Groundwater Line of the Carpathian Basin D = 7.8*3'%0 + 6, Dedk 1995).

The spatial distribution of mixing ratio is not homogeneous, see Fig. 3. The flux of
the up-welling water is maximum, where the permeability of the alluvial sedimentary lay-
ers is highest, e.g at about the 5100-9900 m relative coordinates (Fig. 3). At some sites the
8'%0 values of the deeper water samples are less negative than that of the shallowest one,
while at other sites this relation is the opposite, indicating a very complex mechanism of

the mixing process.
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Fig. 3. Elevation map of the studied area, Nyirdlapos. The x and y axes are relative posi-
tions in meters along the West-East and South-North directions. The 8'°0 values of the
water samples are indicated. At those sites, where there are three numbers, the first one is
the 8'°0 value of the shallowest well (3-4 m from the surface), the second number (in bold)
is the 5'°0 value of the medium deep well (6 m below surface), and the third number (in
italic) is the 8'*0 value of the deepest well (10 m below surface). Where there is only one

number it refer to the shallowest well.
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Contrasting origin of fluids during Late Cretaceous deformation,
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The Eastern margin of the Graz Thrust Complex (Eastern Alps) represents a major
late Cretaceous extensional fault zone where high-grade lower structural units (Middle
Austroalpine) are juxtaposed against low-grade higher structural units (Upper Austroal-
pine). Approximately coeval to overall NW-SE extension the late Cretaceous Gosau mo-
lasses type basin developed (Neubauer et al., 1995; Ebner and Rantitsch, 2000). Extension
tectonics and exhumation of rocks resulted in formation of an extremely disturbed and
condensed metamorphic field gradient. Over a distance of 3 kilometres metamorphic con-
ditions for the Late Cretaceous decrease from ca. 550°C and 10 kbar down to surface
conditions. During exhumation of rocks close to surface levels a change from metamorphic
to meteoric fluid regimes as well as a change in fluid pathways is expected. We elaborated
structural and stable isotope data to put constraints on this scenario.

he general geology of the area comprises from structural footwall to hanging wall
the following units: (1) The Middle Austroalpine Koralm Basement to the west and the
Gleinalm Basement to the North are composed of amphibolite facies metamorphosed
metapelitic rocks intercalated by marble beds, amphibolites and pegmatites. (2) Upper
Austroalpine Nappes of the Graz Nappe Complex constitute carbonates of Lower Paleo-
zoic age that are (3) transgressively overlain by terrestric to shallow marine Gosau type
sediments. The contact between Graz Nappe Complex and Gosau is highly brecciated and
fluid infiltrated. Several generations of reddish carbonates precipitated within veins and
voids. The reddish colour is result of hematite pigmentation.

Oxygen and carbon isotope data measured systematically from Middle Austroal-
pine marble beds into to metapelites gave an asymmetric “bell shape” geometry indicating
limited fluid exchange across lithological boundaries. Models of fluid rock interaction sug-

gest major lateral flow of metamorphic fluid mainly parallel to lithological boundaries.
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Fluid inclusion data show that an early CO, dominated fluid was later replaced by and
aqueous fluid type with considerable amount of NaCl.

From the brecciated Upper Austroalpine carbonates we elaborated Carbon and Oxygen
isotopic data form different types of newly precipitated carbonates. A trend from fresh
greyish carbonates to highly infiltrated reddish ones show systematic decrease in 8'°O
from 26 to 16 and 8"°C from 2 to —6.

In summary the following scenario of fluid rock interaction during late Creataceous ex-
tension and exhumation of rocks is proposes.

(1) Within deeper crustal levels predominatly CO; rich metamorphic fluid circulated

parallel to major lithologic boundaries.

(2) At higher crustal levels the original Devonian carbonated were infiltrated by Cre-

ataceous marine and meteoric water.

(3) The isotopic signature was modified by CO, degassing during decompression.

(4) Highly oxidising fluids enabled precipitation of hematite
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The Pannonian basin is located in eastern Central Europe encircled by the Eastern
Alps to the west, the Western Carpathians to the north, the Apuseni Mountains to the east
and the Dinarides to the south. Its formation began in the early to mid-Miocene accompa-
nied by intense volcanism, E-W crustal extension, and local block faulting. In the basin,
which still exhibits heat-flow anomalies, there are a lot of thermal springs containing large
volumes of carbon dioxide and/or hydrocarbon gas.

H and O isotope ratios and H and C isotope ratios of methane as well as the abun-
dances of some major and minor dissolved components were measured earlier (Veto6 et al,
2004) in 26 subsurface waters from SE Hungary, produced from late Neogene aquifers
within the upper two kilometers in depth. From the isotope data Vetd et al. concluded that
about two thirds of the waters are dominated bacterial methane produced during early bur-
ial. In the corresponding aquifers methanogens started to operate immediately after the
sulfate content dropped below 0.1 mmol/l due to bacterial sulfate reduction. In about one
third of the waters bacterial sulfate reduction was inhibited by some unknown mechanism
and, with continuing burial, the corresponding aquifers became sites of intensive bacterial
acetogenesis and subsequent fermentation of the acetate to methane in the depth interval of
about 600—1000 m at temperatures of about 40-60 °C (Vetd et al, 2004).

For the better understanding of the governing mechanism the former isotope studies
were completed with '°C measurements of dissolved inorganic carbon (DIC) and of the
co-existing CO, gas, as well as 8'°N study of the dissolved ammonia. On the basis of paral-
lel 8"°C (CO,) and 8"°C (CHy) data we could identify gases originating from saline carbon-
ate reduction or methyl fermentation. These isotope investigations help to interpret the

water isotope data (8'°0 and 8D) and understand the origin of waters.
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The stable isotope of carbon, BC, has a broad field of applications. Generally the
measurement of this isotope is done in a differential way, which means comparison to a
reference material for which a value was adopted. Expression of results in this technique,
isotope ratio mass spectrometry, is illustrative of this way of working, since the delta-value
in per mill is based on the relative difference of isotope ratios of the substance under study
and a reference material. Within IRMS different techniques are possible: on the one hand
dual inlet, in which the gas to measure and the reference gas are admitted through each
side of a double inlet system and subsequently measured repeatedly; on the other hand con-
tinuous flow in which conversion of the sample to the gas suitable for IRMS measurement
is done online with the IRMS and one actual measurement of the sample takes place. In the
latter a carrier gas assures transport of the gases continuously from conversion module to
mass spectrometer. Hence “continuous flow” (CF).

Switching to CF was a step forward in many respects. However, it should not mean
the creation of a larger uncertainty in the total process of '°C measurement. This study is
aiming to assess the uncertainty involved in CF-IRMS for the measurement of "°C in or-
ganic solids, as compared to uncertainty in the dual inlet technique, the latter including off-
line sample preparation. Uncertainty statements play a major role in the establishment of
transparency of the value assignment process. Knowing the major sources in an analytical
procedure is of major importance, since this is the first step in optimisation of the value
assignment process.

In the estimation of the total uncertainty of IRMS "*C measurements for organic
solids several components are present. Off-line preparation of different nature (CO, phos-
phoric acid liberation in case of carbonates, EA-combustion of organic solids) of reference
materials and samples, the use of secondary reference materials and the mass spectrometric

measurement yield different uncertainties in the different techniques, i.e. off-line EA-dual
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inlet IRMS and CF EA-IRMS. In this study uncertainties are shown for the off-line prepa-
ration of CO, from organic solids using elemental analysis equipment, followed by dual

inlet IRMS and online measurement in EA-IRMS of organic solids.
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Introduction

In spite of tremendous improvement of the air quality in the last 10 years, the prob-
lem of clean air is still crucial in large city. Two types of the environmental atmospheric
pollutants are usually discriminated: 1) low emission (from the local home hearths and traf-
fic pollutants) and 2) high emission (from the large industrial plants). This work describes
the results of solid atmospheric particles and rainwater sulfates studies in Wroctaw down-
town (SW Poland). The samples analyzed, were collected into12 passive collectors (Jires et
al. 2001) in Wroctaw, where old type of buildings, showing the low type emission and traf-
fic pollutants, predominates. Basic problems of air quality in Wroctaw have been described
by other authors (e.g. Drzeniecka et al. 2000, Jedrysek 2000, 2003, Mikotajczyk et al.
1999).

The major goal of this work was: 1) to determine participation of the one local large
pollutants emitter (heat and power station “Wroctaw”) in the atmospheric pollution mass
balance in Wroctaw; 2) detect the potential zonation with respect to atmospheric pollut-
ants. Carbon and sulphur isotope analysis of solid organic atmospheric particles (8'°C) and
sulfate in precipitation (8°*S(SO4>)) respectively, have been carried out. The isotope

analyses have been complemented by meteorological data.

Analytical procedures

The passive collectors were located onto two radiuses at a 1 and 3 km distains from
large local pollutants emitter (heat and power station). Each collector was 2,5 m high and
had 0,0398 m? of the collecting surface. They were installed in November 2003, and this
work shows the results of 2 months collection period (one sampling action). Before carbon
isotope analyses, the dust material has been dried and washed out with 0,3M HCI (1 hour)

in order to remove other carbon phases (mainly carbonates and hydroxides). The total dust
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fall, separately mineral and organic one expressed in mg/m?/day. The sulfate in precipita-
tion is shown as SO, deposition in mg/m*/day.

The organic dust particles were combusted, using cooper oxide (CuO) wire, under
vacuum at 900 °C. The CO, obtained was cryogenically purified and collected to pyrex
ampoules. The BaSO4 were reacted with V,0s reagent, according to the method of Yanagi-
sawa and Sakai (1983). The SO, obtained was cryogenically purified and collected to py-
rex ampoules.

C and S isotopic ratios were analyzed using the mass spectrometer MI-1305 with
special device for nano-mole gas analysis (UMCS, Lublin) and Finnigan Mat Delta E mass

spectrometer (Laboratory of Isotope Geology and Geoecology ,UWr, Wroctaw).

Results
The geochemical and isotopic data obtained for period 20.01.2003-13.01.2004 as
follows:
o the SO4* deposition varies between sample points from 0,05 to 1,85 [mg/m?*/day];
o the deposition of total dust varies from 4,53 to 38,04 [mg/m*/day];
o the deposition of organic particles varies from 3,32 to 15,02 [mg/m*/day];
o the deposition of mineral fraction varies from 1,20 to 25,44 [mg/m*/day];
° 5" C value of organic particles in the dust varies from -25,04 to — 26,02 %eo;

. 8**S(S04¥) value in precipitation varies from +6,36 to +13,12 %o.

Discussion

A positive correlations between total dust fall and mineral fractions (R2=0,89) and
between the deposition of the dust mineral particles and SO,* depositions (R*=0,79) might
be explained by the nucleation role of atmospheric dust particles in formation of SO4*-rich
droplets of precipitations. Increasing dust in air resulted in increasing frequency of precipi-
tations and in consequence to increasing SO4> depositions.

It has been observed a zone with preferential deposition of both dust fall and SO4*
on the direction SW-NE (Fig.1 and 2). This is in agreement with highest velocity of winds

but perpendicular to highest frequency of predominant winds .
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Fig. 1. Distribution of mineral fractions of dust fall [mg/m*/day] in Wroctaw (20.11.2003-
13.01.2004).

500 1000 1500 2000 2500 3000

Fig. 2. Distribution of SO4> deposition [mg/m*/day] in Wroctaw (20.11.2003-13.01.2004)
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distribution of 8“C value of organic particles in the dust in Wroctaw (20.11.2003-
13.01.2004).

Carbon isotope analysis of organic dust particles indicated two regions of Wroctaw
with the highest 8'°C values (Fig. 3). These regions shows the predominant low air pollut-
ant emission.

Unusually high 8°*S(SO4%) value has been observed as compare the data obtained
earlier in the Wroctaw downtown (Jedrysek 2000, 2003). We do not know the reason of

this and further investigations will be carried out.

Conclusions

The presented results indicate several type of sources of air pollutants in investi-
gated part of Wroctaw downtown. The preferential dust and precipitation sulfates deposi-
tion are regions with old compact settlement (low air pollutant emission). In contrast to
velocity of wind the role of the predominant wind direction in spread of pollutants is not

important factor.

44  ESIR VII  European Society for Isotope Research ~ Seggauberg Austria ~ 27.6—1.7. 2004




Ber. Inst. Erdwissenschaften K.-F.-Univ. Graz | Bd. 8 | ISSN 1608-8166 | Isotope Workshop Volume | Graz 2004

Acknowledgements

Meteorological data have been obtained from Meteorological Observatory of Wro-
ctaw (Section for Meteorology and Climatology, Wroctaw University). Great thanks are
due to Dr A. Katuzny for help in field works.

This study was supported by 1017/S/ING/03-IX, 2022/W/ING/03-49
2022/W/ING/03-12 grants.

References

Drzeniecka A., Pereyma J., Pyka J.L., Szczurek A., 2000. Wplyw warunkow
meteorologicznych na stgzenie zanieczyszczeh powietrza w  Srodmiesciu
Wroctawia, Chemia i Inzynieria Ekologiczna, T.7, Nr8/9, 865-882.

Jedrysek M. O., 2000. Oxygen and Sulphur Isotope Dynamics in the SO; of an Urban

Precipitation., Water, Air and Soil Pollution 117, 15-25.

Jedrysek M.O, 2003. Nowe dane na temat zmiennosci 834S(SO§‘) 1 8180(801‘) w wodach

opadowych: potencjalny znacznik zasilania wod powierzchniowych i podziemnych

34 B 18 B . e e C 1. 4.
(New data on 8'S(s0; ) and 6 "O( S0 ) values in precipitation: potential indicator

of the origin of surficial and groundwater recharge)., In Polish, English abstract.,
Ed. H. Piekarek-Jankowska, B. Jaworska-Szulc), Wspotczesne Problemy Hydro-
geologii (Recent Problems in Hydrogeology), Wyd. Politechniki Gdanskiej 11 (2),
157-164.

Jires A., El-Hasan T., Manasrah W., 2002. Qualitative evaluation of the mineralogical and
chemical composition of dry deposition in the central and southern higlands of Jor-
dan, Chemosphere 48, 933-938.

Mikotajczyk A., Pereyma J., Szczurek A., 1999. Ocena wplywu warunkow
meteorologicznych na jako$¢ powietrza w Srodmiesciu Wroctawia, POL-IMIS 99
III Sympozjum OCENA  WIELKOSCI IMISJI ZANIECZYSZCZEN
POWIETRZA, Wydawnictwo PZITS 764, 71-80.

Yanagisawa, F., Sakai, H., 1983. Preparation of SO, for sulfur isotope ratio measurements
by thermal decompositions of BaSO4-V,05-SiO; mixtures. Anal. Chem. 55, 985-
987.

ESIR VII  European Society for Isotope Research ~ Seggauberg Austria  27.6—1.7. 2004 45




Ber. Inst. Erdwissenschaften K.-F.-Univ. Graz | Bd. 8 | ISSN 1608-8166 | Isotope Workshop Volume | Graz 2004

The influence of oil-derived substances on groundwater in the light

of isotopic analyses of carbon, oxygen and sulphur

Anna Gryczkol, Mariusz Orion J e;drysek2

"Polish Geological Institute, 4 Rakowiecka St., 00-975 Warsaw, Poland,
e-mail: anna.gryczko@pgi.gov.pl
*Institute of Geological Science, Uniwversity of Wroctaw, ul. Cybulskiego 30, 50-204

roctaw, Poland, e-mail: morion@ing.uni.wroc.pl

This abstract is focused on applying isotopic analysis of carbon, oxygen and sul-
phur as a tool to asses the influence of, covering the first groundwater system, oil-slick of
petroleum hydrocarbons. During mineralization of hydrocarbons, both in aerobic and an-
aerobic conditions (when SO4* is reduced), microorganisms produce CO,. Thus, an in-
crease of dissolved CO, concentration, and in consequence of DIC, in groundwater, may
indicate progressing biodegradation of hydrocarbons (Coates et al. 1996, Grishchenkov
2000). On the other hand, the DIC originated from decomposition of hydrocarbons, shows
relatively low "*C/'*C ratios as compared to DIC of natural origin (Bolliger et al. 1999,
Conrad et al. 1999). Likewise, when microorganisms utilize the sulphate (the terminal ac-
ceptor of electrons), its concentration in groundwater decreases, hence the residual sul-
phate ion becomes **S-enriched. Based on the isotopic analyses of sulphur and oxygen in
the sulphate ion, the dominating mechanisms of decomposition of hydrocarbons polluting
the aquifer in particular zones of the oil-slick were tentatively determined. Traditional
methods, based solely on chemical analysis are not sufficient enough to identify particular
sources of DIC in groundwater, as well as processes regulating the mineralization of hy-
drocarbons.

Isotopic and chemical analysis indicated, that the zone with a dominating aerobic
process of hydrocarbon decomposition is the northern margin of the oil-slick. This zone is
characterized by easier oxygen and sulphate ion supply by groundwater, which is indispen-
sable for hydrocarbon mineralization process. The region with the dominating anaerobic
hydrocarbon decomposition process is the central part of the oil-slick, where much higher
thickness of the oil product was observed. These zones were determined on the basis of

DIC and sulphate ion concentrations, as well as their isotopic composition.
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Moreover, seasonal variations within the oil-slick were observed. The mean con-
centration of DIC in groundwater, varied from 228.90 mg/dm’ for the winter season to
519.47 mg/dm3 in the summer season. Likewise, 813CDIC variations were also observed: the
mean value of 5" Cpic for the summer season was —16.16%o, and that in the winter season
was —19.92%o. The increase of 8" Cpic values is resulted from hydrocarbon decomposition.
It is rather possible that the rate of biodegradation can probably be described by mean of
the Rayleigh distillation model. Slight seasonal changes were also observed for °*S in the
sulphate ion. These differences are probably caused by various intensity of sulphate reduc-
tion.

Carbon isotope mass balance allowed calculating the percentage of DIC of anthro-
pogenic origin (from hydrocarbon decomposition) in the groundwater within the oil-slick.
During the summer season, when biodegradation of oil-derived substances is the most in-
tense, ca. 50 to 54% DIC in groundwater within the oil-slick originates from microbiologi-
cal decomposition of hydrocarbons. In the winter season, when biodegradation processes
are considerably restricted, the percentage of DIC from hydrocarbon decomposition in the
groundwater is about 16-31%. Zones with the most intense mineralization of oil-derived
substances are areas of the oil-slick with easier oxygen supply (mainly the northern mar-
gin). In these areas the content of anthropogenic DIC oscillates from 68 to 72% in the
summer season, to 24-33% in the winter season. In the central part of the stain, where an-
aerobic processes dominates, the content of DIC from the decomposition of oil-derived
substances is much lower, in the summer season reaches 41-50%, and in the winter season
from 9 to 15%.

This research indicates that isotopic analysis of carbon, oxygen and sulphur consist

a useful tool for the quantitative evaluation of the hydrocarbon mineralization.
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Apatite deposits are found in carbonate and carbonate-silicate rocks which are
widespread in metamorphic complexes of the Precambrian areas (Aldan Shield , Peri-
Baikal region, North Chinese Platform, Ukrainian Shield, etc.). The rocks comprise a
number of morphogenetic types, including primary sedimentary (stratiform and lenticular
bodies) and various later rocks (younger carbonate veins and pockets), whose geneses are
related to metamorphic and metasomatic processes. The stratiform and lenticular carbonate
rocks can be classified into the following groups according to their mineral assemblages:
(a) marbles (>95% carbonates), (b) calc-silicate rocks (10 - 75% silicates), and (c) apatite--
carbonate rocks (ores).

There are now extensive materials on the isotopic compositions of carbonates from
metamorphic and metasomatic rocks. It was established that an increase in the grades of
metamorphic and metasomatic alterations is associated with the enrichment of carbonates
in light carbon and oxygen isotopes, and the most significant shifts in C and O isotopes
from those of the initial sedimentary rocks result in values similar to those typical of skarns
and carbonatites. This opens the possibilities of using isotopic data to assay the extent of
transformations of the primary rocks.

The i1sotopic composition of carbon and oxygen was determined in samples of car-
bonates from rocks of all morphogenetic types of the Aldan and Ukrainian Shields , Peri-
Baikal region, North Chinese Platform, etc. Results of carbon and oxygen isotope work
performed on different deposits confirm that each of these deposits represents a clearly
defined and isotopically distinct sedimentary facies. The values of C and O isotopes for the

marbles, calc-silicate rocks, and apatite--carbonate rocks reflect their primary values and
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are close to those in sedimentary Precambrian carbonate rocks elsewhere. Among the rocks
examined, the highest C and O isotopes values were obtained for the apatite-carbonate
rocks, whose protolith was produced chemogenically, most probably in shallow evaporitic
basins, in a significantly reducing environment, at a limited influx of terrigenous material.
The subsequent transformations of the primary rocks by meteoric waters and metasomatic
fluids can be identified using low values of O and C isotopes.

