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60Fe as SN-Tracer

✤ 60Fe (t1/2 ~ 2.6 Myr) produced in 
late AGB stars (4 108 < T < 5 108 K: 
C- core + He-shell burning) and ex-
plosive Ne-burning: 22Ne(α,n)25Mg
➜ 58Fe(n,γ)59Fe(n,γ)60Fe

✤ 26Al is SN generated
✤ INTEGRAL γ-line measurements 

show that 26Al and 60Fe come from 
same places in the Milky Way 
➜ bulk 60Fe is SN generated!
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60Fe in the solar system? 
The Advent of Deep-Sea Astronomy
✤ Long-lived isotopes are best found 

and preserved in the ocean ➜ 
archives with long memory

✤ 146Sm, 182Hf, 244Pu also long-lived but 
ejected at much smaller quantities

✤ Deep-sea ferromanganese crust and 
nodules: low growth rate (mm/Myr) 
➜ ideal to incorporate 60Fe over long 
time: t1/2 ~ 2.6 Myr

✤ Deep-sea sediments: growth rate 
mm/kyr ➜ higher time resolution

Dieter Breitschwerdt - Ginzburg Centennial Conference, 29.5. - 3.6. 2017 (Moscow)

oceanexplorer.noaa.gov

Hein & Koschinsky 2014

Jamstec

spiegel.de

ice core
drillings

nodules



Deep-Sea Astronomy I
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Deep-Sea Astronomy II
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How to determine the age?
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✤ Setting the clock by 10Be isotopic dating
✤ 10Be (t1/2 ~ 1.4 Myr) constantly 

produced by cosmic ray spallation in 
the upper atmosphere (e.g. 14N)
➜ relatively constant 10Be flux over time

✤ 10Be also present in crust/sediments 

✤ N(t) = N0 exp[-λ t] with
✤ N(t) … measured 10Be/9Be-ratio
✤ N0 … initial 10Be/9Be-ratio in 

atmosphere
✤ λ … decay constant for 10Be
➜ t … age of sample (sediment/crust)



Global Signal I 
- 60Fe in the oceans -
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New 10Be Dating of the Crust

The peak shifts from 2.8 - 2.2 Myr
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The 60Fe/Fe ratio versus the age of the crust based on the new 10Be dating.
Green dots: Confirmation of the peak by Fitoussi et al. 2008.

J. Feige, D. Breitschwerdt, B. Fuchs, C. Dettbarn The LB and the 60Fe Anomaly in the Ocean’s Crust

• Knie+ 2004
• Fitoussi+2008

Credit: TU Munich

237KD
✤ Small quantities of long-lived isotopes 

are best measured by Accelerator 
Mass Spectrometry (AMS), e.g. 14 MV 
Tandem accelerator at TU München

✤ Signal in 1.7 - 2.6 Myr old  layer 
detected in crust 237KD

✤ 2 mm ≘ 8 105 yr
✤ each layer defines range on time axis
✤ all terrestrial 60Fe decayed long ago  

➜ low terrestrial background
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✤ Signal in crust is extended ➜ 

more than one SN!
✤ 2nd peak at 6.5 - 8.7 Myr before 

present (= BP), 4σ above back-
ground detected (Wallner+ 2016)

✤ note higher time resolution of 
sediments
➜ signals rule out a constant 
background of 60Fe

✤ 60Fe found in all oceans ➜ global
✤ micrometeortic origin excluded  
➜ dust influx 400x too low

✤  meteorite impact like in tertian 
(65 Myr BP) would have 4500 
times too low 60Fe mass

Global Signal II 
- 60Fe in the oceans -

Wallner+16



Global Signal III 
- 60Fe in magnetotactic bacteria -

Dieter Breitschwerdt - Ginzburg Centennial Conference, 29.5. - 3.6. 2017 (Moscow)

oceanexplorer.noaa.gov

237KD
✤ Signal from 2 marine sediment cores
✤ 60Fe peak at 1.8 - 2.6 Myr
✤ 60Fe was incorporated by magnetotac-

tic bacteria (MTB) 
✤ MTB produce chains of magnetite 

(Fe3O4) crystal (magnetosomes) for 
orientation at Earth’s magnetic field

✤ MTB population moves upwards as se-
diment grows leaving magnetofossils 
behind

