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General introduction to benthic-pelagic

coupling

- sedimentation of organic matter in
marine ecosystems

- general benthic processes

- early diagenesis

- methodological considerations

m Case Studies

1. Adriatic Sea
2. North Sea

3. N. W. European Continental Margin

Lohse et al. Benthic Mineral Cycling, 1TCP, Nov 1998
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Methods to estimate (benthic) carbon mineralisation

1. Direct Methods

(Incubation of sediment or sediment-water enclosures)

Electron acceptor consumption or reduced product formation over
time

- 02, Nz, Feg+, CH4+, ECOQ )
Remineralisation of organic substances

- acetate, fatty acids, glucose ...... )

2. Indirect Methods

(Pore water profiling)
- solid phase organic carbon

- hydrolysable amino acids

- electron acceptors (e. g. O,, NOy)
- reduced products (Mn,*, Fe,", ZCO,, NH,".....)
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Organic carbon oxidation reactions and the subsequent oxidation
of reduced species.

O, respiration:
CH,0 + 0, - H,0 + CQ,

Denitrification:

CH,0 +4/5H" + 4/5 NOy - CO, + 2/5N, + 7/5 H,0
Mn reduction:

CH,O + 4H" + 2MnO, —» 2Mn* + 3H,0 + CO,

2H,0 +2 Mn* + 0, —» 2Mn0, + 4H"
CH,0 +0, - H,0 + CO,

Fe reduction:

CH,0 + 8H' + 4FeOOH — 4Fe** + CO, + TH,0
6 H,0 + O, + 4Fe?* —» 4 FeOOH + 8H'
CH,0 +0, - H,0 + CO,

Sulfate reduction:

CH,0 + H" +1/2 SOf‘ - CO, + 2 H,S + H,0O
02+ HS > % SO_,z' +H'

CH,0 +0, - H,0 + CO,

NH, * oxidation:

NH," + 20, > NO, + H,0 + 2H"

Il
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CARBON OXIDATION RATE

OXYGEN UPTAKE RATE
+ DENITRIFICATION

- OXYGEN CONSUMED BY NITRIFICATION

Constraints:

1) All reduced metabolites produced during suboxic and anoxic
diagenesis are re-oxidised

2) CO, is the ultimate reaction product of all mineralisation
processes

3) Burial of reduced compounds is negligible

Lohse et al, Benthic Mineral Cycling, ITCP, Nov. 1998 I‘g
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Model Construcuon 39

Figure 3.13. A solute trying to diffuse from point A to point B cannot pass through
solid sediment particles (filled shapes). The solute must travel around these particles
and so traverses the torfuous dotted path, rather than the direct solid-line path.
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Determination of the sediment diffusion coefficient Dy

where Do 1s the diffusion coefficient for a free solution
(1) is the porosity

F is the resistivity formation factor

F — se diment

water

then the porosity profile can be calculated by
1
0=F

where n ranges between 1.5 and 3.5 for sandy and muddy
sediments, respectively.

Lohse et al Benthic Mineral Cycling,, ITCP-course Nov, 1998 / ?'
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Station S (%o T °C) 0, (umol dm3) Loed (BE m?s)
3.'92 8-'93 3-'92 8-'93 3-'92 8-'93 3-'92 8-'93

11 332 15.7 215 (88%) 15.2
2 38.1 14.1 192 (75%) 20.8
3 331 38.1 9.8 16.3 238 (85%) 207 (86%) 1.4 35.1
4 38.2 4.0 196 (77%) 31
5 382 382 10.0 140 277 (100%) 272(108%) - 19.4
6 383 383 10.5 13.1 275 (100%) 277 (108%) 11 11.4
8 383 381 11.2 15.7 255 (95%) 245 (102%) 0.5 -
10 38.3 10.9 224 (81%)

Table 2. Bottom water salinity (5}, temperature (T), oxygen concentration and PAR quantic

irradiance at the seafloor, in Ma
prof. M.Innamorati and dr. L.Massi, Laboratorio di

,/ - ;
LAY :mcﬂ
N

reh 1992 and August 1993. PAR va
Ecologia, Florence, ltaly.

