Benefits to
overlapping, cross-disciplinary priorities

Daniel Sigman Jesse Farmer

Why we need the past to gain insight into the future

Why studies of millions-of-years-old material can provide insight into the near-
term future

Ocean drilling’s implications for other disciplines and the near-term future: 1-2
examples

Continuous paleoproxy development by multiple disciplines ensures new
findings from continued ocean drilling

Connections among paleoclimate, marine geology, and deep biosphere studies
in ocean drilling



Instrumental data capture very little
climate variation.

51-year trends
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Pre-instrumental data have allowed us to

look ahead of ongoing changes.

Evidence for massive discharges
of icebergs into the North
Atlantic ocean during the

last glacial period

Gerard Bond*, Hartmut Heinrich?, Wallace Broecker®,
Laurent Labeyriei, Jerry McManus*, John Andrewss$§,
Sylvain Huon||, Ruediger Jantschik?, Silke Claseni,
Christine Simet**, Kathy Tedescox,

Mieczyslawa Klas*, Georges Bonaniii & Susan lvy

Bond et al., 1992
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CH, (ppbv)

Knowledge of the pastis an enduring check
on arising hypotheses.
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Comparable warm times are in
the longer term past.
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Secular changes provide “simple”
information on climate’s controls.
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Rapid processes are recorded in deep time.
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Iron in the ocean
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GLACIAL-INTERGLACIAL CO9 CHANGE:
THE IRON HYPOTHESIS

John H. Martin

Moss Landing Marine Laboratories
Moss Landing, California

unused nutrients at the surface

Phytoplankton bloom from iron release
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Iron fertilization
in the
Subantarctic
during ice ages

Nutrient drawdawn
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atmospheric O, 2

Broader implications

Iron-rich ocean Iron-poor ocean
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Origins of life and atmospheric O, billions of years ago =
Atmospheric CO,, climate, and life now

Point of comparison for proposals of purposeful iron
fertilization

Lyons et al., 2014



Oxygen-deficient zones
and global warming

Exp andin g 0 Xygen- Minimum Decline in global oceanic oxygen content during the

past five decades

- -
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2008 0 200

o
(epeosp Jad ,_w |ow)
uabAxo panjossip ul abueyd

100() . ER——_ —
1960 1980 2000

Oceans suffocating as huge dead zones
quadruple since 1950, scientists warn

Areas starved of oxygen in open ocean and by coasts have soaredin
recent decades, risking dire consequences for marine life and

humanity
The Guardian, 2018
Breitberg et al., 2018
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Proxies for a growing list of environmental processes

Parameter Tools

Temperature 5180, biomarkers (UX;,, TEXgg), cation ratios (Mg/Ca, Sr/Ca, Li/Mg), A,,, pore waters,
microfossil assemblages

Sealevel/ice volume onland 0180 deconvolution (with T proxy), basin 620, porewater 680, U/Th dating

Ocean circulation 0*80/density, 6180 budget, eNd, radiocarbon, 63C, 23'Pa/?3°Th, grain size

Seaice extent Microfossil assemblages (diatoms, foraminifera), biomarkers (1P,:), 8180 differencing

Seawater composition d*Ca, 6%Mg, 64K, &’Li, 8’Sr/8eSr, 1870s/1880s, €,,, 63°Si, 534S, pore water and fluid
inclusions

CO, system 6B, B/Ca, 6*°C of biomarkers and other organics (c,), dissolution index, carbonate

accumulation rate

Dissolved oxygen AB3C, O'°N, redox-sensitive element concentrations (e.g., I, Cd, Mo, V, U, Zn, Cu)
and isotopes (e.g., S, Fe, Tl, Mo, V, U), biomarker preservation

Biological productivity 230Th-,3He-normalized fluxes of biogenic materials (opal, organic carbon, carbonate),
biogenic Ba, U, Cd, 23'1Pa/?3Th, °Be/?*°Th, microfossil assemblages

Surface and deep nutrients Bioactive element ratios to Ca (Cd, Ba, Zn) and isotope ratios (e.g., d*°N, 83°Si, Ge/Si,
d4Cd, 6%Zn, 538Ba, 6%°Ni, 5°3Cr)

Land inputs and conditions Dust composition and chemistry, pollen, phytoliths, clay chemistry, n-alkane
concentration and isotopes (6*3C, 6D)

Ecological conditions Trophic level and symbiosis (amino acid isotopes, size-specific carbonate *3C, fossil-
bound 6*°N)



Ongoing proxy development ensures new findings

from continued sediment coring.

Parameter

Tool

Development Timeline

Temperature

Dissolved oxygen

Carbonate 6180
Alkenones (U;,)
Mg/Ca

GDGTs (TEXg)
Clumped Isotopes (A4;)

Redox element conc.
Bulk sediment 6'°N
AS13C
0>3Cr
|/Ca
Fossil-bound 6*°N
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Growing symbioses among
paleoclimate, marine geology+geophysics, and deep biosphere
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Drill, baby, drill!
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