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Climate Changes from Ocean Sediment Cores, since 5 
Ma.  Milankovitch Cycles
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When CO2 levels get below ~400-600 ppm Orbital parameters 
become more important than CO2



Berner, 2001

Long-term carbon cycle: rocks



Photosynthesis/Respiration

CO2 + H20 ↔ CH2O + O2

Weathering/Precipitation

CO2 + CaSiO3 ↔ CaCO3 + SiO2

Long-term Carbon Cycle: rocks
Two generalized reactions…



http://www.antarcticglaciers.org/climate-change/

400ppm in 
2015

http://www.antarcticglaciers.org/climate-change/


3: EMISSIONS FROM HUMAN ACTIVITIES 
LARGELY TO BLAME

• 40% increase in CO2

• Dead carbon altering atmospheric C14

• That Carbon is more negative/enriched in C12



1. 4,500 to 600 million years: Earth’s deep past before the 
Cambrian (600 MaBP): hot and cold

2. 600 million to 65 million years : mostly hot-house 
Earth; 100s parts per million (ppm)

3. 65 to 1 million years: Climate trend in the Cenozoic – the 
last 65 million years; proxy data from 3600ppm to <200 
ppm.

4. Last Million years: 180-280 ppm; how do we know –
empirical data – ice core data

5. Today (last 100 years): 40% increase to 412 ppm and 
growing

Earth’s past climate – CO2 Levels



Why is BIOCHAR Important ?
Carbon negativity  (CO2, CH4, N2O) - How?

• Fossil fuels are carbon positive; they add more carbon dioxide (CO2) and other 
greenhouse gasses to the air and thus exacerbate global warming. 

• Compost and Ordinary biomass fuels are carbon neutral; the carbon captured in the 
biomass by photosynthesis would have eventually returned to the atmosphere through 
natural processes like decomposition. 

• Sustainable biochar systems can be carbon negative by transforming the carbon in 
biomass into stable carbon structures in biochar which can remain sequestered in 
soils for hundreds and even thousands of years. The result is a net reduction of CO2 in 
the atmosphere, as illustrated in the diagram.

http://www.biochar-international.org/biochar/carbon

http://www.biochar-international.org/biochar/carbon
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OCEAN ACIDIFICATION



14: HOW FAST IS SEA LEVEL 
RISING?

Blue: Sea level change from tide-gauge data (Church J.A. and White N.J., Geophys. Res. Lett. 2006; 33: L01602)

Red: Univ. Colorado sea level analyses in satellite era (http://www.columbia.edu/~mhs119/SeaLevel/).
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