Ludwig+2016, PNAS 113, 9232Credit: Nature 
Education



✤ 60Fe found in lunar samples from 
Apollo 12, 15, 16 (Fimiani+16)

✤ Since moon has no atmosphere, 60Fe 
deposition is less disturbed, 
sedimentation effects are negligible

✤ But: gardening effects dilute signal
➜ no peak due to mixing

✤ But: solar and galactic cosmic rays 
can generate 60Fe (and 53Mn) 
➜ contribution < 10% 
➜ bulk of 60Fe is from SNe 

✤ upper limit of interstellar 60Fe fluence:
➜ ~ 108 at/cm2  (uptake factor ~ 1) for 
uniform spread over lunar surface
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Global Signal V: 
60Fe on the Moon 

Credit: NASA

Jim Irwin, Apollo 15 rover

Fimiani +16

SCR contribution by
micrometeorites



✤ 15 atoms of 60Fe found by ACE-CRIS 
experiment (1997 - 2014) from a total 
of 3.55 105 cosmic ray particles

✤ CRIS energy range 50 - 500 MeV/nuc
✤ acceleration of nuclei by SN blast 

wave (1st order Fermi process)
✤ 60Fe/56Fe ratio ➜ time elapsed since 

ejection: ~ a few Myr (Binns+16)
✤ distance to source due to t1/2(60Fe) of 

2.6 Myr < 620 pc (diffusion model!)
✤ PAMELA measures excess of posi-

trons and antiprotons ≳ 20 GeV, plus 
discrepancy in slope of protons and 
heavier nuclei ➜ consistent with SN 
source 2 - 4 Myr old (Kachelrieß+15)
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Hein & Koschinsky 2014

Global Signal IV: 60Fe 
in Cosmic Rays 

Credit: NASA

Advanced
Composition
Explorer (ACE)

Binns+16



1st Summary
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✤ Extraterrestrial signal of 60Fe found 

in all oceans, in crusts, nodules and 
sediments

✤ All terrestrial 60Fe from the forma-
tion of solar system decayed

✤ 60Fe found in bacteria, lunar rocks 
and in SN accelerated cosmic rays

✤ ➜ signal peak at 2.2 Myr BP
✤ all evidence points to SNe as source
✤ cosmogenic contribution 60Fe from 

asteroids or micrometorites is small
✤ time resolved signal in sediments 

confirms width of peak 
(Wallner+16)

✤ ➜ more than one SN responsible! 
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doi:10.1038/nature17424

The locations of recent supernovae near the Sun 
from modelling 60Fe transport
D. Breitschwerdt1, J. Feige1, M. M. Schulreich1, M. A. de. Avillez1,2, C. Dettbarn3 & B. Fuchs3

The signature of 60Fe in deep-sea crusts indicates that one or 
more supernovae exploded in the solar neighbourhood about  
2.2 million years ago1–4. Recent isotopic analysis is consistent with 
a core-collapse or electron-capture supernova that occurred 60 to 
130 parsecs from the Sun5. Moreover, peculiarities in the cosmic 
ray spectrum point to a nearby supernova about two million years 
ago6. The Local Bubble of hot, diffuse plasma, in which the Solar 
System is embedded, originated from 14 to 20 supernovae within a 
moving group, whose surviving members are now in the Scorpius–
Centaurus stellar association7,8. Here we report calculations of the 
most probable trajectories and masses of the supernova progenitors, 
and hence their explosion times and sites. The 60Fe signal arises 
from two supernovae at distances between 90 and 100 parsecs. 
The closest occurred 2.3 million years ago at present-day galactic 
coordinates l = 327°, b = 11°, and the second-closest exploded about 
1.5 million years ago at l = 343°, b = 25°, with masses of 9.2 and 8.8 
times the solar mass, respectively. The remaining supernovae, which 
formed the Local Bubble, contribute to a smaller extent because 
they happened at larger distances and longer ago (60Fe has a half-
life of 2.6 million years9,10). There are uncertainties relating to the 
nucleosynthesis yields and the loss of 60Fe during transport, but 
they do not influence the relative distribution of 60Fe in the crust 
layers, and therefore our model reproduces the measured relative 
abundances very well.

