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The mathematics of mud
gonplra—2#Aa  Szilard Zsolt Fazekas

I remember from my student days that it is not always
easy to relate what one studies in a mathematics or com-
puter science course with what is outside the ivory tower of
their immediate field of study. However, I was lucky in that
every once in a while the opportunity to apply something I
learnt arose in some unexpected context, e.g., helping out
my father’s carpenter’s workshop by calculating the radius
of an arch on a doorway or writing a simple program which
retimed subtitles and converted between different formats
for a friend working in movie distribution, saving them days
of manual editing. Simple as the math required may be,
those little applications gave me great pleasure and would
provide extra incentive in pursuing my studies. Besides the
obvious professional satisfaction, I found a similar feeling
of joy whenever I had the chance to collaborate with re-
searchers from outside my field.

The latest such chance came
last year, when Dr. Stephen
Obrochta, a paleoceanographer
from the Graduate School of
International Resource Sciences
approached me with a problem.
An important part of his re-
search is the analysis of sedi-
ment samples retrieved from the
seafloor. The research team goes
out on the open sea in a ship and
they lower a hollow steel tube

3.3-m liner length
~3.3-m final recovery

2-m initial recovery
Expansion during decompression

=
)
w
T

>
T

o

called core drill to the seafloor,
drill down a few meters and re-
trieve a core sample, a cylindrical
section of the seafloor sediment
(the “mud”). Based on the lay-
ers found in those core samples they are able to date certain
geological and climatological events. In an expedition con-
ducted in the Baltic Sea, Stephen and his colleagues ran
into the problem that the retrieved core samples greatly ex-
panded (from 2m to more than 3m in some cases), when
taken to the surface. Under the high pressure of the deep
sea, there are gases dissolved in the pore water of the sedi-
ment, but while the sample is brought to the surface, these
gases expand, fragmenting the layers of the sample. To be
able to analyze the layers in the cores, they needed to “re-
compress” the cores. The difficulty was that the fragmenta-

tion was not uniform, so a simple linear rescaling would be
far from the original conditions. The top layers were very
fragmented, whereas the bottom layers experienced almost
no change. We managed to solve the problem by fitting a
logarithmic curve on the density data and then using inte-
grals to calculate the volume of sediment above given depth
levels to relate those depths to the original depths before
extraction. The figure on the right shows the density distri-
bution in the core before extraction (A) and after reaching
the surface (B). For more details, see our paper ([1]), or feel
free to ask me about it.
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The mathematics involved in the paper is not hard, but
combined with the data and expertise of a paleoceanog-
rapher it lead to a useful tool in dating seafloor sediment
layers, and through this, to my unexpected contribution to
climate research.

[1] Obrochta, S.P., Andrén, T., Fazekas, S.Z., Lougheed, B.C., Snow-
ball, I., Yokoyama, Y., Miyairi, Y., Kondo, R., Kotilainen, A.T., Hyt-
tinen, O. and Fehr, A. (2017), The undatables: Quantifying uncer-
tainty in a highly expanded Late Glacial-Holocene sediment sequence
recovered from the deepest Baltic Sea basin: IODP Site M0063. Geo-
chemistry, Geophysics, Geosystems.
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