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outline

«14C systematics
eCariaco Basin archive

*deglacial varve-counted calibration (14.5-9 k cal yr)

sreconstructed ATM "4C activity linked to climate

cextended calibration in long cores (last 50 k cal yr)

the glacial “1#C redistribution problem”

econstraints on the glacial circulation and mechanism
of atmospheric CO, change from ocean #C (Baja CA)

PO puzzle?




14C is cosmogenic,
ng # “N,—>14C, + 'H,

and weakly radioactive,

and abunaa'nc today of .

1.176 x 10-12 (14C/C)
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incorporation of '*C into global carbon cycle
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Basic assumption of 14C dating:

14C production is constant thus a steady state
inventory is reached at which loss by decay

balance§s prgd~uction (i.e. (14C/C)form_ IS constant)
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changes in 14C production rate

geomagnetic field variations (>103 yr)
greater field strength —> less production
solar variations (107-102 yr)
greater intensity —> less production

redistribution amongst reservoirs
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Bard et. al. ‘91 U-dated corals
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seasonal migration of the |ITCZ

wet:
increased run off
and terrigenous
sedimentation
(dark)
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dry, windy:
increased upwelling
and marine biogenic
sedimentation
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AMS 14C date foraminifera from laminated sediments




Cariaco sediment “lightness” v. Greenland accumulation
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* reservoir age stable to climate

* end Cariaco YD within 5 yr of
tree ring YD

correlation r
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initial '4C activity
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14C vs. climate
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GISP2 calendar age (yr BP)
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extended “C calibration

having demonstrated Cariaco and
Greenland climate changes
synchronous, extend calibration

through longer record of dis-
continuously laminated sediments




ODP 1002 / GISP2 correlation of Peterson et. al.
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calibration results

| Cariaco
Suigetsu varves
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reconstructed #C activity

Cariaco
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geomagnetically modulated production
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Atmospheric A™C  (%o)
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PRE-INDUSTRIAL CARBON CYCLE
(consensus estimates)
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a smaller glacial carbon cycle?
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deglacial reorganization”?
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Broecker issues:

“implausi
| steep

)
2
©)
s
<
O
| -
o
i
o
7p]
o
=
e
©

10000 20000 30000 40000 50000
GISP2 age (yr BP)




ATM %C and CO, histories similar
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CO, linear in Antarctic climate
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venting of ocean CO, thru the Southern Ocean

WOCE/JGOFS CO, survey: sDIC [gmol kg™ |

Atlantic Southern Oc. Pacific
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from Adkins (‘02) pore fluid 830 and chlorinity
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Southern Ocean “CO, window” closed during glacial
WOCE/JGOFS CO,y survey: sDIC [pmol kg™ ]
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Pacific benthic-planktic *C age differences

AT4C (v. atm)
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deglacial mechanics

radiometrically old, isolated AABW mixed up to SO surface
and into AAIW?
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y EESIREEEEI Baja CA core GC31/PC08 (705 mwd)
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Baja sediments can be placed on
“Greenland” timescale and benthic

(i.e. bottom water) A'*C estimated
(similar to Cariaco planktic strategy)
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Baja California intermediate water A4C v. “ATM”
« extremely “C-depleted waters during deglaciation

» up to 4 kyr old if projected back to atmosphere along decay curve
« similar to age of presumed deep, old reservoir
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A'4C traces ocean’s CO, release

« very old intermediate waters during two CO, increases
» partial relaxation during Antarctic Cold Reversal
« coincides with main parts of the atmospheric A'*C drop
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link with Southern Ocean deep convection

» LGM: expanded sea ice, poor
ventilation, CO, ‘leak’ capped

 deglaciation: sea ice retreat,
deep convection/upwelling

 simultaneous warming and
release of CO,

 temporarily interrupted by

Antarctic Cold Reversal .\-Jd:\.
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link with North Atlantic . g A |
g 260 -

Deep Water export g % .

8N 240 A " i

* NADW ‘shutdown’ inferred from E 220 - ‘\. i

231Pa/230Th (during Heinrich event 1; il . - .

reduction during Younger Dryas)
* CO, release / increased Southern 180 -
Ocean ventilation correspond e
closely w/ NADW reductions

T less

Southern Ocean
l mixing
more

- 0.05

100 -

* tight N-S coupling

- 4overturning in Southern Ocean as
response to reduced NADW? 200 1

* bipolar seesaw warming, sea ice mo,eT

-100

intermediate water
A"C (per mil)
o

- 0.06

retreat?
» deep water formation required to NADW export
balance global deep upwelling? l
less

= 0.07

- 0.08

231 Pa /230Th

- 0.09

0.10

10000
12000 -
14000
16000 -
18000 -
20000
22000

Pa/Th from McManus et al. (2004) Nature

calendar age BP



conclusions

atmosphere and intermediate water A14C
reconstructions require substantially reduced
ventilation of deepest ocean during glacial

deglacial atmospheric CO, and A#CO, change is
likely associated w/ improved ventilation of the

Southern Ocean (6x according to some geo-
chemical model constraints)

ventilation histories of Southern Ocean and North
Atlantic are inversely (and v. tightly) coupled

and....
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