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Climate of the last Glacial Cycle
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Climate archives in ice & sediment

* Alkenone paleothermometry

‘Part I: Glacial *Part II: Southern Ocean

temperatures in Expression of Massive Ice
southern mid-latitudes Discharge Events in the N.
Y, Atlantic
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Climate Archives In

Ice & Sediment




Greenland Ice Cores

Accomodations

WWW.Noaa.gov
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Processing
Ice Cores

(NICL, Denver, USA)

19 cm long section of GISP 2 ice core from 1855 m
showing annual layer structure illuminated from below
by a fiber optic source. Section contains 11 annual
layers with summer layers (arrowed) sandwiched
between darker winter layers.

Dating

WWW.Nnoaa.gov



Determining Paleotemperature from Isotopes
of Ice (H,0)

5 ©=.67T-13.7ppm




Influence of Continental Ice Volume on
Oxygen Isotope Ratio of the Ocean

T

" Ice sheet

O H,0 containing 160
® H,0 containing '80

H,'30 ~ 1% Lower Vapor Pressure than H,'°O

5180 = [180/160,, , / 180/160 4y ]-1] x 1000%o
Std = Std. Mean Ocean Water
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Ropidly - Accumolatiny Sediments
oge. Yok ©©  Find !

High
Temporal
Resolution
Requires
Rapidly-
Accumulating
Sediments...



Rapidly-Accumulating Sediments
Analyzed in this Study
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Alkenone

Paleothermometry
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Alkenone Temperature Relationship
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Part1: The (unexpected)
temperature history of

southern mid-latitudes
during the last glacial
period




Unexpected SST History in
Glacial SE Atlantic Unexpected
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Fidelity of the SST Proxy

Do down-core changes in SST
reflect sediment transport or
surface temperature?




Cape Basin Sediment Cores
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SSTs at a Drift & Non-Drift Site
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Climatological SST & Position of Cores
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Focusing Factor

Sediment Focusing and SST

TNO57-21
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Circum-hemispheric vs
Regional Climate

Over what spatial scale is the
Cape Basin SST record
representative?




Glacial Surface Temperatures of
the Southeast Atlantic Ocean

Julian P. Sachs,'* Robert F. Anderson,” Scott J. Lehman®
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Cape Basm SST & Vostok AT
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The Ocean’s Thermohaline Circulation Likely
Varied in Concert with Changes in Earth’s Tilt...

Rahmstorf (2002)
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Models
indicate S.
Mid-latitudes
Warm in
Response to
Diminished N.
Atlantic Deep
Water
Production

Coupled GCM
Evidence for a
“Bipolar Seesaw”

Vellinga & Wood (2002) Rind et al. (2001) Stocker (2002)
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Part I: Conclusions

Climate of S mid-latitudes differed from that of
globe & N hemisphere during last glacial period

Cooling 60-40 ka followed by warming 40-25 ka

May have been associated with changes in
Atlantic Thermohaline Circulation

Antarctic air T poor proxy for much of S
Hemisphere climate

Additional & longer SST records needed to
evaluate forcing mechanisms
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Part 11: Southern Ocean
Expression of Massive Ice

Discharge Events in the North
Atlantic




“Abrupt Uimate Change”

A change in climate that occurs mae
rapidly thana known f orcing.

/\/\/ Forcing

\ \ Climate
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Time—>
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| & . ‘ Typical Sand-Size (> 150 pm)

\1 Fraction in NW Atlantic Core

.‘ . | Foraminifera

Sand-Size Fraction In
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Northern Hemisphere Ice Sheets During
the Last Glacial Period
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Southern Hemisphere Ice Sheets During
the Last Glacial Period
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Heinrich

Layers in the
North Atlantic

WWW.Nnoaa.gov

™MAJOR SEDIMENT SOURCES
® CORESITES
20 H-! LAYER THICKNESS (CM)

