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Project Summary

Patch iron experiments are being carried out increasingly and concertedly by researchers
in order to better understand whether the deep ocean is capable of sequestering an amount
of carbon annually into its reservoir to reliably mitigate the effects of global warming. Iron
enrichment (a limited trace-metal in the open ocean) serves to promote biomass production
by the entrainment of atmospheric carbon-dioxide (CO2) into the ocean surface. Carbon-
dioxide is fixed through photosynthesis by symbiotic algae and released by respiration and
calcification. Laboratory and field experiments indicate phytoplankton blooms do occur from
single and multiple iron additions but, on the other hand, do not indicate whether the marine
ecosystem’s response is agreeable to laboratory studies. The goal is to provide a focus for
study to definitively verify the effectiveness of iron-fertilization efforts and to elucidate the
interaction among the diverse processes operating in the marine environment. The former
will result in a real progress toward a science of the Earth-system, while the latter will
serve to determine if carbon sequestration is a purposeful approach in reducing the effects of
green-house gas emissions from the burning of fossil fuels.

Past results indicate that ecosystem experiments and geo-engineering interventions should
be preceded by thorough analysis, taking into account the complete interactions between the
biological, physical, chemical, and fluid processes to prevent any adverse affects on the ma-
rine environment or ineffectual commitments from the scientific community. Only through a
careful mechanistic understanding of iron-enrichment in tandem with marine ecology dynam-
ics will the science of iron-fertilization be able to resolve the time-scales needed to modulate
global warming.

The project can lead to the solving of society’s concerns and the establishment of a base
of knowledge educating public and government officials, thereby saving time and costs while
greatly reducing the risk of unintended environmental feedbacks. Successful efforts would sig-
nal new options, avoid the unnecessary use of scant resources and refocus attention on actual
problems rather than seeking to contend with possible future scenarios. Conversely, failed
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efforts would underscore the importance of energy reduction and conservation, the proximal
value of clean-energy technologies, and the social significance of a well-informed citizenry on
the limitations of fossil-fuel uses. As a potential two-way conduit of information between the
scientific community and society, the research would strengthen earth-system science edu-
cation from the grammar to the secondary level community and spearhead potentially new
opportunities in post-secondary research.

References

[1]

2]

[12]

[13]

[14]

Coale, K.H., et al. 2004. “Southern Ocean Iron Enrichment Experiment: Carbon Cycling in
High- and Low-Si Waters,” Science 304 5669, 408-14.

Abbott, M.R. et al. 2000. “Spring bloom in the Antarctic Polar Frontal Zone as observed
from a mesoscale array of bio-optical sensors,” Deep-Sea Research, Part 2: Topical Studies in
Oceanography 47, 15-16

Abraham, E.R., 1998. “The generation of plankton patchiness by turbulent stirring,” Nature
391, 577

Archer, D. et al. 2000. “What caused the glacial/interglacial atmospheric pCOs cycles?,” Rev.
Geophys. 38, 159

Armstrong, R.A. et al. 2002. “A new, mechanistic model for organic carbon fluxes in the ocean
based on the quantitative association of POC with ballast minerals,” Deep-Sea Research Part
1I: Topical Studies in Oceanography 49, 2265

Bishop, J.K.B., et al. 2004. “Robotic observations of enhanced carbon biomass and export at
55°S during SOFeX.” Science 304, 417

Broecker, W.S., and Peng, T.H. 1989. “The cause of the glacial to interglacial atmospheric CO4
change: A polar alkalinity hypothesis,” Glob. Biogeochem. Cycles 3

Buesseler, K.O. and Boyd, P.W. “Will Ocean Fertilization Work?” Science 300, 2003.

, et al. “The effects of iron fertilization on carbon sequestration in the Southern Ocean,”
Science 304, 2004.

Chisholm, S.W., and Morel, F.M.M. (eds.) “What controls phytoplankton production in
nutrient-rich areas of open Sea?,” Limnol. Oceanogr. 36(8) (special volume)

Coale, K.H., et al. 2004. “Southern Ocean Iron Enrichment Experiment: Carbon Cycling in
High- and Low-Si Waters,” Science 304 5669.

Elliott, S., and Chu, S. “Comment on Ocean fertilization experiments may initiate a large scale
phytoplankto bloom”’ by Z. Neufeld et al, Geophys. Res. Lett. 30, 6 (2003)

Enting, I.G. 1992. “The incompatibility of ice core COy data with reconstructions of biotic CO4
sources (ii). The influence of CO4 fertilised growth,” Tellus 44(B)

Etheridge, D.M. et al. 1996. “Natural and anthropogenic changes in atmospheric CO5 over the
last 1000 years from air in Antarctica ice and fern,” J. Geophys. Res. 101



[15]

[16]

[17]

[18]

Falkowski, P.G. 1997. “Evolution of the nitrogen cycle and its influence on the biological se-
questration of COs in the ocean,” Nature 387

Fitzwater, S.E., et al. 1996. “Iron deficiency and phytoplankton growth in the equatorial Pa-
cific,” Deep-Sea Research, Part 2: Topical Studies in Oceanography 43 4-6, 995.

