


Table 4: Sediment composition at specific sites and calculated non-lithogenic particle fluxes to the sediment surface (JP;=minimum particle flux; JP,&= total
particle flux).
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c TOC Opal Opal residual® Calcit SR! DBD’ 5 [ Jpminei02-mod [I— Jporsormed Reference  Reference Reference
Event

[wi%]  [Wt%) [w1%] [wi%]  femkyr']  [geom]  [em?yr'] e m? yr] [gm?yr] [gm?yr'] [em?yr'] TOC Opal Calcite
GeoB 4906 151 4.40 2.51 4.90 36 0.35 114 450 94.2 46.1 95.4 3] [1] {71
GeoB4909 132 270 135 123 43 0.41 266 36.1 55.1 388 57.8 31 (] m
GeoB 4913 1.65 6.00 431 0.10 12.1 0.36 2.64 119 112 122 115 {8} n [61
GeoB 4917 2.16 1.10 1.54 0.30 83 0.41 1.36 95.2 116 96.6 117 [£3] [ [6]
GeoB 4901 0.80 470 4.46 4.50 4.1 0.38 1.52 54.5 235 56 25 3] [11 [7]
GeoB 3702 3.10 1.90 1.01 52.4 10.0 0.23 13.00 89.4 162 102 175 3] [51 61
GeoB 3703 610 200 1.80 458 14.5 022 17.13 107 225 124 243 {31 [51 61
GeoB 3704 400 280 2.08 51.0 9.9 0.19 10.78 107 80 118 91.1 3] {5] 6]
GeoB 3705 4.53 [.20 0.85 589 79 0.20 10.21 107 185 117 195 [31 {51 [6]
GeoB3706 374 150 0.48 55.6 8.4 0.12 6.0 60.1 141 66.1 147 B3] {1 6]
GeoB 3707 492 2.50 1.90 453 76 0.19 7.57 102 102 109 109 [31 [11 6]
GeoB 3719 274 nv nv 62.0 9.9 025 16.1 91 48.8 107 65 3] 5] 6}
GeoB 3721 1.03 nv nv 70.3 54 0.33 12.8 67 38.7 79.3 515 31 - 161
GeoB 3713 1.20 nv nv 5.10 9.0 0.40 2.27 74.0 51 763 53.6 31 - [41
GeoB 3715 3.10 ny nv 256 9.0 0.24 6.22 114 133 120 140 3] - 4]
GeoB3724 060 650 429 270 17 0.24 126 216 475 2.9 489 B3 5] 6]
GeoB 6202 0.96 1.00 0.57 1.00 35 0.53% 0.47 20.4 18.5 209 18.9 [3] 1] 4]
GeoB 6214 248 210 2.34 nv 350 0.53% 6.39 40.6 412 470 476 3] [1]
GeoB 6219 .19 520 6.26 ayv 2.7 0.532 1.07 279 273 29.0 284 31 {4}
GeoB 6223 050 260 v 0.00 238 053 0.07 215 273 216 274 B3] 4] (]
GeoB 6226 1.07 6.70 nv nv 30 0.53? 0.17 220 18.5 22.0 18.7 31 [41
GeoB 6229 149 470 400 0.70 2.7 053 328 423 53.8 46.1 57.1 3] [4] 9]
GeoB 6230 102 830 nv n.v 30 0.53% 0.16 2838 63.9 29.0 64.1 3] 4] -
GeoB2704 077 270 nv 11.7 3.0 0.53 1.98 26.5 136 28.4 140 [31 41 [6]
GeoB 2705 1.33 1190 ny 1.80 2.9 0.53? 0.50 294 112 29.9 12 3] [4] 6}
GeoB2706 050 720 By 0.30 36 053 0.17 17.4 98.0 176 98.2 13] [4] 6]
GeoB2707 040 2.50 nv 133 36 0.53? 2.90 14.4 892 173 92.1 3] [4] 6]
GeoB 4417 064 nwv. ny 0.60 26 0.53° 039 nv nv 20.9 19.0 21 - [2}

1: SR: Sedimentation rate queried from SR-grid after Mollenhauer et al. (in press).

2: DBD (Dry bulk density) queried from DBD-grid after Mollenhauer et al. (in press).

3: B: estimated burial rate after equation (6).

4: Jpain102-wria a0 Jporj02-ia: Based on oxygen flux grid values after Seiter et al. (subm. b).

52 Jpmin-102-mod 80d Jpior.j02-mod: Based on modeled oxygen fluxes this study.

6: Background value in 4-5 cm sediment depth.

References: Holstein (2002)=1, Wenzhofer (1999)=[2]. Mollenhauer et al. (in press)=[3]. Romero and Hensen (2002)=[4], Schulz
(2000)=[5}. Hensen et al. (1998)=[6]: Pfeifer ct al. (2002)=[7}: Wagner et al. (in press)=[8]. Riedinger et al. (subm.)=[9].
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In general, differences between Jpmi, and Jpir are conspicuously low. Major deviations can be
observed offshore Namibia, where high accumulation rates cause a rapid burial of particles.
The calculated burial efficiency is ~10 % %2 of Jpior, of which the main part consists of calcite.
Thus, 16 % on average and up to 35 % of calcite that settles on the sea floor is buried, but less
than 1 % of opal and TOC. Increasing opal burial efficiency, but less calcite preservation can
be observed offshore the Congo River mouth. Due to the position of the hydrographic
lysocline the southernmost GeoB sites off Argentina (GeoB 27xx, GeoB 6223, GeoB 6226,
and GeoB 6230) are subject to intense calcite dissolution and do not affect the fraction built
up by burial considerably.