It has been shown that supernovae from a moving stellar group, 
whose surviving members are now in the Sco–Cen association, were 
able to generate the Local Bubble7,11. This hypothesis was further 
tested by performing three-dimensional high-resolution numerical  
simulations to follow the evolution of the Local Bubble from its 
formation until today and even into the future12. It was found that 
the bubble’s extension, as well as its ion column density ratios13,14, 
matched ultraviolet observations (for example, FUSE15) remarkably  
well. To link the Local Bubble to the amount of 60Fe discovered in a 
deep-sea ferromanganese crust2, it was necessary to determine the 
distances to the supernovae. Therefore the masses of the supernova  
progenitors were calculated by exploiting the empirical fact that 
stars in clusters are likely to have a universal distribution in numbers 
over mass (initial mass function, IMF). We employed a variable- 
size binning to decrease the statistical bias in small samples by 
placing one star into each bin16, implying that 16 supernovae have 
exploded during the past 13 million years within the boundaries 
of the Local Bubble. Having derived the masses of the supernova 
progenitors, and assuming that all stars in the moving group were 
born at the same time, we were able to extract the age of the cluster7 
from a comparison of the stars’ positions in a Hertzsprung–Russell 
diagram with isochrones from stellar evolution calculations17. Since 
the main-sequence lifetime of a star is determined by its stellar mass 
for similar metallicities, as in a cluster, the explosion times are given 
by the difference of the cluster age and the respective lifespan of a 
supernova progenitor.

To pin down the explosion sites, we had to calculate the most probable  
trajectories of the group member stars, given the errors in the Hipparcos 
data18 and in the radial velocities. The uncertainties of stellar positions 
increase with distances, that is, when traced backwards in time from 
their current location in the Sco–Cen association. Since these uncer-
tainties are measurement errors that are statistically independent, we 
can assume them to be Gaussian. This results in probability clouds (one 
for each explosion time) from which we extract the locations of highest 
probability and identify them as the explosion sites of the perished stars 
(see Fig. 1 for the two most recent supernovae). Thus we determined 
the present-day Galactic coordinates where the explosions occurred, 
with the two closest near l = 327°, b = 11° and l = 343°, b = 25° at  
distances of 90–100 pc (see Extended Data Table 1).

The transport of 60Fe is strongly affected by the densities, velocities 
and pressures, both thermal and turbulent, of the ambient interstellar 
medium in general, and the Local Bubble in particular. Observationally, 
it was discovered from absorption in X-ray maps that the Local Bubble 
is interacting with the neighbouring Loop I bubble19, which restricts 
its expansion by counter-pressure. Hence it was necessary to produce 
a detailed account of the stellar content and the number of supernovae, 
as well as their explosion times and sites in Loop I. An analysis similar 
to that for the Local Bubble7 was carried out, but for a much larger 
volume of 800 pc in diameter. We found that two star clusters, Tr 10 
and the association Vel OB2, have recently passed through the present 
volume of Loop I. Given a sample of 80 stars that might have entered 
this volume about 12.3 million years (Myr) ago, we estimated from an 
appropriate IMF20 that, since then, 19 of the most massive stars should 
already have exploded. We derived the initial masses of those stars (and 
hence their explosion times and total ejecta mass) by assigning one 
star to each mass interval of the IMF as the statistically most probable 
distribution16. By the same token, the supernova explosion sites result 
from the trajectories of all the progenitor stars, which lie within the 
present Loop I.