Francey, R.J. et al. 1995. “Changes in oceanic and terrestrial carbon uptake since 1982, Nature
373

Gao, Y., Fan, S., and Sarmiento, J.L. 2003. “Aeolian iron input to the ocean through precipi-
tation scavenging: A modeling perspective and its implication for natural iron fertilization in
the ocean,” Geophys. Res. Lett. 108, D7, 4221

Gervais, F. et al. 2002. “Changes in primary productivity and chlorophyll a in response to iron
fertilization in the Southern Polar Frontal Zone,” J. Limnol. Oceanogr. 47, 1324

Gran, H.H. 1931. “On the conditions for the production of plankton in the sea.” Rapports et
Proces-Verbaux des Reunions Coneil International pour I’Exploration de la Mer T5

Hart, T.J. 1934. “On the phytoplankton of the south-west Atlantic and the Bellingshausen Sea,
1929-1931, Discovery Reports 8, 1-268.

Harvey, H.W. 1938. “The supply of iron to diatoms. Journal of the Marine Biological Association
of the United Kingdom 22

Houghton, J. et al. “Climate change 2001: The scientific basis, Cambridge University Press,
Cambridge, UK (2001)

Hutchins, D.A.) and Bruland, K.W. 1998. “Iron-limited diatom growth and Si:N uptake ratios
in a coastal upwelling regime,” Nature 393, 561

Intergovernmental Panel on Climate Change (IPCC), “Climate Change 1995,” Cambridge Univ.
Press, New York, 1996

Johnson, K.S., and Karl, D.M. “Is Ocean Fertilization Credible and Creditable?” Science 296,
5567, 467-8, 2002.

Joos, F., et al. 1999. “The variability in the carbon sinks as reconstructed for the last 1000
years.” Geophys. Res. Lett. 26,10

Keeling, C.D. et al. 1995. “Interannual extremes in the rate of atmospheric carbon dioxide since
1980,” Nature 375

Knox, F. and McElroy, M. 1984. “Changes in atmospheric COs influence of the marine biota
at high altitude,” J. Geophys. Res. 89

Kumar, N. et al. 1995. “Increased biological productivity and export production in the glacial
Southern Ocean,” Nature 378

Ledwell, J.R. et al. 1998. “ Mixing of a tracer in the pycnocline,” J. Geophys. Res. 103, C10

Mahowald, N. et al. 1998. “Dust sources and deposition during the last glacial maximum and
current climate: A comparison of model results with paleodata from ice cores and marine
sediments,” J. Geophys. Res. Atmos. 104, 15895



[33]

[34]

[38]

[39]

[40]

[41]

[42]

Markels, Jr., M., Barber, R.T., “Sequestration of CO5 by ocean fertilization.” Poster Presen-
tation for NETL Conference on Carbon Sequestration, 14-17 May, 2001. USDOE 1st NCSC
Proc., http://www.nerl.doe.gov/

Martin, J.H. 1990. “Glacial-interglacial CO3 change: the iron hypothesis,” Paleoceanography 5,
1

Meron, E. 1992. “Pattern formation in excitable media,” Phys. Rep. 218, 1

Neufeld, Z., and Haynes, P.H. 2002. “Ocean fertilization experiments may initiate a large-scale
phytoplankton bloom,” Geophys. Res. Lett. 11, 1534.

Petit, J.R. et al. 1999. “Climate and atmospheric history of the past 420,000 years from the
Vostok ice core, Antarctica,” Nature 399, 6735

Pitchford, J.W., and Brindley, J. 1999. “Iron limitation, grazing pressure and oceanic high
nutrient-low chlorophyll (HNLC) regions,” J. Plank. Res. 21, 525

Rosenthal, Y. et al. 2000. “Southern Ocean contributions to glacial-interglacial changes of at-
mospheric CO5: Evidence from carbon isotope records in diatoms,” Paleoceanography 15, 65-75

Sarmiento, J.L., and Orr, J.C. 1991, Limnol. Oceanogr. 36, 1928

, and Toggweiler, J.R. 1984. “A new model for the role of the oceans in determining
atmospheric pCQOs,” Nature 308

Schlitzer, R. 2000. “Electronic Atlas of WOCE Hydrographic and Tracer Data Now Available,”
EOS 81, 45.

Siegenthaler, U., and Wenk, T. 1984. “Rapid atmospheric COs variations and ocean circula-
tion,” Nature 308

Sigman D.M., and Boyle, E.A. “Glacial/interglacial variations in atmospheric carbon dioxide,”
Nature 407, 6806 (2000)

Trudinger, C.M. et al. 1999. “Long-term variability in the global carbon cycle inferred from a
high precision CO, and §'2 C ice core record, Tellus, In press, 1999.

Truscott, J.E., and Brindley, J. 1994a. “Ocean plankton populations as excitable media,” Bull.
Math. Biol. 56, 981

Tsuda, A. et al. 2003. “A mesoscale iron enrichment in the Western subarctic Pacific induces a
large centric diatom bloom,” Science 300, 958

US Department of Energy. 1999. “Working paper on carbon sequestration science and technol-
Ogy.”
Watson, A.J., Bakker, D.C.E., Ridgwell, A.J., Boyd, P.W. Law, C.S. “Effect of iron supply

on Southern Ocean CO9 uptake and implications for glacial atmospheric CO3,” Nature 407
730-33. 2000.

Williams, P.M., and Druffel, E.R.M. 1987. “Radiocarbon in dissolved organic carbon in the
Central North Pacific Ocean,” Nature 330



[61] Yamasaki, Akishiro. “An overview of COs mitigation options for global warming emphasizing
COg sequestration options.” J. Chem. Eng. of Japan 36, 4, 361-75, 2003

[62] Zachos, James, 2005: “A Rapid Rise in Greenhouse Gas Concentrations 55 Million Years Ago:

Lessons for the Future.” CIRES Distinguished Lecture Series, University of Colorado, Boulder,
Colorado