In comparison with conventional accumulation rates (based on SR and DBD calculations), the
calculated total non-lithogenic particle fluxes exceeded these rates by far, since the main
portion of biogenic particles settled on the sea floor were immediately remineralized at the
sediment-water interface. Direct methods as trap data collected particle fluxes are affected by
large uncertainties, due to e.g. intense bottom currents and thus advective transport of
suspended particles in the water column or at the sea floor. Calculations of non-lithogenic
particle fluxes from diffusive oxygen fluxes (Jpmin) across the sediment-water interface reflect
these additional effects and thus are a usefull and practical method for estimating biogenic
fluxes to the sea floor.

5. Conclusions

By this completely new approach of developing a simple empirical connection between the
oxygen uptake and silica release rates in marine surface sediments, we generated a
distribution pattern of the benthic silica flux rates and subsequently of the biogenic opal rain
rate to the sea floor for the S-Atlantic Ocean. Despite the rough simplification, a generally
good coincidence of the silica flux map with results from previous studies (Zabel et al., 1998;
Hensen et al., 1998) could be observed. Thus, we could show that the estimation of benthic
silica release rates by using the oxygen consumption rates provides a reliable budget of
3.7 TmolSi yr' for the investigation area. Related to the total primary production of biogenic
silica in the entire global ocean, we found a benthic reflux of ~13.5 %. Like to be expected,
the portion of the deep basin areas (> 4000 m water depth) built up the main fraction of the
total budget.

The minimum flux of biogenic opal to the sea floor is assumed as balanced by the reflux,
expressed by the diffusive benthic silica release rates. Under consideration of an additional
fraction, which is actually buried in the sediments, we could calculate the total biogenic opal
rain rate to the sea floor. This approach was enlarged to the calculation of the total non-
lithogenic particle flux as the sum of total opal, calcite and organic carbon fluxes to the sea
floor for ocean areas above the hydrographical calcite lysocline. However, the lysocline limits
the validity of the regression between organic carbon mineralization rates and calcite
dissolution exclusively. In comparison with common accumulation rates, the calculated fluxes
exceeded these rates by a multiple, since, the main portion of biogenic particles actually
settled on the sea floor, were immediately remineralized at the sediment-water interface.
Accordingly, the calculated non-lithogenic particle flux is an improved method and good
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estimation for biogenic particles that actually is exported to the sea floor for oceanographic
areas above the hydrographical lysocline.
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2.4 Fluxes at the benthic boundary layer — A global view
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Abstract

Fluxes between the ocean waters and the sediments are key regulation processes for the marine biogeochemical
cycles and, thus, their quantification is of crucial importance. At this transition it is ultimately determined how
much of a primary particulate signal is preserved or mineralized and hence recycled. Our review summarizes two
major approaches how to use spatial information obtained from surface sediments: (1) In the first part we
summarize the state-of-the-art regarding the use of biogenic barium as a proxy for primary productivity. We
discuss the possibilities and limitations of this approach mainly based on the results of a recent study in the
South Atlantic. The general outcome of this study was that the spatial pattern of primary productivity can well be
traced back by calculating (sub-)recent accumulation rates of biogenic barium and applying available and newly
formulated empirical equations. Most of those equations, however, fail to give the really observed magnitude of
today’s productivity values. The main reasons for this are mostly the uncertainty of the C,./Bay,;, depth relation,
which differs between distinct ocean regions, dynamic sedimentary processes at ocean margins combined with
badly constrained values of terrigenous barium input, and the effect of barite dissolution due to subsequent
anoxic diagenesis. To improve the quality of prognoses for past productivity multi proxy approaches are
recommended to bypass the uncertainty in predictions from a single proxy. (2) The more extensive second part is
based on the large amount of studies that aimed at the quantification of benthic fluxes of nutrients and oxygen,
which are good measures for the amount of reactive particulate material being mineralized at the seafloor and
thus returned into the marine cycle. Those results enabled us to give profound calculations of the benthic oxygen
consumption and the release of nitrate, phosphate, and silicate at the seafloor of the South Atlantic and give
upscaled estimates for the global area of the sea floor. Additionally, we discuss more detailed studies focusing on

control parameters for benthic fluxes like primary production and lateral advection along the ocean margins off
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Southwest Africa and Argentina. A very conspicuous result was obtained by calculating mass balances for
biogenic opal in those regions indicating a dramatic underestimation of accumulation fluxes of opal by
“conservative” methods, which is believed to be of global significance. The last section mainly focuses on the
effect of benthic mineralization on the dissolution of calcium carbonate even above the chemical lysocline. This
process is in discussion since more than two decades. A number of studies have been performed, mainly using in
situ devices, to determine CaCQs dissolution. We summarize and discuss the results obtained from the South
Atlantic and use a recently developed empirical algorithm to show the worldwide distribution of supralysoclinal
CaCO; dissolution fluxes in marine surface sediments and give an estimate of their total amount. Finally, a table

for benthic fluxes of major constituents is provided on ocean wide and global scales.
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3. Zusammenfassung