To explain the deposition of 60Fe on the ocean floor, we calculated 
both analytically and numerically the transport of 60Fe in supernova 
blast waves from their sites of explosion to Earth. The Local Bubble shell 
evolution can be described analytically by a wind solution21,22, with the 
density within the bubble increasing sharply proportional to r9/2 or even 
more steeply (where r is the distance to the explosion site). We followed 
the expansion of shells in the interior of the Local Bubble, applying 
the Kahn approximation23 (Fig. 2). Using a standard Sedov–Taylor24,25 
solution for multiple explosions would give incorrect results, because 
the assumptions of negligible ambient pressure and constant density are 
no longer fulfilled. To estimate the abundance of 60Fe in the crust, stellar 
yields of (2–6) × 10−5M☉ (where M☉ is the solar mass) from nucleosyn-
thesis models were used (see Methods). This range includes the yield 
proposed for electron-capture supernovae26 of 3.6 × 10−5M☉, which, 
together with their low progenitor masses, makes them prime candi-
dates for the bulk of the 60Fe deposition. The most likely mechanism of 
60Fe penetrating the heliosphere is its condensation into dust grains27. 

1Department of Astronomy and Astrophysics, Berlin Institute of Technology, Hardenbergstraße 36, 10623 Berlin, Germany. 2Department of Mathematics, University of Évora, Rua Romão Ramalho 
59, 7000 Évora, Portugal. 3Astronomisches Rechen-Institut, Zentrum für Astronomie der Universität Heidelberg, Mönchhofstraße 12–14, 69120 Heidelberg, Germany.

© 2016 Macmillan Publishers Limited. All rights reserved

Can we find out when and 
where these SNe exploded?



Solar Neighbourhood I

✤ solar system embedded in local 
superbubble: Local Bubble (LB)

✤ LB in interaction with LB (Egger 
& Aschenbach 1995)

✤ no young star cluster inside LB!

Solar System

Superbubbles in solar neighbourhood

X-rays from Local Bubble and Loop I - 
anticorrelated with neutral hydrogen emission

Local Bubble Loop I

Egger & Aschenbach 1995
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Credit: Henbest/Cooper



Local Interstellar Medium (LISM)

✤ LB could be the result of SNe 
(Sanders+77, Hartquist & Innes+84, 
Breitschwerdt & Schmutzler+94, Cox & 
Smith+01 etc.)

✤ But where is the star cluster in which 
massive members exploded?

✤ Idea: Stars exploded in moving group 
(Berghöfer & Breitschwerdt+02)

✤ Pleiades subgroup B1 (age 25 Myr) 
crossed LB during the last 20 Myr

✤ Fuchs, Breitschwerdt+06 searched 
volume of 400 pc diameter centred at 
Sun using Hipparcos and ARIVEL data
➜ 762 stars ➜ concentration in real and 
velocity space: 79 stars

Hipparcos Astrometry Satellite, Credit: ESA
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LISM II

✤ Clustering of stars ➜ stellar moving group
✤ complete phase space information {x,p}, i.e. 

all stellar positions and velocities are known
✤ surviving members are now part of Sco-Cen 

association (UCL, LCC) ➜ calculate 
trajectories back in time (epicyclic eqs.) Hipparcos Astrometry Satellite, Credit: ESA
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LISM III

✤ Cluster age determined by comparison with stellar isochrones in HRD 
✤ subsample of 79 de-reddened B-stars
➜ turn-off point from mains sequence gives age: 20 - 30 Myr

Dieter Breitschwerdt - Ginzburg Centennial Conference, 29.5. - 3.6. 2017 (Moscow)



Moraux+04, A&A 436, 75

Initial Mass Function (IMF)

✤ Stars form in dense molecular 
clouds, M ~ 104 - 106 M⦿ , T ~ 10 K,  
R ~ 10 - 100 pc, Σg ~ 100 M⦿ pc-2 
(Krumholz+14)

✤ Initial Mass Function (IMF) is 
empirical relation for mass distri-
bution in clusters, approximated 
by a broken power law  

N(m) … number of stars per 
logarithmic mass bin
m = M/M⦿ … stellar mass 
normalised on solar mass

