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Towards modelling of loess-paleosol sequence formation
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A simple modelling approach of loess-paleosol sequences combining both local insolation (as
represented by a combination of precession and obliquity; p-0.5t) and a global climate signal
(represented by the LRO4 benthic oxygen isotope stack) is presented. Aim is the combination of
these signals and the setting of threshold values to mimic loess-paleosol formation in the
Pannonian Basin. As a good fit does not necessarily imply a causal link, results require critical
discussion.

Rationale

Proxy records for paleoenvironmental conditions of loess-paleosol sequences in the Pannonian
Basin, especially of the magnetic susceptibility (MS), show a pattern comparable to the global
oxygen isotope record (e.g. Huybers and Wunsch, 2004; Lisiecki and Raymo, 2005), which is
generally assumed to represent a global composite signal of deep sea temperatures and ice
volumes. As a result, time scales for loess-paleosol sequences were constructed by correlation of
MS records to the oxygen isotope record of benthic foraminifera (e.g. Buggle et al., 2009).
Further, some authors discuss to directly relate European loess-paleosol sequences to
astronomical parameters (precession, obliquity and eccentricity; Basarin et al., 2014; Markovi¢ et
al.,, 2012; Necula and Panaiotu, 2008). Though similarities of these records are obvious, also
differences between the marine and European loess deposits are apparent. These discrepancies
may lie in diverse formation mechanisms, (local or regional) soil formations or other (more
complex?) influences.

Observations

Comparing loess (here from Batajnica, Vojvodina, Serbia) to the LR04 stack (Lisiecki and Raymo,
2005), the Imbrie & Imbrie 1980 ice model (parameterized as by Lisiecki and Raymo, 2005 and
based on the June insolation by Laskar et al. 2004; Imbrie and Imbrie, 1980) and an ET-P curve
(mix from eccentricity, obliquity and precession) shows that the ~100 kyr component (of
eccentricity) is strongly developed in loess, while the higher frequency signals (corresponding to
precession and obliquity) are not clearly recognizable in the loess. However, some peaks in the
MS which are not as present in the oxygen isotope record seem to relate to high obliquity,
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specifically at ca. 160, 290 and 370 ka. Further, the MS signal shows a clear baseline during cold
conditions, whereas the LR04 stack and also summer insolation curves show both peaks and
troughs. Comparing MS data and the summer insolation at 65° north, the 405 kyr component of
eccentricity does not seem to play a role in loess (as for the marine oxygen isotope records).

Pronounced differences between the LRO4 stack and the MS at Batajnica are: 1) a weak MS peak
at the end of MIS7, which is present in the Imbrie & Imbrie 1980 ice model (when parameterized
as by Lisiecki and Raymo, 2005), 2) the non-division of MIS 7 and MIS 9 in loess 3) general low
intensity variations of the paleosols, relative to the ice model and benthic oxygen isotope
composite records.
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Fig. 1 Results from modelling soil formation and loess deposition (top) and data of the magnetic
susceptibility from Batajnica (Serbia, Markovi¢ et al., 2009, bottom).

Towards modelling

Here the attempt is made to model loess-paleosol sequence formation and magnetic
enhancement of soils by forcing a simple model. A combination of global climate as represented
by the marine oxygen isotope record (Lisiecki and Raymo, 2005) and a direct orbital signal
(derived from data by Laskar et al., 2004). Based on these observations, a modelling attempt is
made combining the (standardized) LR0O4 stack and the (standardized) p-0.5t (standardized
precession minus 0.5*standardized tilt) curve representative for northern hemisphere summer
insolation (see Lourens et al., 1996 for discussion). A threshold value of this combined curve is set
to simulate soil formation under ‘locally favourable’ conditions (high summer insolation), and no-
soil-formation during ‘locally unfavourable’ conditions (low summer insolation). Soils are
simulated to overprint material accumulated during ‘favourable conditions’, but not material
accumulated during ‘unfavourable conditions’. Further, an accumulation model is developed that
deposits ‘pure’ loess during periods of no soil formation, and accumulates little material during
soil formation.
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Results

Comparing results of a simple model to data from Batajnica (Markovi¢ et al., 2009, see Fig. 1),
similar patterns are apparent. This is not surprising, as thresholds have been set to give a decent
fit between the simple model and geological data. However, experimenting with thresholds and
data of either the LR04 stack (thought to represent global climate) or an insulation curve could
not result in a fit as good as the here presented one. Though the pattern of soil formation results
in a reasonable fit, modelled sedimentation deviates from observations. As the (last glacial)
sedimentation rates differ throughout the Pannonian Basin (see e.g. the compilation of Buggle et
al., 2009) we do not regard this an issue here.

Perspectives

The presented approach has much space for improvement. The next steps will be to incorporate
an automatic matching procedure to use Monte Carlo type simulations to optimize thresholds
and transfer functions (for soil formation and sedimentation) to adjust the fit between model and
data. Once achieved, a model can be fitted to numerous datasets, and the variability of
thresholds and transfer functions can be investigated, hopefully leading to a better
understanding of the forcing mechanisms of loess-paleosol sequences in the Pannonian Basin.
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