Im Rahmen dieser Arbeit wurden drei aufeinander aufbauende Themenkomplexe bearbeitet.
Zundchst wurde ein Ansatz zur Regionalisierung und Quantifizierung des Gehaltes
organischen Kohlenstoffs (TOC) im Oberfldchensediment entwickelt. Die Diskretisierung des
Weltozeans in 33 benthische TOC-Provinzen stiitzt sich auf international verfiigbare Daten
zur TOC-Konzentration, Partikelfallen der unteren Wassersdule, Sedimentparameter,
Porenwasseranalysen und Informationen zu sogenannten Randparametern wie
Stromungssystemen und lateralen partikuldren Eintragspfaden. Es wurden 5553 TOC-Daten
kompiliert und eine Diskretisierung unter Einbeziehung der genannten Parameter
vorgenommen. Nach der so erfolgten Vor-Charakterisierung in benthische ,,Roh*“-Provinzen
konnten die benthischen TOC-Provinzen durch die sich anschliefende regional spezifische
geostatistische Daten-Analyse (Semi-Variogramm Analyse) nach der Kriging-Methode
definiert werden. Die Erfassung globaler Verteilungsmuster des TOC-Gehaltes 1m
Oberflachensediment in einer 1° x 1°-Auflésung erfolgte durch die Anwendung der Kriging-
Methode auf der Grundlage der regional-spezifischen Semi-Variogramm Analysen. So
konnten im Rahmen dieser globalen Betrachtung die einflussnehmenden Randparameter
berticksichtigt und ortsabhidngige Strukturen herausgearbeitet werden. Die TOC-
Verteilungskarte bietet daher ein sehr hohes Mall an Genauigkeit und bildet fiir
weiterfilhrende Untersuchungen zu regional abhédngigen Mineralisationsprozessen und
Partikelfliissen zum Sediment eine entscheidende Grundlage.

Erschwerend fiir die Darstellung moglicher kleinrdumiger Strukturen, die regionale und
globale Verteilungsmuster prigen, erweist sich die oft nur geringe Anzahl zur Verfiigung
stehender Daten geochemischer Parameter. Da das geochemische Milieu in den obersten
Sedimentabschnitten entscheidend durch die Mineralisation organischer Substanz mit
Sauerstoff geprigt und hierdurch eine Vielzahl friihdiagenetischer Prozesse gesteuert wird,
konnte der in hoher Datendichte verfiigbare Parameter TOC im Oberflachensediment als
Kontrollparameter fiir weiterfithrende Untersuchungen zu Stofffluss-Verteilungsmustern
verwendet werden.

So wurde der Frage nachgegangen, ob sich der Fluss partikulédren organischen Materials
(Jpoc) zum Sediment {iber die Konzentration organischen Kohlenstoffs im
Oberflachensediment und die dort stattfindende Sauerstoffzehrung (DOU) abschétzen lésst.
Um dies zu beantworten, wurde der enge korrelative Zusammenhang zwischen TOC-Gehalt
im Oberflachensediment und Sauerstoffzehrung genutzt. Ausgehend von den entwickelten
Provinzen wurden fiir Wassertiefen unterhalb 1000 m in 10 charakteristischen Regionen gute
Korrelationen zwischen dem TOC-Gehalt im Oberflichensediment und den diffusiven
Sauerstofffliissen {iber die Sediment-Wasser Grenzschicht nachgewiesen. Ein signifikanter
ratenlimitierender Einfluss des Sauerstoffgehaltes im Bodenwasser auf die diffusiven
Sauerstofffliisse, war lediglich fiir den Bereich des NW-amerikanischen Kontinentalhanges
(NE-Pazifik) zu beriicksichtigen. Durch die Anwendung und Ubertragung der insgesamt 11
empirischen Gleichungen auf Gebiete mit unzureichender Datendichte, in bezug auf die
direkte Abschitzung benthischer Stofffliisse, konnte tiber die Berechnung der benthischen
Sauerstoffzehrung (DOU) aus TOC-Verteilungsmustern, global ein minimaler partikuldrer
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Fluss organischen Materials (Jpoce) von 0.5 GtC yr‘1 zum Sediment abgeschétzt werden.
Dariiberhinaus ergab sich eine globale Einbettungsrate von 0.002 bis 0.12 GtCyr' in
Abhidngigkeit der zugrundeliegenden Parameter (SR, TOC). Die provinz-spezifische
Anwendung empirischer Gleichungen fiir die Abschitzung globaler Verteilungsmuster
ermoglichte so die Beriicksichtigung regionaler Prozesse, die das organische Material auf
seinem Weg aus der euphotischen Zone bis an die Sediment-Wasser Grenzschicht
beeinflussen. Es konnte vor allem gezeigt werden, dass regional gesteuerte Prozesse, wie z.B.
lateraler Sedimenttransport, Verfligbarkeit des organischen Materials oder Unterschiede im
Transportverhalten der organischen Partikel durch die Wasserséule, entscheidend zu einer
»Entkopplung® zwischen den Verteilungsmustern der Primérproduktion der euphotischen
Zone und benthischen Verteilungsmustern des partikuldren organischen Materials beitragen.
Die im Rahmen dieser Arbeit entstandenen Verteilungskarten berticksichtigen diese Prozesse.

Die Ergebnisse der abgeschitzten globalen Fliisse partikuldren organischen Materials zum
Sediment (Jpoco) sind als vergleichbar mit bisherigen Studien anzusehen. Die regionalen
Abweichungen zwischen den Primirproduktionsmustern bzw. Jpoc-Verteilungsmustern, die
auf der Annahme eines rein vertikalen Flusses durch die Wassersiule basieren, und den hier
ermittelten Verteilungsmustern verdeutlichen die Notwendigkeit neben ozeanographischen
Parametern auch Steuergrofien zu beriicksichtigen, die benthische Mineralisations- und
Losungsprozesse beeinflussen (z.B. Lateraltransport, Qualitit des organischen Materials).