H-1 LAYER <40 em
|CE SHEETS

ICE-FREE LAND

Laurentide
Ice Sheet

w1 A|OR SEDIMENT SOURCES
® CORESITES
20 H-2 LAYER THICKNESS ([CM)
H-2 LAYER <40 cm

| |icesHeeTs
ICE-FREE LAND




Sites

Exhibiting

#. Location, Type of Record
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" & 5 Greenland Ice Sheet, Changes in Snew Accumulation
with Heinrich SE Greenland, IRD Layers
Central North Atlantic, IRD Events and Geochemistry of
Sediments :
Nordic Seas, IRD Events and Mineralogy
. Ezstern Morth Atlantic, IRD Events and Mineralegy
Events West of Spain & Portugal, Increase in Lithic Content of Cores
Santa Barbara Basin, Changes in Sedisnent Character

WWW.N0aa.gov



st i Sommal e Global (?) E I"'T"F{s#l-.§ 'MF
enmchcHes S e Impact of | %
' Heinrich ‘{E’

'° ’ ’ u f" o] 2

| = - Events ;’g_w WW %&MJ Ji fr ﬂ@jﬂw Hg

Age (kyrs B.P)

i
o

Ha ' A ‘ , Wang et al. (2001)
S : ' ' e Schulz et al. (1998)
- - ‘ Arz et al. (1998)
= HS \
l : i _ ! Cacho et al. (1999)
| = Grimm et al. (1997)
0 20 49 4o &0

0 5 10 e i -
Percent Pinus Lithic i‘-‘ragmeht L ) "

0 6 10 15 20 25 30 35 40 45 50 55 60 65 70
1 T T T TR T MR N M M I |

50 (%o vs. PDB)

O Ticaand M Fe/Ca ratio

.
0 a4 181 Denekamp ~ Glinde
% Hengelo Oerel
i ‘ = = ; . R 96 8 14 16
120 - o 0 0 o 0 5]
i : T B0 i 80 = a 15 17
i 8 38—
o
R NI K KKK EXTITER 8 ol
i =
-42+ 121 16n|=rs|adanmbu6 P » L
A /1 / "'i +5 =
ww-axmr_ndlmmm | o
o Heinsh £ _;42
o Cell L
2 Cod , 138
p oS e S L E
" = 1
g &« ﬂ__ L, &
% * & 5 5+
, % g 1 mscy gy g vva%Am
2 o =
= g ¥ o
e 8 EeT »J”L N
o 2
. o {
§ 2 o
a3
# YDH1 H2H3 H4 H5
LN R R R R R R R R R e
cal. i ey
‘ 7 o] BEE LR S 4
0 10 20 30 40 50 60 70 80 Cozhe B?‘:O\'.f!_é‘??" 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Age (10° cal yr B.P.) Age (kyr BP)



3 Modes o Ocean Circulation During the Last Glacial Period?
Rahmstorf 2002
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Expression of H-events SE of New Zealand




Cause of Subantarctic SW

Pacific Warmth During
Heinrich Events
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Asynchrony of Greenland & Antarctic Temperature
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Cause of High Alkenone

Concentrations During
Heinrich Events




3 Factors Influencing Alkenone

Concentrations 1n Sediments

» Dilution by other sedimentary components
230Th-normalized alkenone fluxes argue against this.

» Alkenone preservation

Co-variation of [alkenone] at 1250 m 1in subantarctic
SW Pacific & 5000 m in subtropical SE Atlantic
argue against this.

