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1. State of the Art - current use of Nd isotopes as paleocirculation proxy

Outline

1. State of the Art
» Archives & extraction methods

» Recent scientific advances from Nd isotope records & GEOTRACES studies

2. Challenges & Open Questions
» Overprints of original provenance signal of water masses

» Local, regional, and/or global overprints?

3. Perspectives

» How can future GEOTRACES studies address challenges & open questions?



1. State of the Art - current use of Nd isotopes as circulation proxy IR LU LAC UL LS UL

eNd as tracer for water mass source and circulation pathway:

» seawater eNd carries source information of water mass
» spatial distribution suggests residence time < ocean overturning
» no isotope fractionation during incorporation into archives

» reliable archives & extraction methods available




1. State of the Art - current use of Nd isotopes as circulation proxy

Boundary exchange
Challenges for eNd as conservative water mass tracer: I |

» Overprints from local/regional sources

» boundary exchange at continental/island margins & seafloor (eNd) |

» particle-seawater interactions in the water column (eNd, [Nd])

» benthic flux of REE (eNd, [Nd])
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1. State of the Art - current use of Nd isotopes as paleocirculation proxy

Proven eNd archives of paleo-seawater:

Archive:

foraminifera Fe-Mn-oxide coatings

fish teeth / debris

deep sea corals

Extraction method:

manual (without cleaning)
or weak leach of bulk sed.

manual

manual (with chemical cleaning)

Application comment:

high temporal resolution in carbonate-rich
sediments

medium to low temporal resolution,
no CaCOs required, not ubiquitous

absolute U-Th dating, shallow depths,
very high temporal resolution, no continuous
records, can change habitat



1. State of the Art - scientific advances from eNd

Global observations (from GEOTRACES):
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1. State of the Art - scientific advances from eNd

Global GEOTRACES Observations: 30°N
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1. State of the Art - scientific advances from eNd

Global observations (from GEOTRACES):

Predicted vs. observed seawater eNd:
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1. State of the Art - scientific advances from eNd

NADW Production during LGM
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1. State of the Art - scientific advances from eNd
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South Atlantic:

» AAIW: eNd +/- stable from LGM to Holocene
(except for change in early Holocene)

» Deep Water: eNd more radiogenic during LGM

» No increased Pacific contribution to AAIW?
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1. State of the Art - scientific advances from eNd
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1. State of the Art - scientific advances from eNd ;’
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1. State of the Art - scientific advances from eNd
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1. State of the Art - current use of Nd isotopes as circulation proxy

Boundary exchange
Challenges for eNd as conservative water mass tracer: I |

» Overprints from local/regional sources

» boundary exchange at continental/island margins & seafloor (eNd) |

» particle-seawater interactions in the water column (eNd, [Nd])

» benthic flux of REE (eNd, [Nd])
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2. Challenges & Open Questions - Boundary Exchange

20°N

Pacific: substantial eNd modification:
surface/subsurface: volcanic islands, boundary exchange & input EQ
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'Ocean Data View

2. Challenges & Open Questions - Particle-Seawater Exchange
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2. Challenges & Open Questions - Particle-Seawater Exchange

Indian Ocean
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Short-term dissolved eNd and [Nd] changes down to 3000 m water depth

due to surface particle input

Also during H-events in North Atlantic (Roberts & Piotrowski, 2015)
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65°N

2. Challenges & Open Questions - Particle-Seawater Exchange

60°N
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2. Challenges & Open Questions - Benthic Flux

Dreizack Seamount:
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e Extreme eNd range of bulk weak leachates and forams
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* no indication for migration of signal up or down (sharp
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¢ no indication for benthic flux into bottom waters at
Dreizack seamount
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2. Challenges & Open Questions - Benthic Flux
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2. Challenges & Open Questions - Benthic Flux
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2. Challenges & Open Questions - Benthic Flux

Benthic flux?
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2. Challenges & Open Questions - Benthic Flux
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2. Challenges & Open Questions - Benthic Flux

Benthic flux?
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2. Challenges & Open Questions - Benthic Flux

Benthic flux?
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et al., 2016)
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2. Challenges & Open Questions - Benthic Flux

Benthic flux? Are paleo-records consistent with benthic flux hypothesis?
Southern Ocean-wide consistency of Abrupt eNd changes (corals):
deep water eNd changes:
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3. Summary & Perspectives

eNd versus Pa/Th - Are we closer to understanding the differences?

... North Atlantic
e if eNd reflects deep water source and Th/Pa circulation
e speed, the records are not at odds
-
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3. Summary & Perspectives

How to precede?
e WWater mass circulation and mixing play important role in eNd distributions
eNd will remain useful (qualitative) tracer for water mass provenance and circulation pathways
non-conservative processes are increasingly used to explain inconsistencies/strong anomalies in paleo-records
e How can non-conservative processes be identified / quantified in paleo applications?
e |s benthic flux a global phenomenon and the main source of Nd to the ocean?

e Should eNd rather be used as a dynamic tracer (circulation speed/deep water exposure time to benthic flux)?

What is needed?

e Improved global coverage of observations in the water column (e.g., in Pacific, Southern Ocean) and sediment
e Observations at interfaces (land/margin-ocean (rivers, SGD), seafloor-seawater)

e Direct benthic flux measurements (benthic chambers)

e Modeling studies

Thank you!
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