Pleiades Mass function

dN(m)

d logm
= Cm�↵ , ↵ = 1.1� 1.35

Dieter Breitschwerdt - Ginzburg Centennial Conference, 29.5. - 3.6. 2017 (Moscow)

M > 0.5 M⦿, Kroupa+01



Number & Masses of deceased stars

✤ Main-sequence lifetime τms of stars 
depends only on mass (metallicity Z)

✤ SN explosion time τex  = τms - τcl 
✤ Z is the same for all cluster members
✤ Method to calculate number of SNe:
1. calculate constant C of IMF 

(calibration) by matching it to 
number of surviving stars
2. variable mass binning ➜ choose 

bin size such that there is exactly 
one star per bin (Maiz-Appelaniz & 
Ubeda (2007))
3. highest mass SN progenitor has 

N(m) ≤ 1

⌧ms = 1.8⇥ 108m�� yr , � = 0.932

4. data: 69 stars with 2.6 ≤ m ≤ 8.2
5. α = 1.1 (Massey+95), 1.35 (Salpeter)
6. Result: 16 stars exploded, 2 not yet
7. we adopt τcl = 20 Myr (HRD)
8. apply same procedure to Loop I

10 20 30 40 50 60 70
0

5

10

15 IMF of moving group
Breitschwerdt+17
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ISM and LB simulations IV

✤ All information for 
simulations are now available

1. number of SN progenitors
2. explosion times 
3. explosion sites
✤ but we do not know the ISM 

environment
✤ Test different scenarios:
(i) homogeneous background 

with constant densities: 
n = 0.1 cm-3 (model A), 
n = 0.3 cm-3 (model B)

(ii) inhomogeneous realistic 
medium shaped by previous 
generations of stars

LB Loop I

Simulations by Avillez & Breitschwerdt
Dieter Breitschwerdt - Ginzburg Centennial Conference, 29.5. - 3.6. 2017 (Moscow)



ISM and LB simulations IV

✤ Use RAMSES Code: HD/MHD + N-body, Teyssier+02
✤ Include self-gravitation of gas, stars as sink particles,  

feedback from stellar winds and SNe, heliosphere
✤ 60Fe is marked by “ink” (passive scalar field)
✤ 60Fe incorporated in dust ➜ survival factor f ~ 0.01 

(Fry+15), uptake factor: U ~ 0.5 - 1 ➜ fU = 0.006 (Feige+12)
 Homogeneous background 

models 
(A & B)

Inhomogeneous background 
model 

(C)Box size 3 x 3 x 3 kpc3 3 x 3 x 3 kpc3

Highest grid resolution 0.7 pc (ℓmax = 12) 2.9 pc (ℓmax = 10)
Boundary conditions (vertical 
faces / top and bottom)

periodic / periodic periodic / outflow

Total evolution time 12.6 Myr 192.6 Myr
(180 + 12.6 Myr)

Initial gas distribution homogeneous analytical fit to observational data 
of the Galaxy (Ferrière 1998)

External gravitational field no yes

Self-gravity yes no
Dieter Breitschwerdt - Ginzburg Centennial Conference, 29.5. - 3.6. 2017 (Moscow)

PhD Thesis: M. Schulreich, 2015



ISM and LB simulations V

✤ Gas surface density Σg 
integrated over 3rd co-
ordinate; tev =12.6 Myr 

✤ Model A (~ WIM)
✤ n = 0.1 cm-3 
✤ T = 104 K 
✤ Z/Z⊙ = 1
✤ ∆x = 0.7 pc

✤ Model B (~ WNM)
✤ n = 0.3 cm-3 
✤ T = 6800 K 
✤ Z/Z⊙ = 1
✤ ∆x = 0.7 pc Dieter Breitschwerdt - Ginzburg Centennial Conference, 29.5. - 3.6. 2017 (Moscow)

