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The high levels of atmospheric CO, (at least 2,300 parts per million) that were produced by the impact, however,
caused Earth’s temperature to rise an additional 13.5 degrees Fahrenheit over a period of centuries to millennia,
further stressing ecosystems that were recovering from the sunlight block. The ocean stratification that the extreme
high temperatures caused limited the amount of nutrient rich water coming up from the depths, devastating ocean
ecosystems. These ecosystems took about three million years to recover, meaning that whole new species had to
evolve to establish the biodiversity necessary to fill the ecological “niches” which promote ecosystem stability. This
“delay” in recovery worked to perpetuate the extreme CO, levels; photosynthetic organisms at the ocean’s surface
take carbon out of the atmosphere, and eventually die and fall to the ocean bottom, which works to “capture”
carbon. As the ocean ecosystems recovered and carbon levels fell, the temperature fell as well, although it did
remain significantly hotter than today. The recent discovery of the fossilized remains of a 40 foot long snake
indicate that average annual temperature in the tropics 60-58 million years ago was at least 91 degrees Fahrenheit,
compared with 81 degrees today. Cool temperatures limit the maximum size that cold-blooded animals, such as
snakes, can reach.

THE PALEOCENE/EOCENE THERMAL MAXIMUM

About 55.5 million years ago, after the Earth’s ecosystems had recovered from the KBT asteroid collision, tectonic
activity on continental margins caused the release of methane that had been stored in sediment for millions of
years. As this methane was released (about 1.5 Gigatons worth, or 1.5 billion tons, over a period of 500-20,000
years; enough to raise atmospheric CO, levels to around 1000 parts per million), the high latitides warmed by about
10 degrees Fahrenheit and the tropics by about three degrees. Some of the climate nuances during this particularly
warm time (known as the Paleocene-Eocene Thermal Maximum, or PETM, which lasted 100,000 years) include:

e Significantly “wetter” high latitudes, due at least in part to a poleward shift in the midlatitude storm tracks.

e Increased terrestrial methane cycling, due to the intensification in the global hydrologic cycle and an
increase in the amount of methane-releasing wetlands, suggesting a positive feedback cycle between the
original methane release and continuing methane production.
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e A 40,000 year interruption in the ocean thermohaline circulation, or the system of currents driven by local
differences in temperature and salinity, which, among other things, bring warm air masses to higher
latitudes.

e A marked increase in the number and intensity of “extreme” rainfall events. Analysis of contemporary
geologic strata indicate an increase in the number of “megafans,” river deltas with especially high sediment
concentrations, suggesting increased land erosion. This phenomenon was pronounced in both coastal
environments (modern day Spain, New Zealand, California and New Jersey) and continental interiors
(modern day South Dakota). This increase in weathering increased the amount of carbon sequestered,
which served as a negative feedback loop that sped the “recovery period,” when CO, declined.

e Anincrease in the photosynthetic activity in the Arctic Ocean, and a corresponding increase in the amount
of carbon sequestered in the oceanic sediments that formed there.

e A covering of South America’s midlatitudes with tropical rainforests, which today only extend to about 15
degrees south in the perennial wet western Amazon (about the same latitude as La Paz, Bolivia).

This process of increased carbon sequestration worked to gradually decrease the atmospheric carbon and Earth’s
temperature until the Eocene-Oligocene boundary.

THE OLIGOCENE ONWARD

While the KBT and the PETM events have both been linked to disturbances that caused significant extinctions (the
PETM to a much lesser extent), the transition from the “Greenhouse” or “Hot House” world of the Eocene to the
cooler world of the Oligocene does not appear to have had this effect. The gradual cooling throughout the Eocene
allowed the organisms that constituted Earth’s ecosystems to evolve along with the temperature trend. The two
biggest stories of the Oligocene were the transition of the central parts of the continents from moist forests to more
arid climates, particularly in North America, and the birth of the Antarctic ice sheets, which occurred during a
400,000 year glacial period that marked the beginning of the epoch. The growth of this ice sheet caused average
Oligocene global sea level to be about 180 feet lower than mean Eocene values. Another glacial period marked the
transition from the Oligocene to the Miocene, despite the fact that the Miocene was significantly warmer than the
Oligocene. The warm period from the late Oligocene onward lasted until about 14 million years ago, after which
temperatures steadily declined for the rest of the Tertiary.

Two Tertiary tectonic events proved to have major implications for Earth’s climate. First, around six million years
ago, the Panama Seaway closed, separating the Pacific and Atlantic Oceans. This increased the salinity contrast
between the two oceans, which worked to strengthen the thermohaline circulation that brings warm waters and
moist air masses to the higher latitudes. Second, the uplifts of the Himalayan and Rocky Mountains caused greater
“meandering” of the jet stream and the midlatitude storm tracks that bring moisture to the far north (i.e. before the
mountains were born, storm tracks would not go too far north or too far south).

The increased moisture transport to the high latitudes as a result of the strengthening of the thermohaline
circulation and more storm track meandering allowed for the continued “greening” of the higher latitudes, as well as
the growth of the Greenland and Antarctic ice sheets. More high latitude vegetation, combined with the general
stabilization of Earth’s ecosystems, led to a steady decline in CO, These lower atmospheric CO, levels worked to
amplify Earth’s response to orbital cycles, and this amplification made possible the extensive glaciation events that
characterized the next period, the Quaternary.

Pliocene vegetation distributions and August sea surface temperature isotherms (in Celsius). Note the
extent of the boreal forests (dark green) all the way to the Arctic. Image courtesy of USGS:
http://pubs.usgs.gov/of/1999/0f99-535/
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