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Scientists track deep history of planets'
motions, and effects on Earth's climate

March 4 2019

Geologist Paul Olsen at Arizona's Petrified Forest National Park, where 200
million-year-old rocks are helping reveal the long-ago motions of other planets.
Credit: Kevin Krajick/Earth Institute, Columbia University

Scientists have long posited that periodic swings in Earth's climate are
driven by cyclic changes in the distribution of sunlight reaching our
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surface. This 1s due to cyclic changes in how our planet spins on its axis,
the ellipticity of its orbit, and its orientation toward the
sun—overlapping cycles caused by subtle gravitational interplays with
other planets, as the bodies whirl around the sun and by each other like
gyrating hula-hoops.

But planetary paths change over time, and that can change the cycles'
lengths. This has made it challenging for scientists to untangle what
drove many ancient climate shifts. And the problem gets ever more
difficult the further back in time you go; tiny changes in one planet's
motion may knock others' askew—at first slightly, but as eons pass,
these changes resonate against each other, and the system morphs in
ways impossible to predict using even the most advanced math. In other
words, it's chaos out there. Up to now, researchers are able to calculate
the relative motions of the planets and their possible effects on our
climate with reasonable reliability back only about 60 million years—a
relative eyeblink in the 4.5 billion-plus life of Earth.

This week, in a new paper in the Proceedings of the National Academy of
Sciences, a team of researchers has pushed the record way back,
identifying key aspects of the planets' motions from a period around 200
million years ago. The team is led by geologist and paleontologist Paul
Olsen of Columbia University's Lamont-Doherty Earth Observatory.
Last year, by comparing periodic changes in ancient sediments drilled
from Arizona and New Jersey, Olsen and colleagues identified a
405,000-year cycle in Earth's orbit that apparently has not changed at all
over at least the last 200 million years—a kind of metronome against
which all other cycles can be measured. Using those same sediments in
the new paper, they now have identified a cycle that started out lasting
1.75 million years, but is now operating every 2.4 million years. This,
they say, allows them to extrapolate long-term changes in the paths of
Jupiter and the inner planets (Mercury, Venus and Mars), the bodies
most likely to affect our own orbit.
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Olsen's ultimate aim: to use Earth's rocks to create what he calls a
"Geological Orrery"—a record of climatic changes on Earth that can be
extrapolated back into a larger map of solar system motions over
hundreds of millions of years. He says it would open a window not just
onto our own climate, but the evolution of the solar system itself,
including the possible existence of past planets, and its possible
interactions with invisible dark matter.
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View looking east toward the US East Coast, Oct. 7, 2015, when the three
planets most influential to Earth's orbit lined up with the Moon. Lower left near
Earth's horizon, Jupiter (greenish); slightly higher, Mars (reddish); slightly higher
and to right, Venus (bright white); and the Moon. On Earth's surface, lights of
the New York-Philadelphia metro region trace the area where scientists took
rock cores revealing these planets' motions. Inspired by a photo taken by US
astronaut Scott Kelly. Credit: Painting by Paul Olsen; acrylic on clay board,
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digitally modified

We spoke with Olsen about the Geological Orrery, his work, and the
new paper.

Most people have probably never even heard the word ""orrery." What
is it, and how does it fit with our evolving understanding of celestial
mechanics?

In the early 1800s, mathematician Pierre-Simon de Laplace took
Newton's laws of gravitation and planetary motion and published his idea
that it should be possible to develop a single great equation that would
allow all the universe to be modeled. With only knowledge of the
present, all the past and future could be known. This idea is embodied in
the orrery, a mechanical model of the solar system. Clockwork
mechanisms like this for predicting eclipses and the like go back to the
ancient Greeks, but it's now clear the problem is far more complicated,
and interesting. We've since discovered that the solar system not a
clockwork. It 1s in fact chaotic over long time scales, so Laplace's grand
equation was a mirage. This means you cannot unpack its history from
calculations or models, no matter how precise, because the motions of
the real solar system are incredibly sensitive. Varying any factor even a
tiniest bit results in a different outcome after millions of years—even
what the major asteroids, or minor planets, such as Ceres and Vesta, are
doing. One of my coauthors, Jacques Laskar, has shown that
computations can project forward or backward only 60 million years.
After that, the predictions become utterly unreliable. Since Earth is
about 4.6 billion years old, this means that only about 1.6 percent of its
past or future orbit can be predicted. Over billions of years, the best
calculations reveal many possible terrific events, such as one of the inner
planets falling into the sun or being ejected from the solar system.
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Maybe even that Earth and Venus could collide one day. We can't tell if
any of these actually happened, or might happen in the future. So we
need some other method to limit the possibilities.