PhD Thesis: M. Schulreich, 2015



ISM and LB simulations VI

✤ 60Fe density ρFe 
integrated over 3rd co-
ordinate; tev =12.6 Myr 

✤ Model A (~ WIM)
✤ n = 0.1 cm-3 
✤ T = 104 K 
✤ Z/Z⊙ = 1
✤ ∆x = 0.7 pc

✤ Model B (~ WNM)
✤ n = 0.3 cm-3 
✤ T = 6800 K 
✤ Z/Z⊙ = 1
✤ ∆x = 0.7 pc Dieter Breitschwerdt - Ginzburg Centennial Conference, 29.5. - 3.6. 2017 (Moscow)



Dieter Breitschwerdt - Ginzburg Centennial Conference, 29.5. - 3.6. 2017 (Moscow)

ISM and LB simulations VII
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✤ Entropy is measure for temperature 
and tracer for shocks to trap shells

✤ Entropy maps and 60Fe fluence 
variations (radioactive decay incl.)

✤ Fluence given by

✤ Mej … ejected 60Fe mass, A … atomic 
number, mp … proton mass

F =

U
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Mej

4⇡Ampr2
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� ln 2
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Model B
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ISM and LB simulations VIII
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ISM and LB simulations IX
Model B
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ISM and LB simulations X
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ISM and LB simulations XI

✤ Model C with inhomogeneous background evolved for 150 Myr with SN 
explosions at Galactic rate

✤ 60Fe density ρFe integrated over 3rd co-ordinate (z and y); tev =12.6 Myr 

60Fe mass surface density
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ISM and LB simulations XII

✤ Model C is a hybrid between A and B
✤ average number density n = 0.2 cm-3

✤ Fewer pulses (shells) than A but 
more than in B

✤ excellent fit to data (f U = 0.005)
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Analytical vs. Numerical Model

✤ Analytical Model: SN-Remnant expansion into previous remnant (Kahn 98)

✤ good agreement between analytical and numerical calculations and data!
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MSc Thesis: J. Feige, 2010

Rsh =


(n+ 5)(2n+ 7)ESN

6⇡⌦

�1/(n+5)

t2/(n+5) RLB = 132


N⇤ESN

n0

�1/5
t3/57⇢ = ⌦rn , n =

9

2



SNe generating LB and 60Fe
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Effects of Near-Earth SNe I 
- some speculations -

✤ Australopithecus should have seen 
SN 2.2 Myr ago during daylight

✤ SNe beyond “kill radius” (≲ 10 pc)
➜ would lead to ionisation of at-
mosphere 
➜ NOx formation ➜ ozone layer 
destruction ➜ increased solar UV 
radiation ➜ damage of DNA/cells

✤ X- and γ-ray flux too low for mass 
extinction, but long-term 
mutations?

✤ Cosmic ray flux significantly higher 
➜ increased nucleation/cloud 
coverage ➜ climatic changes ➜ 
global cooling? 

✤ mass extinction near pliocene-
pleistocene transition 2.5 Myr ago

✤ Reason: abrupt cooling ➜ reduction of 
species, some in warmer regions 
survived
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sion and recruitment) (10), seven families amples, imply that abrupt cooling and an vived on into the Pleistocene (as new and
are shown to have had more genera during accompanying reduction in productivity (as different species). By Caloosahatchee time,
the late Pliocene than are found in Recent shown by the corresponding drop in diver- climatic conditions apparently retumed to
Florida. sity in the detritivore-suspension-feeding those of Pinecrest Beds time, as evidenced