The amount of apatite in the protolith was determined by the phosphorus concentra-
tion in solutions of the primary sedimentation basins and the fractions of clastic apatite,
which was produced by intraformation erosion and weathering of nearby apatite-bearing

rocks.
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The fundamental advantage of an electromagnet in comparison to a permanent
magnet is that the magnetic field can be continuously controlled, including its switch off
and reversal of its polarity, by varying of the coil current. The reversal of the magnetic
polarity is important when both positive and negative ions spectra have to be investigated
as it is the case of positive and negative TIMS. The scanning of mass spectra by varying
the magnetic field leads to lower isotope fractionation in the ion source than by varying the
high voltage (ion acceleration electric field). This is because that in the last mode low mass
ions are extracted more efficiently by a higher voltage than high mass ions.

However use of the electromagnets requires a rather high power supply because the
coils are fed continuously from a dc controller. Moreover, such controllers have a limited
range of the current regulation. These drawbacks result from the use of transistors at which
a voltage excess has to be reduced. In order to extend the range of current regulation, a
common dc controller frequently has a switch for a rough matching of the voltage in the
power supply, but even with such a switch it is hard to reduce the coil current close to zero

and to record a spectrum over a large range.
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Fig. 1. Block diagram of the switching controller of an electromagnet.

We report here on a novel controller for electromagnets, which is free of drawbacks
mentioned above. The power consumed by the switching controller is low, because it is
predominantly used for a slight periodic supply of the coil current which is induced just
after the controller was switched on. Inasmuch as a typical electromagnet coil has a low
coefficient of dissipation energy due to high inductance and low resistance, the power
needed for the periodic supply of the coil current is small. A precise adjustment of the coil
current is can be made in a continuous manner by setting of the width of the current pulses.
That width can be adjusted by means of precise potentiometer (voltage divider) or by a
computer controlled reference voltage.

The only drawback — typical for all switching controllers — is a little modulation of
the coil current around a very well kept average value (Soclof, 1985). The output ripple
factor may be reduced, however, to such a low level that it may be considered as negligi-
ble.

A simplified circuit diagram of our switching controller (Halas, Nowak, 2004) is
shown in Fig. 1. At the beginning the switch P is ON an the electromagnet coil is fed from
a dc source B, the diode D does not conduct. When the coil current is sufficient to produce
the desired strength of the magnetic field, the switch P is set OFF, thereafter diode D starts
to conduct. In this way the coil current is continued until it drops (due to energy dissipation
by all the resistances in the loop comprising the coil, diode D and reference resistor RO0) to

a designed level. The voltage drop on RO is amplified and compared with a regulated refer-
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ence voltage from the source B1. The block PS stands for the Schmitt trigger (a comparator
with a hysteresis). It alters the switch P from ON to OFF when the coil current attains de-
sired level, and vice versa — from OFF to ON, when the current drops to the value deter-
mined by the hysteresis of the Schmitt trigger (Soclof, 1985).

The described switching controller we successfully use in magnetically scanned

mass spectrometer for isotope analysis.
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3-methylpyridine dissolved in heavy water exhibits a closed immiscibility loop be-
tween 38.5 and 117 °C at normal pressure, while it is completely miscible with water at any
concentration and temperature (see e.g. Papai and Jancso, 2000, Almasy et al., 2002). The pur-
pose of the present investigation is to compare the volumetric characteristics of dilute solutions
of 3-methylpyridine in H,O and D,O. Densities of dilute solutions of 3-methylpiridine in water
and heavy water were measured over the concentration range of 0.4 - 4 mole% as a function of
temperature between 25 and 45 °C using a vibrating tube densitometer. The excess molar vol-

umes for mixtures containing D,O were found to be more negative than those with H,O.

From the densities of the mixtures the partial molar volume of the solute at infinite di-
lution and the coefficients in the virial expansion of the excess molar volume (V°=
Vem? + Ve’ +...) in terms of the aquamolality (m, which is the number of moles of solute
per 55.508 mol solvent) have been evaluated. The values of the partial molar volume at infinite
dilution were found to be slightly higher (about 0.3%) for the solutions in H,O than for those
in D,0. The temperature dependence of the excess volume second virial coefficient (V) rep-
resenting the contribution of solute pairs to the excess molar volume shows a characteristic
difference between normal and heavy water solutions: while the V.-t curve for H,O solution is
linear in the temperature range investigated, that for D,O solution shows a maximum at about
35 °C. The solvent isotope effects are discussed in terms of solute-solvent and solute-solute

interactions.
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The origin of S and O isotope ratios in lakewater sulphate
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Introduction

Sulphur is an important bioelement and the main form of sulphur in water is the dissolved
sulphate. The dissolved sulphate, in turn, is the major substrate for microbial sequestration
of organic compounds and inhibitor of methane ebullitive flux from freshwater sediments.
This paper reports systematic study of sulphate ion dissolved in water and bubble methane

from sediments of 30 freshwater aquifers (lakes, ponds, rivers) from Poland.

Results

The highest concentration of sulphate has been detected in rivers (85.47 SO, mg/l) and in
an artificial lake (70.3 SO4* mg/l) located in the E margin of the extremely SO4*-polluted
region, in SW Poland, called Black Triangle (Jedrysek 2000). The lowest concentration of
sulphate has been detected in dystrophic and mountain lakes (from 0.5 to about 3.0 SO4>
mg/l). The lowest 8°*S(SO4*) and 8'°0O(SO4>) values have been detected in unpolluted
lakes in Eastern Poland (-0.94 and 1.38 %o, respectively). The highest 8°*S(SO,4*) and
8" 0(S04¥) values have been detected in polluted lakes in western Poland and dystrophic
lakes (12.95 16.15 %o, respectively).
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In the region under study, the anthropogenic sulphate has about 10 %o higher §'*0
value than its natural analogue (Jedrysek 2000). The isotopic composition of sulphate in
the rain in Wroclaw downtown shows no correlation in the oxygen and sulphur isotope
system and the R? coefficient is 0.00 (Fig. 2). Therefore, the R? = 0.4 found in lakewater
sulphate cannot be ignored and should be elucidated.

The isotope signature of sulphate dissolved in lakewater can isotopically evolve due to
microbial reduction, mixing with its natural analogues (geogenic, oceanic) or formation of
sulphate (oxidation). Therefore, the mixing ratio of these three main sources of sulphate
together with reduction of sulphate are the main factors controlling concentration and iso-
topic signature of the sulphate in lakes. The lake-born sulphate in lakes (aquatic sulphate)
is the sulphate formed form oxidation of reduced sulphur compounds in lakes. In contrast
to clean lakes, an increase of the 8'°C(CHy) value with increasing depth of the water col-
umn in strongly SO,* contaminated lake has been observed (Jedrysek 1998). It may re-
sulted from exceeding of the biological buffering potential of the lake reflected by an ac-
tive oxidation of methane and methane precursors.

Two biogenic sources of sulphate in lakes, (i) allochtonous or terrestrial that formed

by terrestrial organisms (macrophytes, oxidation in soil efc.) and (ii) autochtonous aquatic -
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that formed by aquatic organisms (e.g. Krouse ef al., 1991). The §'*0 value of the atmos-
pheric oxygen is rather stable and isotopically heavy, but 8180(H20) value in precipitation
varies seasonally. Likewise, evaporation from lakes causes a significant enrichment of the
lakewater, while lakes at higher elevations or at higher latitudes shows lower SISO(HZO)
value accordingly to decreasing SISO(HZO) value in meteoric precipitation (e.g. Rézanski
et al., 1993). In fact, it has been shown that in precipitation annual variations in the
8'%0(S04™) value roughly corresponds to the annual variations in SISO(HZO) (e.g. Lloyd
1968; Longinelli and Cortecci 1970; Trembaczowski 1991, 1994).

Lakes are often surrounded by coniferous forests which, in much larger rates than
deciduous trees, assimilate SO, from the atmosphere and store it in their needles in the
form of organic sulphur compounds and sulphate. The sulphate in needles is usually about
3.5 %o enriched in **S isotope compared to organic sulphur. Moreover, in SO,-
contaminated regions, conifers remove excessive sulphur in the form of H,S, which results
in additional **S and '®O enrichment of the retained needle sulphate (Jedrysek et al., 2002).
Sulphate from shedded needles is easy mobilized by rainwater and transported through
streamwater and groundwater to the neighbouring lakes. Consequently, the lakes receive
additional input of sulphate from coniferous forested catchments. Besides, evaporation of
lakes also slightly increases concentration of sulphate, however this is probably less impor-
tant than the terrestrial biosphere input. In fact, in most mountainous lakes, surrounded
dominantly by dwarf mountain pine (Pinis mughus) and spruce (Picea abies), concentra-
tion of the sulphate in lakewater was found to be higher than in the local precipitation
(Jedrysek — in preparation). This can be explained from rough calculations. Namely, aver-
age concentration of sulphate on the surface of needles, inside needles and organic sulphur
is 0.03, 0.01 and 0.1%, respectively (Jedrysek et al, 2002). On the other hand, the total
quantity of the litter from coniferous vegetation amounts from about 0.8 to 3.0 t/ha/year
(e.g. Schall 1991; Oleksyn — oral information) and the total quantity of the litter from, the
comparable to the mountain lakes studied, shrub Pinus mugo Turra high mountain and
subalpine belt of the Romanian Carpathians (1500-2200 m) amounts to 2.6 t/ha/year
(Coldea and Plamada 1978). When 20 % of organic S is oxidised to sulphate and when
practically all sulphate is removed from shedded needles, the total output of SO4* from
these needles to the ecosystem is more than 1 t/ha/year. That means that in a typical moun-
tainous lake (small watershed, deep) surrounded by coniferous vegetation, the total input of

SO,” can be estimated to vary between 10 to 100 mg/l of lakewater per year. Hence, the
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SO4> is dominantly of allochtonous biogenic origin and from isotopic mass balance point
of view the SO,> from precipitation is negligible, because concentration of SO4> in pre-
cipitation is usually between much less than 1 and not higher than 10 mg/l. Consequently,
coniferous areas may determine concentration of sulphate in freshwater systems (including
groundwaters) thus control oxidation of organic compounds in freshwater sediments and
the water column in freshwater systems.

Although, sulphur isotope ratios in the needles (sulphate and organic sulphur) are gen-
erally similar to that in precipitation, the 8'80(SO4*) value in needles is significantly
lower than that in precipitation (Fig. 2). This is due to the fact, and in contrast to atmos-
pheric sulphate (see above), that the needle sulphate forms within the needles and the oxy-
gen in it comes from isotopically depleted water (in average 8'*0 during vegetation season
is about —12 %o). In addition, the low 8'°0(SO4>) value in needles is due to the fact that a
large part of sulphate is formed in needles during winter when the assimilation is active
and local precipitation show lowest values in the annual cycle. Likewise, it can be expected
that sulphate, formed due to oxidation of shedded needles organic sulphur, may show
slightly lower 8'*0(SO,%) value than the needle sulphate when the latter experience ad-
vanced reduction resulting in **S and '*O isotope enrichment of the residual sulphate.
Therefore, the allochtnonus sulphate can be largely responsible for the &**S(SO4%)-

8'0(S04%) correlation in lakes.

Conclusions

1. Most lakes shows an individual 334S and 6180 signal and relatively little variations
in its 834S and 8180 system

2. 8"0(S04%) and 8**S(SO,™) values, in many of the lakes, is controlled by mixing
ratio between sulphate from precipitation and that of biogenic (allo- and autochtonous)
origin and microbial reduction of sulphate. Biogenic sulphate of terrestrial origin can be
the main source of sulphate on lakes with watershed dominated by coniferous vegetation.

3. Degraded eutrophic lakes show high §**S(S04%) and §'*0(SO4?) values while clean
or oligotrophic lakes show low 8**S(SO,%) and §'*0(SO4?) values.
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Five to six notable positive carbon isotope excursions have been ascertained in the
Silurian (Kaljo et al., 1998, Munnecke et al., 2003). The most prominent one is widely
observed in the upper Ludlow (Ludfordian) of Baltica, Laurentia, Perunica and Australia,
indicating true global dimension of this stable isotope event. Due to its stratigraphical posi-
tion, the excursion has been connected with the Lau Oceanic Event established by
Jeppsson (1998) based on different environmental processes and conodont biodiversity
changes. Extraordinarily high carbon isotope values (11.2%o in Scania; Wigforss-Lange,
1999) and serious biodiversity changes in several groups of biota (corals, graptolites, ver-
tebrates, conodonts and acritarchs; see references in Kaljo et al., 1998) occurring approxi-
mately in the same interval of the Ludfordian make the event really intriguing. A detailed
study of relationships between these two processes and their environmental background is
needed to find out real reasons for both the isotope and biotic changes.

A continuous section (320 m) of terrigenous-carbonate rocks of the Wenlock and
Ludlow was studied in the Vidukle core in central Lithuania. A total of 113 whole rock
samples were analysed. The rock content of the rather deep shelf section shows a general
upward shallowing trend interrupted by two relative deepening episodes of the sea in the
earliest and latest Ludlow. The Wenlock comprises the Riga Formation (Fm) (claystones
with graptolites) and the Siesartis Fm (graptolitic mudstones, limestone interbeds); the
Ludlow includes the Dubysa Fm (mainly mudstones with graptolites, higher more calcare-
ous and shelly fauna), the Mituva Fm (limestones, oncolites) and the Ventspils Fm (lime-

stones, silty marls).
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The carbon isotope trend shows the following main tendencies and excursions:

1. In the upper part of the Riga Fm the 6'3C values remain below or close to 0%o. In the
Siesartis Fm twice slightly higher values were registered: 1.3%o at 1299.5 m and 1.6%o at
1284.4 m. Paskevicius et al. (1994) recorded from these levels graptolites, which allow us
to date these weak shifts as the Monograptus ludensis Biozone. This is a more exact dating
than that suggested by Kaljo et al. (1998).

2. The Dubysa Fm shows also low values — in the lower beds below 0%o, but higher,
maximum values reach 0.7%o. In the top a negative shift until —1.5%o (at 1178 m) was re-
corded. The shift is dated by the last occurrences of Bohemograptus bohemicus tenuis and
the appearance of Polygnathoides siluricus (Paskevicius et al. 1994).

3. In the Mituva Fm the carbon isotope trend changes completely, values of the positive
0"3C excursion reach 8.2%o (at 1147 m) and beginning from 1178 m (see item 2), the whole
shift is 9.7%o. The excursion (values over 2%o) occupies nearly the entire formation (1159—
1120 m). A negative shift (—1.2%o) similar to that at the start of the excursion occurs at the
boundary with the Ventspils Fm. The excursion is dated based on the last occurrences of
Polygnathoides siluricus just below the main shift and the appearance of Ozarkodina wi-
mani and O. aff. crispa in the upper part of the excursion (Paskevicius et al., 1994). The
true O. crispa appears above the negative shift at 1100 m. The conodont occurrences allow
us to identify the excursion as the middle Ludfordian.

4. The carbon isotope trend above the last excursion and negative shift returned to ca 1%o
values in the uppermost Ludlow and lowermost Pridoli.

Ca0O, MgO and the terrigenous component (t.c.) show the following distribution
pattern in the Ludlow part of the Vidukle core: (1) The t.c. of the rocks is dominating over
the carbonates — clearly in the Dubysa Fm, but slightly in the Mituva Fm. The CaO content
is variable but increasing up to the top of the Mituva Fm, where a set-back (down to 21%)
occurs. The MgO content is low and varies mainly below 5%, changing parallel to t.c. (2)
The 6"C positive shift coincides with beds where the CaO + MgO content is stably over
40%; both negative shifts occur in the rocks with a high clay content.

Based on the data from the Vidukle core, the following conclusions can be made:

1. The Wenlock carbon isotope excursions are in good accordance with earlier data from
Baltica and elsewhere, and the 8"*C values partly reflect the depth of the sedimentary ba-
sin.

2. The peak values of the Ludfordian excursion occur in the limits of the Lau Event de-

fined by conodonts, but the rising and falling limbs are at least in part located before and
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after the Event, i.e. the processes that caused the carbon isotope excursion started before
the Lau Event.

3. The positive excursion began and ended with negative shifts, which are well correlated
with certain sedimentological changes, thus evidencing oceanic and climatic processes
characteristic of more humid episodes; the positive excursion itself could be referred to an
arid episode. The carbon isotope pattern seems to be typical of the event.

4. The environmental change was rather rapid — its implication in terms of the rise in 8"*C
values through 30 m was 0.3%o per metre or 1%o0 per 70 000 years, but the last 4%o0 were
added only in 54 000 years.

The study was partly supported by Estonian Science Foundation (grant 5042).
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Introduction

Sulphur is one of the main element in the biosphere and transformations of sulphur
in the nature shows cycling character where variations in red-ox is crucial factor of isotope
effects observed.

The biospheric part of S cycling is poorly understood and air pollutions may com-
plicate the picture (Jedrysek et al., 2002). Therefore, spruce needles (Picea abies) at the
area of Lower Silesia (SW Poland) was selected for our investigations. The SW part of
Lower Silesia is called "Black Triangle”. Although considerable decrease in pollution
(about 87% for dust and 74% for SO,) between 1990-2000 has been noted, this region is
still under anthropogenic SO, and dust impact (WIOS, 2002).

Trees assimilate sulphur from two sources: 1) sulphate dissolved in water 2) atmos-
pheric SO, (Jensen 1963, Chukhrov et al., 1975, Carlson and Forrest, 1982, Mayer et al.,
1995). The sulphur assimilated is turned to three sulphuric amino acids: cysteine, cystin
(formated from oxygenation of cysteine) and methionine. Under natural condition, main
portion of the assimilated sulphur comes from sulphate uptake through roots (Krouse et al.,
1991). Under SO, anthropogenic impact, assimilated sulphur comes from atmospheric SO,
(Rennenberg 1984) and coniferous (especially spruce) show tendency to uptake every
quantity of accessible sulphur (Turner and Lambert, 1980).

Under strong anthropogenic impact, assimilation of high amount of sulphur may be
balanced by sulphur H,S emission from plants. This process is controlled by following
environmental conditions: concentration of SO,, light intensity, humidity and age of nee-
dles (DeCormis 1968, Wilson et al., 1978, Hillgren and Fredriksson, 1982, Rennenberg
1984, Katuzny 2002, Jedrysek et al., 2002). Under humid conditions (fog, precipitation)
H,S may be easily dissolved and oxidised to SO,* (Jedrysek et al., 2002) but some portion
of isotopicely light H,S is emitted to the atmosphere.
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Results and Discussion

Concentrations of SO, in spruce needles analysed varied out from 0,0001 to
0,0646 wt.%, with average value about 0,014 %. This values are typical for conifers
(Turner et al., 1977, Manninen et al., 1997). Also concentration of organic sulphur (aver-
age value about 0,1 %) are comparable to data obtained by other authors (Krouse et al.,
1991, Staniaszek 1992, Gebauer et al., 1994, Giesemann et al., 1995).

The 8°*S(SO4™) value varied from 4,19 to 11,9 %o (average about 8 %o). Correlation
of isotopic composition with altitude are noticed: higher 8°*S(SO4>) value corresponds to
higher altitudes. Generally, isotopic data of sulphate in spruce needles show smaller varia-
tions as compared to sulphate in precipitation in neighbouring areas (Grescheova et al.,
1998, Jedrysek 2000).

Isotopic composition of organic sulphur varied out from 0,03 to 9,16 %o. It clear
correlates with altitude and show relatively small §**S(S-org) value variations as compared
to 8°*S(S0,4™) value (Fig. 1). The difference between 8°*S value of sulphate and organic
sulphur (A**S(SO4*-S-org)) varied from -1,12 to 7,57 %o, with average 3,70 %o.