So, what is the ''Geological Orrery?'' Are you trying again to boil
everything down to one equation, or is this something dif ferent?

The Geological Orrery is the opposite of an equation or model. It's
designed to provide a precise and accurate history of the solar system.
We get that history right here on Earth, from the history of our climates,
which is recorded in the geological record, especially in large, long-lived
lakes. Earth's orbit and axis orientation are constantly changing because
they are being deformed by the gravitational attractions of other bodies.
These changes affect the distribution of sunlight hitting our surface,
which in turn affects climate, and the kinds of sediments that are
deposited. That gives us the geological record of solar system behavior.
Many scientists have used sediments to determine the effects of orbital
deformations. That's how we know that the ice ages of the last few
million years were paced by them. Some researchers have tried to go
back much further in time. What is new here is the systematic approach
of taking rock cores spanning tens of millions of years, looking at the
cyclical sedimentary record of climate and accurately dating those
changes over multiple sites. That allows us to capture the full range of
solar system-driven deformations of our orbit and axis over long time
periods.

What are the rocks telling you about how such cyclic changes af fect
our climate?

With two major coring experiments to date, we've we learned that
changes in tropical climates from wet to dry during the time of early
dinosaurs, from about 252 to 199 million years ago, were paced by
orbital cycles lasting about 20,000, 100,000 and 400,000 years. On top
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of that is a much longer cycle of about 1.75 million years. The shorter
cycles are about the same today, but the 1.75 million year cycle is way
off —it's 2.4 million years today. We think the difference is caused by a
gravitational dance between Earth and Mars. This difference is the
fingerprint of solar system chaos. No existing set of models or
calculations precisely duplicates these data.

How far do you think we're going to get with this problem during your
lifetime?
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Digital elevation map of sediment strata formed on a lake bottom some 220
million years ago, near present day Flemington, N.J. The lakebed was later tilted
so that its cross section now faces the sky. Purple sections are ridges -- remains
of hard, compressed sediments formed when climate was wet and the lake deep;
alternating greenish sections are lower areas made of eroded-out softer
sediments from dryer times. Each pair represents 405,000 years. Groups of
ridges in lower part of image manifest a separate 1.7 million-year cycle that has
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today grown to 2.4 million years. Thee 40-square-mile area is dissected by parts
of the modern Raritan and Neshanic rivers (blue). Credit: LIDAR image, US
Geological Survey; digital colorization by Paul Olsen

Next step is to combine our two finished coring experiments with cores
taken at high latitudes. While our core data do a really good job of
mapping some aspects of planetary orbits, they tell us nothing about
others. For those, we need a core from an ancient lake above the paleo-
Arctic or Antarctic circles. Such deposits exist in what are now China
and Australia. We also would like to include deposits that extend the
record up 20 million years or so towards the present, and another low-
latitude core that we can precisely date. With those, we would be able to
determine what if any changes have taken place in that Mars-Earth
gravitational dance. That would be a full proof of concept of the
Geological Orrery. I plan to certainly be around for that.

Your paper mentions that this work might of f er insights into the
evolution of the solar system—maybe the even wider universe.

If all this works out, we could plan the grand mission to use the
Geological Orrery for at least the rest of the time between 60 and 190
million years age. This mission would be expensive by geology
standards, because rock coring is expensive. But the results would have
far-reaching implications. For sure we would have data to produce high-
quality climate models for Earth. And there is no doubt we would have
the parameters for past climates on Mars or other rocky planets. But
more excitingly and more speculative is the possibility of exploring how
we might need to tweak gravity theory, or test some controversial
theories, such as the possible existence of a plane of dark matter in our
galaxy that our solar system passes through periodically.
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We're talking deep time here. Does this have any application to
questions about modern-day climate change?

It does have relevance to the present. in addition to the way climate is
tuned to our orbit, it's also affected by the amount of carbon dioxide in
the air. Now we're heading into a time when CO2 levels may be as high
as they were 200 million years ago, early dinosaur times. This gives us a
potential way to see how all the factors interact. It also has resonance
with our search for life on Mars, or for habitable exoplanets.

More information: Paul E. Olsen el al., "Mapping solar system chaos
with the Geological Orrery," PNAS (2019).
www.pnas.org/cgi/doi/10.1073/pnas. 1813901116
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