Der Ansatz zur Jpoce-Abschitzung anhand des diffusiven Sauerstoffflusses iiber die
Sediment-Wasser Grenzschicht wurde fiir den Bereich des S-Atlantik anhand von
Untersuchungen zur Kopplung zwischen mikrobieller Aktivitit und benthischen diffusiven
Siliziumfliissen weiter entwickelt, um eine einfache empirische Beziehung zwischen
Siliziumriickfluss und diffusivem Sauerstofffluss {iber die Sediment-Wasser Grenze
herzuleiten. Zusétzlich zur aeroben Mineralisation des organischen Materials wurden der so
bestimmte Riickfluss von Silizium sowie Kalzitlosungsraten als regional iquivalent zu den
jeweiligen minimalen Partikelfliissen (Opal, Kalzit) zum Sediment angenommen und
beschreiben in der Summe den minimalen biogenen Partikelfluss zum Sediment.

Unter Einbeziehung der jeweiligen Einbettungsraten konnte gezeigt werden, dass fiir grof3e
Bereiche entlang der Kontinentalrinder die hier abgeschiitzten minimalen Partikelfliisse
herk6mmlich ermittelte Akkumulationsraten (Abschéitzung tiber die Sedimentationsrate)
tibersteigen. Die Abbweichungen lassen sich dadurch erkldren, dass der Hauptanteil des
akkumulierten biogenen Materials im Oberflichensediment remineralisiert wird und bei
Betrachtungen herkommlich bestimmten Akkumulationsraten nicht berticksichtigt wird.
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4. Kartenanhang
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A I: Verteilungskarte der TOC-
Konzentrationen im
Oberflichensediment fiir den SW-
Afrikanischen Kontinentalrand in
0.1° x 0.1° Auflésung. Die Karten
entstanden im Rahmen des 1.
Manuskriptes (Abschnitt 2.1)
durch Anwendung der dort
beschriebenen Kriging-Methode.
Aufgrund der hohen Datenlage
entlang des Kontinentalhanges
(mehrere Stationen innerhalb 1°)
werden regionale Strukturen dort
besser sichtbar.

A II: Darstellung des Flusses
organischen Kohlenstoffs (Jpoca)
zum Sediment (0.1° x 0.1°). Die
Jpoce, Karten IL IV, VI
entstanden auf der Grundlage der
jeweiligen TOC- ,
Verteilungskarten im Rahmen des
2. Manuskriptes (Abschnitt 2.2)
und des dort beschriebenen
Verfahrens zur Abschitzung der
C-Fliisse zum Sediment.
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A III: TOC-Verteilung im
Oberfldchensediment des
ndrdlichen N-Atlantik
(Gronland-Norwegische-
Island See) (0.1° x 0.1°,

vgl. Manuskript 1, Abschnitt
2.1).

A TV: Jpocq-Abschétzung im
ndrdlichen N-Atlantik

(0.1° x 0.1°, vgl. Manuskript 2,
Abschnitt 2.2).
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A V: TOC-Verteilung im Oberflichensediment der Arabischen See (0.1° x 0.1 °).
Es wurden hauptséchlich die Strukturen der 6stlichen Arabischen See
herausgearbeitet (Verfahren: vgl. Manuskript 1, Abschnitt 2.1).
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A VI: Jpoce-Verteilung
basierend auf der TOC-Verteilung in 0.1° x 0.1°-Aufldsung
(Abschnitt 2.1 und Abschnitt 2.2).
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B III: Minimaler partikuldrer Fluss organischen Kohlenstoffs zum Sediment (Jpoce,).
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Appendix |
distance/ search. Max.
Zone n model h, lag Iw 1 C dir'  « ratio & Ah  scale slope Rardii data no. of
e width ¢ [O] dir [o] aniso aniso. P (SR) pOintS/ Sectors
unit sector
Polar Seas
BARENTKARA 282 exponential 500000 {m] 20000 25 0.04 om n.sp. 1 n.sp. 313500 0.12 2range 4 4
KARA2 9 spherical 330000 [m] 110000 33 *%% om nsp. 1 nsp. 110000 0.2 range 4 4
LAPTEV SEA 161 spherical 500000 fm] 20000 25 0.025 146 35 1 nsp. 150000 0.08 nsp.  n.sp. n.sp.
GROE ? 145  spherical 1200000 fm] 40000 30 0.009 85 65 1 n.sp. 750000 0.05 range 4 4
ANT 266  nugget 1110000 fm] 0.085 222000 n.sp.  n.sp.
South Atlantic areas
SOATL 258 exponential 15 °] 0.50 30 0.010 om n.sp. 1 nsp. 855 0.055 1.5range 4 4
SOATL + Coast 911  spherical 15 °] 0.50 30 0.050 om n.sp. 1 nsp. 800 0.I5 I.5range 6 4
NAMBCO 139 spherical 5 I°l 0.2 25 0.005 135 50 3 135 366 0.125 range 2 4
SWACO (incl. NAMBCO, . < o
incl. intersect. ETROPAT) 285  spherical 15 ] 0.50 30 0.02 119 45 1 nsp. 500 0.10 range 4 4
ARGCO (incl. RIOPLATA) 73  spherical 15 °l 075 20 002 45 60 1 nsp. 1000 023 range 4 4
RIOPLATA 50  spherical 3 I°l 020 15 0.001 153 60 1 nsp. 2.00 0.15 range 2 4
BRAZCO 144 nugget 10 il 0.09 10 4 4
GUBRACO 190  spherical 10 [°1 040 25 0.06 118 60 1 nsp. 300 0.06 range 2 4
SR1:2;
SR2:10
GUIL 79 nugget 10 M| 0.085 angle: 4 2
90°
ETROPAT 170 linear 10 M| 040 25 001 16 45 1 nsp. nsp. nsp. 002 asGUI 4 2