The oxidation state of sulphur is the main factor controlling isotope fractionation in
the atmosphere-biosphere-pedosphere system. S*~ -bearing compounds are depleted in **S
as compared to S’ or SO,* -bearing compounds (Chukhrov et al., 1975, Toran and Harris
1989). Both 834S(S—org) and 5**S(S04%) value increase with altitude (Fig. 1). Plants pref-
erentially assimilate **S isotope, thus the residual sulphur is **S enriched. Therefore, the
higher 5**S(SO,4™) value of higher altitudes could be explained by on increasing uptake of
SO, from the atmosphere and consequently increasing emission of H,S. Consequently, the

residual SO4” in needles become **S enriched (Fig. 2).
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Fig. 1. Isotopic composition of organic sulphur in spruce needles (Karkonosze Mts.).
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Fig. 2. Isotopic ratio of organic and inorganic sulphur in spruce needles (Karkonosze Mts.).

Isotope mass balance (SO42' -H>S-SO; system)

The difference in sulphur isotopic composition of SO4* and H,S under isotope
equilibrium (A*S(SO4* - HaS)), at temperature 25°C is -63,36 %o (Robinson 1973). Like-
wise, the A**S(SO4> - SO,), at temperature 25°C, is -12,41 %o (Sakai 1968). At lower tem-
peratures larger differences of isotopic composition at this systems are expected. Thus, the
difference in 8°*S value in SO42' -H,S system should be about 70 %o. The average differ-
ence of isotopic composition of inorganic and organic sulphur (A**S (SO4*-S-org) is 3,70
%o. This evidence isotopic disequilibrium or open S-system. Any change in intensity of

H,S emission should be isotopically detectionable (at precision of isotopic analysis about
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0,1 %o). Therefore, isotopic study in the atmosphere seasonal and diurnal variations of SO,
and H,O would allow to describe individual factors controlling emission of hydrogen sul-
phide and to calculate an isotopic mass balance of H,S emitted and amount of sulphur

stored (in the form of SO4>) by forest complexes.

Conclusions

1. Higher value 8**S(SO,) and 8°*S(S-org) with higher altitude result from an
intensive assimilation SO, from atmosphere from the plant and probably growing emission
H,S to atmosphere.

2. Plants can not prevent to uptake of any portion of sulphur in the form of SO,
through stomata. After assimilation SO; is oxidised and accumulate in the form of sulphate

in spruce needles.

3. Coniferous forests can be a significant source of H,S to the atmosphere.

4. Coniferous forests may play significant role in purification of the atmosphere from
SO..
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The Zagreb aquifer is the most important source of water supply of the town Za-
greb, where from about 5,5 m’/s of groundwater is pumped. It is a part of hydrogeological
system situated within the Sava basin and it is made of Quaternary sediments — Pleistocene
and Holocene gravel-sand sediments with the prevailing limestone and dolomite pebbles
and grains and silt-clay interbeds. Groundwater samples have been taken in various hydro-

logical conditions at 15 piezometric wells at various depths (Fig. 1).

observation borehole used for
hvdrochemical explorations

observation borehole
on cross-section

: pumping site

cross-section line

Fig. 1 The position map of piezometric wells

Main ions, stabile isotope of oxygen (3'°0) and hydrogen (6°H), radioactive isotope
of carbon (**C) and tritium ("H) were analysed in water samples. According to chemical
composition, the groundwater belongs to CaMg-HCO; and CaNaMg-HCO; to CaMgNa-
HCO; type (deeper parts of the aquifer in the Strmec area). The increase amount of sodium

in the Strmac area is because of hydrolysis of alumosilicates in clayey silt deposits. The
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groundwater temperature varies from 10 to 16°C. In the shallow parts of the aquifer were
observed seasonally temperature changes and in deeper parts of the aquifer temperature
changes were slow. Conductivity varies between 400 to 1000 puS/cm, and greater values
than this have been measured at the individual piezometric wells downstream from
groundwater pollutant. Groundwater from Zagreb aquifer is, according to pH values,
slightly acid, neutral to slightly basic. Ratio of 8°H and 8'*0 indicate that the upper part of
the Zagreb aquifer is under influence of water from lower altitude and warmer Holocene
climate, but the deeper parts of the aquifer are under influence of regional flow (colder
climate and a little bit higher altitude). Measured values on piezometric well JP-10 are like
one in the Sava River and values on piezometric well CDP-9 (the Crnkovec area) are more
positive, but measured values on piezometric well CDP-23 (the Crnkovec area) are nega-
tive and that indicate the influence of the regional flow (Fig. 2). Also, in the deeper parts of
piezometric well PP-18 (the Pertusevec area), measured values of 8°H and 8'*O are similar
to one from piezometric well CDP-23. Measured values of 8°H and 8'*0 in samples of
piezometric well NOS-28 indicate the recharge of that part of the aquifer in the colder pe-
riod. The activity of tritium and '*C are decreasing on locations CDP-23 and NOS-28 with
the depth but their activity is reverse on the location CDP-9 (lower '*C activity in the upper
part and higher in the deeper part). Activity distribution of '*C and *H along the aquifer
depth on CDP-23 and CDP-9 locations shows that the whole quantity of water is the result
of present recharge, so in its prevailing part, it is the result of precipitation infiltration in
the last 50 years (IAEA, 1983, UNESCO/TAEA, 2001). Also, the lower part of the aquifer
on the location NOS-28 is under the present recharge but in the deeper part of the aquifer

the water is old (typical example of slow water exchange).
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Fig. 2 The distribution of 3'*0 on locations CDP-9 and CDP-23 along the depth
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The Zagreb aquifer in the hydrochemic and isotopic sense is layered, especially in parts,
which are far away from the Sava River. The shallow parts of the aquifer are under the
present recharge and water in the deep parts of the aquifer has long residence time. Also,
the deep parts of the aquifer in the Crnkovec and PetruSevec area, which are situated at the

opposite side of the Sava River, are unique hydrogeological system.
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In the area of the Tata town (Hungary) there are several Quaternary travertine out-
crops of which the Porhanyo-Quarry is the best exploited one. The former archaeological
studies of the Porhany6-Quarry resulted in the reconstruction of the Middle Paleolithic
Mousterian culture of the site. The principal goal of this work is to define the depositional
environment of the Tata travertine by studying the petrographical and microfacies features
and stable carbon and oxygen isotope compositions.

The 15 m thick lacustrine travertine can be divided to six units. Unit 1 (14.7-12.4
m) consists of massive, thick bedded, phytoclastic travertine with some gastropods, and
covered by a sharp discontinuity surface, parallel to the bedding. Unit 2 (12.4-11.8 m)
comprises the archaeological ,,culture layer” and is build up by a palaesoil horizon at the
bottom and siliciclastic fluvial channel deposits at the top. Both are rich in bones, in Pa-
laeolithic human tools, artefacts and show fragments of charcoal. A new discontinuity sur-
face separates the bedded phytoclastic and gastropods bearing travertines of the Unit 3
(11.8-4.5 m) from the ,,culture layer” (paleosoil layer). 20 to 250 cm wide, from SW to NE
directed and mainly open fissures cut the rocks of Units 1, 2 and 3. Some of these fissures
represent minor spring vents and cones, filled by vertically and upward conical laminated
travertines. The lower boundary of the soft, laminated, phytoclastic travertine of Unit 4
(4.5-2.5 m) is formed by a new discontinuity surface, which covers the vents and cones.
Top of Unit 4 is covered by the loose clastic travertine bearing horizon of Unit 5 (2.5-1.0
m), which is imbedded in fluvial-eolian sand. Eolian sand of Unit 6 (1.0-0.0 m) terminates
the section.

Eighteen samples were collected from one vertical section for paleoclimatological
evaluation. Besides we sampled the most typical carbonate vent as well the other carbonate

like forms. Eight samples were taken from one undetermined form which can be either

72 ESIRVII  European Society for Isotope Research ~ Seggauberg Austria ~ 27.6 —1.7. 2004




Ber. Inst. Erdwissenschaften K.-F.-Univ. Graz | Bd. 8 | ISSN 1608-8166 | Isotope Workshop Volume | Graz 2004

carbonate vent or cascade. At the same time samples were collected from Kdopite-Hill (car-
bonate cone?) travertine occurence which situated north from Tata town. Petroghraphic
and microfacies analyses of on thinsections were performed combined with stable carbon
and oxygen isotope measurements. Detailed XRD studies were conducted on bulk samples
and on insoluble residue collected in the vertical section and on samples collected from the
palaeosoil horizon. Paleomagnetic measurements of the vertical sections were also used to
determine the timing of travertine formation.

Algal and other phytoclastic grainstone, boundstone and floatstone are considered
dominant microfacies types of travertines. Among the bioclasts fragments of gastropods,
ostracods and charas may occur. Travertines are composed mainly of pure, magnesium-
free calcite, with traces of dolomite. Low proportion of siliciclastic insoluble residue of
Units 1-4 (0,53 %) increases upward unto 2,29 % in Unit 5. Quartz, feldspar and few mus-
covite represent the scare extraclasts.

The depositional environment was a shallow (1-3 m), plant-dominated lake, dis-
sected by spring cones and vents, which are indicators of the ancient spring activity. These
vents appear on the wall of the quarry and NE from the quarry, next to the Oreg-lake. The
lake, fed by thermal springs formed in a siliciclastic floodplain or delta system. The springs
bought quartz grains with the thermal water from the Pannon siliciclastic bedrock to the
surface. These grains are reversed in the centre of the carbonate vents.

The three main lacustrine phases of the lake evolution were interrupted at first by a
palaeosoil formation and flooding event, followed up by an fluvial-eolian event and finally
finished by eolian sedimentation. The lacustrine phases represent intensive spring activity
generating relatively high water levels, while the fluvial to eolian phases are to be con-
nected to reducted spring activity with waterlevel-drops.

Based on the stable isotope investigations the values of the samples taken from the
carbonate vents (8"°C (-5,34)-(-5,57 %o) and 8'°0 (-12,31)-(-12,87 %o) differ from the
mean isotope values of samples (813C= - 5,43 %o, s%0 = -11,40 %o) collected from the
vertical section and from samples collected from cascades (5"°C (-4,9)-(-5,5 %o) and 8'°0
(-10,6)-(-12 %o) relative to V-PDB. Because of the former intensive spring activity, many
carbonate vent were preserved in the quarry. Among the flow path of the water outgassing
and evaporation controlled the stable isotope compositions of travertines precipitated. The
different facies (vent, cascade, pond) migrated during the evolution of the travertine com-

plex due to changes in morphology and flow direction. Thus, it is not possible to use a
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simple vertical section to conduct paleoclimatological evaluation on the base of stable iso-
tope measurements. However, distinct isotope compositions characterize the vent and cas-
cade facies that can be used to study the evolution of the complex.

The Tata travertine complex (613 Cinean= -35,3 %o) show marked §13C difference from
the travertine occurrences of the Buda Mts. (Buda-Var-hegy: 813Cmean= 1,5 %o; Buda-
kaldsz: 8" Cean= 2,0 %o0), while the stable oxygen isotope compositions are the very simi-
lar. Although other processes like upwelling of mantle-derived or metamorphic CO, may
also produce 8'°C changes, these are shown to be regionally occurring in the Carpathian-
Pannonian Region, and thus, the large 8'°C variations at close localities (within about 50
km) are rather attributed to local effects. Presumably the ascending solutions from which
the Tata travertine deposited infiltrated through bedrocks rich in organic matter and could

have carried dissolved C enriched in light (**C) stable carbon isotope.
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Depositional facies and stable isotope geochemistry of some Hungarian

travertine occurrences
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Laboratory for Geochemical Research, Hungarian Academy of Sciences, Budaorsi ut. 45,

1112 Budapest, Hungary, e-mail: keles@geochem.hu, siklosy@geochem.hu

Stable isotope analyses on travertines has been started in the last few years in Hun-
gary. Petrographic and geochemical studies were carried out on four different travertine
deposits. These occurences have different origins and consequently they revealed diverse
isotopic composition (Fig. 1). In addition, the sedimentological processes that influenced
the depositional environment and the developed alternating facies can also be followed by
the 8"°C and 8'®0O variations. We have compared the stable isotope compositions of tra-
vertines of different ages (from Cretaceous to recent) and localities (from the Transdanu-
bian Mts., Central Hungary, to the Biikk Mts., NE-Hungary).

The major goal of this study is the analyses of the recent travertine accumulation
near Egerszalok (Biikk Mts.). The ,,Hungarian Pamukkale” located in a small area but
represent almost all travertine microfacies type and offers a good opportunity to study
stable carbon and oxygen isotope fractionations between water and calcite at surficial
conditions.

The water discharges on the slope of a hill and flows down along the slope until it
reaches a small basin. We sampled the thermal water and associated travertine
accumulations at two different flowpaths and from different microfacies types. The
Egerszalok travertine has mean isotope compositions at 8'°C=3.1%o and 5'*0=12.1%o. We
observed a rapid degassing of CO, revealed by the abrupt increase of the carbon isotope
values from the vent to the rims (Fig. 2), that is also indicated by the changes of pH values
of the water. The measured oxygen isotope values suggest that the cooling of the water has
obvious effect. However, our results differ from the theoretical calcite-water isotope
equilibrium at the given temperatures (Fig. 3).

The Tata travertine complex (813 Cinean= -5.3 %o0) show marked 813C difference from the
travertine occurrences of the Buda Mts. (Buda-Var-hegy: 813C ean= 1.5 %o; Budakalasz:

8" Cimean= 2.0 %o), while the stable oxygen isotope compositions are the very similar.
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The Pleistocene travertine complexes (Tata, Képite Hill, Budakal4sz, Buda-Varhegy) show
small 8'*0 scatter, but their "°C ranges show marked differences. The 8'°C variations may
be related to local effect of organic matter oxidation (see Kele et al., this volume). The
Buda-Varhegy occurrence has 8'*0 values similar to the Egerszalok deposit known to be
formed at elevated temperature (up to 60 °C), thus the locality-related 8'*O changes may be
related to formation temperature differences. The Tata complex was studied in detail that
indicated significant differences in the vent and cascade facies. The stable isotope
compositions — as well as its origin - of the presumed upper Cretacous travertine cone of
the Vértes Mts. differ completely from those of the younger travertine occurrences
(Siklosy et al., this volume). However, the within-complex variations are rather similar in
the travertines with marked differences between different depositional facies. The §'"°C-
8'%0 correlations and shifts can be modelled by cooling, degassing and disequilibrium

calcite precipitation using the analogue of the recent carbonate formation.
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Fig. 1. Stable carbon and oxygen isotope values of different originated carbonates.
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*Department of Geological and Environmental Sciences, Stanford University, CA 94305-
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Historical buildings are constructed of geo-materials, mortar, and plaster of various
compositions. Mortar and plaster are man-made materials. Thus, the chemical and isotopic
composition comprises information about the historical environment with respect to the
provenance of the materials, processing, and specific applications. Moreover, isotopic data
may provide additional information about the ancient composition of carbon dioxide and
water. The present study is focused on the mineralogical, chemical and isotopic composi-
tion of dated and well-characterized carbonate mortar and plaster of roman, medieval, and
early modern (pre-industrial) times in Styria (Austria).

Mortars and plasters were sampled from historical buildings in the area of Flavia
Solva, Frauenberg, Deutschlandsberg, Seggauberg, Kleinstiibing, Niederhofen, Soding-
berg, and Graz. Sampling was conducted from the exterior to interior mortar layer, wher-
ever applicable. The sampled materials mostly consist of a CaCOs (calcite) cement with
aggregates of quartz and additional silicates like clay minerals. The analyzed Sr/Ca and
87Sr/%Sr ratios of the cement are between 0.00030 and 0.0023, and 0.7093 and 0.7104,
respectively. These ratios reflect the composition of the natural deposits used for manufac-
turing of lime mortar. The respective values depend on the environment of formation and

on the mineralogical composition (e.g. calcite or aragonite) of the primary limestone.
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However, the distribution of BC/2C and "®0/'°0 ratios in the carbonate mortars and
plasters indicates a more complicated situation as isotopic compositions comprise a wide
range of 813CCaCQ3(PDB) from -24.2 to -0.8, and of 818OCaCO3(PDB) from -23.9 to -2.6%.
The stable carbon and oxygen isotope distributions in the carbonate cement displays an
almost linear correlation. In general calcite is continuously isotopically “heavier” from the
exterior to the interior mortar layer. The range and systematic correlation of the data reflect
isotopic fractionation effects upon setting of the cement and during the history of the indi-
vidual cement.

In principle isotope distributions depend on the composition of the gaseous CO,

and aqueous OH™ according to the overall reaction:
Ca(OH), + COz(gaS) — CaCOsz+ H,O (1)

during the formation of carbonate cement. Reaction 1 is accompanied by a kinetic isotope
fractionation due to the hydroxylation of gaseous CO, (Dietzel, 2000), resulting in an en-
richment of *C versus "°C in the precipitated CaCOs3. If gaseous CO, is delivered from the
present Earth's atmosphere (813Cc02(atm) =-7 %) a 813CCaCO3 value of about -25%,, is ob-
tained. Evolution of oxygen isotopes is more complex and yield 8180Caco3 values of about
-20 °/oo for calcite precipitated according to reaction 1 (Dietzel et al., 1992). Upon setting
of the cement, the diffusion of gaseous CO, and subsequent reaction to CaCOj3 leads to a
continuous enrichment of °C and "*O (versus *C and '°0, respectively) of CO, within the
gas phase along the cement setting path. Accordingly, precipitated calcite is isotopically
“lighter” at the exterior mortar layer.

The results show that analyses of carbon and oxygen isotopic compositions permit
to follow the historic cementation process, and to detect potential variations of the compo-
sition of the atmospheric CO, and liquid (H,O). Variations may be caused by natural or
anthropogenic impacts, e.g. evaporation of H,O and burning of coal, respectively. From
another point of view, secondary processes like interaction with isotopically “light” soil-
CO; or re-crystallization of carbonate cements in the presence of H,O from various origins

may be deciphered.
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Monitoring of isotope composition (*H, °H, "*0) of monthly precipitation at Zagreb
(Croatia, 157 m a.s.l.) and Ljubljana (Slovenia, 299 m a.s.l.) has been performed since
1976 and 1980, respectively (Krajcar Broni¢ et al., 1998) within the Global Network for
Isotopes in Precipitation (GNIP) organized jointly by the Isotope Hydrology Section of the
International Atomic Energy Agency (IAEA) and the World Meteorological Organization
(WMO). The GNIP network includes also monitoring of meteorological data (amount of
precipitation, mean air temperature, mean atmospheric water vapour pressure) on monthly
basis (IAEA, 2004). The type of climate at the two stations is continental, with yearly
amount of precipitation of 883 mm (yearly mean for 30-year period) and 1394 mm, and

mean yearly temperature 11.4°C and 9.8°C, in Zagreb and Ljubljana, respectively.

Within the IAEA Co-ordinated Research Program "Isotopic Composition of Pre-
cipitation in the Mediterranean Basin in Relation to Air Circulation Patterns and Climate"
the network has been extended to several stations along the Adriatic coasts of Croatia and
Slovenia in the period between September 2000 and December 2003: Portoroz-Airport (2
m a.s.l., 13.1°C, 911 mm) and Kozina (497 m a.s.l., 1511 mm) in Slovenia, and in Croatia
Malinska on Krk Island (1 m a.s.l., 14.8°C, 1306 mm), Zadar (5 m a.s.l., 15.9°C, 937 mm),
Komiza on Vis Island (6 m a.s.l., 17.6°C, 706 mm), Dubrovnik (52 m a.s.l., 17.2°C, 1092
mm), and Zavizan on Mt. Velebit (1594 m a.s.1, 4.3°C, 2113 mm/year). The sampling sites
are characterized by different types of climate (continental and Mediterranean, or mixing
influence) and the corresponding mean monthly temperatures and mean yearly precipita-

tion amounts for the same period are given above in parentheses. The lowest mean tem-
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perature and highest amount of precipitation were recorded at Zavizan. Marine stations at
southern Adriatic show higher mean temperatures than the continental stations, while at the

North Adriatic mean temperature lies between the continental and marine values.

Long-term tritium records for stations Zagreb and Ljubljana show that in the past
mean yearly tritium activity concentration in precipitation continuously decreased after
reaching a global atmospheric maximum in 1963 due to thermonuclear bomb-tests in mid-
20™ century (Krajcar Bronié et al., 1998). The observed seasonal variations are typical for
the continental stations of the Northern Hemisphere with winter minima approaching in the
last years the natural pre-bomb tritium level (<0.4 Bq/L). Maxima are observed in early
summer, and reach presently up to 2.1 Bq/L. The seasonal variations in the last decade
were less pronounced than in the period 1976 — 1990. Thus, mean yearly tritium concentra-

tions in Zagreb and Ljubljana precipitation during the last decade are ~1.1 Bg/L.

