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Organic Carbon Production
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Organic Carbon Preservation

Soils: cold, wet, or both
Sediments: productive,anoxic, or both
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Biomarkers are Ancient Biomolecules
Or, Molecular Trash

Low solubility favors the preservations of molecules
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Biomarkers are Ancient Biomolecules
Or, Molecular Trash

Low solubility favors the preservations of molecules
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Alkenone Unsaturation Proxy for Sea Surface Temperatures

2 \ ! !

NN 7 N

Global core tops

a7

Herbert, 2013
2 2 goof- g pgoegcp fogr g pep g g g g lopip g gV g g sy
Brassell et al., 1986 % . PP T S e
Levitus 1994 annual SST




Alkenone (open) (and GDGT, closed) Temperature Records
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Capture Long-term Trends
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Alkenones record phytoplankton 3C/12C
values, which reflect pCO,
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Paleoclimate Climate Sensitivity
over long timescales and for different starting climate states
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Plant Biomarkers and
Terrestrial Paleoclimate
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Leaf Waxes
Geochemists’ favorite biomarkers since the 1960’s
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C; and C, Plants have distinct carbon isotope ratios

Kranz anatomy
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Made in the Shade: isotopes reflect woody cover
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Lake Basins

African Hominin Diversity

Cranial capacity (cc)

Early human evolution linked
to African climatology
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Olduvai Gorge




Olduvai Gorge, Tanzania
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_ Clay Magill
 Lake sedimentsreveal repeated dry-wetcycles i

* Now lifted by tectonics, sediments exposed



Time (Ma)
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Rapid Swings in Vegetation, Lake Levels, and Lake Evaporation
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Fire Feedbacks Stabilize Grassland Ecology
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gL é 7’ PAH: Polycyclic AromaticHydrocarbons
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Ancient soil horizon
covered by volcanic ash

Perennial lake

Scavengervs. hunter?
Debate is fueled by both cut marks
and carnivore damage on fossil bones.

Kernel Density Estimate
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Biomarker Proxies....from Trash to Treasure

Climate sensitivity studies
Biomarkers for marine temperatures and PCO,

Estimate sensitivity for long timescales, climate states

Terrestrial Biomarkers
Vegetation Dynamics and 3-D Structure
Aridity, Isotope hydrology
Fire Prevalence

Early human habitat variability
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Archaeal GDGTs and TEXg, Paleothermometry
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Isotope Fractionation During Photosynthesis by Algae:
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C; plants regulate water, CO,, and isotopes
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Leaf waxes are in marine sediments... everywhere

Alkane Distributions
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Oldest alkenones?
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Amount of light absorbed

Chlorophyll a

Chlorophyll b

'— Carotenoids

Wavelength of light (nm)



Terrestrial

Paleoclimate
Proxies

* Vegetation type,
structure

* Hydrologicpatterns

Berkeley Ann. mean 1990:2010 - 1901:1920 glb. mean: 1.13C
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Alkane Abundance and Plant Phylogeny
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Gymnosperms
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