L ate and Middle Holocene deposition of major and trace elements
In Southern Sweden as detected in peatland stratigraphies.
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I ntroduction

Wetlands cover gpproximately 15 per cent of the South Swedish land surface. Most of these
wetlands are raised bogs only fed by precipitation and dry deposition of atmospheric particles.
Hence, the peat bogs provide ided dtes for the study of atmospheric fdlout since pesat
formation began.

The concentrations of 72 mgor and trace elements in peat samples of Holocene age from 10
dated raised bog dratigraphies in southern Sweden, are considered in terms of atmospheric
depostion. The sudy of paticulste meatter from the dratigraphies gives additiona
information. With this background information, an attempt is made to evauate the main
sources of minerd matter and associated dements, and the influx variations during the last c.
8000 years. In the unaffected natura landscape sources of dust and other deposited matter are
supposed to emanae in eg. desert storms, marine aerosols, volcanism and cosmic influx. In
addition, forest and peatland wild-fires produce charcod and tar particles which are preserved
in the peat. In the late Holocene perspective dust from human activity is added eg.
agriculture, industry and traffic.

M ethods

Measurements were made in 5-cm intervas giving a tempora resolution of gppr. 50 years.
Two different preparation techniques were used; 1/ peat samples were dried and burned. The
ash was dissolved in Aqua Regie and the solutions were andysed with Inductively Coupled
Plasma Mass Spectrometer technique. 2/ peat samples were treated in a sodium hydroxide
solution, followed by a long decantation procedure, to separate particulate matter from pesat
plant tissue. Solid partides including charcod and tar droplets were dudies in  light
microscope and SEM-EDX. All together more than 1200 peat samples were andysed in this
way. 14C datings of certain levels including more than 30 samples were made at the Uppsaa
AMS laboratory.

Results

The chemicd sudy showed that the depostion of various dements had changed during the
time intervd gudied, tempordly as wel as saidly. A vey uniform sgnd from al bogs
investigated came from the dement lead (Fig.1). In this way lead was used to make a mutud
corrdation between the different dratigraphies where datings were sparse. The lead lies a
very deady leveds from 8000 to 4000 BP with vaues around 100 ppm (interndly of the



elements investigated). From 4000 to 2500 BP there is a gentle rise to ¢. 200 ppm. At 2500
BP there is a dramatic rise in lead and a peak of around 1000 ppm is centred a 2000 BP.
From here levels decline to ¢. 500 ppm at 1500 BP and these levels are kept until 1200 BP
when another steep rise begins. Maximum levels are found in subsurface layers with vaues
around 20,000 ppm. In the top 10 cm of unconsolidated recent peet there is another relativey
strong decline to vaues below 8000 ppm.
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Fig. 1 The distribution of lead (Pb) in the 10 bogs investigated

Since the heavy metd lead is a rare dement in naturd undisturbed environments, there is little
doubt that the generd rise starting 4000 was caused by increased human activity. The sharp
rise, the pesking levels a 2000 BP and the decline until 1500 could most likely be attributed
to the rise and fdl of the Roman Empire. The British Ides were important sources of kad and
with generd wederlies approaching Scandinavia from that direction the depodtion was
probably the result of mining activities in tha area The drongest rise gopearing a the
subsurface 30-40 cm of the dratigrgphies is attributed to industridism and in the latest phase
to the use of leaded petrol. The decline at the top could easiest be interpreted as a result of the
change from leaded fuels to unleaded products.

The cosmic component, which might be of the greatest interest from a Tunguska perspective,
could be dudied by the varying influx of dements rdativey abundant in cosmic matter eg.
the Patinum group metds (Ru, Rh, Pd, Os, Ir and Pt). An index including dl the eements
measured was congtructed and compared to the typical cosmic, terrestric and marine
abundance. A high index compared to the respective group indicates a closer relationship to
that group i.e. a high Plainum group index as compared to the cosmic reationship indicates
that the deposition of cosmically derived material was higher.

The Holocene record shows a periodicdly increasing cosmic signal pesking at 3700 BC, 3400
BC, 2700 BC, 2300 BC, 2100 BC, 1500 BC, 1000 BC, 750 BC, 250 AD, 500 AD, a strong
and broad peak between 850 AD and 1300 AD and 1550 AD (Fig.2).

The SEM-EDX study of particulate matter showed that during the above period the depodtion
of meteorite fragments and spherules of various kind. Mogt of these spherules are of ferric
types made out of iron but there are aso glass spherules varying from colourless transparent
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Fig.2 Platinum group metals as compared to cosmic abundance

types to ydlow and brown types. Trangtions between pure iron spherules and glassy types
occur.

Conclusions

| have little doubt that cosmic materid would be deposited and stored by the growing pest
layers of the world, congdering the large annud influx of such materid. Whether this influx
is dust sized, or emanate as fragments from the bombardment of larger cosmic bodies is hard
to ©l. The occurrence of meted fragments in the form of smdl spherules a the dratigraphic
levels where the cosmic sgnd is drong, points a a collison higory, bearing in mind the
findings a the K/T boundary. Since only few Holocent impact craters are known to exig, this
on the other hand favoures the cosmic dust posshbility. From other sources we know that
climate has shifted rgpidly during the Holocene. Many of the cosmic pesks identified in the
peetland dratigraphies coincide with periods of climate detoriation and cultura downturns.
Whether these shifts and downturns could be attributed to cosmic activity is a question that
could be resolved by further dudies, induding the andyse of materid from the Tunguska
epicentre area.



