Tracing soil organic matter
from source to sink
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1. Introduction:

The transport of terrestrial organic matter (OM) to coastal sediments represents
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a significant flux in the global carbon cycle. Although a large range of bulk and o

molecular proxies for terrestrial OM is available, quantification of the relative : o .

inputs of terrestrial OM to marine sediments is still difficult. The incomplete "\/\/\/VV\/Y\)\AMN\AO:L Isoprenoid Tetraether
understanding of the transfer of terrestrial OM from land to the ocean is "
probably due to the lack of diagnostic (geochemical) proxies especially for soil
OM which accounts for two third of the total terrestrial carbon budget. Recently,
several developments have however led to new insights into the recognition of
soil OM in marine environments. The Branched and Isoprenoid Tetraether (BIT)
index (Hopmans et al., 2004, Fig. 1) has been introduced as a proxy to trace soil "
OM input from land to the marine environments (e.g. Walsh et al., 2008; Kim et
al., 2009). This index is based on the relative abundance of non-isoprenoidal
glycerol dialkyl glycerol tetraethers (GDGTs) versus a structurally related
isoprenoid GDGT “crenarchaeol”. Branched GDGTs are produced by anaerobic
bacteria thriving in soils (Weijers et al., 2006), whereas crenarchaeol is
produced predominantly by marine Crenarchaeota (Sinninghe Damsté et al.,
2002). We discuss the use of the BIT index to trace soil OM input in contrasting
depositional settings: the Rhone prodelta (NW Mediterranean), the fjords of
Svalbard (Arctic Ocean), and the Amazon shelf and fan (tropical Atlantic).

2. Results:

Fig. 1. Glycerol dialkyl glycerol tetraethers (GDGT) structures and the definition of the
BIT index. |, Il, and lll indicate the branched GDGTs and IV is crenarchaeol.
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Approaching 0 — marine dominated organic matter
Approaching 1 — soil dominated organic matter
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Fig. 2. We investigated suspended particulate matter (SPM) collected
in the Rhéne River and its tributeries (Doubs, Sadne, Ain, Isére, and
Durance) and other smaller Mediterranean rivers. BIT values of the
Rhéne River are comparable to those of its tributaries. The BIT value
of the Rhone River at Arles (0.9, n=1) is higher than those of smaller
Mediterranean rivers flowing into the Gulf of Lions.

Latitude (N)
Toc")

(he g,

December, 2003

Longitude (E)

Longitude (E)

Fig. 3. In the Gulf of Lions, BIT values range from 0.01 to 0.85, with
higher values along the coast compared to those offshore. The soil
OM contributions to the total organic carbon (TOC), estimated based
on the BIT index, are >10% along the coast, while those from the
outer shelf and the continental slope are below 10% (Kim et al.,
2010). The spatial distribution patterns of GDGT parameters are
similar to the MODIS image of the Gulf of Lions showing across and
along-shelf dispersion of the river plumes occurred in December,
2003 (Guillén et al., 2006).

4. Future work:

We will continue to work on soils and SPM collected in the
Amazon watershed and marine surface sediments as well as
SPM sampled in the Amazon shelf and fan. GDGT
parameters will be compared with other geochemical
parameters. This will further shed light on the potential of the
BIT index for tracing soil OM input from land to the ocean and

quantifying its fluxes.
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Fjords of Svalbard (Arctic Ocean):
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Fig. 4. (A) Map of the Arctic Ocean. (B) Sampling locations of marine
surface sediment (O), IRD (A), soil (V), and coal (¢). LB, KLB, MB,
TB, KB, and KV indicate Lilliehtdkbreen, Kollerbreen, Mayerbreen,
Tinayrebreen, Kongsbreen, and Kongvegen, respectively. The BIT
index of Svalbard soils was close to, as is typically found for soils. BIT
values of IRD were much lower, while those of marine sediments
were generally low.
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Fig. 5. Bulk geochemical parameters suggest a predominant marine
contribution to sedimentary OM. The BIT index indicates that soil OM
contribution to the marine sediments is minor. However, the
parameters of retene, n-alkanes, and the depleted bulk radiocarbon
content (A™C value) suggest that ancient OM of both coal-derived
and mature IRD-derived OM is being buried in the Kongsfjord-
Krossfjord system of Svalbard in the high Arctic.
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Fig. 6. Sampling locations of soil (O) and SPM in the red box in the
Amazon basin. The SPM samples were collected during the high
water level in June, 2005.
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Fig. 7. The BIT values of soils are close to 1. BIT values of river bed
sediments are also high, while those of river SPM are generally lower,
varying among different tributaries.

Latitude

BIT index

T
-54 -52 -50 -48

Longitude
Fig. 8. The BIT values of marine sediments collected in the Amazon
fan in 2010 are generally around 0.1, except for three sites with
enhanced values (0.4-0.8). This suggests that deposition or
preservation of soil organic matter are higher at those sites located on
the continental shelf and slope.
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