Tritium activity distribution at the north Adriatic coast is similar to that at the continental
stations, showing just slightly lower mean values. Seasonal variations at maritime stations
of mid-Adriatic and especially of south-Adriatic are less pronounced (summer maxima
reach 1.4 Bg/L) and the mean yearly activities are lower than those at the continental and
north-Adriatic stations due to sea-water evaporation influence - mean tritium activities in
precipitation in Zadar, Komiza and Dubrovnik are equal to 0.75 Bg/L, 0.70 Bg/L and 0.46
Bqg/L, respectively. Tritium distribution pattern and the mean tritium concentration at
Zavizan (0.78 Bg/L) are closer to those of the Mediterranean stations in the vicinity than to
those of the continental stations. Tritium activity concentrations in monthly precipitation at
all three stations in Slovenia vary seasonally from <0.4 to 2.2 Bq/L and are typical for the

continental stations of Northern Hemisphere.

The stable isotope composition of precipitation shows different patterns of seasonal
variations at continental and maritime stations. The continental stations show larger sea-
sonal variations in the stable isotope content (e.g., seasonal variations equal to ~13%o in
8'0 at stations Zagreb and Ljubljana), compared with the maritime stations (e.g., 11.6%o
and 8%o at stations Komiza and Dubrovnik, respectively) due to larger temperature differ-
ences in summer and winter. At the high-altitude station Zavizan on Mt. Velebit the two
types of climate, the Mediterranean and the cold continental one, are mixing. The isotope
pattern of precipitation reflects such a mixing: tritium distribution is close to the nearest
maritime station Zadar, while the seasonal variations in stable isotopes are close to the con-

tinental pattern (seasonal variations in 8'*0 equal to 13.7%o).
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Correlation of 8'°0O with mean monthly temperature is good for all stations. The
long-term (1976-2001) slope of the correlation line for Zagreb is 0.3%o 8'°0 per °C. Simi-
lar values are obtained for north- and mid-Adriatic stations, while for the south-Adriatic
stations the slope is 0.15%o 8'°0 per °C. For the coldest ZaviZzan station the slope is 0.4%o
880 per °C.

The correlation between 5'°0 and 8”H is very good for each station and obtained
data fit well to the “Global Mecteoric Water Line”, 8’H = 8 8'%0 + 10. Some deviations
were observed in summer months and are probably a result of partial evaporation of rain-
drops. However, a detailed inspection shows that the slope is higher (close to 8) for the
continental stations and Zavizan, while the maritime stations have smaller slope (about 7).
The mean values of deuterium excess (d = 8°H — 8 8'°0) are also different: 13 for Zavizan,
~7.5 for Zagreb and Ljubljana, and between 7 and 9 for mid- and south-Adriatic stations.
Higher monthly values of d-excess (above 12) were also occasionally observed and can be

attributed to precipitation from the Mediterranean Sea.

As the station differ in their altitudes, it is possible to estimate the so-called altitude
effect for the region. For the continental stations the decrease of 0.37%0 &'*O per 100 m
altitude difference is obtained, while for the stations in the coastal region (including

Zavizan) the decrease is 0.26%o 6'*O per 100 m altitude difference.
The presented data shows present-day temporal and spatial distribution of tritium

and stable isotopes “H and '®O in precipitation of a relatively small area rich in climatic

diversity. The data can be used in various applications, such as climatology and hydrology.
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Determination of carbon and oxygen isotope values from tooth enamel to obtain in-
formation about the dietary ecology and environments of Pleistocene, Pliocene and even
Miocene fauna has by now become widely applied. As one example, a significant body of
isotopic data now exists for South African hominins and associated fauna during the Plio-
Pleistocene allowing us to make robust deductions about their dietary ecology. The data
show that, almost without exception, hominins interacted with grassy environments inde-
pendently of environmental shifts, which were significant over this time. Their diets were
weighted towards carbon from C; (woody plants, shrubs and herbs) sources but show sig-
nificant C4 (tropical grass) contributions which demonstrate either direct consumption of
grasses or C4 sedges, or indirect consumption of grass-eating animals (both vertebrates and
invertebrates), or both. Termite 'hunting' has been independently suggested from examina-
tion of bone tool wear at Swartkrans but carbon isotopes alone do not permit trophic dis-
tinctions. Relatively low oxygen isotope values for all hominins in comparison to associ-
ated fauna show similarities with suids, certain monkeys, and faunivores. These patterns
are as yet poorly understood but some promising subtle distinctions are emerging from
studies of modern assemblages, such as between insectivores and carnivores. On present
evidence consistent hominid interaction with grassland foods, at whatever trophic level,
seems deeply rooted even before significant brain expansion with emergence of early
Homo, setting both Australopithecines and the genus Homo firmly apart from chimpanzees

in their dietary ecology.
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Stable isotopes of the water molecule have proved to be extremely useful tracers in the
unsaturated zone and in groundwater. However, the use of the natural fluctuations of these
isotopes as tracer signal is often limited, because the variations in isotope ratios are too
small or (and) the input function is unknown. In such cases the application of isotopically
enriched water as tracer could be very useful. Water enriched with the isotopes '*0O, *H and
Deuterium have been used by several scientists around the world to describe ground-water
flow (Gaspar, 1987). We have used deuterated water as a reference tracer several times,
mainly in karst aquifers (Benischke et al., 2003) but also in the saturated and unsaturated
zone of porous groundwater aquifers. The objective of these experiments was to compare
different types of tracers and their behaviour during transport as well as the degree to be
classified as conservative or non-conservative. Deuterated water has advantages over '*O-
enriched or depleted water, however, in that it has a smaller natural abundance in nature
and it is much more affordable. It has the advantage over tritium in being non-radioactive
(Becker and Coplen, 2001). Other advantages of deuterium as a groundwater tracer are that
it is non toxic and the sampling is very easy. The main disadvantage of the deuterium was
for a long time the expensive and time consuming analysis.

With the development of new hydrogen isotope-ratio measurement techniques, it is now
possible to measure hydrogen with automated dual-inlet methods or in continuous-flow
mode in full automatic way. Examples of stable hydrogen isotope-ratio measurement tech-
niques currently are in use include the equilibration of water with hydrogen gas in the
presence of a platinum catalyst (Horita et al., 1989), reduction of water to H, using Cr

metal in automated dual-inlet (Gehre et al., 1996) or continuous-flow mode (Morrison et
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al.,, 2001) and high temperature continuous flow pyrolysis using a carbon based reactor

(Begley and Scrimgeour, 1997).

We have used three of these techniques and evaluated the advantages and disadvantages of
the different methods for the application of deuterated water in groundwater tracing. The
best analytical precision (<1%o) has been achieved with the automated equilibration of wa-
ter (3mL) with H; gas in the presence of a platinum-based catalyst. However, the method is
time consuming and not very useful to analyse a big number of samples in a short time.
With continuous-flow isotope ratio mass spectrometry using chromium as the reducing
agent we were able to measure a sequence of 100 samples per day with good analytical
precision (1-2%o). The memory effect was negligible for samples in the natural abundance
range of 1.5%o0 dD-values. The lowest precision (2-3%o) was obtained by high temperature
continuous-flow pyrolysis using a carbon based reactor. In addition, a clear memory effect
was observed when waters with very different 0D-values were analyzed sequentially. In
result of our investigations the on-line continuous-flow reduction of waters with chromium
as reactive reactor component has a number of significant advantages over automated
equilibration and on-line carbon-based pyrolysis. However, using some modifications of
the reactor design, the memory of a carbon based reactor can be reduced to values below

1.5 % (Gehre, 2004).

Comparing deuterium with other groundwater tracers we found that Deuterium and Bro-
mide have showed the highest degree of conservativeness, whereas Na-Fluorescein and
moreover Sulphorhodamine G have showed significant retardation as it was expected
(Benischke et al., 2003). A direct comparison was difficult due to the different sensitivity
of the analytical procedures, because sensitivity of dye tracer analytics as well as Bromide
and Deuterium analytics differ from each other over several order of magnitudes. We
found that the minimum detectable concentration of deuterium in practice is about 0.1

mg/L above background. Similar values have been reported by Becker and Coplen (2001).
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Sediments from lakes, ponds and rivers record events caused by man and by natural
processes and, by using radioactive tracers, their timing can be determined (W. R. Shell,
1982). *'°Pb method has been widely used for dating of lacustrine and marine deposits,
peats and glacier ice. Recently this method has been used for riverine overbank sediments
(Walling & He, 1999). The use of *'°Pb method allows for retrospective (for last 100-150
years) estimates of sedimentation rates. This paper presents attempts to use this technique
to estimate rates of sediment deposition in various environments: the Pisia and the Swider
rivers (central Poland), Morskie Oko and Zelene Pleso lakes (Tatra Mountains) and a pond
in the Ruda river valley (Upper Silesia, Poland). Rivers selected for the study fulfil the
requirement of regular flooding in the studied reaches what is a prerequisite for estimations
of overbank sedimentation rates by use of *'°Pb (He & Walling, 1996a).

Rates of overbank sedimentation on floodplains and their spatial variability signifi-
cantly influence suspended solids budget in a catchment and long-term evolution of the
floodplain (Walling, 1999). Due to importance of overbank sediments in the assessment of
the anthropogenic environmental change there in an increasing need for information re-
garding rates and spatial patterns of overbank deposition. The Pisia and the Swider are
small lowland rivers characterized by different flood regimes and rates of overbank sedi-
mentation. Catchments of both rivers underwent significant anthropogenic changes over
last 150 years reflected, among others, in varying sedimentation rates, sediment composi-

tions and metal contents.
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High mountain lakes trap unconsolidated slope covers which are subject to
downslope transfer due to mass movements and fluvial transport. Sediment transfer
changes spatially and temporally depending on slope morphology and covers and the de-
gree of its stabilization by vegetation. Therefore, similar thermal and precipitation regimes
result in different sedimentary responses for lakes located in two postglacial valleys. Re-
sults from the Morskie Oko and the Zelene Pleso lakes illustrate this difference. Sediment
rates derived by use of the '°Pb method are 0.037 and 0.044 cm/year, respectively.
(Baumgart-Kotarba, et al. 1993; Kotarba et al., 2002).

Sediments of the pond in the Ruda river valley represent a specific sedimentation
environment. The artificial pond was operational in the second half of the XIX century. Its

21%ph method was

bottom sediments are buried underneath younger fluvial deposits. The
applied to the pond sediments. The average sedimentation rates was estimated at 3.0 g/cm’
year what corresponds to 0,5 cm/year.

The *'°Pb method appeared to be a useful tool in studies of environmental changes

as recorded in sediments of different lacustrine and fluvial environments.
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CO, is one of the primary agents of global climate changes. The increase of
atmospheric CO, concentrations is essentially related to human-induced emissions
and, particularly, to the burning of fossil fuel. Continuous records of CO, concentra-

tions were repeatedly carried out along hemispheric courses from Italy to Antarctica
by the use of a vessel of the Italian National Research Program in Antarctica. During
these expeditions discrete air samples were collected in 4 liter Pyrex flasks in order to

carry out precise carbon isotope analyses on atmospheric CO, from different areas

including theoretically “clean” open ocean areas as well as highly polluted sections.
Samples were collected during the 1998-"99 expedition as well as during the 2001-°02
and the 2003-°04 expeditions. The flasks were carefully evacuated to 10-3 mmHg ,
opened on the windward side of the ship 15 meters above sea level and closed after air
collection by means of high vacuum greasless stopcocks. The flasks were then stored
in wooden boxes kept at room temperature until the arrival of the ship at the final har-
bour in Italy.

The CO, samples were separated from other gases in the laboratory by means
of a vacuum line by very slow pumping (about 6 ml/min) through a Swagelock micro-
valve and a liquid nitrogen cooled spiral trap. After pumping down the flask to about
10-3 mmHg the trap was isolated by means of high vacuum stopcocks and heated to
about - 80°C by means of an ethyl-alcohol-liquid nitrogen slash. The evolving CO,
was collected in a sample tube and measured in a Finnigan Delta S mass spectrometer

against a standard CO, obtained from a very pure Carrara marble, calibrated against

NBS-19 and NBS-20 international standards. The standard deviation of the carbon
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isotope measurements (0!3C), tested on air samples collected with the same procedure

and treated in the same way ranges from = 0.02 to +0.04 %o (10).

The data obtained show, as expected, a relatively large atmospheric pollution
in the Mediterranean area and particularly in the Adriatic Sea and near the coast of
Egypt. In the Mediterranean area South-Westerly winds tend to reduce the effect of

atmospheric pollution even though, despite a large variability of CO, concentrations,

these values are systematically higher (from a few ppmv to about 15 ppmv) than those
measured in open ocean “clean” areas.

A marked pollution is apparent in the area of the Bab-el-Mandeb strait where
the 813C was found more negative (up to about 2 %o) than in the Southern Red Sea

and in the Arabian Sea and Indian Ocean. This effect is likely related to the pollution
caused by the oil refineries in the Gibuti area.

The concentration of atmospheric CO, over the “clean” Indian Ocean in-
creased from 365 ppmv at the end of 1998 to 372 ppmv at the end of 2001 to 377
ppmv at the end of 2003. Simultaneously, the mean d!3C value of atmospheric CO,
over Indian Ocean decreased from -8.07 %o at the end of 1998 to -8.17 %o at the end

of 2001.

The isotopic values of atmospheric CO, over the Mediterranean, Red Sea and

Indian Ocean at the end of 2003 will be measured soon, the flask samples collected
during the last expedition being expected at the Parma laboratory within the end of

April.
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Despite the increasing production of human-induced CO» emissions, the CO»p
growth rate in the atmosphere is considerably lower than expected. According to recent
estimates (Houghton et al., 2001; Sarmiento and Gruber, 2002) during the Eighties the
average fossil-fuel emissions were estimated at 5.4+0.3 Petagrams of carbon per year (1
Petagram - Pg - is equal to 1015 g and synonymous with one gigaton - Gt - ; the addition
of one Pg of carbon to the atmosphere increases the concentration of CO7 by about 0.47
ppmv). The atmospheric growth rate was 3.3+0.1 PgClyr, the difference of 2.1+0.3 PgC/yr
being taken up by the oceans and land. During the Nineties, the emissions exceeded 6
PgC/yr (Battle et al.,2000) but the increase of the atmospheric burden of CO7 during the
same period was abot 2.8 PgC/yr. The balance of the CO» was taken up by the oceans
and the land biosphere. The importance of the knowledge of the CO» global distribution in
space and time and of its yearly growth rate is apparent. Continuous records of the CO»
concentrations in the ocean atmosphere were carried out repeatedly during the last decade
between Italy and Antarctica by means of a Siemens Ultramat SE analyzer assembled for
shipboard use. During the same expeditions discrete air samples were collected in 4 liter
Pyrex flasks between New Zealand and Antarctica in order to carry out accurate meas-
urements of the carbon isotope composition of atmospheric COy over the circumpolar
oceans and to compare them with the carbon isotope values obtained from the samples
collected over the Indian Ocean from Africa to New Zealand.

Considerable differences were found between the samples collected during four
expeditions (1998-99, 2001-°02, 2002-°03 and 2003-’04). During the 1998-’99 expedi-
tion all but three of the samples collected exhibited 813C values close to -8.1 %o, this

value being almost identical to those measured on Indian Ocean samples. This value can
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be considered characteristic for that period for “clean’ areas, far away from a direct con-

tribution of polluting emissions from continental areas. The three anomalous samples were
collected between about 52°S and 60°S and show §!13C values ranging from - 8.45 to -
9.59 %o. The possibility of pollution from the ship engines has been discarded according
to several reliable considerations. During the 2001-°02 expedition only two anomalous
samples have been measured, both at a lower latitude (about 48°S and 52°S respectively)

the 513C values being -11.2 and -10.5 %o. During the 2002-’03 expedition nine anoma-

lous samples have been measured, located between about 58°S and 67°S the §13C values
ranging from about -8.7 to about -9.9 %o . The flask samples collected during the 2003-
’04 expedition are expected at the Parma laboratory within the end of April and will be
measured right away.

It should be pointed out that the isotopic changes in the carbon isotopic composi-

tion are not paralleled by detectable changes in the atmospheric CO» concentration. This
involves the rate of the net air-sea CO» fluxes with no detectable deviation of f CO7 from
atmospheric equilibrium values. A seasonal variability of the regional COy fluxes has
been already recognized in the sub-Antarctic area but the number of anomalous samples

collected during the 2002-°03 expedition is quite large to be only the effect of minor sea-

sonal variabilities of regional CO» fluxes. The interpretation of these data is complicated

by the results obtained by several authors measuring the carbon isotopic composition of
DIC. Almost all the results reported are positive while the reported isotopic composition
of the anomalous samples is definitely related to very negative CO7 deriving from the
oxydation of organic matter of marine origin. We hope that the samples collected during

the last expedition will help to understand the conditions of the air-sea CO» fluxes during

austral summer in the circum-polar Antarctic area.
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The use of stable hydrogen and oxygen isotopic compositions of clay minerals to
determine the origin and evolution of pore water in low temperature environments, and to
deduce temperatures in these systems, was first elucidated by Sheppard et al. (1969), Savin
and Epstein (1970) and Lawrence and Taylor (1971, 1972). Today’s presentation provides
an overview of our group’s applications of these principles in sedimentary systems, and
outlines some current challenges.

The stable isotopic analysis of secondary minerals in the pore-systems of sedimen-
tary rocks has been a standard technique for elucidating fluid movement and evolution in
sedimentary basins since the 1980s. For example, diagenetic clays provided a definitive
stable isotopic record of Eocene influx of meteoric water into most sandstones in the
northern portion of the Western Interior Basin of North America. This occurred in re-
sponse to mountain-building during latter stages of the Laramide Orogeny (Longstaffe,
1993). Likewise, H- and O-isotope analyses of secondary chlorite and illite provided evi-
dence for tectonically motivated, multiple episodes of rock-water interaction along the Pre-
cambrian-Paleozoic unconformity in the Appalachian Basin of North America (Ziegler and
Longstaffe, 2000a,b). Hot basinal brines, driven westward by Taconic orogenic events,
controlled chlorite formation. Illitic clays formed later from local meteoric water during
basement reactivation related to distal Acadian and Alleghanian orogenic activity. A simi-
lar approach was possible in the quite different tectonic setting of the Dead Sea Graben.
There, the stable isotopic compositions of secondary minerals provided evidence for multi-

ple (and layered) fluid regimes (Longstaffe et al., 2003). In each case, the understanding

ESIR VII  European Society for Isotope Research ~ Seggauberg Austria ~ 27.6—1.7. 2004 95




Ber. Inst. Erdwissenschaften K.-F.-Univ. Graz | Bd. 8 | ISSN 1608-8166 | Isotope Workshop Volume | Graz 2004

of regional paleofluid behaviour provided insight into the distribution of hydrocarbon and
mineral deposits.

There have also been practical applications to petroleum exploitation. For example,
steam is injected into very viscous deposits of the Alberta oil sands (the largest hydrocar-
bon accumulations in the world) to facilitate in situ hydrocarbon recovery. Steam genera-
tion adds considerably to the cost of hydrocarbon extraction. Hence there is interest in
understanding its movement in the subsurface, and in particular, whether or not the steam
is interacting with the targetted reservoir as planned. Changes in the hydrogen and oxygen
isotopic compositions of clay minerals can be used to trace the extent and temperature of
contact between the injected fluid and the reservoir.

The climate archive stored in the isotopic compositions of hydrous minerals from
ancient soils has been pursued with increasing interest since the mid-1990s. The goal is to
understand the nature and rates of fluctuations in Earth’s temperature and humidity, par-
ticularly in mid-continental regions. We have examined the hydrogen and oxygen isotopic
compositions of pedogenic clay minerals from Cretaceous paleosols from northern regions
of the Western Interior Basin. These results have been used as a proxy for paleo-
precipitation, whose isotopic composition, in turn, can be used to infer temperature and
prevailing atmospheric moisture conditions at that time (Vitali et al., 2002). Holocene cli-
mate change in mid-continental North America is of more pressing interest. The complex
relationships amongst the oxygen isotopic compositions of grass phytoliths (opal-A) and
coexisting cellulose on one hand, and source water, temperature and humidity, on the other
hand, are gradually being deciphered (Webb and Longstaffe, 2002, 2003). As a result,
grass phytoliths and cellulose have potential as isotopic paleoclimate proxies in ancient
soils where both phases accumulate.

