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KEELING’S CURVE
The Story of CO,

https://www.youtube.com/watch?v=0Z8g-smE2sk



Carbon Dioxode Concentration (800,000 Years Ago to Present)
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Melting of Arctic sea ice feedback loop

Temperature rises

As reflective ice disappears, Arctic sea ice melts
darker ocean water absorbs
more heat




Hard core small science

One area

Extrapolation
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High temperatures
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RG2001 Kuhlbrodt et al.: DRIVERS OF THE AMOC RG2001

Surface flow ® Wind-driven upwelling Labrador Sea

Deep flow +) Mixing-driven upwelling Nordic Seas
Bottom flow Salinity > 36 %o Weddell Sea
Deep Water Formation Salinity < 34 %o Ross Sea




Past 50 years oxygen depleted waters have expanded fourfold

Up to 40% loss of oxygen in some areas

Ocean Deoxygenation: | INTERNATIONAL A
Drivers and Consequences | CONFERENCE KIEL
- Past - Present : Future - | GERMANY

3 — 7 September 2018 SFB 754
~

Kiel Declaration on Ocean Deoxygenation

Participants of the international conference
“Ocean Deoxygenation: Drivers and Consequences — Past — Present — Future”,
3 — 7 September 2018 in Kiel, Germany organized by:
Kiel Collaborative Research Center SFB 754 and Global Ocean Oxygen Network (GO,NE — IOC-UNESCO)

The ocean is losing its breath

Deoxygenation can accelerate global warming

(Marine production of greenhouse gases under low oxygen conditions)



or | Published: 16 February 2017
Decline in global oceanic oxygen content
during the past five decades

Sunke Schmidtko &3, Lothar Stramma & Martin Visbeck

Nature 542, 335-339(2017) | Cite this article
4988 Accesses | 183 Citations | 1197 Altmetric | Metrics

Expanding Oxygen-Minimum Zones in the Tropical
Oceans

Lothar Stramma’-", Gregory C. Johnson?, Janet Sprintall®, Volker Mohrholz*

+ See all authors and affiliations
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ALUMINUM

Dust
Dust
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Fe

Food Web

Nutrients(micro)

Pollution indicators

Tracers of processes




CONSERVATIVE ELEMENTS RECYCLED ELEMENTS SCAVENGED ELEMENTS
(bio-unlimited) (nutrient-type profiles)
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Chemical oceanography 4th, Millero




éWhat is this?




SeaWIFS Chicrophyll Concentration (mg/m?)

15

Nitrate ['r-icro melar]

Surface ocean nitrate data
Showing high-nutrient low-chlorophyll regions

"

https://oceancolor.gsfc.nasa.gov/SeaWiFS/

Phytoplankton captures up to 40% of the atmospheric CO,
and produces 50% of O,



INTERFACES INTERNAL CYCLING
A A

1. Uptake

2. Regeneration

4. Ocean crust

-

4. Circulation

3. Burial

Figure 12. A schematic diagram illustrating the major influences on the distribution of TEls in the ocean. Four major
ocean interfaces (blue) and four major internal processes (red) are responsible for ocean TE| patterns. Within
GEOTRACES, interface processes form the basis of Theme 1, while internal cycling processes are the basis of Theme 2.

GEOTRACES Science Plan
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https://www.bodc.ac.uk/geotraces/cruises/section_maps/interactive_map/

TRACER OF INPUTS

ALUMINUM

Rivers Dust Hydrothermal

Volcanic

Hydrothermal ] DIV Volcanic
Rivers



Al_D [nmol/kg]
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Data: Eric P Achterberg, Hein J de Baar, Mariko Hatta, Jessica K Klar, Christopher Measures, Jan-Lukas
Menzel Barraqueta, Rob Middag, Christian Schlosser, Jingfeng Wu cs: Reiner Schlitzer
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A First Global Oceanic Compilation
of Observational Dissolved Aluminum
Data With Regional Statistical Data

Treatment

Jan-Lukas Menzel Barraqueta ', Saumik Samanta’, Eric P. Achterberg?,
Andrew R. Bowie*“, Peter Croot®, Ryan Cloete’, Tara De Jongh',
Maria D. Gelado-Caballero®, Jessica K. Klar”, Rob Middag®, Jean C. Loock’,

