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Benthic 0'80

The marine record of the last 5 Million Years
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Glacial and Deglacial

Sequence from the

Cariaco Basin in the
Caribbean

< 5 T T v ol o o S O S o e ! S O S | L1 L] o ) e o e A e

cc

1

B B

gaes = d 0 B B ¥

N L]
u rrTow—v~0O
L n



Foraminifera picked from

the sediment and corals

from the surface ocean
are two of the main
repositories of past
climate information

Globigerinoides ruber (white)




Carbonate dominates the record, but it is also very useful

CaCOs3

Me:Ca ratios

: magnet
Minor: Sr, Mg
Trace: Cd, Ba, Zn sciﬂ::'ce N dF;t:::::?){s
Isotopes: B, Nd, Ca, Sr, Mg ' ,_ | 2vm %
qu 7=

2C16Q'QO: mass 44
BCI60Q'O: mass 45
12C16Q180: mass 46



So why is this '80/'O ratio helpful?

H2'°0O + COs™ & H20 + CO,'°07

And
Ca"™ + CO35™ = CaCOs;

Then Overall...

CaCO; + H'80 & CaCO,'80 + HO
And...

('80/'°O);solid

o Keq, So the isotopic ratio of the solid is a function of
(|80/ | 60) .
water temperature and the '80/'%O ratio of the water.



The first Paleo-temperature Equation

0

T=16.5-4.3(5.-5_)+0.14(5_-5, )2
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FIGURE 9.—IsoToric TEMPERATURE SCALE

Epstein et al.,, 1953

Shackleton (1974) changes curve for cold water based on Uvigerina data:
T=16.9-4.0(0_-0)



Inorganic Calcite Precipitation Experiments

T (°C)

1 000

10°/T (K)

Kim and O’Neil, 1997

Where A - IOOOIn(O(CaIcite—Water)
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In the early 1990’s our whole view changed:
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lce Core from the Summit of Greenland




Some real success with
isotopes in corals
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Vostok, Antarctica Ice Core Gases and Temperature
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POTENTIAL TEMPERATURE AND SALINITY

ATLANTIC SOUTHERN OC. PACIFIC
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POTENTIAL TEMPERATURE AND SALINITY

ATLANTIC SOUTHERN OC. PACIFIC
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The Distribution of Dissolved Inorganic Carbon in the Ocean
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In these units the modern surface [H2CO3] (which sets the pCOy) is ~25.
Overall, there is ~60x more carbon in the ocean than in the atmosphere



Two of our key targets

5 ¢cm long D. dianthus
-fossil collected in 2003

50 cm long E. rostrata These are Uranium rich, good absolute age control
-picked alive in Sept. 2001 And, not ‘bioturbated’, perfect relative age control



Where to go look for deep-sea corals

2003 North Atlantic 2008-9 Southern Ocean

Alvin Jason
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Home away from home (in 2003), the R/V Atlantis...




On the R/V Thompson’s bridge in the Southern Ocean
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Home away from home (in 2003), the R/V Atlantis...




Summit of Manning Seamount as mapped from the surface
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The Autonomous Submarine ‘ABE’

Many, many sensors, but we use the maps and photos




Still the summit of Manning, but now from 40 meters

Meters from Origin

ABE 105 - Manning Seamount (5 meter contours)
-60° 30"

VAN ENNEESNNRN-
S N
- i =as
33800 -
SN
33600 =
7
33400 /17
L 38° 13"
33200 4— 427 J ?/
b // /
> i
33000 . 5 g
NIET =7
32800 L |

64400 64600 64800 65000 65200 65400 65600 65800 66000 66200 66400 66600
Meters from Origin

1300 1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440
Depth (m)



ABE Photo Mosaic, from 5 meters

Fossil Coral

-Each image is ~5 meters wide



‘Jason’

The ROV

The submersible ‘Alvin’

5 ¢cm long D. dianthus
-fossil collected in 2003
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The stable isotope data from 4 separate deep corals
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O SANTA CRUZ
} AN SAN CRISTOBAL

Ted McConnaughey’s work
in 1989 and the clear
presence of “vital effects”
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Figure 5. Published and predicted 8'30 values for (a) planktonic foraminifera from core tops in the equatorial to North Atlantic
and the Southern Ocean [Duplessy et al., 1991; Wang et al., 1995; Wu and Hillaire-Marcel, 1994], and (b) benthic foraminifera
from core tops in the Atlantic, Pacific, and Indian Oceans and the Arabian Sea and Gulf of Mexico [Kallel, 1988, and references
therein; Loubere et al., 1995; Shackleton, 1974]. Equation (1) provides a good fit to the Cibicidoides data.
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The Paleoclimate “Black Box”

Thermodynamics/ Inorganic
Seawater =~ === “Vital Effects” |mmp> ©O8ENIC
CaCO:s



(b) Fission tracks

Close up of fission tracks
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A simplified view of the coral’s “mother liquor”

Calicoblastic Cell i _ High [CO
Cell Ca**( CaATPase | 2H" | | Bilipid Layer
Wall

Ccatt C03= +H & HCO5; + H? - Low [COQ](aq)
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4 Slow
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Figure 7



A break in the 0'3C/0'80 slope is trouble for kinetics
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Carbonic Anydrase in the coral Tubastrea sp.
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A simplified view of the coral’s “mother liquor”

A passive carbon source

i i An alkalinity pum _ | High [CO
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CO, = -8.8 %

Carbon Isotopes at Equilibrium

Atmosphere

CO, oy = -10.1 %o

HCO, = 1.3 %o

CO,= -1.8 %o

Ocean

Tot CO,=2260 ymole/kg
Alkalinity=2375 peq/kg
0'3C of DIC = 1.0 %o

CaCO, 1o = 2.3 %o

Sediments



Equilibrium effect of pH on oxygen isotopes

34 -
33 _ Fractionation factors vs. water
(Usdowski et al., 1991 and
I Zeebe, 1999)
32 pH=8.34
o Species alpha
b H,CO4 1.0395
314\ ® ]
| @ HCO, 1.0343
CO5= 1.0184
—~ 304 3
=
O
= 29-
)
- ]
2 28-
@) ]
(o0)
w274 °
26
25 °
McCrea (1950
] (1950) pH=11.65 =
24 ' ' ' ' | ' ' ' ' | ' ' ' ' | ' ' ' T
0 25 50 75 100

% CO3= lon in Solution

Figure 8



A simple model

without kinetics (CO,)
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Schematically the master variable is pH, driven by
the coral’s alkalinity pump
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5'3C (PDB)

Steady state model results
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A simplified view of the coral’s “mother liquor”

Calicoblastic Cell i _ High [CO
Cell Ca**( CaATPase | 2H" | | Bilipid Layer
Wall
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Continuous Boundary Marks Region of Experimental Growth

43Ca/42Ca
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Synchronous lon Dynamics Across Boundary
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Synchronous Th** Incorporation
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