(1T'7 pruydsqy ayoars) 1 xipuaddy
9Z1
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Appendix 1 continued

distance/ dir' o atio 1 search- ”;’a t\ f
Zone n model Biyax lag width  Iw ] Cqy o o ! ¢ Ah scale slope  Radii da ‘i& f10.. 0
unit 1 i l°l e aniso (SR) points/ Sectors
U7 sector
North Atlantic areas
NOATLA Coast 1762 exponential 30 ["} 1.20 25 0.065 om n.sp. 1 nsp. 713 0.10 range 6 4
NEAMCO 105 spherical 15 I 0.50 30 0.8 om nsp. 3 55 103 0.23 range 3
NOATL 385 exponential 30 [“1 1.0 30 0.015 om n.sp. | nsp. 1423 0.06 range 6 4
all
WAFCO 64 nuggct 15 {°1 0.196 10 data  n.sp.
incl.
CANAR 85 spherical 4 1] 0.16 25 0 74 30 2 74 2.2 0.04 range 4 2
SR1:6:;
EURI 114 Gauss 4 Pl 013 30 0.043 om nsp. 1 nsp. 398 035 iﬁf]: 8 ]
(10°
EUR2 238  exponential 2 "] 0.04 30 001 om n.sp. 1 nsp.  L.14 020 2range 4 4
Pacific areas
NWAMCO 68  exponential 5 [°1 0.33 15 0.005 113 45 2 13 214 012 2range 2 4
CHICO and PERCO without 55 pporical 2 Pl 060 20 001 om nsp. | nsp. 10.00 0.2 ange 3 2
ansotropy- a
SR1:6;
e e ) . . ) . . ) SR2:2;
CHICO with anisotropy- b 113 spherical 12 1°] 04 30 0006 75 30 3 75 6 0.08 angle: 4 2
75°
NW-/NEPAC’ 243 exponential 40 {°] 160 25 0.03 om nsp. 1 nsp.  17.10 0.08 range 6 4
TROPAC(caSt)“ - s o™ o N9 9 ! 2 ) ' N ’
TROPAC? (west)’ 183  exponential 23 1“1 1.00 25 0.02 om n.sp. 3 0 114 0.098 range 4 4
SE~SWPAC 79 n. sp. 1 Kriging linear with adjacent provinces 15 nsp.  nsp.

Suequeualeq
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Appendix I continued

distance/ g o ratio search- n; di); no. of
Zone n model Himax lag width  Iw 1 Cy o - o Ah scale slope  Radii dald o- 0
unit ’ E dir[ l @niso anis X pomts/ Sectors
(SR) .
sector
Indic areas
IND’ 223 spherical 20 [°] 100 20 0.04 om nsp. 1 nsp. 10.00 0.04 2range  6.00 4
SR1:1
: H : ~ < SR2:3
EARAB 206 spherical 3 ] 010 30 0.009 om nsp. 2 125 0.18 ;1;1 Sy 2
sle:
215°
WARAB 121 exponential 10 I°] 0.30 20 0.02 om nsp. 1 nsp. 456 0.09 2range  2.00 4.00
SR1:8;
SEAFCO 94 nugget SR2:4; 4 2
angle:
75°¢
Global area
- C in - ! incl. all X
East of zero meridian * 1334 n.sp 70 [°} 1.4 50 0.06 om n.sp. 1 nsp.  msp.  nsp mé’[lltj 100 4
Ald
West of zero meridian 2670 n.sp 70 171 4 50 0.13 om nsp. 1 n.sp.  nsp.  LSp. mg;'tim 100 4
1t
1: direction with zero on the x- axis
2: GROE: > 550 m wd
3: processed with Longitude corr. =Longitude-360°  |n number of data points Ak range
4: distortion not corrected (within 65°S and 63°N) - T ot B o "
5+ including SOMALICO, TANZACO, EICO Foax maximum lag distance seale vertical scale of the variogram (sill+nugget effect)
\_-vd:_ water depﬂ}, 1.5p. not specified, SR: search he lag width slope in the case of a linear variogram=scale
radii, om: omaidirectional -
number of fags (number of STy search ellipse: radius horizontal and vertical extend in
H = seqarch radii/ and angle A . )
computed variogram points) < data units for data search/rotation of the search ellipse
Cy nugget effect B0, of sectors defines the number of sectors for data search
dir [°] direction of the variogram view max. data pointsisecior specifies the number of data used from cach sector
e 0] size of the angular window modefl theoretical fitted semi-variogram model
FUHO gy anisotropy eflipse distance’lag width unit unit

& aniso.

direction of ellipse orientation

8C1
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Appendix II-IV (siehe Abschnitt 2.2)

II: Summarized budgeting and reference data: Primary production (PP) after Behrenfeld and Falkowski (1997-
a,b), PP after Antoine et al. (1996), particulate organic carbon flux to the sea floor (Jpoc) recalculated after Antia
et al. (2001) based on PP after Antoine et al. (1996), Jpoc recalculated after Jahnke (1996) and calculated Jpocq of
this study.

1I: Calculated mean values of each province: PP after Behrenfeld and Falkowski (1997-a,b) and after Antoine et
al. (1996), particulate organic carbon flux to the sea floor (Jpoc) recalculated after Antia et al. (2001) based on
PP after Antoine et al. (1996), Jpoc recalculated after Jahnke (1996), calculated Jpoc, of this study and

calculated mean oxygen bottom water concentration, queried from the 1° x 1° grid.

I'V: Collection of mooring sites, Jpoc and duration of trap sampling, Jpoc, estimated (this study), Jpoc recalculated
after Antia et al. (2001) at the trap sites and data sources (Eds.)