The stable isotope approach presumes that hydrous minerals can be isolated and
analyzed without changing their original isotopic compositions. We have evaluated most
of the common pretreatment methods. We have learned that ‘less is best’. Stable isotopic
study of hydrous minerals also depends upon reliable knowledge of mineral-water frac-
tionation factors. Patience is a virtue in measurement of mineral-water fractionation fac-
tors at low temperatures. Years of growth, for example, were needed to provide convincing
experimental measurements of the O- and H-isotope fractionation factors for gibbsite (Vi-
tali et al., 2001). Post-formational isotopic exchange between hydrous minerals and ambi-
ent water is also of concern. Debate still rages concerning the coupled (hydroxyl group)

versus decoupled (proton) nature of isotopic exchange between hydrous phases and water.
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Different minerals are affected differently, in ways still being discovered. For example,
1.0nm halloysite exhibits significant oxygen (in addition to hydrogen) isotopic exchange at
room temperature, a feature largely absent from the 0.7nm variety. A still greater chal-
lenge is provided by the possibility that some hydrous minerals inherit part of their compo-
sitions from precursors. Experiments involving transformation of berthierine (a 1:1 layer,
Fe-rich clay mineral) to saponite (a 2:1 layer smectite) suggest that such inheritance can
occur. This observation challenges yet another assumption commonly employed in inter-

pretation of the stable isotopic compositions of clay minerals.
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The water of the Pasnyag spring of the Aggtelek karst system in Hungary is applied
as drinking water. Subsequent upon the local hydrogeological conditions probably in that
water fresh and old ground water components are mixed in certain ratio. The objective of
this work was to determine the mixing ratio of the waters of different origin. Water sam-
pling was carried out from the spring and a nearby monitoring well.

Helium content and isotope ratio, tritium concentration (by *He ingrowth method),
radiocarbon content of dissolved inorganic carbon (DIC), and 6D, 813C, 5'%0 isotope ratios
were measured from the water samples.

On the basis of isotope measurements the water of the spring and the observed
nearby monitoring well are composed of fresh and old components in different ratios. The
fresh component is dominant in the Pasnyag spring. The tritium and radiocarbon concen-
tration of this water shows that it is fresh, young water coming directly from the karstic
system, with only small amount of DIC from the limestone. The low tritium and radiocar-
bon content of the F1 monitoring well (nearby the Pasnyag spring) proved that this well
contains high amount of old water. The higher helium content and the higher radiogenic

*He ratio of the water also indicate subthermal origin in this case.
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Introduction
The main goal of this work was to construct a tool for three-dimensional computer
modelling, and consequently visualization, of isotopic variations in rock massifs. The

method applied is based on computer programming. The real time modelling enable to

Fig. 1: Computer-
generated model of
spatial distribution of
hydrogen and oxygen
isotope ratios

introduce geochemical parameters (e.g. isotope ratios in rocks and fluids, water-to-rock
ratio, temperature, o fractionation factor etc.) and observe results directly on the computer
display. The “module building” applied (plugging) enables to use the tool in various geo-

logical units and larger areas of diverse geological structure.
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Discussion: The modeling of the isotopic composition of the whole rock

The spatial distribution of isotopic composition of minerals and rocks are interpo-
lated and written in the numeric matrix and these is be represented as a surface. Therefore,
isotopic variations of different minerals in a massif can be shown as subsequent surfaces,
one above another, which have the same dimensions and position with respect to X-Y-Z
axis - spatial variation of isotopic composition of these minerals is observed. This method
enable to carry out mathematical calculations with respect to these surfaces, manipulate
with them in non-linear way and accept hypothetical values to test the model. Finally, the
output is be the outcome matrix of the accepted model.

In practice, we have tested this technique to observe the final isotopic composition
of water in ultramafic rocks during serpentinization and while changing, in the real time,
the water-to-rock ratio when the Rayleigh distillation model is applied. Obviously, more
than one parameter can be modelled or changed the free way, to describe the fluid motion
through the rocks. The Fig. 1 shows two crossing surfaces. Four surfaces showing the ini-
tial and final isotopic composition of rock and fluid have to be constructed, when calculate
spatial distribution of the water-to-rock ratio. When manipulate with one vertical coordi-
nate of any of the surfaces in the selected area, variations in water-to-rock molar ratio can
be observed. To discriminate between these surfaces, we have used separate colours for
different surfaces and saturation of the respective colour represents the magnitude (value)

of the parameter modelled.

Discussion: modeling the isotopic composition of veins

The isotopic composition of veins compared to their spatial orientation may help to
find direction of fluid flow and sequence of events (Mydlowski and Jedrysek, 2003b).
However, the spatial distribution of isotopic composition of vein-forming minerals requires

advanced knowledge with respect to variation in the orientation of veins. Another problem

Fig. 2. Spatial distribution
of fracutres in Nowa Ruda
serpentinite  massif (SW
Poland) — view 1.
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appears when compare isotope ratios of veins to isotopic composition of the host rock
Namely, the thickness of veins, especially when the a vein show several meters thickness
and is isotopically independent from the host-rock, become important parameter.

It is important to apply the model when large amount of veins occur, because the
model become statistically reliable (Mydtowski and Jedrysek, 2003a). The same situation
concern fractures. The Fig. 2 and 3 show the orientation of two perpendicular fracture sys-

tems in the Nowa Ruda serpentinite massif (SW Poland). This fractures, shown here as a

Fig. 3. Spatial distribution
of fractures in Nowa Ruda
serpentinite massif (SW
Poland) — view 2.

set of surfaces with the same dimensions, can represent fluid flow pathways. When one
know the relation between the isotope composition of mineral in the vein and in the rock,

some attempts can be made to find spatial distribution of water-to-rock ratio.

Conclusions

Numeric modelling of isotopic composition in the real time three dimensional sys-
tem enable a simple and reliable visualization of fluid flow and water/rock isotope ex-
change, observe spatial a temporal variation in water-to-rock ratio and temperature, etc.

This is very important to describe geological processes especially in the open system.
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We studied the formation of the unique intracontinental, intermontane Qaidam ba-
sin (Western China) in relation to the formation of surrounding Altyn, Kunlun and Qilian
mountain belts at the northeastern edge of the Tibetan plateau. This region accommodates
in part India-Asia convergence by eastward lateral extrusion and internal shortening of the
Qaidam block. The Qaidam basin covers ca. 120,000 square kilometers, and comprises a
maximum 16, in average 6 — 8 kilometers thick basin fill. It was initially formed during
Paleocene/Eocene, started to subside mainly during early Oligocene, is active at present
comprising up to ca. 3,500 meter thick Quaternary sediments, and displays prominent Plio-
cene to Recent contractional deformation, which resulted in folds and thrusts. The basin
floor shows crustal scale folding with a wave length of ca. 30 - 40 kilometers. This sug-
gests an unusually strong rheology of the deeper crust, likely due to predominance of mafic
rocks. These relationships suggest the peculiar feature of the Qaidam basin, which must
have a much rheologically stronger crust than adjacent mountain ranges.

The surrounding Altyn, Kunlun/Qimantagh and western Qilian mountain belts were
deformed and uplifted during the same Eocene/Oligocene to Recent time interval. They
include the sinistral Kunlun and Altyn faults which partly accommodate N-S convergence
by eastward lateral extrusion. “°Ar/*’Ar age dating combined with structural studies give
evidence of a major Oligocene ductile shear zones as precursor faults of the present-day
Altyn and Kunlun faults, and evidence their significance for the formation of the Qaidam

basin.
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Because of entirely interior (endorheic) drainage of the Qaidam basin, the volume
of denuded mountains largely balances the amount of sediments in the basin. Detailed
work on detrital mode of sandstones display exclusively orogenic sources with nearly no
variation through time. Only the biotite content increases towards Quaternary monitoring
increasing aridity with time. **Ar/*’Ar age dating of single, detrital muscovite grains show
exclusively late Neoproterozoic, Late Ordovician-Silurian and late Permian/Triassic
sources, which can be found in adjacent mountain belts.

The Sr isotopic composition of carbonates does not show any variation through
time. Stable oxygen and carbon isotopic compositions of Eocene to Quaternary carbonates
monitor regional climate change, mainly increasing aridity and some tectonic events due to
the uplift of Tibetan-plateau. Major tectonic steps are during middle Oligocene (ca. 30
Ma), early Miocene (ca. 20-18 Ma), and late Pliocene/early Pliocene. In this later step
sharply increasing aridity resulted in deposition of evaporates.

The folded Neogene and Quaternary sediments with its unusual characteristics, €. g.
high thickness and tension gashes filled with halite, gypsum or coelestine, allow character-
izing the stepwise Pliocene and Quaternary shortening due to transpression and lateral ex-
trusion. Field relationships suggest the following succession of palacostress orientation
tensors, from which D5 to Ds are relevant for the final structure of the basin. Normal faults
of the D, deformation stage are overprinted by N-S and ca. E-W trending strike-slip faults
and by NE-trending thrust faults which indicate together NNW-SSW to NW-SE contrac-
tion. The overprint of the Qigequan Formation examines the Pleistocene age of deforma-
tion. Deformation stage D4 includes N- and S-dipping thrust faults and WSW-trending
sinistral and N- to NNE-trending dextral strike-slip faults suggest ca. N-S to NE-SW con-
traction. This stage indicates clockwise orientation of the maximum principal stress o; in
accordance with results of palacomagnetic investigations. Deformation stage Ds is charac-
terized by NE-SW trending dextral and WNW-ESE trending sinistral, in part active strike-
slip faults, which argue together ca. E-W contraction. Such faults are common in the west-
ern Qaidam basin. A few faults along active E-trending fault traces show Recent stress
conditions.

Together, the palacostress data are characteristic for an extrusional wedge which moves
out of the zone of maximum contraction. Clockwise rotation of the principal maximum
shortening direction from NW-SE (D3) over N-S (D) to NE-SW to final overall shortening
including E-W contraction (Ds) is due increasing inhibition of contraction by resistant

forces.
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The famous arch bridge (Fig. 1) in Mostar, Bosnia and Herzegovina, was built in
1557-1566 by order of sultan Siileyman the Magnificent. This single-arch stone bridge was
constructed by Turkish architect Mimar Hayruddin at the place of an older wooden con-
struction and was 19 m high, with the span of 28.7 m. The bridge was destroyed in war
1993, and has been reconstructed during last several years (Fig. 2). During the reconstruc-
tion of the Old Bridge, the remnants of two older bridges were found — a wooden con-
struction that preceded the stony bridge, and an even older wooden suspended bridge. Ac-
cording to documents, mainly from the Dubrovnik Archives, the first suspended bridge
crossed the Neretva River by the beginning of the 140 century, while the following
wooden bridge was built during the campaign against Turks of the Croato-Hungarian king

Matthias Corvinus in 1466, probably by the Ragusian architect Paskoje Milicevic.

Eight wood or charcoal samples from various periods of construction of the bridge
were dated by the C method, and were given for dendrochronological analysis. The old-
est beam used in construction of the first pre-Turkish suspended bridge has been dated to
11™ century by both methods. Two other beams taken from the uncovered construction of
the suspended bridge, as well as two charcoal samples from the basement of the Tara tower
on the left bank of the Neretva River, are dated to 14" century. The beam associated with
the second wooden bridge is dated to the second half of the 15™ century, and the beams
connected with the reconstruction of Hayruddin’s stony to 18" century. Good agreement

between the calibrated *C and dendrochronological ages is obtained.
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Fig. 1. Old Bridge in Mostar Fig. 2. The bridge under reconstruction
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Performance of the Aarhus IsoPrime Mass Spectrometer
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The Aarhus stable isotope ratio mass spectrometer, a GV-Instruments IsoPrime, has

been inoperation since August 2002. Stable isotopes ratios of 8D ,5"°C and 8'°N have rou-

tinely been analysed by the continuous flow method, whereas 8'°C also has been measured

by the classic dual inlet method. This poster demonstrates the performance and quality

assurance programme for the Aarhus IsoPrime stable isotope ratio mass spectrometer.
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In this study we focus on methodological refinements of *H/'H analysis by isotope
ratio mass spectrometry. Our experimental setup is a Micromass (now GV-Instruments)
IsoPrime coupled to a EuroVector Elemental Analyser Pyrolysis system. We analyse
0.4pL pure water samples at a rate of 200 samples per day with standard deviations on 0.3
to 0.5%o. As described by Morrison et a/ 2001 this system is known to suffer from memory
effects of approximately 1% of the intersample 6D transition. Stable isotope ratios of deu-
terium have routinely been analysed at the Aarhus AMS '*C Dating Centre since August
2002. Initially we found memory effects of ~6% which by now has been reduced to 1-2%.
A systematic investigation of inlet parameters influencing the memory effect has been car-
ried out in order to find the optimal setting for the smallest possible intersample memory
effect. Also the long the term trends such as consumption of reactor chromium and the
operational history of the system has been investigated.

The high precision enables improved ice layer counting in ice cores at greater
depths. Corrections of raw isotopic data for memory effects are therefore decisive. By our
investigation of the intersample memory effect we have designed an analytical model for
corrections. We have found the intersample memory effect to be well described by a dou-
ble exponential function, whereby we are able to split the effect in short and long terms.
Longterm effects can reach back as far as 20 samples. This model has successfully been

applied to stable hydrogen isotopic data from the GRIP ice core.
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Early human footprints are rare in the fossil record. A survey of the literature re-
veals only two well documented and dated cases. The first, from ~325 kyr in Italy, repre-
sents a very early, pre-Neanderthal human. The other, from ~117 kyr in Africa, is probably
a Homo sapiens print. Here we report the first clear Homo neanderthalensis footprint. It
was found in Vartop Cave, Romania. The individual stepped into calcareous mud that later
hardened. The 22 cm long print suggests a body height of ~1.46 m; a gap of 1.6 cm marks
the separation of big and second toes. The date of the footprint is constrained by the date of
the deposition of the mud (~97 kyr, dated by U-Th isochron method) and the date on the
base of a nearby stalagmite on top of the mud (~64 kyr). Thus the Vartop Cave individual
lived in Romania sometime between 97 and 64 kyr, long before the appearance of Homo
sapiens in Central and Eastern Europe, the earliest records of which date from only ~40-30
kyr. To our knowledge, this is the first recognised and dated Homo neanderthalensis foot-

print.
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Tritium is one of the most commonly applied environmental isotopes in isotope hy-
drology. It is suitable for calculation of the age or — more exactly - the mean residence time
of very young (<10 years) environmental water. Essential input parameter of models used
in these calculations is the distribution of the tritium concentration in the precipitation. The
aim of this work was to get a time series of the tritium content of precipitation characteris-
tic for Hungary and to identify those factors, which have essential influence on the changes

of tritium content.

The rainfall events are continuously sampled in Debrecen, East-Hungary from De-
cember 2000. Tritium, deuterium, and oxygen-18 content of the precipitation samples are
measured. We have found that the tritium content of the precipitation changed between 4.8
and 18.0 TU in 2001, between 4.4 and 20.3 TU in 2002, and between 3.5 and 19.8 TU in
2003, with an average of 10.4 £ 0.3 TU, 10.7 £ 0.3 TU and 8.7+ 0.3 TU, respectively. The
decreasing in the average tritium concentration of precipitation in 2003 was due to the very

wet winter, while the year 2001 and 2002 were quite similar.

In addition to the seasonal effect we demonstrate the effect of temperature, mete-
orological fronts, and cyclones on the tritium content and delta values of precipitation. On
the basis of satellite images (© EUMETSAT 2001-2004) and meteorological data we de-

termine trajectories in order to decide which moisture source brings the water vapour.
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A unique discovery has been made recently at the wreckage of a sunken ship, in the
shallow littoral zone on the bottom of the Baltic Sea (Chebowski and Kowalski, 1999). A
sand layer 0.5 to 1.7 m thick covers the wreckage of a wooden ship along with elements of
the cargo and equipment lying at depths of 5-7 m, ca. 500 m from the shore. The trans-
ported cargo included iron plates and bars, and the equipment included barrels filled with
wood tar, the organic material used those days for protection of wooden components of
ships. The catastrophe leading to the sinking of the ship with equipment and members of
the crew according to written sources took place on the Baltic Sea during a storm on the
27" of September 1785. Due to spilling of the wood tar transported in barrels, beneath the
wrecked ship, which got stuck in the sandy bottom, a culture layer comprising the sunken
iron cargo, ship equipment and bodies of the crew was formed. The physical and chemical
conditions at the sea bottom allowed formation of siderite (FeCOs3) in such environment.

Samples of siderite and wood tar were collected from the wreckage of a sunken
ship, in the shallow littoral zone on the bottom of the Baltic Sea for studies of siderite-
water oxygen isotope fractionation in low temperatures and subjected also to radiocarbon
determination. Because of small amount of accessible samples of siderite and wood tar, the
radiocarbon measurements were performed by accelerator mass spectrometry (AMS) tech-
nique. Graphite targets were prepared in the Gliwice Radiocarbon Laboratory and sent for
measurements to Kiel, Germany. The radiocarbon dating provided following results:

760+20 BP for siderite and 715425 BP for wood tar.
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The above results were calibrated with use of OxCal programme in order to obtain
the calendar age of samples (see Figure 1). Both ages are concordant, indicating the age of
samples to ca. 1300 AD, what is unfortunately inconsistent with historical date of sinking
(1785 AD). This discrepancy can be explained by incorporation of old carbon, which was
present on the ship in form of fossil coal used as a fuel source. Simple calculation allows
estimating ca. 7% content of coal of infinite age would be required to produce observed
shift of calendar age. Such amount is not unlikely in dated samples, as the present-day
rock, which was formed under the isolation of the spilled wood tar includes chips of fossil
coal as well as other fragments of the ship equipment and human remains. Nevertheless,
the consistent radiocarbon content in both samples supports the geochemical model of the
siderite formation established on the basis of stable oxygen and carbon isotopes analysis,

which will be published elsewhere (Halas, Chlebowski, 2004)

Atmospheric data from Stuiver et al. (1998); OxCal v3.9 Bronk Ramsey (2003); cub r:4 sd:12 prob usp[chron]

Siderite 760420BP A

Wood tar 715425BP -

1000CalAD 1100CalAD 1200CalAD 1300CalAD 1400CalAD 1500CalAD
Calibrated date

Fig. 1. Calibration of radiocarbon age of investigated samples.
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The first attempt to classify geochemically Pb-Zn deposits was made by Schroll et
al. (1994). Amongst other geochemical parameters, sulfur isotopes in sulfide and sulfate
minerals play an essential role. Sulfur originates: 1) from the hydrothermal source produced
.by magmatic processes or by fluid-rock reaction or by organic matter; ii) from the reduc-
tion of sulfate, originating from coeval seawater or evaporites in the geochemical environ-
ment of metal precipitation. Sulfate is not stabile under high temperature condition,. and is
reduced by Fe (II), C and organic matter. Sulfate reducing bacteria are responsible for H,S
production, if porosity, moisture and nutrients within the temperature limit (~ < 100°C) are
available.

In the high temperature range (~>370°C) H,S and SO, are the mayor components
of magmatic gases. The isotope composition is commonly around &°*S 0%.. Isotopic equi-
librium dominates within sulfide minerals (8°*S FeS,>ZnS>PbS, Ohmoto & Rye 1974). In
hydrothermal deposits <370°C) isotopic equilibrium between sulfide and sulfate is ob-
served > 300°C. Isotopic equilibrium between the sulfide phases 8°*S FeS,>ZnS>PbS is
reported > 150°C (Ohmoto & Rye 1974). Organic matter produces H,S by decomposition
of organic sulfur-compounds or thermochemical reduction of sulfate (TSR). The sulfide
sulfur isotopes are heavy (8°*S > 0%o), and the 5**S difference between sulfide and sulfate
is <20 %o. Bacteriogenic sulphate reduction (BSR) reveals the largest isotope fractionation,
i.e. 8>S values around -100 to +100%o. Bacteriogenic activity is indicated by wide spread
of isotope data due to environmental influences and mixing of heavy sulfur from hydro-
thermal sources. Indications of BSR are macro-, micro- and nano-textures of the ores, ox-
isulfides, valency states of sulfur, organic compounds etc (Kucha et al 2001). Newly, fossil
bacterial bodies were indicated in zinc-ores of Bleiberg (Kucha et al. 2004). However, light
sulfur may originate also from the metal-bearing hydrothermal fluids by leaching of sedi-
mentary iron sulfides in the depth or in the environment of the deposit (Ohmoto and Gold-
haber 1997). At temperature of > 200°C, isotopically light sulfide sulfur may produced by

sulfate reduction in isotopic equilibrium under special conditions.
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Sulfur isotopes are useful to characterize low temperature carbonate-hosted Pb-Zn
deposits (Schroll and Rantitsch 2003). The precipitation temperatures are commonly lower
than 150°C. The temperature range of the oil window (~ 110°C °C) is important for the
transition from bacteriogenic sulfate reduction (BSR) to thermochemical reduction (TSR)
in deep horizons (Machel 2001). The sulfur isotope characteristics in the three main types,
i.e. MVT (Mississippi type), IRT (Irish type) and ATP (Alpine type), is shown in Table 1.
MVT-deposits are formed by burial processes, IRT- and APT deposits by pre-burial
events. Late mineralisation stages may be influenced by the thermical history.