N, S225
7 dﬁ;(_/ | as

(rf <L | Res A7 (4) /73771764

lues were kindly provided by
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Fig. 6. Insits oxygen profiles and the best fit according to model 4. (A-D) station 3 in March 1992,
(E—i-l) station 11 in August 1993, (I-L) station 5 in August 1993, and (M-F) station 10 in August
1993. Profiles from station 11 and 5 could only be described by assuming benthic photosynthess.
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Reactivity and Photosynthesis in Adriatic Sediments
(after Epping & Helder 1997)

0=0 IC
dz
MODEL I
2R(0y) () =-R
Model 11
ZR(0,) (z) = -Reexp ™

Model III
Layer I ZR(OQ) (Z) = "RO
Layer I YR(O,) (z) = -Roe***”
Model IV
Layer [ ER(Oz) (Z) = —(RI +R2)
Layer I ZR(Oz) (Z) = -Rz

Lohse et al Benthic Mineral Cycling,, ITCP-course Nov. 1998
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Benthic 02 fluxes
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Benthic oxygen fluxes (mmol O, m? d™) in the shallow
Northern Adriatic Sea

Febr-March August-Sept.

Giordani et al. (1992) - 11.9-19.9
Tahey et al. (1996) 8.4-244 15.0-34.8
Epping and Helder (1997) 6.4-17.1 16.3 - 30.0
Moodley et al. (in press) 2.8-16.8 22.7-47.5
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Benthic 02 fluxes

@ March 1992

W August 1993

B August 1997

O March 1998
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Organic Carbon (g.m-2.y-1)

P-1 A-1
PP 39 95
R,
§ MT 2.75
- top
S
| MT 1.15
- bottom

0'2 I-1 N
58 58
.
17.7
o
9.2
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Contribution to org.C-budget by silicious organisms
Conversion of BioSi to org.C by C/Si=4.7 (w/w)

P-1 A-1 0-2 [-1

PP 39 95 58 58

Org. C by diatoms
g C/ m"2.year 39 42 17.8

MT

top

Water column

{2 TR AR
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The Adriatic Sea:
Conclusions

Benthic oxygen consumtion in the Northern Adriatic
shows a clear seasonal variation

Oxygen budgets of these sediments indicate the
occurrence of benthic primary production in
Northern Adriatic sediments

Benthic oxygen consumtion rates accounts for 11 to
26% of the pelagic primary production in Winter.

In summer, between 27 to 50% of the primary
production is mineralised in the sediment, indicating
the tight benthic-pelagic coupling

In the mid-Adriatic depression, 15% of the primary
production is mineralised in the sediment

Sediments located in the southern Adriatic Sea
account for 3 to 12 % of the pelagic primary
production

Benthic processes clearly affect the chemical
composition of Adriatic water masses.

Lohse et al. Benthic Mineral Cycling, ITCP, Nov 1998

o
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Organic Carbon (w/ w))

Grouping North Sea sediments

100 200 3 400

Median grainsize (pum)

‘ ]ohse et al. Ophelia 42: 173-198 (1995) I
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Skagerrak
water depth: 330 m

med. grainsize :
20 um

(medium silt)

Frisian Front
water depth: 39 m

med. grainsize :
80 um
(very fine sand)
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umol O, dm”

100 100 200 300 400

Danish coast
water depth: 12 m

medium grainsize:

190 pm depth
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(fine sand)
umol O, dm”
0 100 200 300 400
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water depth: 60 m 104
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. _fNear bottom pressure ﬂuctuat:ons caused by

tidal currents and wave action may induce
turbulent b'ansport processses in ‘non-
depos:tlonal” contmental shelf sediments.

Oxic/anoxic osc:llatlons may lead to a more
complete mineralisation of organic matter

Further studies

L ander technologies to study the processes
under in-situ conditions

Calibration of stirming regimes in incubation
chambers

Laboratory expeﬁments (thin-plug techniques)

\IUL Dec. 96



. Conclusions

North Sea sediments act as link rather than
Sink.

Temporal deposition of relatively fresh material
causes large seasonal diffferences of
biogeochemical processes in mid-shelf
sediments. These sites and particularly those
with imore constant deposition (e.qg. German
Bight) are key areas for benthic mineralisation.

Before reaching the final depocentre in the
Skagerrax. most of the organic matter has
been c'zcomposed. The material deposited
ara burad here is largely refractory.
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Empirical relationships for us¢ in global diagenetic models
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Fig. 3. Parameter versus water depth (m) plots. The regression curves based on the coefficients
listed in Table 3 are inctuded as well (solid lines).
{A) Sediment accumulation rate (w; cm year ™),
{B) Organic carbon burial rate (Fy; mmol C cm™ 2 year™").
{C) Dy-2'%Pb (crosses; cm? year~ yand Dy-34Th {open squares; cm? year Y
(D) Total mineralization rate (F; mmol C em ™ ?year™").
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Table 4. Global depth distribution of burial and mineralization rates

Depth range Area(m) o F £ AEROBIC DEN SRR

Ya

0-200 7 56 68 32 42 63 64

200-2000 9 0 27 30 30 29 29

> 2000 34 14 5 18 28 8 7
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