Appendix 11

Province Province caleulated area’ pp? pp? Troc? Jror" Fooe” Troce TrocdPP? IpocaPP?
description (= 1000 m wd) (this study)
[kn?] [GICye'] [GIC Y] [GICyr'] [GIC "] GGy [GIC vr) [%) [9%]
GROF Gireentand Sea 1963860 394801 22001 27803 nodata nodata 3.66E-03 0.93 218
LAPTEV SEA Laptev Sea 185066 no data no data  no data no data no data 2.61E-04 no data no data
KARA2 Kara Sea 15357 no data no data no data no data no data no data no data no data
BARENTKARA Barent Szz;md Kara 98439 no data no data no data no data no data no data no data no data
NwAMCO St nf:?;i'iiiifNW— 1088530 3T75E01 182B-D1 S28E-03 44303 529E03  4.10E-03 10y 225
NEPAC NE-Pacific Ocean 25750300 SITEH00 223E400 231E-02 210802 260E02  3.80E-02 1.20 170
NEAMCO cont. 1:::5;25]%- 551546 TOSE-01  7.080-02 168603 12IE-03  155E-03  LIOE-03 1.05 155
SWACO? cont. ”’/ifrﬁ'cfﬂw‘ 1920801 6781-01  40SE-01 132002 SA9E-03  T0SE03 100002 148 247
IND Indian Ocean 55354800 STOEH00  S30B+00 7T3SE-02 6.86B02  8.81E02  7.85E-02 136 146
NWPAC NW-Pacific Ocean 20552300 2ASE+00  198E+00 226E-02 2.05E-02  263E-02  370E-02 151 187
Gul Cninea Basin 200633 SA7E-02  397E-02 1.07L-03 9.03E-04  LIG0-03  7.50E-04 145 1.89
CHICO cont. marg. off Chile 356027 L22E-00 669802 191803 3.170-04 407804 LSTE-3 1.29 233
cont, marg. off
GUBRACO  Guyana, Venczuela, 1084600 PI9E0T  L31B-01 2.815-03 221103  2.84503  L80L-03 1.52 1.38
Surinam
WAFCO cont. ”f;;g“"“ w- 965796 A81E-01  234E-01 946F-03 2.61E-03  334E-03 230803 0.48 0.98
SOATL S"”‘hg:c‘;\l‘l'a"““ 37269900 450E+00 3.7TE+00 4.85E-02 3.88E-02  498E-02  SSSE-02 123 147
ARGCO cont. marg. off 556267 6.46ED2  421B-02 6.85E-04 SI5E-04 6620504 8.99E-04 1.39 213
Argenting
BRAZCO  cont marg. off Brazil (044870 989F-02 120801 226803 138503  L770-03  1.90E-03 1.92 157
NOATL northern Atlantic 27971100 4STRH00 295PH00 4.00E-02 338E-02  434F02 395802 0.86 134

Ocean

0¢l
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Appendix I continued

Province Province calculated area’ pp* O Il Tooc® Tool® Jeacq Troee PP Trora/ PP’
description > 1000 m wd) (this study)

Jknv] [GIC v’ ] |Gy [GICyr? ] (GIC "] [GICyr? ] JGIC v | %] [%]

CANAR Canary Istands area 422511 761102 51102 112603 7.56L-04  9.700-04 101503 133 198

EURI southern European 209682 STIE-02  2.73B-02 629004 321004 411504 475504 0.93 1.74
cont. marg.

EARAB eastern Arabian Sea 344618 GOTHAZ  6.95F-02 264503 154B-03 197803 447003 7.36 643

EUR2 northern European 385925 LISE-01  S1IE-02 127E-03 6358E-04 844E-04  626E-04 0.53 122
cont. marg.

WARAB western Arabian Sea 1889100 5480-01 481001 L76E02 5.52003  T.088-03 223802 4.07 464

RIOPLATA Rio de la Plata 409923 T20E02  4.835-02 9.88E-04 O.72E-D4  125L03  1.07E-03 1.49 2.22

PERCO cont. marg. off Peru 355240 136E-01  §25B-02 2.66B-03 122003 156503  323E-03 237 3.91

TROPAC “S“}Z‘C‘ff‘i’é"““ 30110000 3.9E+00  3.84E+00 595E-02 SO01E-02  643E-02  7.10E-02 222 183

TROPAC2 “’“‘S‘ggffi"cp‘cal 11809400 T63E01  L2SEH00 1.94E-02 LO4E-02  1.34E-02  1.87E-02 245 .50

SEPAC SE-Pacific Ocean 53018800 S3IE+00  4.15F+00 458502 320E-02  4.00E-02  5.90E-02 LI 142

SWPAC SW-Pacific Ocean 8297580 926E-01  7.90B-01 [33E02 7.09E03 LO3E-D2  140E-02 151 1.77

SEAFCO °"“"“/‘X‘*;§C':” SE- 1569750 245ED1 228E-G1 446E-03 3.95E-03  SO7E-03 367803 1.50 1.61

NAMBCO c"“iia‘gfig;j’“ 367829 972002 488E-02 1.68E-03 6.811-04 874E-04  2.04E-03 210 418

EICO cont. "}‘?fdgiffoﬂ b 186078 301E-02  3.73E-02 [54E-03 646E-04 829F-04  171E-03 5.68 459

ETROPAT  D-Equatorial Atlantic 3460340 790E-00  6.11E-01 140E-02 725003  930E-03  9.00E-03 1.14 147

TANZACO C"’?}'q Ef/"‘;'rﬁ‘q“ﬁ 2107830 1O3E-01  234B-01 370E-03 3.708-03 474503  628E-03 3.26 268
I3 £ <

SOMALICO “"“é‘o‘:fli"“ 183718 415802 3.88E-02 121E-03 4.920-04  6318-04 527004 1.27 1.36

ANT (area < 65°S)  allareas > 65° N 4017892 1.43E-01 39701 538E-03  nodata no data 5.29E-03 3.69 1.33

Sum 206117579 3.7IE+H00 3.02B+01 4.44E-01 330BE-01 423601  5.0F01 1.35 1.61

- average calenlated cell area (> 1000 m wd); slight differences of mean values are caused by differences in average integrated cell area.

i

2: primary production after Behrenfeld and Falkowski (1997-a.b).
3: primary production after Antoine et al. (1996).
4
5

“dpoc after Antia et al. (2001) are based on primary production afier Antoine et al. (1996) and water depth (wd) from ETOPOS.