Multiple sulfur isotopic analysis using a new ion microprobe multicollector tech-
nique promises to be an additional mean to identify biological and abiological sulfur frac-

tionation.

Table 1: Sulfur isotope characteristics of MVT -, IRT - and ATP - Pb-Zn deposits.
An attempt considering natural diversity.

MVT IRT APT
Community Disequilibrium of 5*S in FeS,<(PbS, ZnS) and in A S sulfate-sulfide
A 8348 sulfide to sulfate Low (<20%o) ~ 40%o0 up to ~ 40%o
(Mostly coeval seawater)
Sulfate reduction TSR BSR BSR
Hydrothermal sulfur
(Second sulfide sulfur Not present around 0%o 8°*S around 0%o 8°*S
source)
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"“C, BC and "0 isotopes in the recent plants of Wigry Lake
Barbara Sensuta’, Tatjana Béttgerz, Jacek Pawlytal, Anna Pazdur', Natalia Piotrowska'

'Department of Radioisotopes, Institute of Physics, Silesian University of Technology,
Krzywoustego 2, 44-100 Gliwice,
*UFZ Centre for Environmental Research, Department of Isotope Hydrology,
Theodor-Lieser- Str. 4, D-06120 Halle/Saale

Lake Wigry is located in the north-eastern Poland close to the Polish-Lithuanian
border. It belongs to Wigry National Park together with 41 surrounding lakes. The area of
Wigry National Park was shaped during Baltic phase of last glaciation and lakes were
formed by retreated glacier. Lake Wigry is elongated ribbon lake type, while in the area
there are also marginal lakes and thaw lakes.

The Park is dominated by forest communities (16 groups) mainly spruces and
pines, alder swamps, swamp forests, as well as marshy meadow and fests growing on dry
ground. The most common forest complexes in Wigry National Park are: red grass dry-
ground forest, similar to mixed coniferous forests,sub-boreal coniferous pine forest, typical
dry-ground forest, covering approximately, different clusters of alder carr and riverside
carr.

A significant number of vascular plant species present in the Wigry National Park
is associated with the aquatic environment and wetlands. Their existence depends on the
diversity and quality of lakes, rivers, water-heads, wet meadows, moors and wet forests.
The natural plant communities are concentrated on lowmoors, transient moors and high
moors located throughout the area of the Park.

The natural carbon mainly consist of three isotopes: '>C, °C and "*C. The radio-
carbon oxidized to carbon dioxide, mixed with the inactive atmospheric carbon dioxide
enters the bio- and hydrosphere. To know more about the carbon cycle in contemporary
sedimentation environment of Wigry Lake, the samples of plants (Scots pine, Sorediate
Tube Lichen, Peat moss, Common Reed, Yellow Pond, Bulrush, Lesser Pond-sedge, Water
soldier, Hornwort, Perfoliate Pondweed and Muskgrass- make up, Perfoliate Pondweed,
Muskgrass, Eurasian water-milfoil, Sedge, Moss, Willow Moss, Unidentified make up),
shells and water were collected from lake and its environment (aquatic, wetland and wood-

land areas) on July 2002 and on July 2003.
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¢, 8"C and 8'0 were measured by different methods:

e 'C by using the gas proportional counters and the liquid scintillation
counting technique in Gliwice Radiocarbon Laboratory

e 3"C by using the Elemental Analyzer Mass Spectrometer in UFZ Cen-
tre for Environmental Research, Leipzig

e 30 by using the Pyrolysis Gas Chronomatograph Mass Spectrometer
in UFZ Centre for Environmental Research, Halle
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In result of studies and measurements of isotopic composition of contemporary en-
vironment of Wigry Lake we have received the information about carbon cycle. As far as
the isotopic composition of Wigry Lake is concerns, we have analyzed mean values and
variations in '*C, 8"°C and 8'*0 among plants, lichens, differences of isotopic composition
between investigated places of lake, dependences between content of carbon and 5"°C. As
far the carbon and oxygen isotopic compositions of plants, we have found out variations in
813C and 8"*0 within plants, variations in s13C among whole material and cellulose, car-
bon isotopic composition of photosynthetically fixed carbon and syntaxonomic depend-

€nces.
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Stable isotope geochemistry of quartz veins from the SW Alps:
Evidence of higher paleoaltitudes and of rapid cooling by

meteoric water infiltration

Zachary D. Sharp', Henri Masson?, Raffaele Lucchini’

'Department of Earth and Planetary Sciences, University of New Mexico, Albuquerque,
New Mexico,USA e-mail: zsharp@unm.edu

*Institut de Géologie et Paléontologie, Université de Lausanne, Lausanne, Switzerland

Extensive quartz veins are found throughout the Central Swiss Alps. Temperatures
of formation range from 450°C down to 150°C on the basis of phase equilibria, stable iso-
tope thermometry and mineral stability. Vein formation started at 18-20 Ma and continued
for over 10 My. Oxygen isotope data support an early vein quartz that was rock buffered,
necessitating low fluid/rock ratios. A mechanism of differential pressure and silica diffu-
sion — similar to lower temperature crack-seal mechanisms — is proposed for early vein
formation. Fluid inclusions and hydrous minerals in late-formed veins have extremely low
0D values, consistent with meteoric water infiltration. The change from rock-buffered,
static fluid to infiltration from above can be explained in terms of changes in the large-
scale deformation style occurring between 20 and 15 Ma. The rapid cooling of the Central
Alps identified in previous studies may be explained by infiltration of cold meteoric waters
along fracture systems down to depths of 10 km or more. To lower the geothermal gradi-
ent of a rock column by 200°C at 5 km over a 5 million year period requires only 0.1
cm’/cm” of water penetration per year.

The low 8D values of <—130 %o are far lower than modern meteoric water measured
in the region, which range from —60 to —80 %o. The lower fossil values are best explained
in terms of elevation changes. 8D values would be expected to be ~50%o lower if the Cen-
tral Alps were 3 km higher in the Neogene than today. This conclusion is supported by an
earlier work of Jager and Hantke (1983), where a paleoaltitude of 5000 meters was pro-

posed on the basis of large erratic boulders found far from their origin.
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Petrologic and stable isotopic studies on the Upper Crataceous
travertine cone and red calcites (Vértes-Mts., Hungary) —

Evidence for magmatic fluid influence

Zoltan Siklosy', Attila Demény', Csaba Szabo”, Kamilla Galné Solymos?, Laszlé Korpas®

'Laboratory for Geochemical Research, Hungarian Academy of Sciences, Budadrsi ut. 45,
1112 Budapest, Hungary, e-mail: siklosy@geochem.hu
*E6tvos Unievrsity, Dept. Of Petrology and Geochemistry, Pazmany P. 1/c, 1117 Buda-
pest, Hungary
3Geological Institute of Hungary, Stefania 14, 1143 Budapest, Hungary

A carbonate cone and red calcite debris occurrences were found in the Vértes Mts.
(Transdanubian Central Range, Hungary). Petrographic and geochemical studies were car-
ried out to determine the formation of the carbonates that can be clearly distinguished from
the surrounding Triassic Main Dolomite.

The carbonate cone exhibits a special structure: vertically bedded carbonate charac-
terize the middle part of the cone, whereas at the rims the beddings’ dipping is less steep:
10-30°. The carbonate itself has a typical travertine texture: the spring cone consist of al-
ternating massive, layered and porous calcite. The occurrence can be described as a tra-
vertine cone.

Thin sections were analyzed using EMPA techniques to determine the composition
of the accessory minerals. The carbonate consists dominantly of calcite but minor amounts
of xenomorphic zircon, xenotime and monazite were also found. According to the analyses
we can conclude they are not derived from the surrounding dolomite.

Trace and rare earth elements (REE) analyses of bulk rock samples were carried out
using neutron activation analysis (INAA). The carbonate cone is relatively enriched in
LREEs particularly at the hypothetical vent-facies. A positive U anomaly was also ob-
served. We can distinguish our trace element patterns from the Quaternary travertines of
the area.

The 6'*0 and 8"°C values obtained (24,5%o and -8,5%o respectively, average of 50
samples) are in agreement with those of the previously studied red calcite dikes widely

occurring in the Transdanubian Central Range, but differs from the surrounding dolomite
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and from the younger travertines. A late Cretaceous age was suggested for the red calcite
dykes based on the biostratigraphic evidence of the overlying sediments that contain red
calcite fragments. The isotopic range of the samples studied indicates that magmatic CO,
played an important role during the carbonate formation. Magmatic fluids can be associ-
ated with upper Cretaceous lamprophyre dykes recognized in the area.

The 8'°0 values of travertine cone show a positive shift of about 1.5 %o from centre
to rim suggesting that approximately 10°C temperature drop occured along the flow direc-
tion. Examinating the distribution of the 8"°C values we can distinguish concentric zones
within the travertine cone: the 8'°C values increase from the vent facies towards to rim
most likely caused by the rapid CO, degassing from the water.

On the base of trace element and isotope geochemistry, the formation of carbonate
cone is not related to mobilization and precipitation of the surrounding dolomite, but it
may rather be related to the upper Cretaceous magmatic activity of the area. Thus, it is one

of the very rare pre-Cenozoic travertine occurrences.

References

Fouke, B. J., Farmer, J. D., Des Marais D., Pratt, L., Sturchio, N., Burns, P. C., Discipulo
M. K., 2000. Depositional facies and aqueous-solid geochemistry of travertine-
depositing hot springs Angel Terrace, Mammoth Hot Springs, Yellowstone Na-
tional Park, USA. Journal of Sedimentary Research 70 (3) part A, 565-585.

122 ESIRVII  European Society for Isotope Research ~ Seggauberg Austria  27.6 —1.7. 2004




Ber. Inst. Erdwissenschaften K.-F.-Univ. Graz

Bd. 8

ISSN 1608-8166

Isotope Workshop Volume

Graz 2004

the observed kinetic §°C
fractionation from the vent to the rim facies

3'°C values

> (-7,5)
B (-8,5)-(-7,5)
B (95 -(8.5)
<%

direction of the younger fluidum
migration that represent different

isotopic composition

Ia §"C ranges of the examinated
— .5 average values ) carbonate cone

a 3"0 §"°C o 18

i 7 42527 -642 A A (85)-(75)

£ -8 - 2asaEE0s O (95-(85)

£ -9 4 oarsger O <t

9 i | Ap— @ e - /7 direction of

== o'b - the rim facies
-11230 T o B o e men Examinated carbonate cone
' h "’d ™ \;’SMO ' - from South-Vértes Mts.
570 (%0, V-SMOW) (Hungary)
b-, 8"0 | 4% 56% | 7% 7.2%e 8,5%0 Recent travertine:
5°C [2.7% | 3.6% | 4% 4,1%0 5%o Yellowstone National Park,
T(°C) |71-73°Cc| 69-74°c| 54°c | 28-54°C | 28-30°C Angel Terrace

T +|:o nd facies
* canal facies *pond
vent facies
0 5 10m
| IS E—

slope facies +

800

8"C (%o, V-PDB)

400 s ano T am

8"°0 (%o, V-SMOW)

1a00

Fig. 1 The measured stable isotopic composition and it's distribution of the examinated
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Altitude carbon isotopic effect in peat-forming plants (Sphagnum Sp.,
Politrychum Sp.).

Grzegorz Skrzypek', Mariusz Orion Jedrysek'

'Institute of Geological Sciences, University of Wroclaw
Poland, 50-205 Wroclaw, Cybulskiego 30

e-mail: http://isotope.ing.uni.wroc.pl, buki@ing.uni.wroc.pl, morion@ing.uni.wroc.pl

Materials and methods

Samples of the recent peat (the uppermost 0-15 cm layer of the total organic mass
including all leaving plants, collected in 2000) and recently growing plants (green alive
elements of Sphagnum Sp. and Politrychum Sp. separately, growing in 2003) have been
collected at the northern hillside of Karkonosze Mts. (south western Poland), along a
transect from Smielec Pass (1395m asl) to Jagniatkow village (620 m asl). Sampling points
were at different altitudes: 739, 834, 915, 1052, 1092, 1240, 1266, 1393m a.s.l. (see the
sampling points shown on the map by Jedrysek et al. 2002, Skrzypek and Jedrysek 2004).
Temperature and humidity sensors “HABO Oneset” have been located at the sampling
points under trees (24 hour shadow). Automatic measurements of temperature and
humidity with 1-hour interval, since 12 April till 15 October 2003 have been carried out.
For isotope preparation, samples were defrosted and dried under vacuum. Afterwards, the
plant material (Sphagnum Sp, Politrychum Sp. or recent peat) was combusted with CuO
wire in a sealed quartz tube, under vacuum at 900°C. The CO, gas was cryogenically

purified and then introduced to the mass spectrometer (Finnigan-Mat CH7 with a modified

inlet and detection systems). The §"°C values are quoted relative to the Pee Dee Belemnite

international standard.

Results and discussion

Relatively good correlations in the combined systems of Sphagnum Sp,
Politrychum Sp. and recent peat have been observed when eliminate the same two sam-
pling points (1240, 1092 m asl) from each correlation system. Namely, the R* correlation
factors in Sphagnum Sp. - Politrychum Sp., Sphagnum Sp. - peat and Politrychum Sp. - peat
are 0.93, 0.95 and 0.91 (Fig. 1, 2, 3). We can not find any clear factor, but anthropogenic
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pollution (Jedrysek et al. 2002), responsible for the outstanding isotope ratios in the sam-

pling points 1240 and 1092 m asl.
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Figure 1. 8"°C Polytrichum Sp. and Shagnum Sp.
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Figure 2. 8"°C recent peat and Shagnum Sp. correla-

tion.

The high R? values in all the remaining points suggest that probably the same major fac-

tor(s) control(s) carbon isotopic composition in peat-forming plants. Moreover, this evi-

dences that the primary carbon isotopic composition is not significantly modified during

diagenetic processes in peat — i.e. peat keeps the original isotope record of plants. This is in

agreement with other our results (Skrzypek and Jedrysek 2001).
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The correlation between 8'°C values in Sphagnum Sp, Politrychum Sp., recent peat

and average temperature (24 hours and day-light) of vegetation period have been analysed.
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The same samples from altitudes 1092 and 1240 m show outstanding behaviour thus have
been excluded from correlations. The correlation factors between the day-light temperature
of vegetation period (Tq) and 8"°C value is as follows: Ty - 8"°C Sphagnum Sp. R* = 0.68,
Ta - 8°C Politrychum Sp. 0.72, and Tq — 8"°C peat equal 0.76 (Fig. 4, 5).
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Figure 5. 8"°C(peat) — temperature of vegetation period correlation (day-light — see the text).

The fairly good correlations between the temperature of vegetation periods and
carbon isotopic composition of Sphagnum Sp, Politrychum Sp., and peat confirm the thesis,
presented earlier by the authors (Skrzypek and Jedrysek 2001, Jedrysek et al 2003)
temperature is the most important factor controlling carbon isotopic composition of peat-
forming plant tissue. It has been calculated that the variation of Fg value for peat is
-1.68%0/°C, i.e. 1°C increase in daytime temperature (during vegetation period) results in
-1.68%o change in 8'°C value in peat. It seems that, in contrast to temperature, the humidity
show no influence to carbon isotope composition of peat-forming plants. This evidence
that humidity plays negligible role in carbon isotope fractionation of peat forming plants,

and 8"°C peat profile do not represent any reliable humidity record.
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Networking of a Rain-gauge with integrated isotope-sampling device and

a spring monitoring station with automated event-sampling
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The system exists of an automatic rain-gauge and a measuring station at a spring
with automatic sampling units. These two parts are linked up to a network via LEO-
satellites. In the described configuration it is possible to run an event triggered automatic
sampling, which is also remote controlled.

The precipitation station is designed to measure the rainfall and to offer the possi-
bility to take samples for isotopic analyses of the total discharge during one month.

Precipitation measurement: Digital tipping bucket rain-gauge with a time resolu-
tion from one minute up to some hours (free of scaling) and a quantity resolution (depend-
ing on the type of bucket) from 0.1 or 0.2 mm rainfall. The amount of rainfall within a pre-
defined time period is used as a trigger criterion for the measuring unit at the spring. This
trigger causes only the sampling of a reference sample.

Sampling application: For isotopic analyses it is necessary, that no part of the pre-
cipitation can evaporate. Therefore in this application the containers where the precipita-
tion are stored, can be opened and closed. This procedure is working automatically. When
the rainfall starts (=the moment of the first tipping), the container is opened. After the rain-
fall it is closed again. The time of delay can be chosen individually (for instance 1 to 10
minutes).

To get correct samples of one month, a second valve is changing the flow path be-
tween the two containers exactly at the beginning of the month.

The schematic construction of the isotope sampling device is shown in Fig. 1.
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Fig. 1. Scheme of the automatic isotope-sampling device.

Both valves are controlled by the data-logger. Apart from precipitation also other parame-

ter like temperature, wind speed, radiation, and so on can be stored.
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Fig. 2. Automatic precipitation station with integrated isotope-sampling device.
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The picture shows a station of the Zentralwasserversorgung Hochschwab Siid, re-
built with the digital equipment and the isotope sampling device.

The whole application can be mounted in existing measuring stations, without
changing the existing collecting funnel (as shown in Fig. 2). This is important for the con-
tinuity of the measurement at an existing station.

To avoid large changes of temperature of the sampled water, the containers can be
isolated. The station must be heated in such a way, that the sample is not freezing. A sim-
ple funnel heating is not enough. The heating can be done with gas or electricity. The elec-
trical heating can be regulated by a thermostat. In stage of development are funnel-heating
with Peltier-elements. This devices are also able to cool the collecting funnel during hot
periods.

The system (without the heating) can be supplied with solar panels and supple-

mented with remote data transfer systems like LEO-satellites, GSM or telephone.

Precipitation sta- ? Spring Station

tion ! > -
e, B

MASTER- 1 i - N,
Station ' '

(Trigger) 2
Vsl | T ORBCOMM
= IJF% Communicator -
ORBCOMM- ——
Sensors & Communicator Logger | = y
Data-Logger activated; Lapascnl =
Parameter (= i,
3,4 Settings
=4 1 Data-
v Logger
= Info ., Start Reference Probe"” ~ B
Ce 34 ~ < ORBCOMM
Ackn. ,Start Reference Sample” .=
Stat Transmission , Test Samples” i Gateway Station

Internet Receiver

Figure 3: Prototype Block Diagram of event-triggered water

sampling using satellite transmission

Spring measurement: At the spring different parameter can be recorded with a data-logger.
One of these parameters can be used as second trigger criterion. In our test, the changing of
the gauge height within a predefined time period is used as second trigger. If both trigger
criterions are happening in a chosen time period, the periodic event sampling is started.

The schematic block diagram is shown in figure 3.
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In the following, the important features and data streams are described. As it is
shown, all activities of the two stations can be observed at the “Central Monitoring Sta-
tion” in the office but also via GPRS somewhere outside.
> Triggering station(s): This meteorological station records e.g. rainfall with a time
resolution down to one minute and sends data samples periodically (1) to a central
monitoring station. Additionally, it automatically derives a trigger criterion from the
recorded amount of e.g., precipitation. The station transmits via satellite activation data-set
to all sampling/measuring stations (1) and to the central monitoring station.
> Sampling station(s): When the activation data-set is received, the automatic sam-
pling unit takes the reference sample. This status is sent to the central monitoring station
(2). Rainfall in the catchment area need not produce a discharge event at the monitored
spring immediately, therefore, a second triggering criterion can be derived from the gauge
height at the sampling station. As soon as this trigger-level is exceeded, a second automatic
sampling device starts the periodical event sampling with a pre-selected time interval. This
status is also sent to the central monitoring station (2).
> Central monitoring station: It comprises a specifically developed email-client to
decode the com-pressed measurement data-sets which are transmitted from the gateway
earth station of the satellite system as emails (1). The decoded data are stored in a central
data-base, graphic visualization is be provided (2). A remote Internet access to that central
monitoring station is provided so that the re-searcher can also monitor its stations from
outside the laboratory, e.g. via GPRS (1,2,3).