These data all indicate that the late family Turritellidae) caused this extinction by incipient species radiations of several
Pliocene molluscan mass extinction was a event. The present data do not support the main groups such as Siphocypraea and Con-
real event, and they substantiate the find- proposition of a Plio-Pleistocene species di- traconus (10). At the end of Caloosa-
ings of Stanley (3, 4) and Stanley and versity stasis (8). hatchee time (early Pleistocene) a second
Campbell (1). The sharp drop in the num- The data show that the Plio-Pleistocene extinction event took place, and this acted
ber of genera between the late Pliocene and mass extinction was not a single, one-time as the "coup de grace" for even these last
Recent, particularly in such stenothermal event but a two-staged, sequential event. remnants of the great Pliocene eastem
tropical and subtropical indicator families Both extinction episodes occurred in close American molluscan fauna.
as the Potamididae and the Conidae, also geochronological succession, and the ex- This pattern of a two-staged molluscan
supports the extinction model of Stanley tinction couplet is seen on the graph shown mass extinction may not be unique to the
(4). Of. all eight families, the Buccinidae in Fig. 1. On the basis of the data in Tables Plio-Pleistocene event. A similar but more
seems to have suffered the greatest extinc- 1 and 2, the first and strongest extinction widely spaced couplet is seen in the middle
tion at both the specific and generic levels, event took place at the end of Pinecrest and late Miocene of the Atlantic coastal
and it seems never to have fully recovered Beds time (PB3) and resulted in a much plain. Here, a Serravalian extinction event
after the mass extinction. High tropical lowered species diversity. Although such was recently documented (15) and was
genera such as Cymatophos and Trajana all genera as Rhipophos, Extractrix, and Virgico- shown to have resulted in a drop in diver-
became regionally extinct after Pinecrest nus and many others became extinct in sity and a loss of such distinctive gastropod
Beds time but have survived in the tropical Florida, some groups such as Pterorhytis, Ac- genera as Ecphorosycon, Stephanosalpinx,
Eastern Pacific. These, and many other ex- antholabia, Solenosteira, and Massyla sur- Trisecphora, and Patuxentrophon. Climatic

conditions became more tropical by the
Table 1. Number of species in predominant macrogastropod families found in southem Floridian early Tortonian, as evidenced by the first
Plio-Pleistocene faunizones (arranged by ecology). PB1, Pinecrest Beds fauna, units 8, 9, and 10; PB2, appearance of genera such as Leptoconus,
Pinecrest Beds fauna, units 5, 6, and 7; PB3, Pinecrest Beds fauna, units 2, 3, and 4; C, Griffin Pit and and both specific and generic diversity
Caloosahatchee fauna; BE, Bermont and Holey Land fauna; FT, Fort Thompson fauna; R, Recent fauna. climbed to former levels. By the late Tor-
Data taken from (10) and (17). tonian and Messinian, however, a second

extinction event occurred (6) and most pre-
Number of species in faunizones Serravalian survivors, as exemplified by the

Family and ecology PB1 PB2 PB3 0 BE R busyconids Tunrfulgur and Sycopsis, died
_______________________________________BE______ FT______ R_ out. Another recent analysis of a mass ex-

Potamididae, algal film grazers 0 3 8 5 5 2 3 tinction at the end of the Permian (16) has,
Cypraeidae, sea grass feeders* 3 13 5 3 3 1 5 again, revealed a similar two-staged pattem.
Turritellidae, suspension-detritus 8 18 3 10 4 2 5 Detailed studies of other faunal impoverish-
Busyconidae, general 1*5 20 7 17 6 ments throughout time may show that thesecamivores, large
Buccinidae, generalcarnivores, 4 27 5 6 7 4 1 couplets are recurrent events and that they

small may be typical, if not necessary, compo-
Muricidae, molluscivores 11 47 11 26 27 9 38 nents of mass extinctions.
Conidae, vermivores 4 18 7 20 12 4 23
Cancellariidae, specialized 5 23 6 13 6 2 6 __

suctorial *PomWde
_ __ ___ __* Cyprs.id

*Based on living relative Cyprasa mus and paleoenvironmental inferences. / Tur\dTuid
40 a Busyconid

/ * Bucolnldme
Table 2. Number of genera in predominant macrogastropod families found in southern Floridian Plio- ./ * Murlcdae
Pleistocene faunizones, showing times of extinction (both regional and complete). P0, total number of , 30 Conlide
genera at beginning of Pinecrest Beds time; Ep, number of genera that became extinct at end of Pinecrest Can* * /cd a
Beds time; Ec, number of genera that became extinct at end of Caloosahatchee time; Eb, number of Is

genera that became extinct at end of Bermont time; Ef, number of genera that became extinct at end of
E 20