Tomas A. Remenyi®*, Bernhard Wenzel'* and Alakendra N. Roychoudhury'
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+ determine in detail the distributions of trace elements and
their isotopes (TEIls) in the water column of the SE Atlantic

Meteor 121 P in order to constrain TEI supply and removal mechanisms
21.11.-27.12.2015 .
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dAl [nM] @ depth [m]=first

Namibia

Northern part (red box) = High surface dAl
. Higher aerosol deposition

. Congo river plume

. Angola-Benguela Frontal Zone

Southern part (green box) 2 Low surface dAl

. Benguela & South Atlantic current

. Moderate aerosol deposition in coastal region
. Low aerosol deposition in open ocean sections

Ocean Data View

10°E  15°E

Menzel Barragueta et al., unpublished




G is the total dust flux in g m=2 yr-
[Al] is the concentration of dAl (mol m=3) in the surface mixed layer

MLD is the depth of the mixed layer in metres (m)

[Al] x MLD

G = — \
TxSxD

Tis the residence time in years (yr)
S is the fractional solubility of Al in dust (%)

D is the concentration of Al in dust (8.1 %, mol g™).
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Figure 2. Box whisker plot for the MLD determined using in 60°W 40°W 20°W  0° 20°E \’r’ k GA10 .
situ measurements (MLDms) and annual mixed-layer climatol- . - . . . 4 S[ Ll =iy ) l
. Figure 3. Surface mixed-layer dAl concentrations (nM) for the e e

ogy (MLDar) (http://mixedlayer.ucsd.edu/, last access: September cruises used in this study (GAOI, GAO6, GAOS, and GA10). Red

2017) (Holte et al., 2017). lines divide the different biogeochemical provinces used in this
study.
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Biogeosciences, 16, 1525-1542, 2019
hitps:#doi.org/10.5194/bg-16-1525-2019

@ Author(s) 2019. This work is distributed under
the Creative Commons Attribution 4.0 License.

Atmospheric deposition fluxes over the Atlantic Ocean:
a GEOTRACES case study

losser!, Rachel Shelley™ 7,
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Contamination We want to measure lron in seawater and
of samp|es need to sample from a ship made of Iron

Difficult and tricky







Figure 1. A) Map showing the location of CTD casts (numbers 11 to 24) and towed fish samples (blue numbers 1 to 46). Black numbers (1 to 6) show dAl sampling sites in the northern and
southern tributaries draining in the Congo Basin (Dupre et al., 1996). Green diamond shows the location of the cities Brazzaville and Kinshasa. Thick green arrows show the position of the
Congo, Nyanga, and Niger River mouths. DRC, Democratic Republic of Congo; B) Dissolved Al (dAl) for the Congo Plume; C) salinity for the Congo River Plume; D) Theoretical and observed
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Aluminium in the North Atlantic Ocean and the Labrador Sea
(GEOTRACES GAO01 section): roles of continental inputs
biogenic particle removal

Jan-Lukas Menzel Barrnqucm“ | S , Hél ett

Julia Boutorh®, Rachel S / ira Contreira’, Martha Gledhill'
d', Pascale Lhermin Geraldine Sarthou?, Eric P hterberg'
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Figure S4: Profiles of dissolved and particulate Al [nM] at station 11. The orange box represents the approximate depth
of the Mediterranean Overflow Water (MOW). The high particulate Al observed at ca. 2500 m depth is associated with
inputs from the Iberian margin.
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RESEARCH ARTICLE Particulate Trace Metal Sources, Cycling, and Distributions on
o the Southwest African Shelf

Key Point= Al-Hashem!? aron J. Beck! (7, Stephan Krisch'® (0, Jan-Lukas Menzel Barraqueta's (0,
effens’, and Eric P. Achterberg!?

Lowest oxygen concentrations (<4 uM)
were recorded within the Luderitz cell (ST
49-51; 23-25.5°S).

The oxygen minimum layer extended off the
shelf and into the open ocean (3°S; ST 17-24)
between ~200 and 500 m, with dissolved
oxygen as low as 40.5 uM.



FINAL REMARKS

NO METALS NO FUN

NO METALS
NO PHYTOPLANKTON GROWTH
NO CO2 DRAWDOWN