In a next step triggering-events will also be derived from on-line measured quality
parameters, which can be used as part of an early warning system or a Decision Support
System (DSS). Because of data compression, satellite transmission costs for the new sys-
tem can be expected to be considerably lower than manual operation. Depending from the

used automatic sampling units this equipment can be used for isotope sampling.
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Origin of nitrate in groundwaters of Kalahari, Botswana
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In groundwaters from Kalahari, Botswana, elevated nitrate concentrations exceed-

ing the WHO-guideline value of 50 mg/L have been found in mostly uninhabited semi-arid

areas. Here we present first results of an isotope hydrological investigation with main em-

phasis to identification of input factors and the origin of that nitrate in groundwater.

The investigation area is located on the eastern fringe of the Kalahari between Se-

rowe and Orapa, Botswana. Mean annual rainfall in the investigation area is about 450

mm/yr. The area is characterized by a flat topography at about 1200 m above sea level.

Groundwater samples were taken from the Triassic Ntane sandstone aquifer, which com-

prises the main aquifer of the Karoo strata in the investigated area. The aquifer is mostly
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Ca-Mg-HCOs-Cl type and Na-HCOj type paleowaters (< 15 pmC), respectively. The high
radiocarbon contents of the first group clearly confirm the presence of active recharge in
the order of 1-5 mm/yr (Verhagen 1991). Only the modern groundwaters are affected by
high nitrate concentrations. According to nitrate stable isotopes (Fig. 1), natural accumula-
tion processes in soil (Heaton et al. 1983; Aranibar et al. 2003; Walvoord et al. 2003) seem
to play the important role concerning the source of nitrate. The lack of an anthropogenic
nitrate pollution in the investigated groundwaters indicated in Fig. 1 is in accordance with
long residence times in the unsaturated zone, as suggested by tritium below detection limit
in all groundwater samples.

Within the "*C containing (> 40 pmC) modern groundwaters, nitrate concentrations
positively correlate with '*C content. If not due to anthropogenic activities, the decreasing
nitrate concentration with increasing (corrected) e age (up to 3.000 years) must be a con-
sequence of a change in nitrate leaching and/or of a change in recharge conditions.

The impact of different recharge conditions is confirmed by a strong linear correla-
tion of nitrate with dissolved *°Ne content (Fig. 2). **Ne is found in excess in all groundwa-

ter samples, which
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infiltration  condi- Fig. 2. Nitrate and °Ne contents of Kalahari groundwaters out of the Ntane

sandstone aquifer. Today’s low recharge rates yield low ’Ne and high nitrate
contents as end member of the mixing line with high **Ne/low nitrate contain-
al. 1983; Stute and ing groundwaters recharged under more humid conditions.

tions (Heaton et

Talma 1997; Beyerle et al. 2003). High nitrate contents correspond to low **Ne excess val-

ues, which sug-gest a slow re-charge where *’Ne concentrations are maintained at so-
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lubility equilibrium. Low nitrate on the other hand is connected to recharge under wet con-

ditions, where air is captured below the water table.
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The Tisza-project — challenges and perspectives
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The goal of the national project entitled Hydroecology of River Tisza and Upper
Tisza-Region (NKFP-3B/0019/2002) is to provide scientific foundation of the hy-
droecological state assessing, monitoring and databank organising program of River Tisza
and Upper Tisza-Region supplementing with pilot-projects of practical realisation. In the
first phase of this project our task was the investigation of the origin and mixing of water
in the catchment area of Main-channel Lonyai. For this aim stable isotope ratios (6D,
80, 8N, &S, 8"°C) were measured in water and sediment samples taken from the
catchment area of Lonyai. Three samples were taken from the main channel, and two side
channels were represented by 2-2 samples.

Special emphasis was placed to the water isotopes tritium and '*O because of their
specific potential in addressing water balance, dynamics and interrelationships between
surface and groundwater in river basins and catchment areas. The most negative 8'°O val-
ues were measured near the sources of the two side channels: both of them had §'°0 = -
9.7%0. This value is characteristic for the deep groundwater in Nyirség. In a distance of
several kilometers from the sources the water in both of the channels had less negative
delta values than at their origin. It means that the channels were fed by direct overland
runoff during their route and no subsurface water was added.

Main-channel Lonyai carries large amount of communal wastewater to River Tisza.
The measured delta-values showed a large inflow from subsurface water body between
Kék and Ibrany. The 8'°N value of the dissolved ammonium measured at Ibrany indicated
presence of manure, so the water came from communal wastewater. The §'*0 value of the
water sample taken near the channel-mouth showed that the water was mainly of subsur-
face origin with a small contribution of overland runoff, and the effect of evaporation was
insignificant. The tritium content of this water was ~0.1 Bg/l. The annual average of trit-

ium concentration in precipitation in Debrecen, as well as the tritium concentration meas-
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ured in River Tisza at Tiszabecs is about ten times higher: ~1 Bg/l. It supports the conclu-
sion drawn from the stable isotope results: the water used for communal purposes origi-
nates from old, deep subsurface water body. C, O and S isotope ratios measured in the
sediment samples were similar to each other, mixing of organic and inorganic compounds

could be observed.
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Diurnal (24-hours) variations of carbon isotopic composition and carbon concentra-
tion in the air over a meadow and also in the soil were investigated during late Spring (11 —
12 June 2003). As the study site we have chosen a flat meadow covered with high grass,
before mowing. It was located in the Bystrzyca river valley, on the left side of the river,
100 m from the waterside trees, 600 m from the road and 500 m from the nearest farm
buildings of the Zabia Wola village, near Lublin. The sampling site was situated in the
grass, the height of which was about 0.7 m, in the middle of rectangular meadow (200 m x
50 m). The atmospheric conditions during sampling were steady; almost cloudless and
windless, the atmospheric pressure was 100 kPa at 203 m above sea level. The air and soil
temperature varied from 9 to 25 °C and from 14 to 17 °C, respectively. The soil was dry;
no rain falls were recorded over three weeks prior to observation. The samples of atmos-
pheric air were sucked into evacuated ampoules from three horizons: near the soil (0.05
m), between the grass (0.5 m) and above the meadow (2 m) every two hours. At the same
time samples of soil air were collected from two horizons: -0.1 m and —0.5 m. Soil air was
slowly sucked into 50 ml syringes. During sampling the temperature of air above the
ground and of the soil were measured too. The samples were immediately delivered to the
laboratory, where the CO, was extracted and analysed mass-spectrometrically (Dudziak,

and Hatas, 1996; Szaran, 1998; Szaran et al., 2002). The results are presented in figures.

Results for atmospheric air
1. The isotopic composition is a very sensitive indicator of biogenic activity, more sensi-

tive than CO, concentration.
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2. After the twilight the CO, concentration increases and the amount of 12C increases too,
tending to amount of '2C in the soil air (the maximum is reached before a dawn). After the
dawn the CO, concentration decreases and the amount of '>C decreases too, and 813C tends
to the value —8%o.

3. The maximum values of CO, concentration in the atmospheric air were noticed near the
soil, also the concentration of '*C near the ground was the highest.

4. The lowest contents of >C and the lowest CO, concentration were noticed in the air
within the grass at 0.5 m level above the ground. Also the variation of the CO, concentra-
tion were the smallest on this level.

5. The largest variation of the CO, concentration was noticed in the air near the ground.

6. A very good correlation was noticed between 8'°C and 1/CO, concentration at the hori-
zon of 2 m above the ground (R?=0.984) and near the ground (R*=0.932), whereas within

the grass the correlation was rather weak (R*=0.47).

Results for soil air

1. CO, concentration in soil air and '>C contents at the depth of 0.5 m were higher than at
the horizon of 0.1 m and in the atmospheric air.

2. The relative variation as well as the CO, concentration and '>C contents were insignifi-
cant in the soil air.

3. The correlation between 8'°C and 1/CO; concentration in the soil air was very weak.
The squared correlation coefficients were R*=0.30 and 0.02 at depths 0.1 m and 0.5 m,

respectively.
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The strong diurnal variations and the correlation between 8'*C and CO, concentration in

the atmospheric air indicate a mixing line, from which 8'"°C of the biogenic CO, may be

inferred. The extrapolation of the straight line to zero value of the 1/(CO, concentration)

yields 8'°C=-23.0 %o. Rather small diurnal variations are characteristic for a dry soil,

thereby 8'°C is weakly correlated with CO, concentration.
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83C in a-cellulose from oak latewood 1631-1765 AD
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This work presents 8°C measurement using o-cellulose from oak latewood of
annual growth rings (Quercus robur L.) 1631-1765 AD.

In Gliwice (Pawelczyk et al., 2004) we used a modified technique based upon the
sodium chlorite oxidation method of Green (1963) utilities an ultrasonic bath. This tech-
nique yields a material with sufficient homogeneity as required for isotopic composition
measurements. The diagram of a-cellulose extraction from wood samples can be briefly

presented as follows (Robertson and Waterhouse, 1998):

NaClO, NaOH
wood ——» holocellulose ~——» a-cellulose
CH;COOH

To receive holocellulose a sample was put into a beaker filled with distilled water,

sodium chlorite and acetic acid, in amounts as below.

Reagent Amount

Wood shavings lg

Distilled water 175 ml

Sodium chlorite 2.5 g (per addition)
Acetic acid [80%] 1.7 ml (per addition)
10% sodium hydroxide 75 ml

17% sodium hydroxide 67 ml
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The beaker was covered with glass and placed in an ultrasonic bath (70°C). Five times, one
an hour, acetic acid and sodium chloride were added. The beakers were taken out and the
solution was removed. Holocelullose was rinsed, first with hot distilled water and then
with cold distilled water. Its colour was checked — holocellulose should be quite white. In
case of tinge the cleaning was repeated. Holocellulose was dried in 70°C.

To holocellulose 10% solution of NaOH was added and beaker was placed in an
ultrasonic bath for 45 min (about 70°C). After that sample was rinsed with cold distilled
water. The samples were put into beaker with 17% solution of NaOH and they were
subjected to ultrasonic for 45 min in the room temperature. o-cellulose was rinsed, first
with 17% solution of NaOH, next with big amount of distilled water, then with 1%
solution of hydrochloric acid and finally with big amount of cold distilled water (until the
solution was neutral). a-cellulose was dried in 70°C.

For 8"°C measurements with mass spectrometer CO, was prepared from the dried
a-cellulose. The cellulose sample was placed into individual pyrex tubes with copper
oxide. The tube, in which 10 mg of cellulose, 1300 mg of preheated CuO and 150 mg
silver wool are placed, was sealed under vacuum. Next, it was put into a metal thimble and
heated in muffle furnace for 18 hours in the temperature of 450 C. The resulting gases
were separated cryogenically and the CO, was collected.

In 3"°C a-cellulose time record the cooling between ca 1650-1700 AD is clearly
visible. Comparison of this record with A'*C, width tree rings, sunspot numbers and 3'"°C
in nitrate cellulose indicate on correlation or anti-correlation of these records according to
predictions. Results of 8"°C measurements in nitrate cellulose from the paper Krapiec et

al., 1998) were taken.
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Introduction

Methane is one of the latest products of microbial decomposition of organic matter.
It is produced in marine or freshwater anaerobic sediments mainly due to acetate fermenta-
tion or CO; reduction pathway. In recent studies the carbon isotope analysis are commonly
used to distinguish methanogenic pathways and to establish sources of methane. The 5'"°C
value is also considered in mass balance calculation of methane in the atmosphere. Such
calculation is difficult because carbon isotope composition of methane undergoes spatial
and temporal variations (e.g. Jedrysek 1995, Hornibrook 2000). The reason of 8> C(CHy)
variations in particular environments is still enigmatic, but four main factors are considered
to be responsible of that: 1) changes of methanogenic pathways, 2) availability of sub-
strates, 3) temperature variations and 4) spatial distribution of labile organic carbon in
depth profiles of sediments or water reservoirs.

In this paper we consider the changes of methanogenic pathways relative to the
availability of labile organic carbon and time of decomposition of organic matter in fresh-
water sediments. Miyajima et al. (1997) has evidenced that increased recalcitrance of soil
organic matter results in greater production of CHy4 through the CO, reduction pathway in
tropical wetlands. The same conclusion was done by Hornibrook et al. (2000) in freshwater
wetlands, who suggest that the lower rate of methanogenesis based on acetate fermentation
is a result of decrease of labile organic carbon with increasing recalcitrance of biodegraded
organic matter. To test this thesis we incubated freshwater sediment under long time inter-
val (570 days). The studied incubator is near closed system, because the sediment with
organic matter was put in it once. Only gases produced in the sediment would undergo the
exchange with atmosphere during the incubation and sampling. The accept procedure of
incubation allowed tracing changes in substrate availability for methanogenesis due to in-

crease of recalcitrance of organic matter enclosed in the incubated sediment.
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Methods and results

The data presented come from one incubator. The incubation method and the
source of incubated sediment were described by Szynkiewicz et al. (this volume). During
570 days of incubation, in one month intervals, the concentrations and 8"3C values have
been analyzed in:

- methane in pore gases in the sediment,

- organic matter in the sediment

- DIC in the sediment/water interface.

After each sampling action, the sediment was mixed with water column to remove the
CH4, which still left in the sediment as well as to homogenize DIC concentration and
8"3C(DIC) in the water column and sediment.

In the course of 570 days of the incubation, the permanent decrease of CH4 concen-
tration (from 86 to 39 %) and increase of 8'°C(CH,) values (from —68.90 to —61.37 %o) in
the incubated sediment have been observed (Fig. 1). However, the concentration of organic
matter in the sediment varied independently from 1.02 to 2.03 % (Fig. 2). The 8"°C value
of organic matter showed very narrow range from —28.10 to —27.54 %o. The concentration
of DIC in the sediment/water interface showed weak decreasing trend (R = -0.47; Fig. 3)
and varied widely along the incubation time from 100.68 to 216.62 mg/l. However, the
8"*C(DIC) value showed permanent decreasing trend (R = -0.85; Fig. 3) from —6.33 to —
12.04 %o.

Discussion

Methane originated from acetate fermentation shows higher values of 8"°C (from —
65 to —50 %o) as compare to the methane from CO; reduction (from —110 to —60 %o). The
acetate is a fermentative product of easy degradable organic compounds and represents
fraction of labile organic carbon in sediments. It is also well documented that acetate is
probably the main substrate for methanogenesis in freshwater sediments. In our opinion,
during the incubation, the acetate fermentation was the main methanogenic pathway. The
obtained 8'°C(CH4) values were typical for this process. We did not measure the acetate
concentration and 8"°C value of the acetate, but the observed increase of 8"°C(CHj) and
decrease of methane concentration (Fig. 1) may be resulted from depletion of acetate in the

incubated sediment.
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There is no evidence of methanogenesis due to CO; reduction. Moreover, increas-
ing recalcitrance of organic matter with time of incubation did not cause the change of
methanogenic pathway toward CO, reduction, like we expected. This pathway involves
higher carbon isotope fractionation and 8'3C(CHy,) values are distinctively lower than these
from acetate fermentation. The 8'"°C(DIC) values at the sediment/water interface became
more negative along the incubation (Fig. 3). For that reason we are convinced that chang-
ing of methanogenesis toward CO, reduction would reflect in lower 8"°C value of methane
at the end of the experiment. However, the obtained data evidenced that methanogenesis
was probably dependent mainly on the acetate pool in the incubated sediment, which be-
came enriched in °C along the entire incubation. In spite of this, it is not clear why the
concentration of total organic matter showed higher variations and did not decrease along
the incubation (Fig. 2). We suspect, that probably some microbial processes, especially in
water column, could influence the supply of fresh organic matter. On the other hand, it is
enigmatic why these processes did not influence the amount of acetate in the incubated
sediment.

The presented data suggest, that activation of methanogenesis due to CO; reduction

probably requires higher concentration of DIC (CO, or HCOj;™ ion) in the sediment. It is
usually considered, that limiting factor of this pathway is H, production in the sediments.
However, it could rather influence for methane concentration in the pore gases of sediment
along the entire incubation. Even though, 8"°C(CH,) should express more negative values
relative to decreasing trend of 8'°C(DIC) values along the incubation.
The important role of DIC concentration in the process of methanogenesis due to CO; re-
duction was also confirmed by the incubation of the same sediment under elevated concen-
tration of SO4*". The intensive oxidation of acetate by sulphate reducers in this incubator
involved higher production of CO,, what activated methanogenesis due to CO, reduction
(Szynkiewicz et al. — see this volume) and the availability of H, was not the limiting factor
in this case.

The CO, reduction pathway is commonly observed in deeper profiles of sediments.
They are generally characterized by higher concentration of pore gasses collected in vari-
ous stages of microbial decomposition of organic matter. In our experiment the concentra-
tion of DIC was always diluted after each sampling due to mixing the water with sediment.

Probably, this procedure limited DIC concentration, thus also the CO, reduction. For that
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reason methanogenesis was mainly dependent on the availability of acetate in the incu-

bated sediment.

Conclusion

1. The acetate fermentation was the main methanogenic pathway in the incubated sedi-
ment.

2. Increasing recalcitrance of organic matter along the time of incubation did not cause
the change of methanogenic pathway toward CO; reduction.

3. Probably, higher concentration of DIC is required to activate the CO, reduction path-
way. Such conditions are common in deeper profiles of sediments, where the produced

gases are stored for a longer time.
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Two stalagmites (S22 and S117) from V11 cave (Bihor Mountains, NW Romania)
have been sampled for stable isotopes for the interval Late-glacial to Middle Holocene.
V11 Cave is located in the Bihor Mountains at an elevation of 1254 m. It is situated in an
area with alpine climate, mean annual temperature of around 4°C, 1400 mm/year precipita-
tion and an average of 6 months of snow. The two stalagmites were collected from a pas-
sage, 200 m away from the cave entrance and some 60 m below the surface. The passage
has no noticeable airflow and humidity is close to 100%.

Both stalagmites consist of yellow-brown low-Mg calcite, generally with columnar
fabric. TIMS dating of the two stalagmites shows six growth periods occurring between
136 and 5.6 ka, separated by hiatuses. The last depositional interval occurred between 14.5
- 5.6 ka for S22 and 16 - 6.1 ka for S117 (Tamas & Causse 2001). Based on high resolution
TIMS dating and on morphological evidence, we assumed that S22 stalagmite growth was
not interrupted during the interval sampled for stable isotope studies. S117 has a small
growth hiatus between 10.9 and 10.3 ka, probably due to a slight changing of the feeding
point.

Stable isotope analyses were performed at intervals of 2 mm for S22 and 1 mm for
S117. The age model presented is based on 12 ages for S22 and 10 ages for S117, leading
to calculated growth rates of 11.2 - 91.6 mm/ka for S22 and 2.8 - 82.8 mm/ka for S117.
Two tests for kinetic isotopic fractionation were performed on each stalagmite. The maxi-
mum §'*0 variations within the growth layers were 0.49%o and 0.53%o (S22), and respec-

tively 0.18%o and 0,26%o (S117).
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The 5'*0 and 8"°C profiles consist of 306 samples. For S22, §'*0 values range be-
tween -9,25%o and -7,23%o (VDPB) and 5"°C between -4.15%o and —8.83%o. Isotope varia-
tions recorded in S117 are —9.3%o - —6.69%o for 8'*0 and -9.1%o - -5%o for 8"°C. The 5"°C
and 8'°0 isotopic profiles show no correlation during the Late-glacial, but they slightly
correlated during the Holocene.

Carbon isotopes show an increasing trend from termination I, with high values (-
4.15%0 -5%o0) during the Younger Dryas, and then decrease by almost -3%o at the Younger
Dryas/Preboreal transition. The oxygen records drops with 0.6%o0 to —1%o at the Al-
lerod/YD transition, but they remain low during the whole Preboreal. A corresponding
increase is recorded at around 10.2 - 10 ka BP. From 10.3 ka onwards, both the 8'%0 and
8'°C profiles have a slightly increasing trend, but less oscillations.