Fort Thompson time; R, number of genera found in Recent Floridian neritic fauna. Data taken from (10) 0
and (1 7). Z

Number of genera
Family

P0~~~pcEb Ef R 0.PO Ep___ _ _b_ _ _R_OPB1 PB2 PB3 C BE FT R

Potamididae 4 2 0 0 1 1 Faunizone
Cypraeidae 2 0 1 1 0 3* Fig. 1. Number of species in eight ecologically
Turritellidae 7 2 2 0 0 3 exclusive gastropod families, arranged geochro-
Busyconidae 7 0 2 0 0 5 nologically by faunizone. Data points are listed in
Buccinidae 15 7 2 0 0 6 Table 1. PB1 (3.5 Ma), PB2 (3 Ma), and PB3 (2.5
Muricidae 21 3 5 1 0 1S5t Ma) (Pinecrest Beds 1, 2, 3), late Pliocene; C (Ca-
Conidae 8 1 1 0 0 4 loosahatchee) (1.5 to 2 Ma), Plio-Pleistocene
Cancellariidae 9 2 3 0 0 St boundary and early Pleistocene; BE (Bermont) (1
*The genera Erosaria, Luria, and Macrocypraea appear in the early and late Pleistocene. tThe genera Caribiella and Ma), middle Pleistocene; FT (Fort Thompson)
Tripterotyphis appear in the Recent fauna and Trachypollia first appears in the Beront fauna. *The genus Bive- (150,000 years), late Pleistocene; R, Recent Flor-
topsia appears in the Bermont fauna. ida fauna. Dating listed under (14).
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Effects of Near-EarthSNe II

✤ increase in glaciation down to mid-latitudes
✤ only dominant species survived ➜ among hominini: homo erectus ➜ direct 

ancestor of homo sapiens (Africa) and Neanderthals (Europe)
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2nd Summary

✤ We found SNe responsible for both the LB 
and 60Fe deposition on Earth

✤ 60Fe ejected by SN explosions, mixed and 
transported to Earth by ISM turbulence 

✤ Cluster age from isochrones
✤ SN progenitor mass calculated from IMF
➜ explosion times!

✤ Stellar trajectories from HIPP+ARIVEL
➜ positions of stars as function of time!

✤ Dust produced in SNe ➜ 60Fe incorporated 
in dust particles ➜ less affected by solar 
wind ram pressure ➜ move ballistically

✤ Dust sputtered during ISM travel ➜ large 
particles survive
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60Fe mass density of model B @ t = 2.2 Myr ago



2nd Summary cont.

✤ Uncertainties in 60Fe yields from SNe and 
60Fe uptake and survival factor change 
absolute but not relative distribution 
➜ peak and slopes remain!

✤ Average ambient den. ≤ 0.3 cm-3 (mod. B) 
Two deposition scenarios: 
(i) individual SN shells sweep over Earth
(ii) LB shell crosses Earth ➜ broad peak

✤ higher time resolution measurements 
(Wallner+16) favour (ii) 

✤ LB properties best reproduced by inhom. 
model (s. Avillez & Breitschwerdt, 2012)

✤ Use radioactive tracers, deep-sea astrono-
my and stellar dynamics to uncover LISM 
history ➜  local galactic archaeology
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60Fe mass density of model B @ t = 2.2 Myr ago



Media Response

27

German quiz show “Wer weiß denn sowas?” (July 2016)

• Breitschwerdt, D., Feige, J., Schulreich, M. M., de Avillez, M. A., Dettbarn, C. 2016, Nature, 532, 73

• Schulreich, M. M., Breitschwerdt, D., Feige, J., Dettbarn, C. 2016, A&A, submitted

• Schulreich, M. M. & Breitschwerdt, D. 2016, A&A, in prep.

Thank you for your patience and attention!
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How could scientists prove that our Earth has 
recently seen several supernovae?

A) by multiply coloured meteorite craters
B) by pulverised dinosaur bones
C) by star dust on the ocean floor