* Coccolith production

Most likely cause of [alkenone] maxima during H-
events.
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Unlike Most of the
Global Ocean,
Macronutrients do not
Limit Algal Productivity
in the S. Ocean

LY
3
£b
L
L
®
L
i
L
0 N I T N T Y N T A N Y O D
120°E 150°E 1AD°\ 150MWE 1200w 0tw eDtw BW O°F 3B &D
Lengitude #
L
0.0m
3
Ja
[Phosphate] :

483 A5 4R SR 378

152°E 156°E 180°E 1€4°E 168°E 1FZ'E 1FEE 1807 1FETW 1FINW 188°W 1E4TW 18000,
Lengitude

1.1 0.2

Q.5 ag Q.7
Phosphate [micromealar]

0.3 0.4

LEVITUS94 ANNUAL Phosphate
World Ocean Atlas CD-ROM. Levitus et al., 1994

gE 12°E
Longitude

18'E 2E 24°E 25°E
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Southern
Ocean
Primary
Production

9/97-8/98

http://seawifs.gsfc.nasa.gov
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Evidence for Iron-Limitation

of Algal Growth in Southern
Ocean Water




S. Ocean 1° Production Limited by Fe:
SOIREE-1
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S. Ocean 1° Production Limited by Fe:
SOIREE-2

Day 1 Day 5 Day 8 Day 10
9 A IF 4 700
é‘ - 300
)"j Jép = \ 100 g
<
=10
2
e
1.5 @
&
1T F
0.5 :11
a %]
40
30 =
o0 =
3

Distance (kmi

Boyd et al. (2000) Nature, Vol. 407: 695-701



In vitro Fe-
Addition
Experiment

October, 1997
Subantarctic
Water (F1)
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Fe-Limitation of 1°
Production in

Subantarctic water
SE of New Zealand
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A massive sandstorm blowing off the
northwest African desert has blanketed
hundreds of thousands of square miles of the

eastern Atlantic Ocean with a dense cloud
of Saharan sand. The massive nature of this
particular storm was first seen in this SeaWiFS
image acquired on Saturday, 26 February 2000
when it reached over 1000 miles into the Atlantic.
These storms and the rising warm air can lift dust e
15,000 feet or so above the African deserts and then
out across the Atlantic, many times reaching as far as
the Caribbean where they often require the local weather
services to issue air pollution alerts as was recently
the case in San Juan, Puerto Rico. Recent studies by the
U.5.G.5.(http://catbert.er.usgs.gov/african_dust/)
have linked the decline of the coral reefs in the Caribbean
to the increasing frequency and intensity of Saharan Dust
events. Additionally, other studies suggest that Sahalian
Dust may play a role in determining the frequency and
intensity of hurricanes formed in the eastern Atlantic Ocean
(htt vww.thirdworld.org/role.html)
Provided by the SeaWiFS Project, NASA/GSFC and ORBIMAGE [

~ http://seawifs.gsfc.nasa.gov



N. Atlantic Deep Water Supplies Fe to the S.Ocean

Fe*:Atlantic
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Fe* = Fe deficit
(relative to PO,*)

Fe'=Fe-R PO,
R;. = Fe/PO,

Fe/C = 4pumol/mol
C/P =117 mol/mol
Fe/P = 0.47 mmol/mol

Payal Parekh (2003)
Ph.D. Thesis, MIT-
WHOIL.



Boyle (1997)

“A shallower variety of North Atlantic deep water will have a more difficult time
reaching high latitudes of the Southern Ocean where it can be recycled into the
bottom water. . . . Instead, any high-13C water emerging beyond the tip of Africa
might simply flow eastward into the Indian and Pacific basins, bypassing the
Antarctic entirely.” (Imbrie et al., 1992)
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Parekh et al. (in press) Glob. Biogeochem. Cycl.
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Global Ocean Dust Increase




Part II: Conclusions

Massive Iceberg Discharge Events in N Atlantic
(Heinrich Events) Were Likely Associated With:

« Large productivity increases in Southern Ocean

— May have been caused by increased [Fe]
 Warming of subantarctic SW Pacific

« Additional & longer SST records needed to
determine spatial extent & evaluate causal links




Discussions

Ed Boyle (MIT)

Bob Anderson (LDEOQO)

Payal Parekh (MIT-WHOI Jt. Prog)

Samples:
MD97-2120: R. Zahn, K. Pahnke (U. Cardiff, Wales)

MD97-2121: L. Carter, B. Manighetti (NIWA, NZ)
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