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from space geodesy.
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Figure 1a shows a plot of diversity against time for all 36,380
genera in Sepkoski’s Compendium. In Fig. 1b we show the 17,797
genera that remain when we remove those with uncertain ages
(given only at epoch or period level), and those with only a single
occurrence. The smooth trend curve through the data is the thirdorder polynomial that minimizes the variance of the difference
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Figure 1 Genus diversity. a, The green plot shows the number of known marine animal
genera versus time from Sepkoski’s compendium1, converted to the 2004 Geologic Time
Scale5. b, The black plot shows the same data, with single occurrence and poorly dated
genera removed. The trend line (blue) is a third-order polynomial fitted to the data. c, As b,
with the trend subtracted and a 62-Myr sine wave superimposed. d, The detrended data
after subtraction of the 62-Myr cycle and with a 140-Myr sine wave superimposed.
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Suggested astronomical mechanisms
Nearby supernovae
gamma rays
biological extinction

Perturbations of Oort
cloud by Galactic tide
and/or passing stars
comet impacts
(CBJ MNRAS 2011)

Star forming regions
cosmic rays
cloud formation
(questionable)
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Suggested causes of periodicity

•
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motion of the Sun in the Galaxy
‣ vertical oscillation through disk
(periods of 50-75 Myr)
‣ spiral arm crossing (timescale of
50-100 Myr)

Fig. 3.—Depiction of the Sun’s motion relative to the spiral arm pattern,
in the same format as Fig. 2 but for a smaller spiral pattern speed (!p ¼
14:4 km s"1 kpc"1).

Gies & Helsel (2005)

Diamonds along the Sun’s track indicate its placement at intervals of 100 Myr. We see that for this assumed pattern speed, the
Sun has passed through only two arms over the last 500 Myr.
However, if we assume a lower but still acceptable pattern speed
of !p ¼ 14:4 km s"1 kpc"1 (shown in Fig. 3 for !# " !p ¼
11:9 km s"1 kpc"1), then the Sun has crossed four spiral arms in
the past 500 Myr and has nearly completed a full rotation ahead
of the spiral pattern. Thus, the choice of the spiral pattern speed
dramatically influences any conclusions about the number and
picture credit: Medvedev
timing of the Sun’s passages through the spiral arms over this
time interval.
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The duration of a coherent spiral pattern is an open question,
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Numerical integration of solar orbit in the Galaxy
Motion in
Galactic plane

•
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Motion perpendicular
to Galactic plane

Time variation of
local stellar density

calculate orbit for many different initial conditions of model
calculate likelihood of each orbit using paleontological data
‣ average likelihoods

evidence for model
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Results of model comparison on paleontological data
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Summary, and conclusions so far

•

many claims that the Sun’s orbit influences the terrestrial
biosphere are based on poor assumptions / statistics
‣ e.g. Rohde & Muller (2005) data are better explained by a stochastic
model than a periodic one

•

neither solar orbital model nor analytic models (e.g. periodic,
quasi-periodic) seem to explain the overall extinction rate in the
past 550 Myr better than simple random models (work ongoing)

•

more information and references: www.astroimpacts.org
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