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Global Deep Ocean Temperature
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50 million years ago (50 MYA) Earth was-foee.
Atmospheric C@Qamount was of the order of 1000 ppm 50 MYA.

Atmospheric C@imbalance due to plate tectonics ~ ¥jppm per year.
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Long-term Carbon Cycle: rocks

Two generalized reactionse

Photosynthesis/Respiration
CO,+H,0z CB+0,

Weathering/Precipitation
CO, + CaSiO;z Ca CH86I0,



Long-term carbon cycle: rocks

Conversion of CO2 to dissolved HCOz3- by Volcanic
Ca-Mg silicate weathering CO9

CO2 from sedimentary organic C weathering
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580 Benthic

Climate Changes from Ocean Sediment Cores, since
5 Ma. Milankovitch Cycles
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When CQlevels get below ~40&00 ppm Orbital parameters
become more important than C9O



40,000 years

Greenland Ice Core

(and Mauna Loa)
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4,000 years Greenland ice core

Holocene
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From NOAA gov/pub/data/paleo/icecore/greenland/summit/gisp2/isotopes  (and others) 12 Aug, 2006
Easter |s. NZ: Hunt and Lipo, 2006, Science 311:1603



4,000 years Greenland ice core
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400 Years Temp: .tree rings and ice cores
CO, : ice cores and measurements
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Temperature: Mann et al., 1999, Geophysical Research Letters
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400 Years Temp: tree rings and ice cores

CO, : ice cores and measurements *
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400 Years Temp: -tree rings and ice cores
CO, : ice cores and measurements
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