» Jroe recaleulated after Jahnke (1996) from a global oxygen conswmption grid with a C:0; ratio of 0.6 as described by Jahnke (1996).
67 Jpoc tecalculated after Jahmke (1996) with a C:O, ratio 0£0.77 based on this study.

7: Jooe recalculated afier Schliiter et al. (2000) instead of Antia et al. (2001) for GROE; wd > 550 m.

8: all budgets including NAMBCO corrected in global budget and area.
projection: Mollweide. center: zero meridian, all calcutations > 1000 m wd, GROE: > 350 m wd.
all areas and all grids were resampled to a 2048 x 1024 grid resolution.
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Appendix Ul

(43!

Province PP PP* Jrac’ Jroc’ Jror” Jooca  TOCS BOC
(mean) {mean) (mean) (mean) {mean) (mean) (miean) {mean)
C/0:0.6 C/O2:0.77 this study this study
f2C m? vr'] foC nr? yr'l f2C w7 v j2C m” vr'] [eCm?yr'] JeC o yr'] [wi%h] fmntol m™]

GROE® 201 112 1.37 no data no data 1.86 0.72 310
LAPTEV SEA no data no data no data no data no data 141 0.97 jte
KARAZ no data no data no data no data no data nodata  nodata 202
BARENTKARA no data no data no data no data no data no data no data 275
NWAMCO 345 167 483 3.79 4.86 3.77 1.36 103
NEPAC 123 87 0.90 0.81 1.07 1.48 0.44 154
NEAMCO 191 128 3.04 220 2.89 1.99 0.65 228
SWACQ’ 351 210 6.86 2.85 3.67 38 1.22 206
IND 103 97 1.33 1.24 1.66 1.42 0.33 203
NWPAC 119 96 1.10 1.00 1.30 1.80 0.58 163
GUt 238 198 5.34 4.50 4.43 3.74 1.00 214
CHICO 342 188 5.36 0.89 1.05 441 145 192
GUBRACO 109 121 2.59 2.04 2.58 1.66 043 207
WAFCO 498 243 9.79 2.70 3.34 238 0.64 212
SOATL 121 Ha 1.30 1.04 141 1.49 0.33 231
ARGCO 116 76 1.23 0.93 1.27 1.62 0.38 249
BRAZCO 93 116 2.16 1.32 1.67 1.82 0.54 219
NOATL 164 106 1.46 1.21 1.60 1.41 0.36 257
CANAR 180 124 265 1.79 222 2.39 0.62 213
EURI 244 130 3.00 1.53 1.91 227 0.80 223
EARAB 176 202 765 4.47 331 12.97 1.48 93
EUR2 305 132 329 1.70 2.28 1.62 0.46 249

Bubyupuarb(y



Appendix 11l continued

Province Pp! pp* B Jvoct Il Ipoce TOC” BOC’
{mean) (mean) (mean) {mean) (mean) (mean) (mean) {mean)
C/02:0.6 Cr0,:0.77 this study this study
[eC m? v’ [gC w2y [gC m?yr!) [eCm? yr'l feCm?vr'] [eCm?yr'] [wi%] frmol m™)
WARAB 290 254 9.31 2.92 3.79 [1.80 1.36 100
RIOPLATA 176 118 241 237 3.05 2.61 0.94 202
PERCO 383 232 7.49 342 4.06 9.09 3.82 130
TROPAC 106 127 1.98 .66 218 2.36 1.22 160
TROPAC2 65 106 1.64 0.88 1.19 1.58 0.76 158
SEPAC 100 78 0.86 0.60 0.83 1.1 0.49 190
SWPAC 112 95 1.60 0.96 135 1.69 0.82 172
SEAFCO 125 116 2.27 2.01 2.52 1.86 0.50 194
NAMBCO 264 133 453 1.85 352 5.35 1.87 191
EICO 162 200 8.30 347 4.73 9.19 1.12 107
ETROPAT 228 177 4.06 2.09 272 2.60 0.64 233
TANZACO 91 H 175 1.75 224 298 103 191
SOMALICO 226 21 6.58 2.68 339 2.87 0.71 186
ANT (< 65°8) 36 99 1.34 no data no data .32 0.32 234

I primary production after Behrenfeld and Falkowski (1997-a,b).
2 primary production after Antoine et al. (1996).

3: mean Jpoc recalculated after Antia et al. (2001) is based on primary production after Antoine et al. (1996) and water depth (wd) from

ETOPOS.