The stable isotope analysis of the two stalagmites from NW Romania provide a terrestrial
record which reflect Late-glacial and Holocene environmental changes. The profiles can be

correlated with other terrestrial records, such as stalagmites and lacustrine sediments.
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Urban water systems are polluted by diffuse and direct contributions from anthro-
pogenic activities. Besides industrial contaminants like aromatic and chlorinated hydrocar-
bons and other persistent organic compounds, the urban aquatic environment is increas-
ingly polluted by low concentrated but high eco-toxic compounds as pharmaceuticals, fra-
grances, and plasticizers, most of which are under suspicion of having disrupt endocrine
functions. Therefore, these contaminants will have a long-time impact on the urban ecosys-
tem and on human health when released by surface waste water outflows and seeping sub-
surface waste waters. For assessing the impact of human activities on the urban water sys-
tem, isotope analyses seem to be a useful tool to estimate the origin of these contaminants,
possible transformation processes ongoing within the aquatic environment, and their distri-
bution within the urban water system. Among other indicators we investigated the isotopic
signatures of water (H, O) and dissolved substances (sulfate, DIC, nitrate).

In 2001 we started investigations of the anthropogenic effect of the city of Halle on
the urban water system. Halle is located at the river Saale which acts as the major draining
system collecting different inputs along its city traverse from south to north. At the north-
ern fringe of the city the treated waste water of the whole city flows into the river.

The river water reflects the meteoric water signature of the area with mean 8°H and 8'0
values of about -60 %o and -8.6 %o and a typical seasonal variation. The isotopic signature
of dissolved sulphate from the Saale river and its tributary Weisse Elster differs clearly due
to the different origin of sulphate in their respective sub-catchments. Palacozoic evaporates
occurring upstream of Halle influence the dissolved sulphate of the Saale giving enriched
8*S values > 9 %o whereas sulphate of the Weisse Elster is characterized by the Quater-

nary sediments more depleted in **S. Both rivers join just before entering the city region.
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Treated waste water with 8°*S < 2 %o constitutes a third source of sulphate, which mixes
into the Saale river at the northern border of the city.

Dissolved inorganic carbon varies in 5"°C between -10 to -16 %o which indicates
degradation of organic matter and gas exchange with atmosphere.

Nitrate dissolved in the river water can be attributed to at least two distinct sources.
Treated waste water with enriched 8'°N values of > 12 %o is typical for septic waste wa-
ters. In contrast to the waste water signature, the nitrate of both rivers is influenced by sea-
sonal nitrogen input from the rural catchments showing a range of 5 to 12 %o as can be
expected for nitrogen from agriculturally used soils. Denitrification processes presumably
contribute to the enrichment in 8'°N occurring during the summer season, although not
confirmed yet (e.g. by 3'°0 of nitrate). According to the geochemical conditions, denitrifi-
cation also can be expected in the urban groundwater which is the focus of the current in-
vestigations towards assessment of the sources and the fate of pollutants within the urban

water system.
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Introduction

Contamination of soil and groundwater by organic pollutants is a serious environ-
mental problem. In particular, former industrial sites may pose special problems because of
the high toxicity of their pollutants. Because of the high toxicity of the pollutants it is im-
portant to characterize the hydrological situation in order to be able to asses the dispersion
of the organic contamination. Groundwater pollution is commonly evaluated in terms of
analyses of anions, heavy metals and/or organic substances as well as adding chemical
tracers to the groundwater and evaluating the hydrologic situation via time-sequence
analyses of the tracers and/or via pump-experiments. Many of these measurements of
chemical tracers may be influenced by sorption processes or chemical reactions and can,
therefore, give a distorted picture of the contamination. In contrast, stable isotope studies
of hydrogen, oxygen, and carbon in water can potentially be used as natural tracers that are
not influenced by sorption processes. Furthermore, under most low temperature conditions
the H and O isotope composition of water is also not influenced by chemical reactions
within the aquifer. It is known from several studies, that the analyses of hydrogen and oxy-
gen isotopes of water provide information on recharge areas and mixing processes of dif-
ferent water bodies. Seasonal variations of the isotopic composition of precipitation and
groundwater can give additional information on infiltration times, flow paths and flow ve-
locities. In addition, the carbon isotope composition of dissolved inorganic carbon (DIC)
can provide a tracer for anthropogenic contamination, given that the natural system can be

characterized too.
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The use of stable isotope studies of hydrogen, oxygen, and carbon in groundwaters
as natural tracers for the hydrogeologic system is exemplified here on the basis of a case
study from a former gas production plant in southern Germany. Extensive destruction of
this site during the Second World War caused severe damage to the plant that, in addition
to production-specific leakes, has led to extensive contamination of sediments and
groundwater by organic residues of the gas production. The pollution, mainly tar and its
distillates, was recognized in 1970 during excavation for a liquefied natural gas storage

tank and the site is presently under investigation for remediation.

Geological and hydrogeological setting

The site is located in the south-west of Germany, in the valley of the Neckar river, a
tectonically defined graben forming part of an extensive fault system that strikes NW-SE.
The main aquifer is a Quartemary fluvial gravel deposit overlain by silty-clayey, organic
matter-bearing alluvium. Above it, artificial fillings made up of building rubble and gravel
have been deposited. The Quarternary gravel deposit consists of Jurassic marine carbonate
pebbles and it is the first of three aquifers. Tar-oil contamination is located within this aq-
uifer. The flow direction of groundwater is parallel to the adjacent river with a flow of
about 2.5 m/d. Water in the Quarternary aquifer is generally confined. Underneath the
Quarternary aquifer are two further aquifers that complicate the hydrogeologic situation.
The second “Gipskeuper” aquifer is a dolomitic, gypsum-bearing clay- and siltstone of
marine origin. Within the heavily tectonized river valley, the original gypsum has nearly
all been dissolved by upwelling mineral waters from the third aquifer, the “Upper
Muschelkalk”. This latter is a marine carbonate unit and the most important aquifer in this
area for mineral waters of different chemical composition, depending on admixing of Gip-
skeuper groundwaters and deeper brines (Ufrecht, 1997). The mineral waters are artesi-
cally confined. Owing to extensive faulting, the mineral waters infiltrate locally into the

oyerlying aquifers and the river.

Results and Discussion

The different surface waters, groundwaters, and mineral waters can be character-
ized and clearly differentiated on the basis of their O and H isotope composition (Fig. 1).
Variations in the O and H isotope compositions can detect the locally variable influence of
surface infiltration to the main aquifer. Furthermore, small-scale mixing processes between

the different groups of waters can be recognized. In combination with the carbon isotope
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compositions of DIC the following influences can be distinguished within the Quarternary
aquifer at the former gas production site: infiltration from shallow groundwaters derived
from the adjacent steep hill along the western margin of the site; river infiltration along the
eastern margin of the site, and local infiltration by artesically confined mineral waters in

the northern part of the site.
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Fig. 1. Summary of the H- and O-isotope composition of the different ground- and surface

waters sampled at the site.

Variable mixtures of these different waters within the gravel aquifers can be presented as
mixing lines in terms of their stable isotope composition of O, H, and Cpc, allowing for a
calculation of the mixing proportions within individual boreholes. Quite surprisingly, the
proportions of different waters in the boreholes vary considerably both in terms of space
and time, depending on the flow regime of the adjacent Neckar river, the variable local
recharge rates for surface waters, heterogeneities in flow rates owing to local differences in
the permeability of the aquifer, and geologic as well as man-made structures penetrating
the aquifer. A comparison of the isotopic compositions of waters sampled on a monthly

basis over the course of two years indicates similar trends throughout each year, which
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reflects that there were no drastic changes in the weather pattern over the sampling period.
However, large deviations in the isotopic compositions of the precipitation for individual
months caused by particular precipitation events do allow for evaluation of reservoir ef-
fects and influences of man-made and geologic structures on the hydrology of the system.
Seasonal variations in the isotopic composition of the different waters are related to sea-
sonal variations in temperature and seasonably changing air masses in the recharge area.
The magnitude of variation decreases significantly from precipitation via surface waters
and down to groundwaters. The deep Gipskeuper groundwaters and mineral waters of the
Muschelkalk aquifers show no relationship to actual precipitation owing to their distant
recharge area and significantly longer flow paths, residence and mixing times within the
aquifer. In the marginal areas of the site, groundwaters of the Quarternary gravel aquifer
reflect the seasonal isotopic variations in precipitation but with a delay of about one month,
indicating fairly rapid infiltration. Such seasonal variation is not recognizable in the central
areas of the site owing to longer flow paths and residence times.

Interpretation of the carbon isotope compositions of the dissolved inorganic carbon
(DIC) have been made in the context of different natural and anthropogenic carbon com-
ponents making up the background (CO,, carbonates, organic substances). The different
components have significant differences in their carbon isotope composition: marine car-
bonates of the sediments as well as atmospheric and possible mantle-derived CO, are
clearly enriched in Bc compared to the natural and anthropogenic organic substances and
the soil CO,. The concentration and isotopic composition of DIC in most waters can be
interpreted within the framework of the natural biogenic and geogenic carbon system (Fig.
2). DIC of small fluvial surface waters and local spring water sampled distant from anthro-
pogenic carbon sources is predominantly influenced by soil CO,, while DIC of the large
river is, in addition, influenced by atmospheric CO,. Seasonal variations of the carbon iso-
tope composition and concentrations of DIC in different surface and groundwaters corre-
late with variable amounts of precipitation and runoff but generally do not correlate with
the photosynthesis-respiration-cycle of natural plants. DIC in deep Gipskeuper and min-
eral aquifer waters is clearly dominated by marine carbonates, which make up these aqui-
fers. In contrast to waters from uncontaminated sources, the DIC in the contaminated
Quarternary aquifer is characterized by significant depletion of '>C with values lower than
those expected to be in equilibrium with natural soil CO,. The remarkably low 813CDIC
values, especially in the polluted aquifers can not be explained by variations in the natural

organic substances measured. Oxidative decomposition products from biodegradation of
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the organic pollutants are expected, however, to have low >C content and are likely to be
responsible for the low 8'°C values of DIC in the Quarternary aquifer. The lowest 8'°C
values and at the same time the highest DIC concentrations have been measured immedi-
ately downstream of the known pollution. Further downstream the DIC concentrations de-
crease and 8" Cpjc values increase again, except for boreholes influenced by mineral wa-
ters, which have significantly higher DIC concentrations. Thus dilution and mixing effects
can be clearly resolved. Generally low 8"°C values upstream of the former gas production
site are likely to reflect regional anthropogenic contamination in the industrialized Neckar

valley but not related to the contamination at the former gas production site.
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Fig. 2. C-isotope compositions versus bicarbonate ion concentrations of the different

ground- and surface waters sampled at the site (from Angloher-Reichelt, 2001).
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Constructed wetlands technology (Kadlec and Knight, 1996) is a cost-effective and
environmentally friendly method used world-wide to treat wastewaters of different origins.
Efficiency of soluble pollutants removal is thus primarily related to the extent of contact
between wastewaters and the reactive surfaces. Knowledge of hydraulic properties is there-
fore a prerequisite for studies of constructed wetlands functioning (Wachniew & Rozanski,
2002). Tracer technique is a valuable tool used to gain insight into wastewater flow phe-
nomena in constructed wetlands. Residence time distribution (RTD) obtained as a break-
through curve of a non-reactive tracer carries synthetic information on wetland hydraulic
properties. Quantitative wetland characteristics are derived with help of an assumed
mathematical model of wastewater flow.

This work summarizes tracer test performed with tritium and bromide (KBr) in a
constructed wetland in Poland: horizontal subsurface-flow system with Phragmites aus-
tralis in Nowa Slupia. Fig. 1 presents results of the test obtained for one of three parallel
cells of the Nowa Slupia wetland. Solid line represents RTD fitted to experimental results
on the basis of the Multi Flow Dispersion Model (Maloszewski et al., manuscript in prepa-
ration). Four peaks of the RTD presented on Fig. 1 reflect contribution of four components
to the total flow through wetland cell. Three components are related to subsurface flow, the
fourth component was identified as corresponding to surface flow. Hydraulic parameters
(mean water travel times, water volumes, dispersion numbers) were derived for all flow

components through each of wetland cells (see Table 1).
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Fig. 1. Normalized output concentrations of tritium for one of cells of the Nowa Slupia

wetland (triangles) and the fitted RTD (line).

Table 1. Model parameters fitted to the experimental RTDs for all flow components: mean

water travel time - t[h], dispersion parameter — Pp, relative contribution of the cell to the

total flow — p.
bromide tritium
T Pp p 1 Pp p
Flowpath 1 66 0.05 0.59 69 0.05 0.67
Cell I  Flowpath 2 130 0.03 0.21 132 0.03 0.19
Flowpath 3 258 0.04 0.12 252 0.03 0.08
Surface flow | 650 0.04 0.08 560 0.04 0.06
Flowpath 1 95 0.16 0.35 93 0.13 0.42
Cell2 Flowpath 2 236 0.03 0.25 229 0.03 0.29
Flowpath 3 488 0.02 0.17 433 0.01 0.10
Surface flow | 780 0.03 0.23 710 0.01 0.19
Flowpath 1 60 0.13 0.25 56 0.11 0.32
Cell 3 Flowpath 2 156 0.03 0.15 156 0.03 0.15
Flowpath 3 312 0.02 0.22 312 0.02 0.19
Surface flow | 650 0.03 0.38 650 0.04 0.33
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Simultaneous use of two tracers allowed for comparison of their suitability for tracer tests
in constructed wetlands. Differences in recoveries of tritium and bromide are related to

evapotranspirative loss of tritium from the wetland.
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Several biostratigraphically well dated Upper Cretaceous sections in the Eastern
Alps including the Cenomanian-Turonian, the Santonian-Campanian and the Campanian-
Maastrichtian boundary interval, were investigated using 8'*0, 8"°C, and ¥’ St/**Sr ratios.
Within the section of the Rehkogelgraben near Gmunden (Ultrahelvetic Zone), the Ceno-
manian-Turonian boundary was investigated, including distinctive black shale horizons
and the transition into red marls. The section starts with cyclic deposition of light grey,
spotty limestones and medium grey marls where bioturbation is very common. The occur-
rence of nannofossils (nannofossil standard zone CC 10) indicates a Late Cenomanian age.
Limestones display high abundances of planktonic microfossils, e.g. calcispheres and
planktic foraminifera. 3 black shale layers are found within the overlying 1 m thick interval
where the largest horizon is 16 cm thick. TOC values range around 5 % in this layer, car-
bonate contents are below 2%. Rock Eval analysis indicates predominant marine organic
matter. Above this interval the base of nannofossil standard zone CC 11 is present. The
Lower Turonian is characterized by a 2 m succession of white to light grey marly lime-
stones with missing or thin marl intercalations. The marly limestones have high percent-
ages of planktic foraminifera and their carbonate content varies between 65 and 92 %.
S1/*°Sr isotope ratios have been increasingly used for stratigraphical correlations and a
¥7Sr/*Sr sea water standard curve has been established for the Phanerozoic. A first attempt
to correlate biostratigraphy with strontium isotope stratigraphy was made in this section.
First results show a slight but significant positive shift of *’St/*°Sr isotope ratios compared
to the standard curve. 8"°C shows a well known peak around the Cenomanian-Turonian
boundary interval. 8'*O values give a rough estimate of mid-Cretaceous sea surface tem-

peratures of about 28 — 30°C. This is fairly high compared to 8'*O values for the Santonian
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and Campanian of the same section which indicate sea surface temperatures between 20
and 24° C.

Ammonite, inoceramid, foraminiferal, and nannoplankton multistratigraphic data
allow the recognition of the Santonian-Campanian-boundary interval in sections of the
Gosau Group (Northern Calcareous Alps). In the Gosau area a fine-grained sandstone with
late Santonian ammonites and inoceramids is overlain by a lower Campanian marly suc-
cession. Nannofossil data indicate the Santonian-Campanian-boundary in nannofossil stan-
dard zone CC 17. Strontium isotope data from the uppermost Santonian (brachipode shell)
indicate an *'Sr/*Sr isotope ratio of 0.707468 + 7. Sr isotope ratios of planktic foraminif-
era increase in the Lower Campanian up to 0.707590 + 20.

In the Gosau Group of the Lattengebirge section near Berchtesgaden (southern
Germany) a marly Santonian-Campanian boundary succession is present. Strontium iso-
tope data from planktic foraminiferal tests can be compared to the standard strontium iso-
tope curve and allow a detailed correlation of the Santonian — Campanian boundary to
standard sections (0.707479 + 5 for England, 0.707472 + 12 for northern Germany). These
values for the Santonian - Campanian boundary correspond to a level well below the first
occurrence of Globotruncanita elevata in the Lattengebirge section. Strontium ratios in-
crease up section to 0,707540 = 10.

The Campanian-Maastrichtian boundary was investigated in Gams and Gosau
(Northern Calcareous Alps). The position of the Globotruncanita calcarata planktic fo-
raminifera Zone in regard to the standard definition of the lower boundary of the Maas-
trichtian in northern Germany was investigated. Our strontium isotope data for foraminif-
eral calcite of this zone (around 0.707670) confirm the results that this foraminiferal zone
is of Late Campanian age and cannot be correlated to the Campanian-Maastrichtian bound-

ary in northern Germany.
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Carbon isotope charactersitics of iron-oxidizing bacterial mats, Jackson
Creec, Bloomington, IN, USA.
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We have investigated the isotopic composition of iron-rich microbial mat deposits
that formed at the outflow of a freshwater spring along Jackson Creek in SE Blooming-
ton/Indiana. The spring waters are of near neutral pH and contain dissolved iron (Fe*") that
is derived from oxidation of diagenetic pyrite in the Mississippian Borden Formation. Al-
though one might assume that iron deposition is simply due to oxidation to Fe’" and subse-
quent precipitation of iron hydroxides, iron deposition is directly correlated with a thriving
community of iron bacteria. The bacteria form loaf-shaped and bulbous buildups up to
20cm diameter, as well as undulose mats of a few cm thickness that cover the creek bed.
The sheath forming bacterium Leptothrix dominates, but spiral stalks of Gallionella are

commonly present, as well as other currently unidentified microbes. Microbial growth
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Fig.1. Changes in 8'°C values of organic carbon from microbial mats along the creek. Ad-
ditionally 3"°C values of DOC in the spring, decaying leaves and of bacteria are shown.
forms are fragile and are flushed out entirely during peak runoff associated with heavy
rains. However, regrowth of microbial mats is vigorous and full mat coverage can be
achieved within a weeks of time.

Chemobheterotrophs like Leptothrix are not considered true iron oxidizers, and pre-
cipitation of iron is considered spontaneous without providing energy to the organism. But
some authors suggest that Gallionella (chemoatuotroph) may gain energy from the process
and in addition gets carbon for building its cells from CO, as shown in the reaction:

4Fe* + HCO; +10H,0 —> 4Fe(OH), +[CH,0]+TH*

However, the apparent independence of the mat formers in our study from seasonal varia-
tions in organic matter supply (their growth rate shows no change with seasonal fluctua-
tions), as well as their occurrence only near a source of iron-rich (12.5 ppm Fe) waters,
seems to suggest that iron availability confers a tangible benefit. This benefit could be en-
ergy gain or alternatively a reduction of ambient pO2 because Leptothrix and Gallionella
are considered microaerophilic. This open question may be answered in the near future
through an ongoing examination of iron isotopes.

Carbon isotope data from terrestrial iron bacteria mats show fractionation relative
to the composition of the likely source material. Also we have observed very high ability
of these bacterial colonies to drift its carbon isotopic values in order of 1%o per 1 meter
down the creek. Observed dirfts occure in both directions and the direction depends on
flow regime and availability of carbon supply. On fig.1 one can notice that in dammed
pools in the creek isotopic shifts toward more negative values are observed due to organic
matter build up and recycling. Contrary in the fast flow sections the situation of limited
nutrient supply occurs as the water flows down, thus the remaining portion of DOC flow-
ing down the creek gets heavier and heavier as bacteria preferentially uptake isotopically
lighter nutrients. These observations were confirmed by the relationship of TOC content in
the mats and its carbon isotopic composition. When there is plenty of DOC we observe
higher TOC content in colonies and more negative 3'°C values. Again, contrary in zones
with regime of limited DOC supply we observe lower TOC content in the colonies and less

negative 8"°C (fig.2).
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Thus, carbon isotope fractionation may be used as a potential biosignature for iden-
tifying microbial involvement in fossil equivalents. Microbial recycling of initially pro-
duced organic compounds may impart further fractionation, and can produce broad and
perhaps erratic appearing C-isotope signatures. Also primitivness and self-sufficiency as
well-as well compounds on which these organism rely (especially Gallionella) makes them
a good candidate for extraterrestrial forms of live that could have been evolved in similar

environments to the Early Earth, like with high probability Mars was 3.5 billion years ago.
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