4: mean Jpoe recalculated after Jahnke (1996) from a global oxygen consumption grid with a C:O; ratio of 0.6 as described by Jahnke {1996).
5: mean Jpoe recalculated after Jahnke (1996) with a C:0, ratio of 0.77 based on this study

2 -1

9: SWACO: all mean vahues calculated including NAMBCO.

all calculations corresponds to wd > 1000 m; GROE: wd > 550 m.

s mean TOC values recatculated from global TOC grid after Seiter et al. (submitted).
:mean BOC values queried from the grid, this study.
- mean Jpoe values for GROE recaleutated afier Schliiter et al. (2000).
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Appendix IV

1,0ngitude' Latitude® Trap Trap wd  Trapdepth  Jpoc 'I-,;“,A’ Jpoca Jpote Ipoc Editor start date  end date Comment
no. above Apoctap trap trap
bottom
fm] m]  [eCm?yr'] [eCo®ywr'] %] [eCm’yr']
-151.0000 15.0000 | Pl 5792 210 0.24 141 578 074 Honjoetal (1982): Francois et al. (1995) 01.09.78 011178 1<l
-145.0000 50.0000 2 PAPA 4240 386 2.19 219 100 107 Wongetal (1999), Francois etal. (1995) 23.09.82  16.05.94 T::ﬁ:?;”
2 A LHMS
-140.0000 110333 3 “’““2(‘)’)— 4620 10 0.20 320 1613 109 Emerson et al. (1985) 100680 13.10.81 Ix]
-139.7500 -1.9500 4 [EqPac92 33593 0 1.30 1.58 122 255 Henjo et al. (1995) annual
-138.9317 10555 5 MA?QP— 4450 530 169 110 65 220 Dymond ctal. (1992) 01.05.85
~138.0000 490000 6 PG 4008 508 217 1.60 74 110 Francois et al. (1995) amnual
3 oiia ef 2 - Peiia o 4 . water depth
1277350 ao1183 7 OSIPL gge g 321 5.03 157 7.72 Pefia etal. (1996): Pena etal (1999). 3 14 45 290396 from ETOPO
(053 Pefia et al. (2000) <
- ) s NN . waler depth
-127.7350 s00183 5 1OSMmpL poge g 444 503 (3 772 Pefia ctal. (1996): Pefia ot al. (1999): 14 6496 01.09.96  from ETOPO
Q6 Peiia o al. (2000) P
277000 395000 9 MEZ4 4356 ST 44 193 134 10a  Dymondand 'i}hﬁ}ggg; Ragueneau et pal
-127.7000 395000 10 MIZ-11 4230 445 0.95 193 203 1.04 Dymond et al. (1992) annual Ix]
| ‘ollior ( 108K D >
275800 424900 11 MWl 2830 500 178 395 211 1sy  Dymondand (2}’“(“]‘ 9(9‘7’ fs” Dymondel o cal ]
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Appendix 1V continued

]./ongitudc‘ latitude® Trap Trap wd  Trapdepth  Jpoc '[«C,If‘ Jeoca Jroce Jpoe Editor start date  end date Comment
ne. above Hpactep trap trap
bottom
{m] Im]  [Cem?w'l [Com®yr!| [%] [Com?yr']
1362766 4.1250 44 K2 4388 314 3.98 201 50 1.61 Kawahata (2002} 150492 25.11.00
154.8250 -17.7617 45 K12 2821 517 0.37 0.96 264 1.36 Kawahata (2002) 16.05.95 16.03.96 fx]
156.0000 -13.0000 46 K1i 1832 517 0.99 1.61 163 161 Kawahata (2002) 01.04.96 16.11.00
174.9450 374033 47 K7 5105 517 2.01 2.78 139 0.80 Kawahata (2002) 09.04.94 08.11.00
175.0000 7.9266 48 K4 5260 517 0.51 0.97 190 0.71 Kawahata (2002) 13.04.93 17.07.00
175.1500 0.0000 49 K3 4880 317 0.99 0.93 94 248 Kawzhata (2002) 16.04.93 14.11.00
177.7366 344217 30 KS 3363 517 2.81 2.30 82 1.2§ Kawahata (2002} 01.06.94 15.12.00
6.8000 78.9000 51 Sp 1676 551 6.60 5.67 86 $.10 Antia et al. (2001); Hebbeln (2000} 9.12.88 9.12.89 Ix}
7107 723817 52 OGTZ 2631 431 0.55 132 240 073  Antiactal (200(‘392)?‘)’ Bodungenetal. 55541 25202 Ix]
0.4000 70.0000 532 NB-a 3209 269 3.56 1.86 52 0.23 von Bodungen et al. (1995) 1986 1989 {x]
0.4633 69.6867 54 NB-b 3292 292 2.76 1.99 72 0.19 Thomsen (1993) 6.8.91 3792 {x]
1.0667 65.5167 35 NA-1 3058 428 0.59 249 422 G.62 Wefer (1989) 19.8.85 18.7.86 [x]
1.3667 78.8630 56 FS-1 2823 381 041 3.37 822 1.87 Wefer (1989) 10.8.84 30.7.85 Ix]
11.0000 69.3000 57 LB 3161 400 1.37 1.91 139 0.84 Wefer (1989); Francois et al. (1993) 15.8.83 1.8.84 Ix}
11.4660 75.8500 38 Bi-1 2123 423 2.85 3.02 106 0.46 Wefer (1989); Francois et al. (1995) 12.8.84 10.8.85 [x]
12.4867 75.1967 39 BI-2 2000 50 522 210 40 1.14 Thomsen (1993) 16.3.91 23791 {x]
15.0000 74.0000 60 BS 1608 20 18.81 2.00 11 0.92 Francois et al. (1993) 18.5.89 10.8.89 [x]
-15.4300 291167 61 ESTOC 3600 523 0.84 263 313 1.33 Neuer ef al. (1997) 25111991 9.06.19%4 Ix}

Supyubuaipg

1: Longitude: west=negative

2 Latitude: south=negative.

3: particulate organic carbon fluxes collected by near bottom traps.

4 particulate organic carbon fluxes this study.

5: particutate organic carbon {luxcs recalculated afler Antia et al. (2001), for the Greenland-Norwegian-Jceland Sea recalenlated afler
Schliiter et al. {2000).

{x]: not included in regression analyses and not shown in Fig. 10a,b.
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